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LOI CAM DOAN

T6i xin cam doan moi két qua cua dé tai “Vi bao vitamin C va hop chat
phenolic ¢é trong dich chiét trai so ri (Malpighia emarginata DC.)” 1 cong trinh
nghién ctru ciia ¢4 nhan tdi. Cac s6 liéu, két qua néu trong luan an 13 trung thue, khong
sao chép tir bat ky mot ngudn nio va chua timg duoc ai cong b trong bat ky cong

trinh nao khac cho t6i thoi diém nay.

Thanh pho H6 Chi Minh, ngay 10 thang 02 nam 2025

Nghién ctru sinh

Piing Thi Yén
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LOI CAM ON

Trong qua trinh thuc hién dé tai “Vi bao vitamin C va hop chit phenolic c6
trong dich chiét trai so ri (Malpighia emarginata DC.)”, t6i d3 nhan duoc rat nhidu
su ho tro tir tap thé 1anh dao, cac nha khoa hoc, cén b, giang vién, chuyén vién khoa
Cong nghé hoa hoc va thuc pham — trudng dai hoc Nong Lam TP.HCM; tap thé ban
Giam hi€u, ban Chu nhiém khoa Coéng nghé thuc phém — truong dai hoc Cong
Thuong TP.HCM; tap thé ban Giam hiéu, phong Sau dai hoc, can bg cac phong, ban
chtrc ndng truong dai hoc Nong Lam TP.HCM. Téi xin bay té long cam on chan thanh
vé su hd trg nay.

T6i xin bay té long biét on sau sic dén PGS. TS. Kha Chan Tuyén va TS.
Duong Thi Ngoc Diép di truc tiép hudng din va hd trg t6i hoan thanh luan 4n nay.

T6i xin chan thanh cam on KS. Tran Hiéu va toan thé can bo cung thanh vién
phong thi nghiém Phat trién san pham trudng dai hoc Nong Lam TP.HCM da giup d&
t61 trong qua trinh trién khai va thuc hién luan 4n nay.

T6i xin chan thanh cam on gia dinh, ban b¢, dong nghiép cua toi dang cong
tac truong dai hoc Nong Lam TP.HCM va truong dai hoc Cong Thuong TP.HCM da
dong vién, khich I¢, tao diéu kién va gitp do to1 trong subt qué trinh thyc hién luan

an nay.

Nghién ctru sinh

Ping Thi Yén
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TOM TAT

Pé tai: Vi bao vitamin C va hop chit phenolic c¢6 trong dich chiét trai so ri
(Malpighia emarginata DC.)

Tac gia: Ping Thi Yén

Chuyén nganh: Céng nghé thyc phim Mai s6: 9.54.01.01

Nghién ciru duoc thye hién véi myc tiéu nham (1) xac dinh quy trinh phu hop
dé 1am giau vitamin C va cac hop chit phenolic ¢ trong dich chiét trai so ri bang
phuong phap c6 dic lanh dong, (2) xac dinh diéu kién thich hop dé diéu ché nhi
tuong nudc trong dau (W/O) va nudc trong dau trong nude (W/O/W) tir dich chiét
trai so i ¢6 dic bang phuong phap nhii hoa tu phat, (3) t6i wu hoa diéu kién vi bao
nhil tvong dich so ri bang phuong phap siy phun, (4) du doan kha ning giai phong
vitamin C, cac hop chét phenolic (TPC), cac hop chét flavonoid (TFC) va kha ning
bat gbc tu do DPPH cuia bot so ri vi bao thong qua mot sé mé hinh dong hoc giai
phong trong mo truong md phong thuc pham, (5) xac dinh sy anh hudng cia nhiét
do bao quan va do am khong khi dén ham lugng vitamin C, TPC, TFC va kha nang
bét géc tu do DPPH cua bot so i vi bao.

Két qua nghién ctru cho thiy qué trinh ¢6 dic lanh dong dugc tién hanh trong
3 giai doan véi thoi gian dong lanh 1an luot 24 gid, 36 gid va 60 gio twong ng timg
giai doan 13 thich hop nhat dé c6 dic dich chiét tir tri so ri twoi. Nhii twong W/O
duogc tao tir 40% (v/v) dich so ri ¢6 ddc va 60% (v/v) pha dau (gom dau dudng huong
va 10% (v/v) Polyglycerol polyricinolate). Nhii twong W/O/W dugc tao thanh sur
dung 25% Tween 80, 21% nhil twong W/O va khudy & téc d6 700 vong/phut trong 15
phut. Nhil trong duoc hinh thanh cé kich thudc giot 0,35 + 0,01 pum véi chi sd da
phan tan 1a 0,33 + 0,04. Ham luong TPC, TFC, vitamin C lan luot 1a 5,65 + 0,05
mgGAE/g, 8,27 + 0,25 mgQE/100g va 9,17 + 0,07 mgAAE/g. Kha ning chong oxy
hoéa xac dinh bang phuong phap bat gbc tw do DPPH 1a 62,78% =+ 0,33. Hinh thai giot
nhil twong thu duoc bang kinh hién vi 16 rang 13 & pha kép véi hinh dang hinh ciu
khong c6 su két tu.

Nhii tuong dich so ri dang W/O/W duogc phéi tron theo ti 1€ 1:1,5 (w/w) véi

dung dich v6 bao ¢6 nong d6 30% gdm maltodextrin va gum arabic (phdi tron theo ti
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16 2:1, w/w) dugc sy phun thanh cong & nhiét do dau vao va dau ra téi vu 1a 157°C
va 91°C. Hiéu suat thu hdi bot va hiéu suat vi bao TPC, TFC, vitamin C lan luot la
91,15%, 61,44%, 37,42% va 27,19%. Bot vi bao c6 d6 am 1a 3,02% va 6n dinh hon
khi dugc bao quan & 10°C. D6 4m twong ddi phu hop dé bao quan bot lau dai 1a dudi
40% dé bot dat d6 4m can bang dudi gid tri Mo 13 4,01% theo du doan ctia mé hinh
BET.

Céc hop chét co hoat tinh sinh hoc trong bdt so ri vi bao c6 kha ning giai
phong tot trong cac dung moi mé phong mdi tudng thyc phim wa nude va co xu
huéng giai phong manh mé trong 10 phit dau tién. Co ché giai phong ciia bot vi bao
dugc du doan theo md hinh Korsmeyer—Peppas va khuyéch tan theo dinh luat Fick.

Tom lai, cong nghé vi bao vitamin C va cac hop chat phenolic ¢ trong dich
chiét trai so ri twoi thé hién tiém niang ing dung va y nghia thuc tién cao. Haim luong
polyphenol va vitamin C ciing v&i hoat tinh chéng oxy héa cao ctia bt vi bao phu
hop dé str dung nhu mét chat bd sung dinh dudng.

Tiwr khéa: co6 dac, hop chét c6 hoat tinh sinh hoc, nhil hda, séy phun, so ri.



ABSTRACT

Project title: Encapsulation of vitamin C and phenolic compounds in acerola
fruit extract (Malpighia emarginata DC)

Ph.D. candidate: Dang Thi Yen

Major: Food Technology Major code: 9.54.01.01

TThe research was carried out with the objectives of (1) determining a suitable
process to enrich vitamin C and phenolic compounds in acerola fruit extract using the
freeze-concentration method, (2) identifying the conditions suitable for preparing
water-in-oil (W/O) and water-in-oil-in-water (W/O/W) emulsions from concentrated
acerola fruit extract by spontaneous emulsification method, (3) optimizing the
conditions for microencapsulation of acerola extract by spray drying method, (4)
predicting the ability to release vitamin C, phenolic compounds (TPC), flavonoid
compounds (TFC) and the ability to scavenge DPPH free radicals of
microencapsulated acerola extract powder through various release kinetic models in
a food simulation environment, (5) determining the influence of storage temperature
and air humidity on the content of vitamin C, TPC, TFC and DPPH free radical
scavenging ability of microencapsulated acerola extract powder.

Research findings indicate that a three-stage freeze-concentration process,
with freezing times of 24, 36, and 60h, respectively, was suitable for concentrating
fresh acerola fruit extracts. The W/O emulsion was prepared using 40% (v/v)
concentrated juice and a 60% (v/v) oil phase (comprising sunflower oil and 10% (v/v)
Polyglycerol polyricinolate). Subsequently, the W/O/W emulsion was formed by
stirring 25% Tween 80 and 21% W/O emulsion at 700 rpm for 15 min. The resulting
emulsion exhibited droplets with a size 0of 0.35 + 0.01 um and a polydispersity index
of 0.33 £ 0.04. Notably, the TPC, TFC, and vitamin C content were measured at 5.65
+ 0.05 mgGAE/g, 8.27 £ 0.25 mgQE/100g, and 9.17 + 0.07 mgAAE/g, respectively.
Furthermore, the antioxidant capacity, determined using the DPPH free radical

scavenging method, was reported as 62.78% = 0.33. Microscopic examination
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revealed that the emulsion droplets exhibited a clear dual-phase morphology,
appearing spherical without aggregation.

The W/O/W emulsion containing acerola extract was homogenized with a
30% wall stock solution composed of maltodextrin and gum Arabic (in a 2:1 w/w
ratio) at aratio of 1:1.5 (w/w). This emulsion was successfully spray-dried under
optimized inlet and outlet temperatures of 157°C and 91°C, respectively. The
resulting encapsulated powder exhibited favorable characteristics. The powder
recovery efficiency for TPC, TFC, and vitamin C was 91.15%, 61.44%, and 37.42%,
respectively. Notably, the encapsulated powder maintained a low moisture content of
3.02%. Storage stability studies revealed that storage at 10°C was preferable. For
long-term storage, maintaining relative humidity below 40% is recommended to
ensure an equilibrium moisture content below the critical moisture value (Mo) of
4.01%, as predicted by the Brunauer-Emmett-Teller model.

The bioactive compounds in microencapsulated acerola powder exhibited
good release properties in solvents that simulate hydrophilic food environments, with
a strong release tendency in the first 10 min. The release mechanism of
microencapsulated powder was predicted by the Korsmeyer—Peppas model and
followed diffusion according to Fick's law.

In summary, the microencapsulation of vitamin C and phenolic compounds in
fresh acerola fruit extract demonstrates high application potential and practical
significance. The high quality of the microencapsulated powder, with its significant
polyphenol and vitamin C content and retained antioxidant activity, makes it suitable
for use as a nutritional supplement.

Key words: acerola, bioactive compounds, freeze concentration, emulsion,

encapsulation, spray drying.



vii
DANH MUC CONG BO KHOA HQC CUA TAC GIA

1. Ping Thi Yén, Tran Hiéu, Duong Thi Ngoc Diép, Kha Chan Tuyén (2024). Nghién
ctru tinh 6n dinh va hoat tinh chéng oxy hoa cua dich ép so ri bang phuong
phap c6 dac lanh dong va nhii tuong. Tap chi Khoa Hoc Pai hoc Cong Thuong.
http://huitjournal.vn/journal/journal/single/3717

2. Yen T. Dang, Hieu Chan, Tuyen Chan Kha (2024). Effect of W/O/W emulsion on
the spray drying of bioactive compounds from concentrated acerola juice.
Presented at The First Vietnam International Symposium on Medicinal Plants
and Natural Products (MPNP2024).

3. Yen T. Dang, Hieu Tran, Tuyen C. Kha (2024). Stability and Antioxidant
Properties of Freeze-concentrated Acerola Juice in Water-in-oil-in-water
Emulsion. Applied Food Research, 4(2), 100621.
https://doi.org/10.1016/j.afres.2024.100621 Q1.

4. Yen T. Dang, Hieu Tran, Tuyen C. Kha (2024). The Effects of Spray Drying
Conditions on the Physicochemical Properties of Encapsulated Powder
Prepared by Water-in-oil-in-water Acerola Emulsion. Journal of Food and
Nutrition Research, 63(4), 323-335.
https://www.vup.sk/en/index.php?mainlD=2&navID=34&version=2&volum
e=0&article=2370. Q3

5. Dang, Y. T.; Tran, H.; Kha, T. C. (2024). Encapsulation of W/O/W Acerola
Emulsion by Spray Drying: Optimization, Release Kinetics, and Storage
Stability. Foods, 13(10), 1463. https://doi.org/10.3390/foods13101463. Q1.


https://doi.org/10.1016/j.afres.2024.100621
https://doi.org/10.3390/foods13101463

viii

MUC LUC

| 010 ) 07N\ 210 7N TP i
LOT CAM ON ....ooooriiiiiieseeeies s seeveeses s ies s ssas s asas s sass st i
TOM TAT ..ot iii
DANH MUC CONG BO KHOA HQC CUA TACGIA .......ccccooovvererereercan, vii
MUGC LUC ......cooioiieeieeieieeesee e eriese et es s sesas s tssssssnse s tsssssnsasss s s sasensans viii
DANH MUC CAC KY HIEU, CHU VIET TAT .....c.cooovveveeeeeeeeeeeeeeeeereeies xii
DANH MUC CAC BANG ..ottt xiii
DANH MUC CAC HINH ........ooooviiiriesieeeeceeese e ses s snasses s XV
1LY (0 2 7N O[O 1
CHUONG 1. TONG QUAN ......cooiiiiiieeeeeee ettt n s 4
1.1 TONG QUAN V& SO Tuurvrrievrereseeesesessessesessestsssssessssssssssssesssssessssesssssssensesssassssnssssneas 4
1.1.1 Tinh hinh phan b so ri & Viét Nam va thé gidi ..ovveereerereeeceseerereeeeeieenene, 4
1.1.2 Tinh hinh ché bién va XUAL KNAU SO T v.vveeeeeeeeeeeeeeeee e eeeee e 5
1.2 Cac hop chit c6 hoat tinh SINK NOC .......cveeeceeeceeeeeeee e 6
1.2.1 Mot s6 hop chét c6 hoat tinh sinh hoc tTONE SO Tl.vvvveeirreeiiiiessieeesieeessireessnnees 6
1.2.2 Tac dong cua cac hop chit ¢6 hoat tinh sinh hoc trong dich chiét trai so ri doi

VO1 COHE NZUOT cvrvoveveveseeceee st tes sttt s st 9
1.2.3 Nhan XEt CHUNG ...ccuveiiiiieiie e 11
1.3 Mot s6 phuong phéap 1am gidu cac hop chét c6 hoat tinh sinh hoc..................... 11
1.3.1 CO dAc 1anh AONG.......ccoiviiiiiie it nnae e 13
1.3.2 Mot s6 yéu t6 anh huéng dén qua trinh ¢6 dic lanh dong........covvveeeveeeenen, 14
| Y o 1o YU OSPP 15
1.4.1 Vi bao bang phurong phap nhil NOa ..........cc.cvuevrveevierereeeeeeeeessseseeesseseseines 17
1.4.2 Vi bao bang phurong phap SAY PRUN..........ccevureveveriereseeseeeeeeeeesesee e 23
1.4.3 Nhan XEt ChUNG ....ovviiiiieeee s 29
1.5 Bong hoc giai phong cac hop chit c6 hoat tinh sinh hoc tir hat vi bao .............. 30
1.5.1 CO Ché GIAT PRONE ..ot 31
1.5.2 CAC YEU 16 ANN NUGNG......vocveceeeeeseeesesee st 32

L0 U KL e e e ee e e e, 33



X

CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU ..........cc..c......... 34
2.1 Thoti gian va dia diém thuc hién NEhIEN CUU..cciiiiiiiiiieeee e 34
2.2 Nguyén liéu va hoa chat sir dung trong nghién CliU...........cevereerveereererrienirnenns 34
2.2 1 NGUYEN HEU 1eeiiviiii ittt sttt sbn e nnbee e 34
2.2.2 HOA ChAL 1..vevovreiriicee s 34
2.2.3 TRIEE DI cvvvveviviiiees s 35
2.3 Quy trinh cONE NENE.......vviiiiiiii 36
2.3.1 So dd t6ng quat bo tri thi NEHIEML.......cv.eveeeeeeeeeeeeee e 36
2.3.2 Thuyét minh qUY triNN........c.coevirereeeiese et 36
2.4 B tri thi NERIEIM ....cvocveeeeeeeeeeeee ettt sttt 38
2.4.1 Panh gia mot s6 chi tiéu hod 1§ c01a SO 11 WO cvuvevveveceireeeeeeeee e 38
2.4.2 Xt ly dich chiét tréi so ri bang phuong phap co dic lanh dong..................... 38
2.4.3 Nhii hoa cac hop chét sinh hoc tir dich chiét trai so ri c6 ddc bang phuwong phap

Nhll hoa tW Phat.......coiiiii s 39
2.4.4 Vi bao dich chiét so ri bang phuong phap say phun.........ccce.eeeeverrreverennenn. 43
2.5 Céc phuong phap phan tich..........ccoooiiiiii 46
2.5.1 Pinh luong tong ham lugng chat ran hoa tan (TSS, °BIiX) ....ocoveveeveeeeieereenas 46
2.5.2 D0 PH oo 47
2.5.3 00 GO AIM ettt ettt ettt ettt ettt ettt 47
2.5.4 XU 1y tach pha nhil tWONZ......voiiiiiiieiie s 47
2.5.5 Dinh [uong vitamin C ........cceiiiiiiiiiieice e 47
2.5.6 Pinh lugng cac hop chat phenolic tONg ...........cveveevesverieereeeesessssseseesennas 47
2.5.7 Pinh luong mot s6 hop chat phenolic don I&..........ovvvvveveveeeeeieeeeeeeeeeeae 47
2.5.8 Dinh Iuong flavonoid tONg .........cceveveveeieeeeererseerssessrs s teses s 48
2.5.9 HE S8 €O GAC v eeeeeeee e ee e e ettt et ee e et es e e e e s eeeneeeens 48
2.5.10 Hinh thai hat nhll tWONE .......ooviiiiiiii s 48
2.5.11 Do d0 nhdt clia Nhll tHONE.....covveieiiieeee e 48
2.5.12 Do kich thudc va chi sé da phan tan kich thudc hat nhii twong..................... 48
2.5.13 Xac dinh hoat tinh chéng oxy hoa bang phuong phap danh DPPH .............. 48

2.5.14 HIBU SUAL VI DO+ttt ettt ettt ettt ee e et en e e s eeneeeans 48



2.5.15 HiU SUAL thU DO .ovvveeeevveiniiieisseiisesi i 49
2.5.16 Hinh thai hat........ccooiiiiiii s 49
2.5.17 TY troNG DOL..c.veeiiiiiiicie s 49
2.5.18 PONZ hOC 181 PRONE ....vviiiiiiiiiiic e 49
2.5.19 DANG NHIGt AP PIU ..vovveeiecvceceeeeee ettt 49
2.5.20 Nhiéu xa tia X (X-ray diffraction, XRD)..........cceeevrrervrreesiseenerssesssneeenns 50
2.5.21 Nang lugng hoat hoa ..o 50
2.6 Phuong phap XU 1 SO LU ......o.veeeeeeeeeeeeeeeeeeee et 50
CHUONG 3. KET QUA VA THAO LUAN ........ccooooiiiiiiieeeeeeeeeeeeeee e 51
3.1 Danh gia mot so chi tiéu hoa 1y ciia dich chiét trai SO Ii.....ocoveeveevevererereeenene, 51
3.2 Xt 1y dich chiét trai so ri bang phuwong phéap c6 dic lanh dong ...........cc.ceeee... 52

3.2.1 Anh hudng cua sb giai doan c6 dac lanh dong 1én néng do hoat chat sinh hoc
6 trong dich Chidt trAl SO T c.uvuvvveeviveerceeseseees ettt en s 52
3.2.2 Anh hudng cua thot gian dong lanh 1én néng d6 hoat chét sinh hoc c6 trong dich
CRIGE tIAL SO T.uvevieeeieeeesee ettt ettt s ettt 54
3.3 Nhii hoa cac hop chét c6 hoat tinh sinh hoc tir dich SO i €6 G4C...veveverrrireennn, 58
3.3.1 Anh huong cua ti 16 PGPR 1én cac dic tinh 1y hoa ctia hé nhii trong W/O ....58
3.3.2 Anh huong cua ti I¢ dich c6 dac 1én cac dac tinh Iy hoa cua nhii tuong W/O.62
3.3.3 Anh huong cua toc d6 khudy 1én cac dic tinh Iy hod cta nhii twong W/O .....65
3.3.4 Anh huong cua ti 1¢ phéi tron chat nhii hoa 1én sy hinh thanh nhi twong W/O/W
tlr dich Chiét trai SO T1 €O GAC ovvvvurvrurererieeieeereeee e 67
3.3.5 Anh huong cua ti 1& chat nhii hoa 1én sy hinh thanh nhii trong W/O/W tir dich
CRIEE t1AT SO L CO QAT 1vvvevveeeeeeeeeeee et eee et et eee et ee e ettt et esee e e ee e e eeens 70
3.3.6 Anh hudng cia ti 1& nhii twrong W/O 1én sy hinh thanh nhii twong W/O/W tir
dich Chi€t trai SO Ti CO GAC vvvvrererrerrricrieeeseri e 73
3.3.7 Anh huéng cua toc do khudy Ién sy hinh thanh nhii twong W/O/W tir dich chiét
trA1 SO TT CO GAC uvviieiiiiiiie e it e e e e e et e e e s st ee e e e s sae e e e e e enreeeeean 76
3.4 Vi bao bang phuong phap SAY PhUN...........c.cvvevveeeevereeeieeseeieeeeneses s, 79

3.4.1 Anh huong cua vat liéu 161 1én mot sb tinh chat hoa ly ctia bdt so ri séy



xi

3.4.2 Anh huéng cua thanh phan vo bao 1én mot s6 tinh chat hoa 1y ciia bot so ri say

3.4.3 Anh hudng cua ti 1& vat liéu 18i va vo bao 1én mot sb tinh chat hoa Iy cia bot so
T1 SAY PRIUIL oot s st n s 85
3.4.4 Anh hudng ctia nhiét 4o sdy phun dau vao 1én mot s tinh chit hoa 1y cia bot
SO L SAY PRUI ..ottt n st 88

3.4.5 Anh huéng cia nhiét do siy phun dau ra 1én mét s tinh chét héa 1y ctia bot so

T1 SAY PRIUIL oottt 90
3.4.6 T6i wu hoa nhiét do dau vao va nhiét do dau ra trong qua trinh siy phun nhii
120002708 & R PP PP PP PPRTPPRPURP 93
3.4.7 Pong hoc giai phong cac hop chét c6 hoat tinh sinh hoc tir bot sdy phun.....103

3.4.8 bBanh gia do on dinh cta san phém bot & cac nhiét do bao quan khac nhau..106

3.4.9 Anh huong cia d6 am khong khi 1én mot s6 tinh chat hoa 1y cia bot so ri vi bao

...................................................................................................................... 112
KET LUAN VA KIEN NGHI .......oooviiiiiiieeeeeeeeesee e 117
TAI LIEU THAM KHAO .........cooiviiiiiieeeseeeeeseeeseeess e 119
PHU LUC ...ttt ettt et 132
Phu lyc 1. Phuong phap phan tich cac chi ti€u .........cccceeviviiiiiiiie 132
Phu lyc 2. Két qua xur 1y théng ké: Co dic dich chiét trai so ri bang phuong phap co
FAC 1aNh GONEG ..veviiiiie i ———— 136
Phu luc 3. Két qua xu ly théng ké: Nhii hoa cac hop chét sinh hoc tir dich so i ¢o dic
...................................................................................................................... 152



xii

DANH MUC CAC KY HIEU, CHU VIET TAT

Ky hiéu,
chir viét tit

AAE

Nghia tiéng Anh
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Puong lugng axit ascorbic
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EPI Emulsion phase inversion Phuong phép diém dao pha
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HLB Hypophilic-lipophilic balance ~ Can bang tinh wa nudc-wa dau

MD Maltodextrin Maltodextrin

MF Microfiltration Vi loc

NF Nanofiltration Loc nano

Oo/W Oil in water Dau trong nudc

O/W/O Oil in water in oil Dau trong nudc trong dau

PG Propylene glycol Propylene glycol

PGPR Polyglycerol polyricinolate Polyglycerol polyricinolate

PI Polydispersity index Chi s6 da phan tan

PIT Phase inversion temperature Phuong phap nhiét do6 dao pha
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QE Quercetin equivalent Duong lugng quercetin
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TSS Total soluble solids Tong ham luong chét rin hoa tan

UF Ultrafiltration Siéu loc

VC Vacuum concentration Co ddc chan khong

W/0O Water in oil Nudc trong dau

W/O/W Water in oil in water Nudc trong dau trong nudc
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MO DAU

So ri 1a mot trong nhitng nguén vitamin C tuy nhién phong phii nhét, v6i ham
luong dao dong tir 1500 - 4500 mg/100g, cao gip 50-100 lan so véi cam hodc chanh
(Prakash & Baskaran, 2018). Theo khuyén nghi chung, lugng vitamin C sir dung
trong ché do 4n ubng cho phu nit va nam gi6i trudng thanh (tir 19 tudi tré 1én) lan
lrot 14 75 mg va 90 mg, voi mire toi da 1a 2000 mg mdi ngay, twong duong voi khoang
2-3 qué so ri. Ngoai ra, so ri con chira ham luong cao cac hop chit phenolic, voi it
nhat 76 hop chat phenolic di dugc xac dinh trong so ri, bao gdm 55 hop chat
flavonoid va 21 hop chat khong phai flavonoid (Vilvert va cong su, 2024). Cac hop
chat nay thé hién mot s6 dic tinh sinh hoc dang ké, nhu cac hoat tinh chéng oxy hoa,
khang khuan, ha duong huyét, ha huyét ap, chong viém va bao vé gan. Nhiing dic
diém nay da khang dinh tiém ning 16n cta so ri nhu mot "siéu trai cAy", mang lai
trién vong trong nganh cong nghiép thuc phim va duoc pham.

Tuy nhién, viéc tmg dung cac hop chét ¢ hoat tinh sinh hoc trong so ri trong
ché bién thuc phém dit ra mot sb thach thirc. Mot trong nhirng van dé chinh 1a téc do
chin nhanh, vo méng va cau tric mong nudc cia so ri, khién chung dé bi hu hong va
chi bao quan duogc 2-3 ngay ¢ nhiét d6 moi trudng. Hon nita, cac hop chat c6 hoat
tinh sinh hoc nhu phenolic va vitamin C trong trai so ri giam dan khi trai trudng
thanh, trong khi cac phuong phap chiét xut truyén théng dbi véi cac hop chat nay
thudng ton thoi gian, st dung nhiéu dung mdi hoa hoc va cé thé giap phai van dé vé
tinh chon loc cling nhu hiéu qua (Pai va cong su, 2022). Vi du, vitamin C trong bot
s0 1i ¢6 thé bi phan huy tir 3,1% dén 10,6% khi 4p dung phuong phap gia nhiét bang
dién tré' (Mercali va cong su, 2012). Vi vay, can nghién cru cac phuong phap ché
bién va diéu kién bao quan tbi wu duy tri tinh toan ven cta cac hop chat co gia tri.

Vi bao bang phuong phéap nhil hoa 1a mot cong nghé tién tién nham muyc dich
bao vé cac hop chat c6 sinh hoc nhay cam véi cac yéu to moi truong bang cach bao
boc vt liéu 16i (14 cac hop chat c6 sinh hoc) bén trong vat liéu mang (13 cac polymer
sinh hoc). Cong nghé c6 y nghia quan trong trong viéc kéo dai thoi han st dung cua

san pham, giam thiéu sy bay hoi va phan huy, ngin chin sy tuong tac khéng mong



mudn gitra cac phan tir, cai thién cic dic tinh cam quan, kiém soat qua trinh giai
phong cac hop chét hoat ¢ hoat tinh sinh hoc va cudi cing 13 ting sinh kha dung cua
hop chit nay. Mot sé nghién ctru vé vi bao cac hop chét c6 hoat tinh sinh hoc bang
phuong phap nhii hoa da dugc thuc hién. Vi du, resveratrol, mot hop chat phenolic
c6 trong nho va qua mong, da dugc vi bao bang k¥ thuat nhil hoa, giup duy tri dic
tinh chéng oxy hoa va chdng viém (de Oliveira & Bruschi, 2022), B-Carotene (Hou
va cong su, 2012), axit béo omega-3 (Acevedo-Fani va cong su, 2017), curcumin
(Piornos va cong su, 2017), va axit a-Lipoic (Silva va cong su, 2018) da dugc vi bao
thanh cong bang phuong phap nhil héa. Tuy nhién, do cong nghé vi bao con twong
ddi trong linh vyc san xuét thuc phém, van con nhiéu co hoi dé nghién ctlru cai tién
va mo rong ung dung cta nd.

Tuong tu, vi bao bang phuong phap sy phun ciing mang lai nhiing lgi ich
trong vi¢c bao v¢ cac hop chit ¢6 hoat tinh sinh hoc nhay cam khdi cac yéu t6 moi
truong. Mot s6 nghién ctru vé vi bao cac hop chit c6 hoat tinh sinh hoc bang phuong
phap sdy phun da duoc thuc hién. Tuy nhién, cic nghién ctru vé cong nghé vi bao néi
chung va ting dung cong nghé vi bao dé san xuat va bao quan cac hop chét c6 hoat
tinh sinh hoc trong thuc phém van con nhiéu han ché vé mat nguyén li¢u va kiém soat
mo hinh dong hoc giai phong trong cac san pham cu thé. Mot trong nhiing thach thirc
chinh 13 anh hudng cta nhiét d6 siy phun dbi véi cac hop chat nhay cam véi nhiét
nhu vitamin va chat mau trong qua trinh siy phun (Culina va cong su, 2023; Drosou
va cong su, 2017; Srivastava va cong su, 2022). Bén canh do, viéc lya chon vat liéu
bao thich hop va tac dong ctia ching dén hiéu suat, hiéu qua va hinh thai bot vi bao
can dugc nghién ctru thém (Diaz-Montes, 2023).

Ttr nhitng van dé trén cho thay thuc hién nghién ctru “Vi bao vitamin C va cdc
hop chdt phenolic ¢é trong dich chiét trdi so ri (Malpighia emarginata DC.) 13 can
thiét va cp bach.

Muc tiéu nghién ciru

Nghién ctru nay duogc thuc hién nham xéac dinh: 1) quy trinh phu hop dé lam
giau vitamin C va cac hop chat phenolic ¢o trong dich chiét trai so ri bang phuong
phap c6 dic lanh dong; 2) xac dinh diéu kién thich hop dé tao nhii twuong W/O va
W/O/W tir dich chiét trai so ri cd dic bang phuong phap nhil hoa tu phat; 3) téi uu

hoéa diéu kién vi bao nhii twong dich so ri bang phwong phap siy phun; 4) xac dinh



su anh huong cta nhiét do bao quan va do am khong khi dén ham luong vitamin C,
TPC, TEC va kha ning bit gbc tw do DPPH cua bot so ri vi bao va 5) du doan kha
nang giai phong cac hop chat nay trong moi truong thyc pham mé phong.

Tinh cip thiét

Luan an nghién ctru khai thac cac hop chat co hoat tinh sinh hoc tir trai so ri
bang phuong phép vi bao va dy doan mé hinh giai phong cua bot vi bao, nhdm mo ra
trién vong tng dung hiéu qua cac hop chét nay trong ché bién va bao quan thyc phim,
qua d6 thiic day su phat trién ctiia nén kinh té nong nghiép.

Y nghia khoa hoc

Luan 4n xac dinh duoc cac diéu kién thich hop dé lam giau vitamin C va cac
hop chét phenolic ¢6 trong dich chiét trai so ri bang phuong phap ¢ dic lanh dong.
Bén canh do, nghién ctru thiét 1ap diéu kién nhii hoa va séy phun dich so ri c6 dac.
Tinh 6n dinh va mé hinh giai phong vitamin C va cac hop chat phenolic tir bot so ri
vi bao trong méi trudng thire pham mé phong sé& 14 co sd khoa hoc cho céc cac nghién
ctru tiép theo vé giai phong trong san pham thuc pham cy thé va 13 nén tang cho cac
nghién ctru rng dung xa hon.

Y nghia thue tién

Luén 4n khai thac tiém ning 1am giau vitamin C va cac hop chat phenolic trong
dich chiét trai so ri dé Gmg dung vao san xuét thyc pham, thuc phim chirc ning va
dugc pham. Nho d6, gop phan ning cao gia tri kinh té cta so ri va thic day sy phat
trién nén néng nghiép ¢ Viét Nam.

Nhirng diém méi ciia ludn an

Pay 13 cong trinh nghién ctru ¢6 tinh hé théng vé mot ddi twong nguyén liéu
c6 tiém ning dinh dudng 16n nhung chua dugc khai thac rong rai 1a trai so ri. Quy
trinh ¢6 dic duoc xay dung dé 1am giau cac hop chét sinh hoc trong dich chiét trai so
ri, tiép theo 13 vi bao vitamin C va cac hop chit phenolic bang cic phuong phéap cd
dic lanh dong, nhii hoa ty phat va siy phun. Nghién ctru cling du doan duoc thoi gian
bao quan bot so ri vi bao & cac diéu kién khac nhau va xdy dung mé hinh dy doan

kha ning giai phong cac hop chat trong méi truong thuc pham mé phong.



Chuong 1
TONG QUAN

1.1. Tong quan vé so ri
1.1.1. Tinh hinh phén bd so ri & Viét Nam va thé gi6i

So ri (Malpighia emarginata DC.) (Hinh 1.1), dugc biét dén véi nhiéu tén goi
khac nhau tuy theo ngon ngit va vung dia 1y. Trong tiéng Phap so ri duoc goi 12 erisier,
cerise de St. Domingue hoic cerise de St. Domingue; trong tiéng B6 Dao Nha 1a

cerejeira; & Venezuela la semeruco hoac cemeruco va tai Philippines 1a malpi.

Hinh 1.1. Trai so r1 ¢ ba giai doan: a) chua truédng thanh, b) truéng thanh, ¢) chin

So ri 1a cay ua sdng, chiu han, thich nghi v41 khi hau nhi¢t do1 va can nhiét déi
nong am, nhiét do trung binh 20 - 28°C, va phat trién trén nhiéu loai dit khac nhau.
Pay 1a loai ciy ban dja ctua Trung va Nam MY, véi Brazil 1a qubc gia san xuat 1on
nhat, do c6 diéu kién tho nhudng va khi hau tai day rat phu hop cho su phat trién cta
so ri. Tai Viét Nam, so ri duoc trong chil yéu & Pong bang song Ciru Long, dic biét
tai GO Cong (Tién Giang) va Binh Phu (Bén Tre). O Bén Tre, giéng so ri ngot phan
bd tai thanh ph6 Bén Tre, huyén Chau Thanh, va Gi@)ng Trom, voi téng dién tich 233
ha. Tai Tién Giang, ving trong tap trung tai GO Cong Pong véi 1.215 ho canh tac
trén gan 230 ha. Giai doan cao diém nhing nam 2000, dién tich trong so ri dat gan
800 ha, trong d6 600 ha ¢ huyén Go Cong Dong va trén 150 ha tai thi xa Go Cong.
Mot phan nhoé duge trong tai huyén Go Cong Tay. Dén thang 4/2022, dién tich trong



so ri tai GO Cong Pong giam con 134,8 ha, tap trung tai cac xa Binh Nghi, Binh An,
Kiéng Phuéc va Tan Pong, véi san lwong gan 11.000 tin/nim. Mic du tiém ning
phat trién cay so ri tai GO Cong Dong rit 1on, nhung thi truong tiéu thu con bip bénh,
gi4 ca thiéu 6n dinh trong khi chi phi vat tu va nhin cong ting cao, khién nhiéu ho
dan dan tir bo cay so ri, 1am dién tich trong hang nim giam.

1.1.2. Tinh hinh ché bién va xuit khau so ri

Hién nay, so ri Viét Nam da dugc xuat khau sang cac qudc gia nhu Nhat Ban
va My. So ri trong tai Go Cong, Tién Giang c6 loi thé v6i kha nang thu hoach trung
binh 7 - 8 dot/ndm, gan nhu khong bi mat tring vu. Nang suét tir cac vudn cay trén 3
nam tuoi dat 40 - 50 tan/ha/nam. Tuy nhién, gia thu mua thap (2.000 - 3.000 VND/kg)
trong cac mua vu khién san xuét va xuit khau gap kho khan, din dén tinh trang "duoc
gia thi trong, mat gia thi chat", gdy giam dién tich tréng va thu nhap bap bénh cho
nong dan.

Hién nay, tinh Tién Giang c6 khoang 269ha cdy so ri, san luong c6 thé dat trén
5.382 tan/nam, ning suat binh quan 20 tan/ha. So ri Go Cong da duoc cap ching nhan
san xuat an toan theo tiéu chuin VietGAP. Ngoai ra, Cuc So hitu tri tué da cap vin
bang bao ho Nhin hiéu tap thé sé 77327 cho san pham so ri Go Cong. Gidng so ri
ngot dung dé in tuoi va tiéu thu ndi dia. Gidng so ri chua 13 giéng dang duoc ua
chudng vi c6 nang suat cao, co vi chua ngot thich hop véi thi hiéu cta nguoi tiéu
dung dugc ti€u thu ndi dia va xuat khau sang Nhat Ban dudi hinh thic so ché trai tuoi
va ché bién duéi dang puree.

Mic du cac diéu kién va tiéu chuan tré)ng trot dd duoc cai thién, viée tdi vu
hoa gia tri kinh té ctia so ri doi hoi nghién ctru sdu hon vé ché bién cong nghiép. So
ri chita nhiéu hop chét sinh hoc ¢6 loi nhu vitamin C va polyphenols, nhung tiém
nang nay chua duoc khai thac dy dii. Nghién ctru ndy tip trung vao chiét xut va vi
bao cac hop chét hoat tinh sinh hoc tir dich chiét so ri, nham gia tang gia tri kinh té
va mé rong ung dung. Ngoai ra, dua trén loi thé dia Iy va san luong, so ri xanh tu
Hop tac xa so ri huyén Go Cong Bong, tinh Tién Giang, da duoc lya chon lam nguyén

liéu nghién ctru.



1.2. Céc hop chit c6 hoat tinh sinh hoc
1.2.1. Mot s6 hop chit c6 hoat tinh sinh hoc trong so ri

Cic hop chit phenolic

Céc hop chat phenolic 13 nhém chat chuyén héa thir cip trong thuc vat, gdm
hai phan nhom chinh 14 axit phenolic va polyphenol. Nhitng hop chat nay thuong két
hop v&1 monosacarit va polysacarit, lién két v&i mot hodc nhiéu nhom phenolic, hodc
ton tai dudi dang dan xuét nhu este va metyl este. Hién nay da xac dinh dugc hon
8.000 cau truc phenolic.

Céc hop chat phenolic c6 ngudn gdc ty nhién trong thuc vat duoc ching minh
la c6 kha nang chéng oxy hdéa manh, bao vé co thé va hd tro chéng lai nhiéu bénh do
gbc tir do gy ra. Pdc diém chung cta ching 13 c6 vong thom (vong benzen) voi mot
hozc nhiéu nhém hydroxyl (-OH) gin truc tiép vao vong nay. Ty thudc vao sd lugng
va vi tri cdc nhém -OH trong céu tric, tinh chat 1y héa va hoat tinh sinh hoc cua cac
phenolic sé& thay d6i. Cac hop chét phenolic chinh trong so ri da duoc phén tich va
trinh bay trong Bang 1.1.

Bang 1.1. Mot s6 hop chét phenolic chinh ¢6 trong so ri
STT Tén hop chat Nguon Tai liéu tham khao

Din xuit axit hydrobenzoic

1 Axit gallic Baép
) o L, Marques va cong su (2016)
2 Axit syringic Nudce ép
da Silva B a ¢
3 Tannin Bi kho a Silva Barros va cong su
(2020)
Din xuit axit hydroxycinnamic
4  Axit malic Ba ép
5  Axit p-Coumaric Tréi xay
6  Axit ferulic nhuyén,
) ] Hanamura va cong su (2008)
7  Axit caffeic Nudc ép
8  Axit chlorogenic Thit trai
Flavonoids
9  Catechin
10  Epigallocatechin 3-O-gallate Ba ¢p L
) L, Marques va cong su (2016)
11 Epicatechin Nudce ép
12 Quercetin
Quercetin 3- O-a-rhamnoside Trai xay .
13 Hanamura & Aoki (2008)

(quercitrin) nhuyén




14 Quercetin 3- O-B-galactoside
(hyperoside)

15  Pelargonidin 3-O-a-rhamanoside

16  Dihydroquercetin 3-O-a-rhamnoside

Dihydrokaempferol 3-O-a.-

17
rhamnoside
18  Procyanidin B1 Mezadri va cong su (2008)
19  Cyanidin
20  Cyanidin 3-O-a-rhamnoside de Rosso va cong su (2008)
21  Pelargonidin
22 Leucocyanidin-3-O- B - d -glucoside Kawaguchi va cong su (2007)
23 Kaempferol 3-O-a-rhamnoside Bataglion va cong sur (2015)

24 Delphinidin
25  Peonidin
26  Rutin Nudc ép Mezadri va cong su (2008)

Hanamura va cong su (2008)

27  Kaempferol

] Bataglion va cong sy (2015)
28  Luteolin

Thit trai
de Aquino Souza Miskinis va

29  Apigenin
pieent cong su (2023)

Trong thuc vat, cac hop chét phenolic co thé ton tai & dang tu do hodc lién két
v6i mang/thanh té bao. Cac phuwong phap ché bién thuc pham nhu gia nhiét hay dong
lanh c6 thé 1am giai phong cac hop chét phenolic nay. Mot so nghién ctru cho thiy
dun néng c6 thé anh huéng dén ham luong polyphenol, bao gdm flavonoid, do thay
d6i kha nang chiét xuit nhd su pha v thanh té bao. Nho d6, cac polyphenol lién két
v6i thanh té bao c6 thé duoc giai phong dé dang hon khi ché bién so véi nguyén lidu
tho (Nicoli va cong su, 1991).

S6 lugng va thanh phan cac hop chat nay phu thudc vao giai doan chin. Tong
ham luong phenol trong nudce ép so ri giam tur 3,8 mg catechin/g khi qua chua chin
xudng con 1,35 mg/g khi quéa chin (Mara Righetto & Maria Netto, 2005). Hanamura
va cong su (2008) bao cao proanthocyanidins ¢ nhiéu trong trai chua chin, trong khi
anthocyanins 14 hop chat phenolic chinh trong trai chin. Ham lugng nay con thay d6i
theo gidng cdy va mua thu hoach, véi trai truong thanh thu hai vao mua khé c6 ham

lugng phenolic cao hon so voi mua mua (Novotny va cong su, 2006).



Flavonoid

Flavonoid 12 nhém hop chit phenolic phé bién nhét trong thyc pham, v6i hon
4000 chit flavonoids dd duoc phat hién (Mai Thanh Trung va cong su, 2016).
Flavonoid duogc chia thanh 6 loai chinh: flavanol, flavanone, flavon, isoflavone,
flavonol va anthocyanidin. Nhém hop chit nay c6 tac dung 16n ddi véi stre khoe cua
con ngudi, bao gdm kha ning chdng oxy hoa manh, chdng dot bién, giam nguy co
méc bénh tim mach, (¢ ché su tdng sinh té bao khdi u, bao vé dong mach khoi xo
vita, tac dung chéng tia phong xa, b6 toc, hd tro ndi tiét t & phu nit man kinh ty nhién
va khang khuan (Yao va cong su, 2004).

Trong nhitng ndm gan day, flavonoid trong so ri ngay cang thu hit s quan
tam nghién ctru. Mot sb flavonoid nhu quercetin va kaempferol di duoc phan 1ap tir
so ri, nhung dit liéu dinh luong van chua dy du. Tuy nhién, anthocyanin trong so ri
da dugc nghién ctru kha rong rii. Flavonoid khong chi tao nén mau doé hap din cua
qua chin hoan toan méa con mang lai nhiéu lgi ich stc khoe (Lemane Delva & Renée
Goodrich Schneider, 2013).

Vitamin C

Vitamin C, hay axit ascorbic, c6 cong thirc hoa hoc 1a CsHsgOes, khdi lugng
phan tir 176,14 g/mol va diém nong chay tir 190 dén 192°C (374 dén 378°F). Vitamin
C duogc phat hién vao ndm 1912 va dugc phan 1ap vao nam 1928. Dang tinh thé cua
vitamin C c¢6 mau trang, rat d& tan trong nudc, tan trong ethanol 96%, kho tan trong
ruou, khong tan trong ether, cloroform va cac dung moi hiru co.

Vitamin C c6 thé ton tai & nhiét do 100°C trong mdi truong trung tinh va axit,
nhung dé bi oxy hoa khi tiép xtic véi oxy trong khong khi, qua trinh oxy hoa nay dién
ra nhanh chong khi ¢ sy hién dién cua sat (Fe) va dong (Cu). Pay 1a phan tng oxy
hoa khir thuan nghich, trong dé vitamin C hoat dong nhu mot déng yéu tb (cofactor)
tham gia vao nhiéu phan mg héa sinh trong co thé, nhu hydroxyl hoa, amid hoa,
chuyén axit folic thanh axit folinic trong tong hop carnitine, va chuyén dopamine
thanh nor-adrenaline. Vitamin C ting cudng hip thu st va gitp tong hop collagen,
proteoglycan va cac thanh phan hitu co khéac trong co thé nhu ring, xwong, va ndi mod
mao mach. Vitamin C thudng c6 mit ciing vitamin P, ¢6 tac dung chéng oxy hoa va
bdo v¢ vitamin C, va hiép déng v6i vitamin C dé bén virng thanh mach, tang tao
collagen, tc ché hyaluronidase va cung vitamin C, vitamin E, B-carotene va selenium

tham gia loai trir gc tw do c6 hai trong co thé.



Khac v6i hau hét cac loai linh truéng, con ngudi khong thé ty tong hop vitamin
C do thiéu enzyme dic hiéu c6 chirc ning xuc tac chuyén hoa glucose thanh vitamin
C. Khi co thé thiéu hyt vitamin C trong mét khoang thoi gian nht dinh, s& din dén
bénh hoat huyét, coi, giam strc dé khang, chay mau chan ring, loi hay cac van dé noi
quan (bénh scorbutus). Vi vy, con ngudi can hap thu vitamin C qua thue pham hodc
duoc phém. Vitamin C ty nhién c6 mat trong nhiéu loai thuc vat, dic biét 1a trong qua
so 11, vo1 ham lugng vitamin C cao hon khoang 5 dén 20 1an so vé6i 6i va 10 dén 15
1an so v&i xo0ai (De Carvalho & Manica, 1994). Mot cdc (180 ml) nudc ép so ri chira
khoang 35 mg/ml axit ascorbic, tuong duong vé1 luong vitamin C trong 14 lit nudce
cam ép. Do d6, so ri c6 thé dugc sir dung lam ngudn cung cip vitamin C thuong mai
cho ché d6 an udng hang ngay hodc 1am thirc uéng bo sung.

Ham lugng vitamin C trong trai so ri c6 thé thay doi tiy theo giai doan chin,
gidng cdy trong, noi trong trot va cac yéu tb moi trudng (Hanamura va cong su, 2008;
Mara Righetto & Maria Netto, 2005; Vendramini & Trugo, 2000). Mara Righetto &
Maria Netto (2005) da nghién ctru ham lugng vitamin C & ba giai doan chin khac
nhau: non (xanh), trung gian (vang) va truong thanh (d6). Két qua cho thay ham lugng
vitamin C cao nhét ¢ giai doan chwa truong thanh (2,16 g/100 g) so voi giai doan
trung gian (1,06 g/100 g) va giai doan trudng thanh (1,07 g/100 g). Qua trinh oxy hoa
la mét trong nhitng nguyén nhan chinh lam gidm ham lugng vitamin C & giai doan
trudng thanh (Vendramini & Trugo, 2000).
1.2.2. Tac ddng ciia cac hop chit ¢é hoat tinh sinh hoc trong dich chiét trai so ri
ddi v6i co thé nguoi

Hoat tinh chdng oxy héa

Chat chdng oxy héa trong ché d6 dn udng dong vai tro quan trong trong viéc
phong ngira va giam thiéu sy tién trién cta cac bénh lién quan dén stress oxy hoa.
Céc hop chét trong so ri, dic biét 13 vitamin C va anthocyanins, 1a nguon chét chong
oxy hoa ty nhién manh mé véi cac tdc dung bao v¢ strc khde va ngan ngura bénh tat.

Cac nghién ctru chiét xuét so ri cho thiy chung c6 kha ning bat gbc tu do
manh, chdng lai cac gdc tw do DPPH va ABTS (Mezadri va cong su, 2008), ciing nhur
trc ché qua trinh peroxide héa axit linoleic (Caetano va cong su, 2011) va qua trinh
oxy hoa LDL (Hwang va cong su, 2001). Hoat tinh chdng oxy hoa ctia nuée ép so i
cling vuot troi so v6i cac chiét xuat gidu polyphenol tir nude ép dau tay, nho va tao

(Mezadri va cong su, 2008).
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Nghién ctru in vivo cho thiy rang nudc ép so i c6 thé giup cai thién mirc
khoang chit trong gan va than cta chudt an ché do an giau chit béo va calo, cung cip
bao vé chdng lai stress oxy héa. Nudc trai cay so ri chwa chin con c6 kha ning ngin
chin su e ché tong hop citrate trong mé ndo, giup giam ton thuong ndo do stress
(Leffa va cong su, 2017).

Hoat tinh chéng khéi u, chdng ddc va chdng suy nhuwoc

Hoat tinh chéng khdi u cua dich chiét trai so ri da duoc thir nghiém trén cac
dong té bao ung thu, nhu ung thu biéu mé té bao vay miéng (HSC-2) va ung thu biéu
mo tuyén dudi ham (HSG), cho thiy két qua tich cuc (Motohashi va cong su, 2004).
Nudc ép so ri cling c¢6 kha ning ngin ngira ton thuong gen do hydrogen peroxide gay
ra, nhd vao cc chat chong oxy hoa manh va thanh phan dinh dudng (Dusman va
cong su, 2014). Céc thanh phan hoat tinh sinh hoc chinh nhu vitamin C va rutin gitp
giam ung suat oxy hoa, giam ddc tinh gen trong diéu kién gay di tng (Dias va cong
su, 2014).

Hoat tinh chdng ting dwong huyét

Phenolic trong so ri ¢ tac dung trc ché sy van chuyén glucose trong rudt va
trc ché glucosidase, gitp phong ngira bénh dai thao dudng va cac bién chung lién
quan. Cac nghién ctru in vivo cho thiy chiét xuét so ri tc ché glucose hap thu trong
té bao Caco-2 va hoat dong cia o-glucosidase, lam giam ting duong huyét
(Hanamura va cong su, 2006). Mot nghién ctru khac cho théy chiét xuét so ri giam
mirc glucose, cholesterol va chit béo trung tinh trong khi ting mic HDL & chudt
Wistar bi tiéu duong (Barbalho va cong su, 2011).

Cac hoat tinh khac

So ri con co tac dung dbi voi bénh béo phi, mdt van dé stc khoe dang gia ting
nhanh chong trén toan cau. Marques va cong su (2016) di bao céo cac hop chat
polyphenol trong so ri gitp e ché cac enzyme a-amylase va a-glucosidase, tham gia
vao qua trinh phan hily carbohydrate va chuyén hoa chéat béo, hd trg diéu trj béo phi
va r6i loan lipid mau. Ngoai ra, chiét xuét so ri ciing c6 hoat tinh khang khuan chng
lai cac vi khuan nhu Staphylococcus aureus, Pseudomonas putida, P. fluorescens, P
fragi va Brochothrix thremosphacta thong qua cac thir nghi€ém in vitro va in situ
(Tremonte va cong su, 2016), déng thoi bao vé gan khoi tén thwong do

acetaminophen gay ra ¢ chuot (Luveena va cdng su, 2012).
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1.2.3. Nhan xét chung

Céc hop chét c6 hoat tinh sinh hoc trong trai so ri da dugc ching minh c¢o 191
dang ké ddi véi strc khoe con ngudi, véi cac tac dung chdng oxy héa, chdng khbi u,
chdng tiéu dudng, va bao vé gan, da. Tuy nhién, tng dung cta so ri trong cudc séng
hang ngay van con khd han ché, va chwa duogc khai thac ddy du trong cic san phim
thue pham va duoc pham. Do dé, viéc nghién ctru va phat trién cac dong san pham
tir so ri 13 can thiét dé tan dung tiém ning cua loai qua ndy, mé rong kha ning tng
dung cua no6 trong cac linh vuc khac nhau.

Céc nghién ciru cho thiy so ri xanh chira ham luong hop chat ¢ hoat tinh sinh
hoc (polyphenol, tong ham lugng flavonoid, tong ham lugng vitamin C) cao hon so
r1 chin do, do d6 so ri xanh dugc lya chon chinh cho nghién ctru nay. Nghién ctru
thanh cong mo ra co hdi rng dung rong rai hon cho so ri trong cac nganh cong nghié¢p
thuc pham, duoc pham va cac nganh lién quan khac.

1.3. Mt s6 phwong phap 1am giau cic hop chét cé hoat tinh sinh hoc

Céc hop chat c6 hoat tinh sinh hoc nhu vitamin va cac hop chét phenolic ¢6
loi cho strc khoé con ngudi nho cac dic tinh chdng oxy hoa, khang khuan va hd trg
cac chirc ning sinh 1y. Tuy nhién, cac hop chat ndy thudng nhay cam véi diéu kién
moi truong va dé bi phan hity trong thue pham tuoi, ddn dén ham luong khong 6n
dinh. Vi vay, viéc ap dung cic phuong phap lam giau va luu gitt cac hop chét sinh
hoc 14 rt quan trong dé duy tri chat luong va gia tri dinh dudng ctia san pham thuc
pham. M6t s6 phuong phap 1am giau cac hop chit c6 hoat tinh sinh hoc phd bién hién
nay bao gém co dic chan khong, 1am bay hoi nudc & ap sudt khi quyén, vi loc va
tham thau nguoc, loc mang va dic biét co dic lanh dong (Bang 1.2). Mdi phuong
phap déu co nhirg vu va nhuge diém riéng, va viéc lua chon phuong phap phu hop

s€ tuy thudc vao dac di€m cua nguyén li¢u va yéu cau thanh pham.
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Bang 1.2. Mot s6 vu va nhuge diém ciia mot sb phuong phap 1am giau cac hop chat

¢0 hoat tinh sinh hoc

Phuong .2 X N .
i Uu diém Nhuwoe diem Tai li¢u tham khao
phap
o di Duy tri chat lugng sin Kho khin trong viéc dam Nguyén Minh Thiy
0 dac A
o pham bao d6 chan khong trong  va cong su (2014)
chan L ; :
Quy trinh khép kin thiet bi, chi phi cao
khong L
Vi sinh 6n dinh
C6 kha nang thu hoi nang Chi phi lip dat va van Prestes va cong su
lugng nhiét hanh cao (2022)
Chi phi nang lugng thép Nhiét d6 cao, anh hudng
khi st dung thiét bi bay chat luong san pham,
Bayhoi  hoi nhiéu ting trang thai cdn béng
Tang thoi han sir dung cia  khoang chéat va do nhay
céc san pham cb dic pH
Tinh chit cam quan cua
san pham bi anh huong
DPa dang loai mang loc tuy Kha ning thuong mai Bhattacharjee va
theo yéu cau cia san phdm  hoa kém cong su  (2017),
Loc Ning luong tiéu thy thdp D& xdy ra tic nghén Matta va cong su
mang Chi phi van hanh thap mang (2004)
Duy tri chit lugng sian Mot s6 chit tro loc gay 6
pham nhiém mai trudng
Bao quan tbi da cac hop Chi phi dau tu va bao tri  Clark (2011),
chat nhay nhiét, cac hgp cao khi tién hanh trén Prestes va cong su
chét mau, huong vi va gia quy mod 16n
Cogge AL huong i viid quy o)
anh tri dinh dudng cia san Toc do tang trudng tinh
an . .
- pham thé thap
dong

Tiét kiém ning luong
Thich hgp cho thuc pham
dang long

Nhin chung, trong cac phuong phap c6 dac hi¢n nay, c6 dac lanh dong dugc
coi 1a phwong phap tién tién, nhd vao viée sir dung nhiét do thap trong sudt qua trinh

o ddc. Phuong phap nay gitp bao ton cau tric hoa hoc ciia cac thanh phan trong san
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pham, ddng thoi giam thiéu sy mat mat cac hop chit nhay cam vé6i nhiét do cao, dan
dén chat lvong san pham cubi cing thudng vuot trdi hon. Dy 1a mot vu diém ndi bat
so voi cac phuong phap c¢6 dic khac nhu bay hoi va thim thiu nguge. Vi vy, c6 dic
lanh dong trd thanh cong nghé thich hop dé tng dung trong viéc ché bién cac loai
nudc ép trai cy, dic biét 13 nhitng san pham chira cac hop chat c6 hoat tinh sinh hoc
nhay cam vd&i nhi¢t. Do d6, phuong phap c¢6 diac lanh dong da dugc lya chon lam
phuong phap chinh trong viéc 1am giau cac hop chat co hoat tinh sinh hoc trong
nghién ctru nay.

1.3.1. Co dac lanh dong

Co dac dong lanh (Freeze concentration, FC) 1a mot qua trinh dugc st dung
dé tach nudc tinh khiét khoi cac hdn hop khac nhau (Clark, 2011). Trong san xuét
thuc pham, c¢6 dic lanh dong dong vai trd quan trong, dic biét ddi véi cac san pham
c¢6 thanh phan chinh nhay cam véi nhiét, nhu nudc trai cay, sira co dic va kem.
Phuong phap c6 dac lanh dong dua trén su két tinh cua nude. Cac chit can co dic
duoc lam lanh dé ha nhiét do xuéng dudi diém dong bang trong diéu kién kiém soat,
tao diéu kién cho su hinh thanh tinh thé bang. Tai diém nay, dung méi (nudc trong
thie pham 16ng) va mot sd chat hoa tan dong bang dong thoi. Khi qua trinh dong lanh
duoc kiém soét, céac tinh thé bang dugc tao ra trén nhi¢t do két tinh, 1am tang do tinh
khiét ctuia nudc két tinh va bao toan cac dic tinh cua dung dich ban dau. Sau khi qua
trinh déng lanh hoan tét, tinh thé biang duogc tach ra khoi hdn hop bang cac phuong
phép nhu rd déng tu nhién, loc hoic ly tAm. Sau khi loai bé céc tinh thé bang, phan
con lai 1a dung dich c6 ddc ban dau. Qua trinh ¢6 dac c6 thé duoc 1ap lai dé gidm ham
lugng nudce tiy theo muc dich va yéu cau chét luong san pham.

Dung dich cang dam dic, nhiét d can thiét dé dong bang cang thip, vi chat
ran ¢6 xu hudng lam giam diém déng bang, gay kho khan cho qua trinh két tinh dung
moi. Thoi gian dong bang cling chiu anh huong tur hinh dang va vat liéu cua binh
chtra dung dich. Khi tiép xtic v6i thanh binh chira, qua trinh truyén nhiét dién ra nhanh
hon & céc 16p ngoai cung cua dung dich, trong khi & cac 16p trong cung, qua trinh
dong bang dién ra cham dan cho dén khi dat dén tim cta dung dich. Cac tinh thé bang
hinh thanh tir su két tinh cta cac phan tir nudce trong dung dich, tuy nhién, trong cac
dung dich dam déc, nudc dong dac kem theo cac chit rin hoa tan, tao thanh céc tinh

thé khong déu. DPé ngan ngira sy hinh thanh tinh thé bang khong dong déu, can kiém
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soat nhiét do va thoi gian déng lanh trong tit ca cac budc cua qua trinh (Morison &
Hartel, 2018).

Uu diém

Cb6 dic lanh dong 12 mot phuong phap 1am giau cic hop chét ¢ hoat tinh sinh
hoc va duoc tng dung rong rii trong céng nghiép thuc pham nhu mot céng nghé then
chét trong san xuat thuc pham dang 16ng. So vai cac phuwong phap lam giau khic nhur
bay hoi, phuong phap nay tiéu ton it ning luong hon do nhiét néng chay cia nudc
thap hon nhiét bay hoi. Céc thiét bi str dung trong phwong phap nay ciing d& lam sach
va yéu cau bao tri thap. Hon nita, phuong phap nay c6 tinh linh hoat cao, c6 thé ap
dung cho nhiéu loai thuc phém khac nhau, tir nudce ép, sira, ca phé, tra, bia, rugu vang
dén gidm (Clark, 2011). C6 dic lanh dong con giup duy tri chat lwong san pham, bao
quan t6i da cac hop chéat nhay cam véi nhiét do, ciing nhu cac hop chat mau, huong
vi va gia tri dinh dudng (Prestes va cong su, 2022).
Nhwoc diém

Mot nhuge diém dang luu ¥ khi 4p dung phuong phap c6 dic lanh dong dé
lam giau cac hop chat c¢6 hoat tinh sinh hoc 14 chi phi dau tu va bao tri twong dbi cao
so véi mot s6 phuong phap khac khi trién khai san xuit quy mé 16n. Bén canh do,
qua trinh hinh thanh va loai bo tinh thé bang twong dbi phic tap, bi anh hudng boi
nhiéu yéu t6 lién quan mat thiét dén chat lugng san pham. Vi du, san phdm c6 ndéng
d6 chét tan cao s& yéu cau thoi gian ¢6 dic 1au hon so véi cac san pham c6 ndng do
chit tan thép, va nguoc lai.
1.3.2. Mt s6 yéu to anh huwdng dén qua trinh cb dic lanh dong

Hiéu qua ctia qua trinh ¢6 dic lanh dong c6 thé bi anh hudng boi nhicu yéu td
khac nhau. Yéu t6 dau tién 1a diéu kién hoat dong cua thiét bi lanh dong. Po on dinh
va nhiét d ctia thiét bi 12 nhimg yéu t6 quan trong, tac dong truc tiép dén toc do dong
lanh va nhiét d6 cudi ma mau lanh déng co thé dat duoc trong sudt qué trinh dong
lanh. Nhiét d6 cudi nay anh hudng dén kha nang két tinh ctia nude ciing nhu hidu qua
loai b tinh thé nuéc trong dung dich. Néu nhiét do khong du thap, qua trinh dong
lanh s& bi cham lai va kha ning két tinh nudc s& giam sut.

Téc d6 lanh dong ciing c6 anh hudng dang ké dén kich thude tinh thé d4 hinh
thanh trong san pham. Khi tbc do lanh déng nhanh, cac tinh thé d4 hinh thanh nhanh
chong va khong c6 thoi gian dé phat trién 16m, gitp duy tri cau tric va do twoi ngon

cla san phém sau khi ra dong. Nguoc lai, tdc d6 lanh dong cham s¢ dan dén hinh
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thanh tinh thé d4 16n, gay hu hai cdu trac té bao va lam giam chit luong san pham do
sy mo rong cua tinh thé da gay ra hién tuong mét nude. Toc do lanh dong bi anh
huong badi nhiéu yéu td nhu chénh léch nhiét do, tbe do gi6 va cac tinh chét cta san
pham. Dau tién, sy chénh léch nhiét d6 giita san phim va méi trudng cang 16n thi toe
d6 truyén nhiét tir san phim ra méi truong cang nhanh, do d6 1am ting tdc d6 lanh
d6ng. Thir hai, téc do gi6 cao gitp cai thién tdc do lanh dong bang cach ting cudng
qua trinh truyén nhiét qua dbi luu, loai bo nhiét tir bé mit san pham hiéu qua hon.
Ngoai ra, cac yéu td nhu kich thudc, hinh dang, va nhiét dan suét caa san phém cling
dong vai trd quan trong. San pham co kich thudc nhé va dién tich bé mat 16m so voi
thé tich s& lanh déng nhanh hon.

Bén canh d6, thanh phan va nong do cac chat trong dung dich ciing tac dong
manh dén hiéu qua cua qua trinh dong lanh. Sy hién dién cta cac chét tan trong dung
dich 1am giam diém dong bang theo dinh luat Raoult, theo d6 ap suat hoi cta dung
dich lién quan truc tiép dén ap suat hoi ctia dung moi nguyén chat va nong do chat
tan (Goff, 2009). Do d6, diém dong bang ban dau s& giam néu ham luong chat tan
trong dung dich cao. Hon nita, nong d6 chat tan cao con lam ting su phan bo khong
ddng déu cua chat tan trong dung dich, din dén sy chénh léch nhiét d6 dong bang
giita cac phan khac nhau cta dung dich, tir 46 lam giam hiéu qua ctia qu4 trinh c6 dic.
Thoi gian cling 1a mot yéu td quan trong trong qua trinh c¢6 dic lanh déng. Yéu té nay
anh huong dén nhiéu yéu té khac, bao gdm tdc do két tinh, qua trinh ¢6 dic lanh dong,
va sy thay d6i d6 nhét cua dung dich. Thoi gian dong lanh qua ngén s& khong du dé
dung dich dat dugc nhiét 6 két tinh can thiét, trong khi thoi gian qua dai ¢ thé gay
hao phi ning luong va 1am giam chat luong cua dung dich, dic biét doi voi nhiing
dung dich c6 thanh phan nhay cam.

Pé qua trinh ¢6 dic dich chiét tir trai so ri xanh trong nghién ctru nay dién ra thuin
loi va dat hi¢u qua cao, viéc nghién ctru anh huéng ctia néng do chat tan trong dich
chiét qua s6 giai doan c6 dac va thoi gian dong lanh ddi véi qua trinh ¢6 dac lanh
dong 1a can thiét.

1.4. Vi bao

Vi bao 1a mot linh vuc da nganh, lién quan dén céc kién thuce va ky thuat vat
1y, héa 1y, héa hoc polyme, hoa keo, hda sinh, cong nghé sinh hoc va khoa hoc vat
ligu. Trong qua trinh ché bién va bao quan thyc phém, sy 6n dinh cta nhiéu loai

vitamin c6 thé bj anh hudng béi cac yéu td hoa hoc va vat 1y nhu 4nh sang, nhiét do,
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d6 pH va ndng d6 oxy, din dén sy mat mat dang ké cac chét dinh dudng trong cic
san pham cubi cuing. Dé ngin ngira nhirng ton thit nay, nganh cong nghiép thyc pham
d3 tim kiém cac phuong phap bao vé vitamin trong sudt qué trinh san xuét va bao
quan, va vi bao 1a mot trong nhiing lya chon hang dau.

Viéc nghién ctru va tng dung cong nghé vi bao da bat dau tir nhitng nim 1930,
hién nay cong nghé vi bao duoc timg dung rong rii trong nhiéu nganh cong nghiép,
bao gdm dugc pham, my pham, dét may va thuc pham. Cong nghé vi bao trong thuc
pham nham muc dich bao vé cac thanh phan c6 gia tri va nhay cam, bao vé chung
khoi cac diéu kién moi trudng bat loi, tir d6 kéo dai thoi han sir dung va dam bao rang
vat liéu duoc bao goi s& dén dang vi tri va thoi diém muc tiéu. Vi du, vi bao c6 kha
nang bao vé cic axit béo khong bdo hoa va vitamin khoi qua trinh oxy hoa, cling nhu
bao vé lgi khuan trong qua trinh van chuyén qua da day (Poncelet, 2006). Hon nita,
vi bao con gitp bao vé cac hop chat nhay cam, lwu giit huwong vi va mui thom mong
mudn. Mot loi ich bo sung ctia cong nghé vi bao 14 kha ning cung cp nong do phu
hop va su phan tan dong nhét cta vat lidu 18i. Cac chirc nang nay da duoc khai thac
rong rai trong viéc phan phdi thudc va vic-xin trong linh vuc dugc pham va ngay
cang duoc timg dung dé gia ting gi tri cho cic san pham thyc phdm mai trong nganh
cong nghiép thuc pham.

Qua trinh vi bao c6 thé thuc hién & dang khi, giot 16ng hoac dang hat ran nho
trong cac 16p phu c6 kich thudc si€éu nho (1-1000 um) (Nazzaro va cong su, 2012).
Hat vi bao thuong co cAu trac hinh ciu va bao gém it nhat hai 16p vat licu. Vit ligu
dugc bao boc bén trong dugc goi 1a pha bén trong, vat li¢u 101, chit lam déy, pha tai
trong hoac chét hoat dong, trong khi vat li€éu bao boc bén ngoai co thé duoc goi la
mang, vat liéu mang, 16p phu, vat liéu vo bao, chét nén, pha bén ngoai hodc vat liéu
thanh. Cac cong nghé vi bao c6 thé duoc phan loai thanh ba nhém chinh: phuong
phap vat 1y, phuong phap hoéa hoc va phuong phap két hop giita vat 1y va héa hoc.

Sy quan tdm ngdy cang gia ting ddi voi viéc ing dung cong nghé vi bao trong
nganh cong nghiép thuc pham da thuc day su phat trién ctia nhiéu nghién ctru vé cac
phuong phép vi bao khac nhau. Dé lya chon phuong phép vi bao phu hop, cin xem
xét cac yéu td nhu ban chit cta thanh ph?m hoat chét can bao, tinh chét cta vt liéu
vo bao va cac dic tinh mong mudn cua san phém cudi, dya trén muc dich sir dung cu
the.
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1.4.1. Vi bao bang phwong phap nhii héa

Nhii hoa 1a mot trong nhitng phuong phap vi bao tién tién, trong dé san pham
tao ra tir qua trinh nay duoc goi la nhii twong. Nhii trong hinh thanh khi bd sung mot
hozc nhiéu chat nhil hoa ludng tinh vao mot hé gdm hai pha khong hoa tan vao nhau.
Do 6n dinh cta nhii tuong va hiéu suét vi bao phu thudc phﬁn 16n vao hiéu qua cua
qua trinh nhii hoa. Trong nghién ctru nay, phuong phap nhii hod dugce st dung nhu 1a
mot bude tién xur 1y trude khi vi bao bang phuong phéap sy phun dé tao ra bot vi bao,
mo rong dinh hudng img dung.

Nhii twong ¢ thé dugc phén loai theo nhiéu tiéu chi khac nhau. Duya trén kha
nang hoa tan cua cac pha, nhii tuong dugc chia thanh hai nhém chinh:

1. Nhii twong dau trong nudc (O/W): Pha phan tan bao gém céc chit tan trong
dau, trong khi pha lién tuc 1a dung méi nudc.

2. Nhii twong nude trong dau (W/O): Pha phén tan 1a cac hop chat tan trong nudc,
va pha lién tyc 1a dung méi dau.

Ngoai ra, tity thudc vao muc dich sir dung, nhil twong c6 thé ton tai dudi dang
phirc tap hon nhu nhil tuong hai 16p, vi du: dau trong nudc trong dau (O/W/O) hoic
nuéc trong dau trong nudc (W/O/W). Néu xét vé kich thudc hat, nhil twong co dé
duogc chia thanh ba loai chinh 1a nhii trong macro véi kich thude hat tir 1 - 100 pm,
nhil twrong micro voi kich thude hat tir 100 nm - 1 um, va nhii tuong nano véi1 kich
thudce hat dudi 100 nm (McClements va cong sy, 2007).
1.4.1.1. Thanh ph?ln ciu tao nhu twong

Nhii tvong 13 mot hé théng hai pha, trong 6 mot pha phén tan chit ché trong
pha kia dudi dang cac giot nho. Thanh phan chinh cua nhii twong bao gém pha dau,
pha nuéc va chat nhii hoa. Pha dau va pha nude ¢ thé luan phién dong vai tro 13 pha
phan tan hay moi truong phan tan, dya trén tinh lién tuc ctia chung. Noi cach khéc,
pha phan tan (pha khong lién tuc) 1a cac giot nho phan tan trong hé; pha lién tuc la
chét nén bao quanh va hd tro phén tan cac giot pha khong lién tuc. Pha dau c6 thé 1a
bat ky loai chat long ky nudc nao, bao gdm cac loai dau tu nhién va tong hop nhu
dau thau dau, diu ngo, dau dira, dau hoa anh thao, dau hat lanh, dau khoéang, dau 6
liu, dau lac, v.v.

Nhil twong thé dugc tao ra tam thoi tr sy tron 1an dau va nude co xu huong

tach thanh hai pha riéng biét khi dé yén, do sy két hop cuia cac hat pha phén tan theo
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thoi gian. Trong trudng hop nay, sy 6n dinh cua nhil twong c6 thé dugc cai thién dang
ké bang cach bo sung cac chét nhii hoa, giup duy tri trang thai nhii twong 1au dai.
1.4.1.2. Chit nhii héa

Chat nhil hoa 1a cac hop chit c6 cau trac phan tir dic biét, bao gdm ca phan ky
nuée (khdng phan cuc) va phan va nude (phan cuc), dong vai trd quan trong trong
viéc 6n dinh nhii tuong. Chung hoat dong béng cach ngan chdn cac hién tugng nhu
keo tu, tao kem, két tu hodc tach pha thong qua vi¢c hinh thanh 16p lién pha gitra cac
giot phan tan va moi trudng phan tan. Dya trén tinh chét va ung dung, chat nhii hoa
dugc phan thanh ba nhom chinh: (1) Chét hoat dong bé mat, chéng han nhu Spans va
Tween, c6 kha ning giam strc cing bé mit giita cac pha; (2) Chat keo ua nuée, nhu
gum acacia, giup gia ting d6 nhét va cai thién tinh 6n dinh ctia hé thong nhil twong;
va (3) Cac chit ran min, dong vai trd nhu rao can vat ly, han ché su hop tu cua céc
giot pha phan tan.

Pé dam bao hiéu qua, chat nhii hoa can dap uing cac yéu cau nghiém ngit, bao
gém tinh khong doc hai, khong mui, khong vi, va 6n dinh hoa hoc. Cac dic tinh quan
trong khéac ctia chat nhii hoa bao gom kha nang hoa tan dong thoi trong ca pha dau va
pha nudc, tao thanh mat 16p on dinh & bé mit lién pha, ngadn chan su két tu cua cac
giot phan tan va duy tri sy ddng nhit ctia nhii twong. Tuy thudc vao ting dung, chit
nhii hoa c6 thé mang tinh cation, anion hodc trung tinh. Hon nfira, sy khac biét vé do
hoa tan giita diu va chat nhii hoa s& quyét dinh vai tro cta timg pha, trong d6 nuéc
hodc dau c6 thé 1an luot dong vai trd 12 méi trudng phan tan hoic pha phan tan. Vi
nhitng ddc tinh vuot troi, chit nhii héa khong chi ddm béo sy 6n dinh céu tric cua
nhil trong ma con mé ra tiém nang ung dung rong rai trong nhiéu linh vuc, dic biét
1a cong nghiép thuc pham va duge pham.

Polyglycerol polyricinolate (PGPR) 1a mot chat nhil hoa duoc san xut tir axit
béo c6 ngudn gdc thuc vat, thuong ton tai dudi dang chat 1ong mau vang nhat. Vi
gia tri HLB tir 3 dén 4, PGPR thudc nhom chat nhii héa wa dau va chu yéu dugce st
dung dé tao nhil twong W/O. Pic diém ndi bat cia PGPR 1a kha ning giam d6 nhét
cua hon hop, cai thi¢n tinh luvu dong va han ché sy két tu cua céc hat nhil tuong. Ngoai
ra, PGPR c¢ tinh tuong thich cao véi cac chit nhii hoa khac, chéng han nhu khi két
hop v6i Tween 80 dé ting cuong do 6n dinh cua nhil trong (Jin va cong su, 2021).
So v&i cac chét nhil héa wa dau khac nhu Span 80, PGPR duoc danh gia cao nho kha

nang hinh thanh nhii tutong W/O 6n dinh hon. Mot nghién ctru so sanh do 6n dinh cua
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nhii twong W/O chira pha nuéc téi 40% giita PGPR, Span 80, va hon hop Span 80
v6i Tween 80 cho thiy nhil trong diéu ché bang PGPR c6 kich thudc giot nho hon,
ddng thoi phan bd kich thude giot ddng déu hon (Taylor, 2011). Hon nita, PGPR da
dugce Cuc Quan Iy Thuc phadm va Duge pham Hoa Ky (FDA) cong nhdn 13 an toan
(GRAS), dam bao tinh Gmg dung cao trong nhiéu linh vuc nhu thyc phdm va dugc
phém. Vi cac dic tinh vuot trdi va do an toan cao, PGPR 1a lya chon t6i vu dé nhii
hoa cac hé nhii tuong W/O trong nghién ctru nay.

Trong nghién ctru nay, Tween 80 va PG duogc lya chon lam cac chét hoat dong
bé mat ua nude dé khao sat nhii tuong W/O/W. Tween 80, thugc nhém chit nhii hoa
khong ion hoéa 1a din xudt polyoxyethylene, duoc biét dén voi tén goi
polyoxyethylene sorbitan monooleate. Chat nay c6 doc tinh thap va it giy kich tng,
phtt hop cho cac ing dung nhil twong dudng udng, thudc tiém, hodc boi ngoai da. Vi
gia tri HLB 14 15, Tween 80 la chét nhii hoa wa nuéc hidu qua, thuong duge sir dung
dé tao nhil twong vdi pha lién tuc 13 pha nudc. Trong qué trinh hoat dong, Tween 80
lam giam strc cang bé mat tai giao dién hai pha, kéo bé mit lién pha vé phia pha nudc,
gilip pha nudc tré thanh moi trudng phan tan va pha dau 1a giot phan tan trong trang
thai can bang.

So v&i cac chét nhil hoa ua nude khac nhu Tween 60 va Tween 20, Tween 80
¢6 loi thé nho s& hitu chudi ankyl dai hon, mang lai kha nang nhii h6a manh mé& hon.
Ngoai ra, Tween 80 con c6 tinh twong thich cao véi cac thanh phan khéc trong cong
thirc nhii trong, chang han nhu PG trong nghién ctru nay. PG 1a mot phan tir ludng
tinh, dong vai trd chat hd trg hoat dong bé mit bang cach ting cudng do hoa tan giira
pha dau va pha nudc. Sy két hop giira Tween 80 va PG gitp cai thién sinh kha dung
ctia mot s6 hop chat. Mot nghién ctru di chi ra rang, khi sir dung Tween 80 va PG dé
diéu ché nhii twong W/O/W nham phét trién chat mang twong thich sinh hoc cho
resveratrol, hiéu qua phan phdi cta hop chat nay di dugc ting cudong dang ké
(Cassiday, 2014). Hon nita, ca Tween 80 va PG déu duoc FDA cong nhén 13 an toan,
dam bao tinh phi hop cho cac Gng dung trong thuc pham va dugc pham.
1.4.1.3. Mot s6 phwong phap nhii hoa

Nhii hoa la mot cong doan quan trong va dugc ing dung rong rai trong quy
trinh san xut thuc phém, dic biét dé tao ra céc san phém ¢ cAu tric va tinh chit én
dinh. Hién nay, cic phuong phap nhii hdéa dugc phan thanh hai nhoém chinh: phuong

phap nhii hoa ning lugng cao va phuong phap nhii hda niang luong thap.
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Céc phuong phap nhii héa ning luong cao dua trén viée cung cp ning luong
co hoc 16n dé pha v& cac giot pha phan tan, bao gdm nhil hoa siéu am (ultrasonic
emulsification), ddng hod 4p suét cao (high-pressure homogenization), vi 16ng hoa
(microfluidization) va nhii héa mang (membrane emulsification). Nhitng phuong
phap nay thudng duoc str dung dé tao ra cac nhil trong 6 kich thude hat nho va dong
déu vai d6 6n dinh cao, phil hop véi cac san pham yéu ciu chat lugng cao va thoi
gian bao quan lau.

Nguoc lai, cac phuong phap nhii hoa ning luong thap tan dung su thay do6i
hoéa ly dé hinh thanh nhii trong ma khong can cung cap nang luong 16n tir bén ngoai.
Céc phuong phap phd bién trong nhom nay bao gdm phwong phap nhiét do dao pha
(Phase Inversion Temperature, PIT), phuong phap diém dao pha (Emulsion Phase
Inversion, EPI), va phuong phap nhii hoa tu phat (Spontaneous emulsification). Day
1a nhitng phuong phép tiét kiém niang luong, phit hop véi cac tng dung yéu cau than
thién véi moi truong hodc cac san phém nhay cam véi nhiét do va ap suat cao.

a. Mjt s6 phwong phdp nhii héa ning lwong cao

Nhii hoa siéu dm

Nhii héa siéu am 1a mot k¥ thuat hiéu qua dé tao ra nhii tuong vadi kich thude
hat siéu nho, thuong & cip d6 nano. Phuong phap nay sir dung song siéu am vdi tin
s6 khoang 20 kHz dé khudy tron hdn hop chit nhii hoa va hai pha khong hoa tan, lam
giam kich thudce hat xudng duéi 0,2 um. Ning lwong nhii héa duoc cung cip boi
thanh siéu &m, dugc lam tir tinh thé thach anh ap dién. Thanh si€u am hoat dong thong
qua su co gian dudi tdc dong cua dién ap xoay chiéu, tao ra hién tuong xam thyc
trong chat 10ng. Qua trinh nay hinh thanh va pha hay cac khoang hoi, gitp giam kich
thude hat dang ké. Nhii hoa siéu am thuong dugc Gng dung khi yéu cau kich thude
giot cuc nho va do 6n dinh cao.

Dong hod dp sudt cao

Phuong phap dong hoa ap suat cao st dung thiét bi dong hoa pit-tong hoic
may dong hod ap suat cao dé ép hdn hop qua cac 16 nho voi ap suat tir 500 dén 5000
psi, tao ra nhii trong c6 kich thude hat rt nho, c6 thé dat mic 1 nm. Py la phuong
phap hiéu qua dé san xuét nhii tuong co kich thudc hat cuc min. Tuy nhién, do ti€u
thu ning luong 16n, nhiét do ciia hdn hop thudng ting trong qua trinh xir 1y, c6 thé

anh huong dén do 6n dinh cua cac hoat chat nhay cam.
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Vi long hoa

Vi 16ng héa 12 mot cong nghé tién tién, sir dung thiét bi vi 10ng dé tao ra nhi
tuong véi kich thude hat nhé hon micron. Qua trinh nay dya vao bom dich chuyén
duong ap suat cao (500 - 20.000 psi), day hdn hop qua budng twong tac, noi cc giot
dugc pha v thanh kich thude mong mudn. Hon hop dugc luan chuyén nhiéu lan qua
thiét bi dé dat do déng nhét can thiét. Nhii tuong sau d6 dugc dua qua bd loc dé loai
b6 cac giot 16n hon, dam bao san pham cudi ciing ddng nhét va co kich thude hat nho
nhat.

Nhing phuong phap nhil hoa ning lugng cao nay dap mg nhu cau nhii hoa
cac san phém co yéu cau khit khe vé ciu tric va do on dinh, tuy nhién chung doi héi
thiét bi chuyén dung va chi phi ning luong cao.

b. Mét s6 phwong phdp nhii hod nang licong thip

Phwong phap ddo pha

Phuong phap ddo pha, trong d6 hién tugng pha lién tuc chuyén thanh pha phan
tan va nguoc lai, dugce xem la mot k¥ thuat hiéu qua dé tao ra nhii tuong cd kich thudc
hat rat nho. Qua trinh nhil hoa thong qua dao pha thuong dugc ing dung trong san
xuat cac san pham nhu thuc pham, chit tay rira, bao bi thudc, my pham va duoc pham.
Sy d4o pha co thé duoc kich hoat bang cach diéu chinh nhiét do, ti 1¢ thé tich cac pha
hodc thém mudi vao hé théng.

Qua trinh dao pha thong qua su thay doi nhiét d6 duoc goi 1a phuong phap
"nhiét d6 dao pha" (PIT), trong d6 kha ning hoa tron cia hai pha dong vai tro quyét
dinh. Nguoc lai, sy dao pha do su tang dan lugng pha nho dén mot mirc do nhat dinh,
dat t6i diém dao pha, dugc goi 1a phuong phap "diém dao pha" (EPI), hay con dugc
goi 14 phuwong phap "ndng d6 dao pha" (PIC).

Phwong phap nhii hoa tw phat

Céc phuong phap tu nhii hoa, hay nhii hoa ty phat, sit dung nang luong hoa
hoc giai phong trong qué trinh pha loang, thudng khong 1am thay doi nhiét do toan
hé nhil twong va khong c6 su chuyén pha nao xdy ra trong hé théng. Khi pha loang,
cac thanh phan c6 thé hoa tan trong nuée, bao gdm dung moéi, chat hoat dong bé mait
va/hodc chat dé)ng hoat dong bé mat, s& khuéch tan tir pha hitu co vao pha nuéc, tao
ra nhil trong O/W. Qua4 trinh ndy dan dén su gia ting dang ké dién tich bé mat phan

cach, lam tdng do bén cuia nhii tuong.
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Quy trinh nay bao gém viéc chuin bi hai pha: mot pha nudc chia chat hoat
dong bé mit wa nude va pha con lai 13 pha hiru co hodc pha dau, trong d6 chtra cac
hop chét c6 hoat tinh sinh hoc, chit hoat dong bé mit hoa tan trong dau, va dung moi
hitu co c6 kha ning hoa tan mot phan trong nude, chang han nhu axeton hoic etyl
axetat. Pha hitu co duoc thém timg giot vao pha nuée dang khudy (mic du nguoc lai,
tc 14 thém nude vao pha dau, ciing cé thé thuc hién trong trudng hop nhil twong
W/0O) dé tao ra cc nhii tuong c6 kich thudc hat nho.
1.4.1.4. Mot s6 yéu té anh huéng dén qua trinh nhii héa

Qua trinh vi bao ¢6 nhiéu phuong phap khac nhau, va mdi phuong phap co
nhimg yéu t6 dic thu anh huéng dén qua trinh ciing nhu chit luong cudi cing cia
céc hat vi bao. Do d6, viéc can nhic day du cac yéu td anh hudng 13 rat quan trong
trwdc khi tién hanh vi bao cac hgp chat. Trong ky thuat nhil hoa, cac yéu td can cha
¥ bao gdm: ap suat pha dau, toc d6 dong pha nudc, toc do khudy tron va nong do chat
hoat dong bé mat (Laouini, 2013).

Ap suit tic dung lén pha dau c6 anh huong dang ké dén toc do dong chay qua
cac 16 mang va sy hinh thanh cac giot nhil. Cac nghién ciru cho thiy rang ap suét
trong khoang tir 2,4 - 4 bar c6 tic dong tryc tiép dén dic tinh ctia nhii trong. Khi ap
suét tang tir 0,3 kPa 1én 0,6 kPa, duong kinh trung binh cta giot nhii ting tir 62 nm
1én 98 nm (Laouini, 2013). Hién twong nay co thé duoc gii thich béi su tac dong cua
ap sudt 1én strc cang bé mit cua pha phan tan. Su gia ting ap suat 1am han ché cac
chét hoat dong bé mat, gidm suc cang bé mit va dan dén hinh thanh cac giot nhii co
kich thudce 16n hon (Joscelyne & Triagérdh, 1999).

Ngoai ra, dong chay pha lién tuc ciing 1a mot yéu t6 quan trong anh huong dén
su hinh thanh kich thudc giot nhii. Cac giot nhii dugc hinh thanh trén bé mit mang
va tach ra duoi tdc dong cuia dong chay pha lién tuc. Kich thudc giot nhii gidm manh
khi van tc dong chay ting 1én va khi dat dén kich thudc thich hop, né s& khong bi
anh hudng baoi van téc dong chay nira (Laouini, 2013).

Téc d6 khudy ciing 13 mot yéu td quan trong anh huong dén kich thude cua
hat nhil. Mot nghién ctru chi ra rang khi téc d6 khudy ting tir 100 vong/phut 1én 1000
vong/pht, kich thudc hat giam tir 220 nm xudng 170 nm (Tsukada va cong su, 2009).
Nghién ctru ctia Anais va cong su cling cho thy rang khi téc do khudy tir 8000
vong/phit tang 1én 24.000 vong/phut, kich thudc hat nhii giam tir 554 nm xudng 276

nm (Anais va cdng su, 2009). Ttr cadc nghién clru nay, co6 thé rut ra két luan viéc tang
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tdc do khudy lam giam kich thudc cia cac hat. Cac giot nhil twong c6 xu hudng két
hop lai truée khi phan tan du trong pha lién tuc; do d6, viée ting toc d6 khudy co thé
nang cao su phan tan cta cac hat va ngin ngira chung két hop lai.

Mot yéu t6 khac anh hudng manh mé dén kich thude hat 1a nhiét do. Nhiét do
tac dong truc tiép dén d6 nhét cua ca pha phan tan va pha lién tuc. Khi nhiét 4o nhii
hoa ting 1én, d6 nhét cua hé théng giam, gitp cac giot nhii dé dang hinh thanh va
tach ra hon khi d¢ nhét cua nhil twrong khong qua cao. Khi nhiét @6 pha lién tuc tang,
kich thudc cua giot nhil cling giam (Katoh va cong sy, 1997).

Chat hoat dong bé mit (chat nhii hoa) co tic dong manh mé dén su hinh thanh
va d6 6n dinh cua nhii twong. Chung thic diy qua trinh nhil héa bing cach phén tan
hai pha khong thé hoa tron vao nhau thong qua tinh chat ludng cyc ctia minh. Chét
nhil héa ph hop c6 kha ning 1am giam strc cang bé mit, cho phép cac pha phéan tan
vao nhau dé dang va 6n dinh hon (Fernandez & Jebbanema, 2007). Bén canh d6, chat
nhil hoa con tac dong dén cac dic tinh cudi cing cua nhil twong, bao gdm kha ning
hinh thanh mang, d6 bam dinh, kha ning thAm uét, kha ning chong nudc va kha ning
tao bot (Fernandez & Jebbanema, 2007). Ngoai ra, chat nhii hoa con c6 kha ning
kiém soat sy chuyén doi kich thudc hat, sy phan tan kich thirc hat, d6 nhét va do 6n
dinh tong thé ciia hé nhii twong.

1.4.2. Vi bao bang phwong phap siy phun

Say phun 1a mot qua trinh chuyén d6i cac san pham thyc phiam dang long
(dung dich, nhil twong va gel) thanh dang bdt bing cach phun nguyén liéu vao moi
truong séiy nong. Pau tién, cac hoat chat duge hoa tron dé)ng déu trong vat li¢u vi bao,
tao thanh dang nhii tuong, dung dich hodc huyén phu véi kich thudc hat trong khoang
1 - 100 micromet. Pay 1a budc quan trong nhét trong cac giai doan cua qua trinh vi
bao bﬁng séy phun, vi n6é anh huong truc tiép dén d6 6n dinh va hiéu qua cua hat vi
bao (Shahidi & Han, 1993). O giai doan nay, bo sung chét nhii hoa phy thudc vao kha
nang tao dung dich 6n dinh cua vat liéu vo.

Sau khi dung dich nap liéu dat dugc trang thai mong mubn, hdn hop duoc dua
vao budng sdy. Tai day, cac thong sd sy nhu nhiét 40, téc do dong khi va ap suit
dugc diéu chinh linh hoat tiy theo muyc dich sir dung va yéu cau san pham. Trong qué
trinh sdy, nudc trong hdn hop dugc loai bo nho ning luong nhiét, din dén hinh thanh

cac hat vi bao. Nhiing hat nay bao v¢ cac hop chét c6 hoat tinh sinh hoc khoi d6 am,
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oxy, anh sang va cac tac nhan mai truong khac, gitp cai thién d6 bén va 6n dinh cia
san pham (Petrovi¢ va cong sy, 2007).
1.4.2.1. Uu diém

Cong nghé sy phun mang lai nhiéu loi thé trong nganh céng nghiép thuc

pham va dugc pham. Trudc tién, phuong phap nay cho phép kiém soat chinh xac kich
thudce va hinh dang hat bot, gop phén cai thién két cu, huong vi, do hoa tan ctia san
pham, gitp bao toan gia tri dinh dudng va kéo dai thoi han sir dung.
Phuong phép sdy phun dic biét hidu qua ddi voi cac thanh phan nhay cam va dé bi
phan hity, chang han nhu PUFA (polyunsaturated fatty acids), vitamin, enzyme, men
vi sinh, huong lidu va polyphenol. Nhiing hop chét nay ¢ thé duoc vi bao trong cac
chit nén tro dé gia tang tinh on dinh va hiéu qua hoat dong. Bén canh do, séy phun
tao ra cac san pham on dinh, dé sir dung va co tinh kha dung cao trong nhiéu ung
dung (Barbosa-Canovas va cong su, 2005).

Phuong phap nay con noi bat nho tinh ty dong héa cao, kha ning tuy chinh
thong sb sy pht hop véi ting loai san pham va chi phi van hanh twong dbi thap. So
v6i sdy thing hoa, sdy phun dugc ching minh 13 hiéu qua hon khi vi bao dau, dong
thoi tiét kiém chi phi tir 30 dén 50 1an (Ng va cong su, 2013).
1.4.2.2. Nhuoe diém

Tuy nhién, cong nghé siy phun ciing ton tai mot s6 han ché. Pa sb cac ching
lgi khuén khong dugc bao toan trong qua trinh nay, do nhay cam véi nhiét dg cao,
qua trinh mét nudc, va ton thuong mang té bao (Petrovié va cong su, 2007).

Dé khic phuc nhitng han ché nay, bd sung cic chit bao vé nhu trehalose va prebiotic
d3a duoc ching minh 13 hiéu qua trong viéc ting cuong tinh on dinh cta cic hop chat
¢6 hoat tinh sinh hoc va duy tri kha ning song sot cta té bao (Petrovié va cong su,
2007). Piéu nay khong chi giam thiéu su bat hoat cta vi sinh vat trong qua trinh sdy
phun, ma con cai thién tinh 6n dinh ciia san pham trong qua trinh bao quan.

1.4.2.3. Mt s6 yéu t6 anh hwéng dén qua trinh vi bao bing phwong phap siy
phun

C6 rat nhiéu phuong phap vi bao va mdi phwong phép s& c6 nhimng yéu tb cu
thé anh hudng dén qua trinh siy phun ciing nhu chat luong cudi cing cua cac hat vi
bao. Vi thé can nhic diy du cac yéu td anh hudng trude khi tién hanh vi bao cac hop
chét. P6i voi vi bao bang phuong phéap say phun, cac yéu t6 chinh anh huéng dén

qua trinh sdy phun bao gom loai vat li¢u vé bao, ti I¢ phoi tron gitra 161 va vé bao, do
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nhét nhil twong, nhiét d6 dau vao va dau ra cua qua trinh sy phun (Ray va cong su,
2016).

a. Vit liéu vo bao

Vit liéu vo bao dong vai tro quan trong trong qua trinh vi bao, anh hudng truc
tiép dén hiéu qua vi bao va do on dinh cta hat vi bao. Do d6, viéc lua chon vt liéu
v6 bao can duge can nhéc k¥ ludng. Trong linh vuc thyc phém, vat lieu vo bao ly
tudng can dap Gmg cac yéu cau sau: c¢6 tinh luu bién tét, kha ning hinh thanh 16p vo
6n dinh dé bao vé va duy tri tinh nguyén ven ctia thanh phan 15, hiéu qua trong viéc
bao vé 16i trude cac diéu kién moi truong bat loi, khong gay tac dong ti€u cuc dén
cac yéu td cam quan cua san phém, an toan cho nguoi st dung, khong doc hai, hi¢u
qua vé mit kinh té va c6 kha nang phan huy sinh hoc (McClements va cong su, 2007;
Nazzaro va cong su, 2012).

Ngoai ra, vat liéu vo bao can cé tinh chat Iy héa phu hop, khong twong tac voi
thanh phan 151, chang han nhu mang ky nuéc két hop véi 16i wa nuéc hodc nguoc lai.
Hién nay, cac loai vat liéu vo bao phd bién dugc sir dung trong vi bao bao gém protein,
lipid va carbohydrate, dugc chiét xuét tir nhiéu nguén khac nhau.

Protein

Céc dac tinh hoa 1y va chirc nang vuot trdi nhu kha nang nhii hoa, tao gel, va
tao mang di lam cho protein tré thanh vat liéu vi bao 1y tuong véi tiém ning tng
dung rong rai trong nganh cong nghiép thue pham. Trong sé cac protein, gelatin dwgc
st dung phd bién dé san xuit cac hat gel mém chira omega-3, vitamin D va dau ca,
mang lai do on dinh cao. Ngoai ra, whey protein da dugc ching minh 1a vat liéu vé
bao uu viét trong vi bao cac hop chat huong lidu va dau giau PUFA, véi hiéu suét
dong g61 vuot troi dat 89,6%, cao hon so vdi protein dau nanh (75,9%). Cac hat vi
bao chira vo protein duoc san xuat bang phuong phap sdy phun dat d6 6n dinh dén
60 ngay ngay ca trong diéu kién hoat do nuéc cao (aw = 0,74 - 0,90) (Jimenez va
cong su, 2004).

Tuy nhién, protein ciing ton tai mot s han ché khi dugc st dung lam vat liéu
v6 bao. Mot trong nhitng han ché 16n 1a kha ning gay di img d6i voi mot s6 ddi tuong,
vi du nhu protein dau nanh, lta mi va dau phong da dugc xac dinh la cac tac nhan
gay di ing. Bén canh do, tinh chét cua protein phu thugc manh mé vao cac yéu t6 moi
truong nhu do pH, cuong do ion, va nhiét d0 cuia nhii twong hodc dung dich
(McClements, 2004).
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Pé khic phuc cac han ché nay, viéc phéi tron protein véi cac vat liéu khac, dac
biét 1a cac polymer sinh hoc thugc nhom carbohydrate nhu maltodextrin, si ré6 ngo,
va duong stra, da dugc ching minh 12 mgt phuong phap hiéu qua. Phuong phép nay
khong chi giam thiéu tac dong ciia moi trudng ma con cai thién hiéu qua chic ning
vi bao cua protein.

Lipid

Lipid, do tinh ky nuéc va khong hoa tan trong nude, duoc st dung phd bién
dé vi bao cac hop chat wa nudc. Cac loai lipid khac nhau (glyceride, axit béo, sap va
phospholipid) da duoc nghién ciru va img dung trong viéc vi bao cac hoat chat thyc
pham. Mic du cong nghé vi bao sir dung lipid 1am vo6 bao vin con tuong ddi méi,
nhung né dang dan trd nén phd bién nho nhitng wu diém vuot troi. Tuy nhién, lipid
khong phu hop cho cac san pham yéu cau xtr Iy & nhiét do cao, vi 16p chat béo ran s&
tan chdy, din dén mat cac dic tinh bao vé von cd. Hé vi bao pho bién nhu nhil twong
nano, nanoliposome, hat nano lipid ran, va chat mang lipid c4u tric nano (Fathi va
cong su, 2012).

Carbohydrates

Carbohydrate 13 vat liéu Iy tuong dé 1am vo bao nhd kha ning hinh thanh céu
tric phan tir xdp 16n hon so véi cac loai vo bao khéc. Fathi va cong sy di nghién ctru
céc hé vi bao sir dung carbohydrate va cho thdy nhiéu tmg dung tiém ning, bao gom
cai thién kha nang khang axit, ting kha ndng hoa tan ¢ pH tu nhién va nang cao kha
nang chiu nhiét (Fathi va cong sy, 2018).

Céc vit liéu vo bao carbohydrate thuong sir dung bao gdm tinh bot va cac dan
xudt cta tinh bot (vi du: maltodextrin), ddn xuit cta cellulose (carboxymethyl
cellulose), gum (gum Arabic, gum guar va gum hat chia) va B-cyclodextrin. Véi do
san c6 cao, huong vi nhat va kha ning bao vé 18i tot, nhirng vat liéu nay thuong duoc
g dung dé vi bao cac nguyén liéu thyc pham da dang nhu dau giau axit béo khong
bdo hoa nhiéu ndi ddi (PUFA), vitamin, hoat chét sinh hoc, enzyme va huong li¢u.
Tinh bot bién tinh duoc phat hién c6 kha ning bao vé tét hon so véi tinh bot tu nhién
va tinh bot sép (Jeon va cong su, 2003).

Hon nita, chét nhéy hat chia va hat lanh da duoc sir dung dé tao thanh cac chét
déng tu phitc hop véi protein hat chia va protein hat lanh, nham vi bao cac loai dau
giau PUFA (Kaushik va cong sy, 2016). M6t trong nhitng vu diém 16n khi st dung

chat gum thyc vat lam vo bao 1a kha nang hoat dong nhu mot nguén chit xo hoa tan
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va prebiotic cho h¢ vi sinh vat duong rudt. Thém vao do, tinh bot va gum khong chira
protein con phu hop dé san xuat cac san pham khéng gay di tng, dic biét danh cho
nhirng nguodi di tng véi protein

Nhdn xét chung

Vit liéu vo bao thuong duoc st dung trong qua trinh sdy phun cac san phdm
chtra hop chét ¢6 hoat tinh sinh hoc bao gdm gum arabic (GA) va maltodextrin (MD).
Gum arabic 1a mot loai gum ty nhién, 1a mot hén hop phic tap cua glycoprotein va
polysaccharit. N6 c6 kha ning hoa tan trong nudc, ¢ thé an duoc va thuong dugc st
dung nhu 1a mot chat on dinh, chat nhil hoa hay chat lam dic trong nganh cong nghiép
thuc phém. GA da dugc ching minh la vat liéu vo bao hi¢u qua trong viéc bdo vé cac
vat lidu dé bay hoi trong qua trinh sdy phun. V4t liéu nay giup giam do nhdt va do
bam dinh cta dung dich nap liéu, tir 6 tang hiéu qua say va giam tiéu thu niang luong
(Lourengo va cdng su, 2020). Ngoai ra, GA con c6 kha nang cai thién do 6n dinh cua
bot, bao v¢ cac hop chét nhay cam v&i nhiét d0 nhu chat mau hoic chat chéng oxXy
hoa (Barro va cong su, 2021), diéu ma rat phu hop véi nghién ciru nay. Tuy nhién,
tinh san c6 cua GA kha han ché va chi phi cao hon so vdi cac vat liéu vo carbohydrate
khac, diéu nay da han ché viéc sir dung GA pho bién & quy mé cong nghiép. Do do,
GA thuong dugc pha tron vt cac vat liéu khac nhu MD va gum mesquite dé giam
chi phi vi bao (Minemoto va cong su, 2002).

Maltodextrin 1a mdt polysaccharide thuong dugc sir dung trong nganh cong
nghi¢p thuc phém. N6 ton tai dudi dang bdt tréng ¢ nhiét d§ thuong va dugc chiét
xudt tir tinh bot ngo, tinh bot gao hodc tinh bot khoai tay. MD dong vai tro nhu mot
chat 1am day hodc chat nhii hoa va dugc FDA cong nhan 14 phu gia thuc phidm an
toan. Gidng nhu GA, MD 1a mdt vat liéu v6 bao 1y tudng cho viée vi bao cac nguyén
liéu nhay cam véi nhi¢t d§ cao, nhu vitamin C va cac hop chét phenolic. N6 c6 kha
nang giam kha ning hat am cta san pham kho va kéo dai thoi gian str dung cta san
pham (Kog¢ & Kaymak-Ertekin, 2014). Pic biét, chi phi sir dung MD khong cao so
v6i phan 10n céc loai vo bao khac, vi vay nd duoc sir dung rong rii trong nganh cong
nghiép thuc pham. Dya trén cic phan tich vé uu va nhuoc diém, MD va GA da duoc
lya chon 1a hai loai vat li€u vo bao chinh trong nghién ctru nay.

b. Ti Ié phéi trén giiva 16i va vé bao

Mot yéu té quan trong khac anh hudng dén qua trinh vi bao 14 ti 1¢ khéi lugng

gira vat liéu 161 va vat liéu vo bao. Mot s6 nghién ctru cho thiy riang khi khéi luong
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ctia 18i chira cac hop chét c6 hoat tinh sinh hoc cang 16n, hiéu qua vi bao cang giam
(Rocha va cong sy, 2012). Diéu nay c6 thé giai thich bai viée thiéu du lugng vo bao
s& khong thé bao phu toan bo 15, khién hat bot dé bi ntt v& va cac thanh phan bén
trong 101 bi phan huy. Tuy nhién, Cilek va cong su lai chirng minh viéc tang ti 1€ gitta
cac hop chét trong 161 va vo bao c6 thé ddn dén hiéu qua vi bao cao hon. Cu thé, khi
ti 1€ 101 polyphenol: v6 bao tang tir 1:20 1€n 1:10 thi hi€u qua vi bao tang tur 70 - 80%
lén dén 78 - 82% (Cilek va cong sy, 2012). Két qua nay cho thay ti 1¢ phdi tron t6i
vu giita 161 va vo bao khong cb dinh, ma thay d6i linh hoat tuy thudc vao nhiéu yéu
td, bao g@)m yéu cau clia san phém, loai vat li€u 161 va loai vat liéu vé bao. Do do, yéu
t6 nay can duogc khao sat trong nghién ciru ndy nham xéac dinh ti 1¢ phéi tron phu hop
nhat dé ning cao hiéu qua vi bao cac hop chét c6 hoat tinh sinh hoc trong so ri.

c. Nhigt d¢ ddu vao

Nhiét do dau vao 1a nhiét d6 cua khong khi séy duogc lam néng & giai doan dau
va déng vai tro quan trong trong kha ning bay hoi ciia dung moi, tir d6 anh hudng
truc tiép dén qua trinh vi bao cac hop chat. Nhiét d6 dau vao co thé tac dong dén @6
nhdét va tinh Iuu dong ctia dung dich nap li¢u. Khi nhiét d6 tang, do nhot va su két tu,
bam dinh cta dung dich giam, gitp ting toc do bay hoi, rut ngin thoi gian siy va
giam chi phi ning luong. Két qua 13, sin pham bot tao ra s& ¢ kich thude hat nho,
d6 am thap, tir d6 kéo dai thoi gian str dung. Tuy nhién, néu nhiét d6 dau vao qué cao,
qua trinh bay hoi sé& dién ra qua muc, lam cho 16p vat li¢u mang bi nut, dan dén su
giai phong sém hodc pha huy cac thanh phan hoat tinh c6 gia tri cao nhung nhay
nhiét, &nh hudng x4u dén chat lugng san phém (Gharsallaoui va cong sy, 2007).
Nguoc lai, néu nhiét d6 dau vao qua thép, tbc do bay hoi s€ giam, lam cho do nhdét
tang, san phém c6 d6 Am cao, dé két tu va thoi gian st dung ngén. Do d6, can nghién
ctru chon ra nhiét d6 dau vao phu hop dé téi uu hoa qua trinh sy, dat hiéu qua cao.

d. Nhiét dp dau ra

Nhiét do dau ra 12 nhiét d6 cao nhat ma hat bot c6 thé dat duoc trong qua trinh
sdy (Daniel va cong su, 2017). Yéu t6 nay chiu anh hudéng cta nhiéu yéu t6 khac
trong subt qua trinh séy nhu nhiét d6 dau vao, tdc do nap liéu, do Am khong khi, tdc
d6 dong khi, nong d6 va dung moi ctia dung dich nap liéu. Nhiét d6 dau ra anh hudng
dén chét luong san pham, bao gdm d6 am, kha ning hat 4m, ty trong va d6 déng déu
kich thudc hat. Khi nhiét 36 dau ra qué cao, hat bot co thé bi noéng qua mue, dan dén

ntt v& vo bao va pha huy vat chat 16i, gdy suy giam chit luong san phdm. Nghién
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cuu cho thfiy, khi nhiét do dau ra tang tir 100°C 1én dén 120°C, d6 4m bot tang 1én
(George va cong su, 2023), hiéu qua siy giam, pH va mau sic san pham ciing bi thay
d6i (Singh va cong sy, 2022). Hién twong ndy ciing xay ra khi nhiét d6 dau ra qua
thap.

Do d6, viéc tao ra su chénh léch nhiét d6 ti wu gitta nhiét do dau vao va dau
ra 14 v cling quan trong trong quy trinh siy phun. Vi vy, ca nhiét do dau vao va dau
ra déu 1a nhitng yéu t6 can duoc khao sat k§ ludng trong nghién ciru nay dé dat hiéu
qua t6i wu trong qua trinh sdy va bao vé chat lwong san pham.

e. Mot sé yéu té khdc

P) nhét va kich thuée hat cia dung dich nap liéu 13 nhimg yéu td quan
trong anh hudng tryc tiép dén qua trinh vi bao trong phuong phap siy phun. Dung
dich c6 d6 nhét cao lam giam tdc d6 bay hoi ciia dung méi, dan dén thoi gian say dai
hon, gay hao phi ning luong va anh hudng tiéu cuc dén chat lugng san pham. Thém
vao do, dd nhdét cao tao ra cac hat bot co kich thudce 16n va hinh dang khong dff)ng
déu, khién chét luong san pham bi suy giam (Gharsallaoui va cong su, 2007).

Nong dd dung dich cip liéu cang cao thi do nhét cua dung dich cang 16n,
diéu nay lam ting kha ning thu duoc cac hat c6 kich thudc 16n va hinh dang khong
ddng déu, dong thoi 1am ting kha ning két tu. Khi ndng d6 dung dich cao, toc do
bom giam, c6 thé gdy nghet dau phun, anh huéng dén hiéu qua ctia qué trinh phun
sdy.

Téc dd nap liéu lién quan dén téc d6 bom dung dich phun vao bo phun quay
hozc voi phun. Tai ap suit phun khong ddi, khi tbc d6 dong chay ting, kich thudc
giot s& ting 1én do voi phun phai phun ra nhiéu chat 16ng hon. Ngugc lai, néu toc do
nap liéu giam, kich thudc giot s& nho hon. Yéu t6 nay anh huéng dén kich thudc va
do d@)ng déu cta cac hat bot tao ra trong qua trinh séy phun, tir 46 anh huéng dén chat
luong vi bao va san pham cubi cung.

1.4.3. Nhan xét chung

Trong nghién ctru ndy, phuong phap nhii hoa tu phat dugc lya chon dya trén
cac uu diém cla né so voi cac phuong phap nhil héa khac. Phuong phap nay thuc
hién ma khong can ting nhiét do toan bd qua trinh, gitp han ché kha ning pha hay
va bién tinh cua céac hop chét c6 hoat tinh sinh hoc trong dich chiét trai so ri. Hon
nita, phuong phap nhii hoa tu phat khong yéu cau thiét bj phuc tap hay chi phi cao,

lam cho né thich hop dé thyc hién & quy moé phong thi nghiém va dé dang mé rong
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ra quy mo lon hon. Muc ti€u chinh ctia nghién ctru 1a tao ra hé nhii twong hai 16p kép
W/O/W dé vi bao céc hop chét c6 hoat tinh sinh hoc trong dich chiét trai so ri c6 dic,
nhim bao vé cac hop chit nay khoi cac yéu td tac dong tidu cuc tir moi trudng va kéo
dai thoi gian st dung cua chung. Vi vay, cac yéu td anh huéng dén qua trinh vi bao
nhu thanh phan va ndéng d6 chit nhil hoa wa dau va wa nuée, ndng do dich chiét co
dic, ndng do nhii mot 16p W/O trong nhii kép W/O/W va tdc do khuay s& dugc khao
sat dé lya chon céc thong s6 tbi uu.

Duya trén phén tich vu, nhuge diém cua timg phuong phap va vai tro cla céc
yéu tb trong qué trinh vi bao, phuong phap sdy phun da duoc chon dé vi bao vitamin
C va cac hop chét co hoat tinh sinh hoc chiét tir trai so ri xanh. Trong nghién ctru, cac
yéu t6 bao gdbm loai vat liéu 1i, thanh phan vo bao, ti 1& phdi tron giita 161 va vo bao,
nhiét 46 dau vao va dau ra duoc nghién ctru. Ngoai ra, anh hudng ciia d6 4m khong
khi, thoi han bao quan san pham va dong hoc giai phong cac hop chit co hoat tinh
sinh hoc bén trong 16i (xem muc 1.5) cling can duoc nghién ctru. Cac két qua s& dugc
danh gia dua trén céac chi tiéu nhu tong ham lugng vitamin C, cac hop chat phenolic,
flavonoid va mot so chi tiéu vat Iy nhu do am, ty trong va hinh thai hat bot.

1.5. Pong hoc giii phéng cic hop chit c6 hoat tinh sinh hoc tir hat vi bao

M6 hinh va dong hoc giai phong vat li¢u 161 vi bao 1a mot trong nhitng thong
s6 quan trong dé danh gia hiéu qua ctia qua trinh vi bao. Mic du muc dich chinh cua
vi bao 14 bao vé cac vat liéu 15i khoi cac yéu té méi trudng, nhung néu céc 16i khong
thé duoc giai phong hodc duoc giai phong khong ding thoi diém va méi truong mong
mudn, thi qua trinh vi bao s& trd nén vo nghia. Vi vay, co ché giai phong 16i & moi
truong va thoi gian thich hop 13 yéu t6 quan trong khong kém kha ning bao vé 15i
cua 16p vi bao.

Mo hinh dong hoc giai phong céac hoat chat sinh hoc tir hat vi bao bao gdm ba
giai doan chinh: giai phong bé mat, khuéch tan thong qua hap thu truong nd va lam
mon vo bao (Peng va cong su, 2010). Hién nay, c6 nhiéu nghién ctru di dé xuit cac
phuong phap khac nhau dé mé phong va nghién ciru giai phong cac dic tinh cua vat
liéu sinh hoc trong hat vi bao. Mdt s6 mé hinh phé bién bao gff)m:

- Mb hinh Higuchi: M6 td qua trinh giai phong tir hé thong ma tran, thuong
duogc sir dung dé nghién ctru giai phong tir cac vat liéu rin

- Dinh luat can bac ba Hixson-Crowell: M6 ta sy giai phong khi ¢é sy thay doi

vé dién tich bé mat va duong kinh ctia cac hat
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- M6 hinh Fickian va non-Fickian: Ap dung cho cac hé polymer truong né va
khong treong né, gitp mé phong sy khuéch tan cta cac chit tir hat vi bao

- Phuong trinh Weibull: M6 ta d6 hoa tan va giai phong, biéu thi phan tich liy
ctia chit giai phong trong dung dich tai mot thoi diém xac dinh

- M6 hinh Hopfenberg: Mo ta tuong quan gitta sy giai phong va qua trinh an
mon bé mit cta polymer

Mic du ¢6 nhiéu mé hinh va phuong phép nghién ctru, viée tng dung vi bao
trong thuc pham van gip nhiéu han ché. Tuy nhién, k¥ thuat in-vitro hién nay 13 pho
bién nhat trong nganh cong nghiép thuc pham dé nghién ciru giai phong cac hop chat
¢6 hoat tinh sinh hoc tir hat vi bao. Cac yéu t6 kich hoat giai phong nhur enzyme, pH
va nhiét do c6 cac co ché riéng biét, vi chung co thé duoc kiém soat doc lap vé1 nhau
trong céac tinh hudéng khac nhau (Singh va cong su, 2010).

Mot yéu t quan trong anh huong dén téc do giai phong 18i 1a tuong tac giita
vat li¢u vo bao va vat liéu 101. Ngoai ra, cac yéu t6 khac nhu tinh d& bay hoi cua 161,
ti 1€ gitra 161 va vat li€éu mang bao, kich thudc hat va do nhot cia vat liéu lam mang
bao ciing anh hudng dang ké dén qua trinh giai phong (Ganza-Gonzalez va cong su,
1999).
1.5.1. Co ché giai phong
1.5.1.1. Co ché khuéch tan

Co ché khuéch tan mé ta qua trinh van chuyén cac hat vi bao tir noi c6 nong
d6 cao dén noi co néng do thép O trang thai 6n dinh, duoc mo ta béi dinh luat Fick.
Co ché nay dic biét xay ra khi 16p vo vi bao con nguyén ven. Qua trinh hoa tan 13i
xay ra khi chat 1ong hoa tan xuyén qua vat liéu mang bao, dn dén su ro ri cia vat
chét 16i qua cac 16 hodc khe hd trong mang bao (Gunder va cdng su, 1995). Cac
nghién ctru ban dau cho thay, toc do giai phong cudi ciing phu thudc vao toe do tham
nhap ctia chat 10ng hoa tan vao vi bao, tdc d6 hoa tan ciia 16i vao chat 1ong hoa tan,
tdc do 1o ri va phan tan cua 16i. Loi duge giai phong c6 thé 1am cho vo vi bao phong
1én hoic khong (Shahidi & Han, 1993). Su giai phong 16i c6 thé dan dén hién tuong
v6 vi bao phé)ng 1én hoac khong, tuy thudc vao dac tinh cua vat li€u 161 va vé bao,
loai, kich thudc va hinh dang ctia hat vi bao.
1.5.1.2. Co ché hoa tan

Khi 16p v6 bao dan dan tan ra, cac 16i s& dugc giai phong. Tde d6 giai phong

nay phu thudc vao tdc d6 hoa tan cia 16p vo bao trong chét 1ong hoa tan. Tdc do hoa
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tan nay lai b1 &nh hudng boi do day cua 16p phu va kha nang hoa tan cia n6 (Gunder
va cong su, 1995). Mot vi du minh hoa cho co ché nay 1a viéc giai phong huong vi
ca phé vi bao khi tiép xtc véi nuée. Trong khi d6, hwong vi van dugc bao vé khoi tac
dong cua nhiét, anh sang va qua trinh oxy hoa & trang thai kho.
1.5.1.3. Co ché tham thau

Trong co ché thim thau, 16p vo polymer cta hat vi bao hoat dong nhu mot
mang ban tham. Su chénh 1éch 4p sudt tham thau gitta bén trong va bén ngoai hat vi
bao tao ra luc di chuyén cta cac hop chit bén trong 16i qua céc 16 nho trong 16p vo
bao, giai phong chiing ra moi truong ngoai (Singh va cong sy, 2010). Cac yéu té anh
huong dén co ché nay bao gdm d6 day cua 16p vo bao, kich thude cua hat vi bao, d6
khqu tron voi dung moi hoa tan, do nhdt ciia dung moi va nhi¢t do qua trinh
(Malekjani & Jafari, 2021).
1.5.1.4. Co ché phén hiy sinh hoc

Trong co ché phan hily sinh hoc, cac enzyme nhu protease va lipase sé& thily
phan protein hodc lipid twong g, din dén giai phong 18i. Mot nghién ctru cia Hickey
va cong su cho thiy sy phan huy enzyme 1am ting téc qua trinh chin cta phd mai
cheddar nhanh hon 50% so v&1 phuong phap lam chin thong thuong (Hickey va cong
su, 2007).
1.5.2. Cac yéu to anh huong
1.5.2.1. pH

Téc d6 giai phong 16 c6 thé bi anh hudng bai pH vi su thay dbi gia tri pH tac
dong dén do truong nd va kha ning hoa tan cta vo bao. Vi du, alginate, khi dung 1am
chét vo bao duy nhit, c6 thé khong 6n dinh khi c6 mit chelate va axit. Chitosan, mot
loai v6 bao phd bién, khong hoa tan trong nudc ¢ pH trung tinh nhung trd nén hoa
tan & cac pH thap, thuong thiy trong da day (Donhowe va cong sy, 2014). Bén canh
d6, sy c6 mit ciia natri clorua ¢ thé lam hat vi bao phong 1én & pH thap, do su gia
tang ap suat tham thau gitra moi truong nude va vat liéu 18i. Tuy nhién, pH cao ¢ thé
lam ting do ion ctia mdi truong, ddn dén giam ti 1¢ truong né can bang ciia vo bao.
1.5.2.2. Enzyme

Enzyme c6 thé tac dong twong tac v6i pH tac dong dén dic tinh giai phong cua
cac hop chat. Park va cong su (2014) phat hién rang cac hat vi bao hai 16p chéng lai
su phan hiy trong moi truong pH thap va khi c6 sy hién dién cua pepsin (Park va

cong su, 2014). Tuy nhién, tai pH cao hon, qua trinh giai phong 161 dugc cai thién
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dang ké nhd sy thuy phan cua vat liéu vo bao boi enzyme nhu lipase va pancreatin
trong rudt. Mot nghién ctru khéac cua Ades va cong su (Ades va cong su, 2012) da
chuén bj cac phirc hop bao gdm tinh bot voi cac hop chit nhu menthone, menthol va
limonene. Két qua cho thdy enzyme a-amylase trong dich nuéc bot dong vai trd quan
trong trong viéc tang cuong kha nang giai phong huong vi tir cac phirc hop nay (Ades
va cong sy, 2012).
1.5.2.3. Nhiét d¢

Nhiét d6 13 yéu té quan trong anh huong dén sy giai phong 13i tir hat vi bao.
Qua trinh ndy c6 thé dugc chia thanh hai co ché chinh: giai phong nhay cam véi nhiét
do va giai phong kich hoat nhiét hach. Co ché gidi phong nhay cam véi nhiét d§ dua
trén sy gian nd hoac pha v& cua vat liéu mang khi nhiét do dat t&1 mot ngudng nhét
dinh. Trong khi d6, co ché giai phong kich hoat nhiét hach xay ra khi vat liéu mang
néng chay khi nhiét do tang cao (Silva va cong su, 2014).
1.5.2.4. Ap suit

Ap suit cling dugce xem 12 mét yéu td kich hoat qua trinh giai phong 13i tir hat
vi bao thong qua tac dong cua lyc nén lén vat li¢u bao. Wong va cong su (2009) da
nghién ctru tic dong cuia ap sudt bang cach phén tich kha ning giai phong huong tir
keo cao su trong qua trinh nhai. Két qua chi ra rang ap suit dong vai tro quan trong
trong viéc giai phong céac hop chét tr hat vi bao, dic biét thong qua su bién dang va
pha v& cau tric cua vat liéu mang bao.
1.6. Tiéu két

Ttr nhitng phan tich trén cho thiy viéc 4p dung phuong phap lanh dong dé co
dic dich so ri, toi wu hoa diéu kién vi bao dich ¢6 dic so ri thong qua phuong phap
sdy phun két hop voi nhii hoa tu phét c6 kha nang bao vé tdi da cac hop chat ¢ hoat
tinh sinh hoc. Ngoai ra, khao sat do 6n dinh cta bot vi bao trong cac diéu kién bao
quan khac nhau va danh gia kha nang giai phong cua bot vi bao trong moi trudong mo
phong thuce pham 14 can thiét. Nhiing cai tién méi nay khong chi nang cao chat lugng
clia san pham ma con md ra nhiéu tiém ning Gng dung trong nganh cong nghiép thuc

pham, goép phan vao viéc bdo quan va nang cao gié tri dinh dudng cua dich so ri.
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Chuwong 2
VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Thoi gian va dia diém thye hién nghién ciru

Nghién ctru duoc thue hién tir thang 12/2022 dén thang 4/2024 tai phong thi
nghiém Phat Trién San Phidm, phong thi nghiém K§ Thu4t Thuc Phim, phong thi
nghiém Hoa Keo Khoa Cong Nghé Hoa Hoc va Thyuc Pham, Truong Pai hoc Nong
Lam TP. HCM va Trung tam cong nghé Viét Puc, Truong Pai hoc Cong Thuong
TP.HCM.
2.2. Nguyén li¢u va hoa chit sir dung trong nghién ciru
2.2.1. Nguyén liéu

Sau khi khao sat nguyén li€u tai khu vuc Pong Nam B9, Viét Nam, trai so ri
(Malpighia emarginata DC.) dugc thu hoach va cung ing bdi Hop tac xa So ri huyén
Go Cong Pong, tinh Tién Giang. Cac nghién ciru da cho thdy ham luong vitamin C
cao nhét ¢ giai doan chua truong thanh (con xanh, 2,16 g/100 g) so véi giai doan
trung gian (mau vang/cam, 1,06 g/100 g) va giai doan trudng thanh (chin dé, 1,07
g/100 g) (Vendramini & Trugo, 2000). Do do6, nguyén li¢u sir dung trong nghién ctru
nay la dich chiét tir trai so ri xanh. Tiéu chi lya chon nguyén liéu bao gom trai so ri
con xanh (dudng kinh 1-2 cm, sau 18-20 ngay nd hoa), twoi, cudng van giit mau xanh
va khong bi ton thuong co hoc. Sau khi thu mua, trai so ri dugc rira sach va ép dé thu
dich chiét. Dich chiét sau d6 dugc bao quan & trang thai lanh dong nhiam duy tri chat
lugng va st dung cho toan bd qua trinh nghién ctru.
2.2.2. Héa chat

Ho4 chat str dung trong nghiénn ctru duoc liét ké & Bang 2.1.
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Bang 2.1. Hoa chit sir dung trong nghién ctru

Tén hoa chat Nha san xuat

2,2-diphenyl-1-picrylhydrazyl (DPPH), gallic acid Sigma-Aldrich, My
monohydrate (=99%), catechin (>97%), L-ascorbic

acid (99%), quercetin (>95%)

2,6-diclorophenol-indophenol (DCIP), oxalic acid Acros Organics, Bi
Acetone, acetic acid, ethanol, hexane, tween 80, Fisher Scientific, My
methanol (99.9%), o-phosphoric acid (H3PO4, >85%)

Aluminum chloride (AICl3, >98%), sodium chloride =~ Duchefa Biochemie, Ha Lan
(NaCl, >99%), potassium chloride (KCI, >99%)

Dau huéng duong tinh luyén (100%) Dau Thyc Vit Tudng An, Viét
Nam

Gum Arabic (GA), maltodextrin (MD, DE 15-20) Qinhuangdao Lihua Starch, Trung
Quoc

Na;CO3, NaNO2, NaOH (=97%) Scharlau (Scharlab), Tdy Ban Nha

Polyglycerol polyricinoleate (PGPR) Fine Organic Industries, An Do

Propylene glycol (PG) Duksan, Han Quéc

Potassium acetate (CH;COOK, >92%) Xilong, Trung Quoc

Thuoc thir Folin-Ciocalteu Himedia Labs, An Do

2.2.3. Thiét bi

Céc thiét bi chinh sir dung trong nghién ctru duoc trinh bay & Bang 2.2.
Bang 2.2. Thiét bi sir dung chinh trong nghién ciru

Tén thiét bi Model Nha sin xuat

Thiét bi sac ky 1ong hiéu ning cao 1260 Agilent, My

(HPLC)

Hé théng nhiéu xa tia X X’PERT PRO  Panalytical, Ha Lan

May phan tich hat Hydro Malvern Panalytical, Anh
2000MU

May khudy tir HSC 7 VELP Scientifica HSC, Y

May dong hoa SHG-15A SciLab, Vietnam

May say phun SD-06 Lab Plant UK, Anh

Ta lanh, ti dong VH-4099A1 Sanaky, Viét Nam

May ép cham HSJ-B30A Hafele, Buc

May do quang phd tir ngoai kha kién 8453 Aligent, M§

Kinh hién vi dién tir quét (SEM) JSM-IT200 JEOL, Nhat Ban

Can dién tir 4 sd CPA 3245 Sartorius, Ptrc

May do pH dé ban HI2550 Hanna Instruments, Y

May do hoat do nudc Aw-Wert- Durotherm, Ptrc
Messer

May ly tam DMO0402 DLAB Scientific, Trung

Quéc
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2.3. Quy trinh cong nghé
2.3.1. So' @6 tong quat bo tri thi nghiém
Quy trinh cong nghé téng quat duoc trinh bay & Hinh 2.1.
Qré.i so 11 WD
v
Xu ly
v
Ep
v
Co dac
v
Nhii héa
v
Déng hoa
v
Say phun
v

Hinh 2.1. Quy trinh vi bao dich chiét tréi so ri

2.3.2. Thuyét minh quy trinh

X [y: Trai so ri tuoi sau khi mua vé duoc loai bo phan cudn va 14 ciy rdi ria
sach. Sau do, chung dugc ngam trong dung dich chlorine 100 ppm trong vong 5 phut
va rira sach dudi voi nude chay. Trai so ri sau khi xir Iy duoc dé rdo chuan bi cho qué
trinh ép.

Ep: Muc dich cua cong doan nay la tao ra dich chiét so ri st dung cho nghién
ctru. Str dung may ép chap Hafele (HSJ-B30A, Puc) dé ép truc tiép trai so ri twoi
trong diéu kién chin sang. Sau d6, ba ép dugc ép lai 1 1an nita dé han ché that thoat
dich chiét. Dich so ri sau d6 dugc loc bang vai loc thuc pham, tién hanh ly tim &
4000 vong/phut dé tach tap chat. Dich chiét sau cung dugc mang di phan tich cac chi
tiéu hoa 1y va bao quan trong ti dong & -18 °C dé sir dung cho cac nghién ciru.

Cé ddc: Cong doan nay dong vai tro nhu mot bude xir 1y dich chiét trudce khi
budc vao quy trinh vi bao. Muyc dich ciia cong doan nay 1a dé nang cao ham lugng

vat chat kho hoa tan trong mau dich chiét thong qua viéc loai bo nudce. Dich chiét thu
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dugc & bude ép sé duoc tién hanh cb dic sir dung phuong phép lanh déng két hop ra
d6ng bang vi sdng duoc tién hanh theo mé ta ctia Aider va cong su (2007) voi mot sb
diéu chinh, dugc thé hién théng qua Hinh 2.2. Nhin chung, trong qua trinh c6 dic,
mdi mé dich chiét so ri sau khi da duoc loc va ly tdm dugc dong lanh trong tu dong
theo céc giai doan (1, 2, 3, 4) & -18°C trong céc thoi gian 24, 36, 48, 60 va 72 gio.
Céac miu dong dugc chira trong binh thuy tinh c6 gan dau do do nhiét do két ndi véi
thiét bi ghi nhan nhiét do mau theo thoi gian thyc. Sau moi giai doan, khdi dong lanh
duogc ra dong bang 10 vi soéng (560 W) cho dén khi thu dugc 50% thé tich ban dau dé

tién hanh chu trinh ¢ dic tiép theo, dong thoi loai bo lugng da con lai.

Dich chiét trai so ri (Vo)

Pong lanh 1
/\N 5o di
| Ri dong 1 woe & @
Dich ¢é ddc (V1 = Vo/2)
| Pong lanh 2

Nuoc da

Dich ¢é dic (V2 = V1/2)

| »  Dong lanh 3
/\ Nurde dd o
Ra dong 3 Loai bo

| Doéng lanh 4

Ra dong 4
Dich cé dac (V4 =V3/2)

Hinh 2.2. So do quy trinh ¢b dic lanh dong

Dich ¢é diic (V3 = V2/2)

Nuoce da
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Nhii héa: Dich chiét sau khi c¢6 dic duoc tién hanh nhii hod bang phuwong phap
nhil hoa ty phat dé tao thanh nhii twong W/O/W. Qua trinh nay bao gém 2 giai doan
14 tao nhii W/O va tao nhiit W/O/W. Pau tién, nhil tuong W/O dugc hinh thanh bﬁng
cach hoa tan mot luong PGPR véi dau hudng duong bang may khudy tir dé tao hon
hop pha diu dong nhat rdi nho tir tir dich so ri ¢6 didc vao hdn hop rdi tiép tuc khudy
hdn hop thém 15 phut dé hoan thanh nhil twong. Sau d6, nho timg giot nhii twong
W/O vao dung dich gdm nudc cit va chat nhil hoa (Tween 80, PG) dé hinh thanh nhii
W/O/W. Piéu kién nhii hoa cu thé s& dugc tién hanh khao sat & muc thi nghiém 2.4.3.

Péng héa: Dung dich nap liéu bao gdm vat liéu 16i (dich so ri c6 dic; nhil
tuong so r1 W/O/W) dugc phéi tron (theo ti 1€ 1:1; 1:1.5: 1:2, w/w) v61 dung dich vo
bao 30% gdm MD va GA (1:0; 2:1; 1:1; 1:2; 0:1, w/w) bang may dong hoa & 10.000
rpm trong 10 phut dé chuédn bi cho qué trinh say phun.

Sdy phun: Dung dich nguyén liéu dugc sdy phun véi téc do nap khi dugc duy
tri 6n dinh & mitc 30 m3/h va nhiét 46 dau vao (140°C, 150°C, 160°C, 170°C va 180
°C) cho qua trinh say phun duoc cai dit tryc tiép. Nhiét do dau ra (65°C, 75°C, 85°C
va 95°C) dugc diéu chinh twong g bang cach diéu chinh téc d6 dong cap licu (654
mL/h, 576 mL/h, 498 mL/h va 420 mL/h ). Sau khi hoan tit qua trinh siy khé, bot
thu sy phun duoc dé ngudi, sau d6 duoc cin va sau d6 dugce dong trong cac thi nhém
nhiéu 16p phang. Nhitng ti nay sau d6 dugc bao quan ¢ nhiét do —18°C dé sir dung
cho céac phan tich tiép theo.

2.4. B6 tri thi nghiém
2.4.1. Panh gia mot so chi tiéu hoa ly cuia so ri twoi

Thi nghiém duoc bd tri hoan toan ngau nhién véi 1 yéu t6 va 3 1an lap. Mau
tuoi dugc pha lodng voi nude cit roi va sau do6 tién hanh phan tich céc chi tiéu bao
gém téng ham luong chét ran hoa tan (TSS, °Brix), d0 pH, do am, ham luong vitamin
C, TPC, TFC va ham luong mot s6 hop chit phenolic don 1¢.

2.4.2. Xir Iy dich chiét trai so ri bang phwong phap ¢ dic lanh dong
2.4.2.1. Anh hwéng ciia s giai doan c6 dic lanh dong 1én ndng dd cac hop chit
6 hoat tinh sinh hoc c6 trong dich chiét trai so ri

Thi nghiém dugc b tri hoan toan ngiu nhién véi 1 yéu tb véi ba lan lap. Yéu
t6 cua thi nghi¢m la $6 giai doan c6 dac lanh dong dich chiét so i, bao gé)m 1,2,3va
4 giai doan. Dich chiét so ri tuoi sau khi duoc ¢ép, loc k¥ va ly tam thu duoc 5 lit dich

trong. Luong dich ndy duoc tién hanh c6 dic qua 4 giai doan nhu mé ta & Hinh 2.2.
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Moi giai doan c6 nhiét do dong lanh 13 -18°C trong thoi gian 24 gio. Hiéu suit co dic

duogc danh gia thong qua céac chi tiéu nhu TSS, TPC, TFC va ham lugng vitamin C.
Két qua phan tich cac chi tiéu nay sau mdi giai doan duoc st dung dé xac dinh

s6 giai doan ¢6 dic thich hop cho cac thi nghiém tiép theo.

2.4.2.2. Anh huéng ciia thoi gian c6 dic lanh dong 1én nong dd cac hop chat cé

hoat chit sinh hoc c6 trong dich chiét trai so ri

Thi nghiém duoc bé tri hoan toan ngau nhién véi 1 yéu t va ba lan lip. Yéu
t6 ctia thi nghiém 14 thoi gian co dic lanh déng dich chiét so ri twong tng cho ting
giai doan, bao gdm 24, 36, 48, 60 va 72 gid. Dich chiét trai so ri sau khi loc va ly tam,
dugc chia thanh 6 miu, mdi mau 5 lit, dé tién hanh dong lanh giai doan 1 & -18°C
trong lan lugt 24, 36, 48, 60, va 72 gid, twong tng vai ting miu. Sau d6, rd dong miu
bang 10 vi song va tién hanh phan tich dich c6 dic.

Hiéu suét c6 dic dugce danh gia thong qua cac chi tiéu TSS, TPC, TFC va ham
lugng vitamin C. Dua trén két qua phan tich, thoi gian dong lanh thich hop nhat cho
ting giai doan duoc xac dinh. Thoi gian ndy sau d6 duoc ¢d dinh cho giai doan dong
lanh dau tién dé tién hanh cac thi nghiém tuong tu ddi véi cac giai doan dong lanh
tiép theo nham xac dinh diéu kién co ddc thich hop nhat.

2.4.3. Nhii ho4 cac hop chat sinh hoc tir dich chiét trai so ri c6 dic bang phwong
phap nhii hoa ty phat

2.4.3.1. Khao sit anh hwéng ciia ti 18 PGPR trong pha dau 1én cac dic tinh ly
hoa cia nhii twong W/O

Thi nghiém duoc bb tri hoan toan ngiu nhién véi 1 yéu t6 va ba lan lap. Nhan
t6 thi nghiém 1a 5 ti 18 khac nhau ciia PGPR trong pha dau, bao gom 6%, 8%, 10%,
12% va 14% (v/v).

Dau tién, 5 mau pha dau dugc chuan bi bang cach pha PGPR véi dau hudng
duong theo cac ti I¢ twong tng 1a 6%, 8%, 10%, 12% va 14% (v/v). Tiép theo, dich
chiét trai so ri cd dic, dong vai tro 12 pha nudec W1, duoc thém tir tir vao tiing miu
pha dau sao cho ti 18 giita pha ddu v6i pha nude 1a 65:35 (v/v). Qua trinh nay dugc
thuc hién ¢ nhiét d§ phong, véi tde do khuéy 500 rpm trong 15 phut dé tao 1 lit nhii
twong W/O. Nhil tuong sau khi hinh thanh dwoc dé 6n dinh ¢ nhiét 46 phong trude
khi phan tich. Chi tiéu theo ddi cua thi nghiém bao gdm do nhét, ham luong vitamin
C, TPC, va TFC.
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2.4.3.2. Khio sat anh hwong ti 1€ dich c6 dic 1én cic dic tinh ly hoa cia nhii
twong W/O

Thi nghiém dugc bé tri hoan toan ngau nhién véi 1 yéu td va ba lan lap. Nhan
t6 thi nghiém 14 4 ti 1& khac nhau cta dich so ri ¢6 dic trong hdn hop nhil trong, bao
g6m 30%, 35%, 40% va 45%.

Quy trinh chuin bi 5 mau pha dau duoc thue hién theo md ta tai Muc 2.3.2 va
Thi nghiém 2.4.3.1, st dung ti 1¢ PGPR chon tur két qua thi nghiém 2.4.3.1. Sau do,
lan luot thém dich ¢6 dic vao cac mau pha dau voi ti 18 tuong ung tr 30% dén 45%,
& toc d6 khudy 500 rpm. Qua trinh khudy duoc duy tri ¢ nhiét d6 phong dé tao 1 lit
nhil trong W/O. Nhil tuong sau khi hinh thanh dugc dé 6n dinh & nhiét do phong
trudc khi phan tich cac chi tiéu. Chi tiéu theo ddi bao gdm do nhdt, ham luong vitamin
C, TPC va TFC.
2.4.3.3. Khio sat anh hwéng téc dd khudy 1én cac dic tinh 1y ho4 ciia nhii twong
W/0

Thi nghiém duoc bb tri hoan toan ngau nhién véi 1 yéu t6 va ba lan lap. Nhan
t6 thi nghiém 1a 4 tbc do khudy khac nhau, bao gdm 300 rpm, 500 rpm, 700 rpm va
900 rpm.

Chuan bi 4 miu theo quy trinh nhii héa dugc theo mo ta tai Muc 2.3.2 va Thi
nghi¢m 2.4.3.1, st dung ti 1¢ PGPR va ti I¢ dich c6 dac tur két qua Thi nghiém 2.4.3.1
va 2.4.3.2. Sau khi nhé giot dich chiét so ri ¢6 dic vao pha dau, cac hon hop dugc
khudy déu ¢ 4 toc d6 khudy theo khao sat dé tao 1 lit nhii twong. Nhii twong sau khi
hinh thanh duoc dé 6n dinh o nhiét 46 phong trudc khi tién hanh phan tich. Chi tiéu
theo ddi cua thi nghiém bao gém do nhét, ham lugng vitamin C, TPC va TFC.
2.4.3.4. Khao sat anh hwéng caia ti 18 phdi tron chat nhii héa dén sy hinh thanh
nhii twong W/O/W tir dich chiét trai so ri ¢é dic

Thi nghiém duoc bb tri hoan toan ngiu nhién véi 1 yéu t6 va ba lan lip. Nhan
td thi nghiém 1a 5 ti 1¢ phéi tron gitra Tween 80 va PG, lan luot 14 1:0; 3:1; 2:1; 1:1
va 1:2 (v/v), dugc trinh & Bang 2.3.
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Bang 2.3. Ti 1¢ thanh phan tao nhit W/O/W thay dbi theo ti 1& phdi tron tween 80 va
PG

Pha dau Pha nuéc W2
< Nhii W/O (%, Tween 80 (%, Nudre cat (%,
MAiu PG (%, V/V)
v/v) v/v) v/v)
1:0 15 20 0 65
3:1 15 15 5 65
2:1 15 13,3 6,7 65
1:1 15 10 10 65
1:2 15 6,7 13,3 65

Quy trinh nhii hod dugc thyc hién theo mé ta & Muc 2.3.2, st dung cac thanh
phﬁn vatilé phéi tron dugc chon tir cac thi nghiém trudc. Dau tién, hdn hop cht nhii
hoa wa nudc duoc phéi tron tir Tween 80 va PG theo cac ti 1€ xac dinh. Sau do, cho
tir tir hon hop nay vao nudc cat, khudy ¢ toc ¢ khudy 500 rpm cho dén khi tan déu,
thu duoc pha nudec W2. Tiép theo, cho tir tir nhil twong W/O vao pha nudec W2 va hdn
hop duoc tiép tuc khudy & 500 rpm trong 15 phit & nhiét do phong dé tao 1 lit nhil
tuong W/O/W. Nhil tuong sau khi tao thanh duoc dé 6n dinh & nhiét do phong trudc
khi tién hanh phan tich. Céc chi tiéu theo ddi ctia thi nghiém bao gdm kich thuéc hat
nhii tuong, PI, ham lugng vitamin C, TPC va TFC.
2.4.3.5. Khio sat anh hwong ciia ti 1¢ chat nhii héa 1én sy hinh thanh nhii twong
W/O/W tir dich chiét trai so ri cé diic

Thi nghiém duoc bb tri hoan toan ngiu nhién véi 1 yéu t6 va ba lan lap. Nhan
t6 thi nghiém 13 5 nong d6 chat nhii hoa, bao gom 10%, 15%, 20%, 25% va 30%
(v/v), dugc trinh bay trong Bang 2.4.

Bang 2.4. Ti 1¢ thanh phan tao nhii W/O/W thay d6i theo ti 1¢ phan trim chét nhii

hoa

. Pha diu Pha nuéc W2

Nhiit W/O (%, v/v) Hon hop chit nhii héa dwoc chon (%, v/v) Nudc cit (%, v/v)

1 15 10 75

2 15 15 70

3 15 20 65

4 15 25 60

5 15 30 55
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Quy trinh nhii héa dugc thyc hién theo mo ta tai Muc 2.3.2. Nhii tuong W/O
dugc tao theo quy trinh dugc trinh bay ¢ Thi nghiém 2.4.3.1, st dung ti 16 thanh phan
duoc xac dinh tir Thi nghi¢m 2.4.3.3. PAu tién, hdn hop cht nhii hda dugc chuén bi
v6i ti 16 thanh phan chon tir thi nghiém 2.4.3.4. Hon hop nay duoc thém tir tir vao
nuée cat, khudy déu & tée d6 khudy 500 rpm cho dén khi tan hoan toan, dé tao thanh
pha nude W2. Tiép theo, cho tir tir nhil trong W/O vao pha nudc W2 va tiép tuc khudy
& 500 rpm trong 15 phut ¢ nhiét d6 phong dé tao 1 lit nhii trong W/O/W. Nhil twong
sau khi tao thanh dugc dé on dinh & nhiét do phong trudc khi tién hanh phan tich. Chi
tiéu theo ddi bao gom kich thudc hat nhil twong, PI, ham lugng vitamin C, TPC va
TFC.
2.4.3.6. Khao sat anh hwéng cia ti 1€ nhii twong W/O 1én sy hinh thanh nhii
twong W/O/W tir dich chiét trai so ri ¢6 dic

Thi nghiém duoc bb tri hoan toan ngau nhién véi 1 yéu t6 va ba lan lap. Nhan
t6 thi nghiém 1a 5 ti 1& nhii twong W/O gom 15%, 18%, 21%, 24% va 27% (v/v), dugc
trinh bay ¢ Bang 2.5.

Quy trinh nhii héa dugc thyc hién theo mo ta tai Muc 2.3.2. Nhii tuong W/O
duoc chudn bi theo quy trinh di trinh bay trong Thi nghiém 2.4.3.1, véi ti 18 cac thanh
phan duoc xac dinh tir Thi nghiém 2.4.3.3. Pau tién, hdn hop chat nhii hoa duoc phdi
tron vaéi ti 1€ thanh phén duoc chon tir Thi nghiém 2.4.3.4. Hon hop nay dugc thém
tlr tr vao nudc cit, khqu déu & tde @6 500 rpm cho dén khi tan hoan toan, dé tao
thanh pha nudc W2. Tiép theo, nhil twong W/O dugc thém tir tir vao pha nudc W2.
Hon hop dugc khudy & tbe d6 500 rpm trong 15 phit & nhiét d6 phong dé tao 1 lit
nhii trong W/O/W. Nhii twong sau khi hinh thanh dwoc dé 6n dinh ¢ nhiét do phong
trudc khi tién hanh phan tich. Chi tiéu theo ddi cua thi nghiém bao gom kich thudc
hat nhii tuong, PI, ham lugng vitamin C, TPC, va TFC.

Bang 2.5. Ti 1¢ thanh phan tao nhii W/O/W thay d6i theo ti 1¢ phan trim nhii W/O

. Pha dau Pha nuéc W2
Nhit W/O (%, v/v) Hon hop chit nhii héa dwgc chon (%, v/v) Nuéc cat (%, v/v)
1 15 A 100-A-15
2 18 A 100-A-18
3 21 A 100-A-21
4 24 A 100-A-24
5 27 A 100-A-27
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2.4.3.7. Khao sat danh huéng ciia toc dd khuay 1én sy hinh thanh nhii twong
W/O/W tir dich chiét trai so ri cé diic

Thi nghiém duoc bb tri hoan toan ngiu nhién véi 1 yéu t6 va ba lan lip. Nhan
t6 thi nghiém 1a 4 tdc do khuay tir bao gdbm 300 rpm, 500 rpm, 700 rpm va 900 rpm.
Nhii hoa dugc thuc hién theo quy trinh dugc mo ta tai Muc 2.3.2. Nhii twrong W/O
dugc tao theo quy trinh dugc moé td & Thi nghiém 2.4.3.1, véi ti 1€ cac thanh phén
dugc chon tir Thi nghiém 2.4.3.3. Chuén bi 4 mau nhii W/O/W dugc tao thanh lan
luot v6i cac thanh phan duoc chon tir Thi nghiém 2.4.3.6. M&i mau duogc khudy ¢ 4
téc do khao sat khac nhau. Sau khi hinh thanh 1 lit nhii twong, cac mau duoc dé 6n
dinh & nhiét d6 phong trude khi phan tich. Chi tidu theo ddi bao gom kich thude hat
nhii tuong, PI, ham lugng vitamin C, TPC va TFC.
2.4.4. Vi bao dich chiét so ri bing phwong phap sy phun
2.4.4.1. Khao sat anh hwéng vat liéu 16i 1én tinh chit hoéa 1y cia bdt so ri siy
phun

Thi nghiém dugc bb tri hoan toan ngau nhién véi 1 yéu té va 3 1an lap. Yéu td
cua thi nghiém Ia loai vat li¢u 161 séy phun, bao gff)m dich chiét trai so i c6 dic va
nhi trong W/O/W. Loai vat li¢u vo bao dugc st dung trong thi nghiém la dung dich
MD (30%, w/w) véi ti 1& phéi tron gitra 161 va dung dich vo bao 1a 1:1 (w/w). Qua
trinh siy phun duoc tién hanh véi tong khéi luong dich trude sdy 1a 5 kg, toc do nap
khi 12 30 m%/h, tbc d6 nap liéu 1a 498 mL/h, nhiét d6 sdy dau vao 150°C va dau ra
85°C. Chi tiéu theo ddi cta thi nghiém bao gdm do 4m va ty trong bot, hinh thai hat
bot, hiéu suat thu hoi bot, hidu suat vi bao tinh theo ham lugng TPC, TFC va vitamin
C.
2.4.4.2. Khao sat anh hwéng thanh phéan vé bao 1én mét sé tinh chat héa ly ciia
bot so ri sdy phun

Thi nghiém duoc bé tri hoan toan ngiu nhién vai 1 yéu té va ba lan lap. Yéu
t ctia thi nghiém 1a thanh phan dung dich vo bao (30%, w/w), bao gdom MD, GA va
tilé phéi tron gitta MD va GA (2:1, 1:1, va 1:2, w/w). Vat li¢u 161 dugc chon tur két
qua Thi nghiém 2.4.4.1. Céc yéu t6 ¢ dinh bao gom ti 18 phéi tron giira 161 va vo bao,
téng khdi luong dich trudc séy 1a 5 kg, tde do nap khi, tde do nap liéu, nhiét do séy
dau vao va dau ra lan luot 1 1:1, 30 m¥h, 498 mL/h, 150°C va 85°C. Chi tiéu theo
doi cua thi nghi¢m bao gém do6 Am va ty trong bot, hinh thai hat bdt, hiéu suét thu hoi

bot, hiéu suit vi bao tinh theo ham lwong TPC, TEC va vitamin C.
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2.4.4.3. Khio sat anh huéng ti 18 16i va vo bao 1én mdt so tinh chat hoa Iy ciia bt
so ri say phun

Thi nghiém duoc b tri hoan toan ngiu nhién véi 1 yéu td va ba lan lip. Yéu
t6 ctia thi nghiém 1a ti 18 phdi tron giita 161 va v6 bao, bao gém 1:1, 1:1,5 va 1:2. Vat
liéu 161 va thanh ph'?m v6 bao duge chon tir két qua Thi nghiém 2.4.4.1 va2.4.4.2. Cac
yéu té bao gém téng khéi lugng dich trude sdy 1a 5 kg; tdc do nap khi, toc do nap
lidu, nhiét do sdy dau vao va dau ra duoc giit ¢6 dinh lan luot 1a 30 m*/h, 498 mL/h,
150°C va 85°C. Chi tiéu theo ddi ctia thi nghiém bao gdm do am va ty trong bot, hinh
thai hat bot, hiéu suét thu hoi bot, hiéu suit vi bao tinh theo ham lwong TPC, TEC va
vitamin C.
2.4.4.4. Khao sat anh hwéng nhiét 46 say phun diu vio 1én mét s tinh chit héa
Iy ciia bdt so ri siy phun

Thi nghiém duoc bé tri hoan toan ngiu nhién vai 1 yéu to va ba 1an lap. Yéu
t cuia thi nghiém 1a nhiét do sy phun dau vao, bao gdm 140°C, 150°C, 160°C, 170°C
va 180°C. Cac nhan t6 thi nghiém bao gom tong khéi lwong dich trudce say 1a 5 kg;
loai 161, thanh phén voO bao va ti 1¢ phéi tron gitra 161 va vo bao dugc xac dinh tir Thi
nghiém 2.4.4.1, 2.4.4.2 va 2.4.4.3. Qua trinh sdy duoc tién hanh véi téc d6 nap khi 1a
30 m?/h, toc d6 nap liéu 1a 498 mL/h, va nhiét d6 say dau ra 85°C. Chi tiéu theo ddi
cta thi nghiém bao gém d6 4m va ty trong bot, hinh thai hat bot, hiéu suét thu hoi
bot, hiéu suét vi bao tinh theo ham luong TPC, TFC va vitamin C.
2.4.4.5. Khio sat anh hwéng ciia nhiét do siy phun dau ra 1én mét so tinh chat
héa ly ciia bot so ri say phun

Thi nghiém duoc bé tri hoan toan ngiu nhién vai 1 yéu té va ba lan lap. Yéu
td cta thi nghiém la nhiét do séy phun dau ra, bao g@)m 65°C, 75°C, 85°C va 95°C,
tuong Gng voi toc d6 nap liéu 1a 620 mL/h, 565 mL/h, 498 mL/h va 420 mL/h & toc
d6 nap khi 1a 30 m3/h. Tong khdi lugng dich trude sdy 1a 5 kg, loai vat liéu 151, thanh
phan v bao, ti 1¢ phdi tron giita 16i va vo bao va nhiét d6 siy dau vao ciia qua trinh
dugc xac dinh tr Thi nghiém 2.4.4.1,2.4.4.2,2.4.4.3 va2.4.4.4. Chi tiéu theo doi cua
thi nghiém bao gdm do am va ty trong bot, hinh thai hat bot, hiéu suat thu hdi bot,
hiéu suét vi bao tinh theo ham lugong TPC, TFC va vitamin C.
2.4.4.6. T6i wu hoa nhiét d9 sdy phun diu vao va diu ra

Yéu t6 cta thi nghiém 1a cdp nhiét d6 siy phun dau vao (X1) va dau ra (Xz)

dugc chon tir cac thi nghiém mot yéu t6 (Thi nghiém 2.4.4.4 va 2.4.4.5) va thiét ké
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dua trén phuong phap tdi wu héa bé mit dap tmg (Response Surface Methodology,
RSM) theo mé hinh CCD (Central Composite Design) voi 3 diém tam duogc thé hién
thong qua Bang 2.6. Loai vat liéu 15i, thanh phan v6 bao, ti 1& phdi tron gitta 161 va
vo bao cua qué trinh dugc xac dinh tir cac thi nghiém trudc. Qua trinh séy duoc tién
hanh véi tong khéi luong dich trude sdy 1a 5 kg, téc do nap khi 1a 30 m3/h. Chi tiéu
theo ddi ctia thi nghiém bao gdm d6 4m va ty trong bot, hinh thai hat bot, hiéu suét
thu hoi bot, hiéu suit vi bao tinh theo ham lugng TPC, TFC va vitamin C.
M6 hinh dy doan bac hai cua cac chi tiéu (Yi) dugce trinh bay dudi dang:

Yi=ao +aiXi + axXo + anXi? + anXo? + anXiXe
Vi a0, a1, a2, a1, a2 vaaiz an lugt 1a cac hé s6 hoi quy.

Bang 2.6. B6 tri thi nghiém t6i wu hoa nhiét 6 siy dau vao (Xi) va dau ra (Xz)

Bién mi héa Nhiét d9 dau vao (Xi, °C) Nhiét @9 dau ra (Xz, °C)
+1,414 162 97
+1 160 95
0 155 90
-1 150 85
- 1,414 148 83

2.4.4.7. Pong hoc giai phong cac hop chit cé hoat tinh sinh hoc tir bot siy phun

Thi nghiém dugc bd tri hoan toan ngau nhién mot yéu té voi ba 1an 1ip, trong
d6 nhan t6 thi nghiém 14 3 loai dung méi phan tin md phong méi trudng thuc pham,
bao gdm nudc, ethanol 10% va axit axetic 3% dua trén Quy dinh ctia Uy ban EU
thang 10/2011 (10/2011/EC) va phuong phéap cta Atay va cong su (2018) v6i mot s6
diéu chinh.

Tién hanh phan tan 5 g bot so ri vi bao, duogc séy phun & diéu kién tdi wu duogc
xac dinh tr Thi nghiém 2.4.4.6, duoc thuc hién vao tirng loai dung méi ¢ nhiét do
phong. Vao cac mdc thdi gian thich hop, hdn hop bot dugc loc dé thu phan dich trong,
tién hanh phan tich cc chi tiéu theo dai. Pong hoc giai phong cac hop chit ¢ hoat
tinh sinh hoc tr bot so r1 vi bao dugc danh gid dya trén cac mo hinh, bao gém
Korsmeyer - Peppas, Peppas - Sahlin va Higuchi, véi cac chi ti€éu theo doi 1a ham
luong TPC, TFC, vitamin C va kha nang bat géc tu do DPPH.
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2.4.4.8. Panh gia @ on dinh ctia sain pham bot & cac nhiét d9 bio quin khac
nhau

Thi nghiém duoc b tri hoan toan ngiu nhién véi 1 yéu td va ba lan lip. Yéu
t6 cua thi nghiém 1 nhiét d6 bao quan, bao gdm 10°C, 35°C va 45 °C. Chuan bi bot
so i vi bao & céc diéu kién tdi wu dya trén cac két qua duogc chon tir cac thi nghiém
truge. Sau do, bot duge chia ra thanh nhiéu mau, mdi mau 500 g, bdo quan ¢ 3 diéu
kién nhiét do khao sat voi nhiét d6 phong lam mau d6i chimg. Cac miu bot dugc bao
quan trong cac tai zip trang bac 2 mat va duoc dit trong cac ti 0 nham duy tri nhiét
d6 moi truong va d6 Am 6n dinh trong sudt thoi gian khao sat. O cac mbc thoi gian
0, 1, 2, 5, 10, 20 va 30 ngay, mot phan mau duoc 14y ra phan tich, cho dén khi ham
luong cac hop chét ¢ hoat tinh sinh hoc giam con 50% so voi ban dau. Cac chi tiéu
theo doi cua thi nghiém bao gém d6 am va ty trong bot, hinh thai hat bdt, hiéu suit vi
bao tinh theo phenolic tong (TPC), flavonoid tong (TFC) va vitamin C.
2.4.4.9. Anh hwéng do 4m khong khi 1én mot so tinh chat héa 1y ciia bt so ri sy
phun

Thi nghiém dugc bé tri hoan toan ngiu nhién 1 yéu té va ba lan lap. Yéu t6
cta thi nghiém 1a do 4m twong d6i (RH) ctia khong khi, bao gom 8%, 22%, 43%,
75% va 84%. Chuan bi 5 dung dich mudi can bing bao gdm natri hydroxide (NaOH),
kali acetat (CH3COOK), kali carbonat (K2CO3), natri chloride (NaCl) va kali chloride
(KCI) vao cac binh thuy tinh c6 nip day kin. Bot vi bao so ri vi tdi vu duoc phan tich
cac chi tiéu hoa ly trude khi tién hanh thi nghi¢m. Sau do, can 2g bot vao 5 cdc nhom,
dit mdi cdc vao mot binh hit Am chira dung dich mudi di duoc chuin bi sao cho bot
khong bi tham uét, sau d6 day kin binh. Dé do 4m khong khi trong binh duoc on dinh,
dong chat nap binh va dé binh c¢d dinh trong it nhat 2 tudn dé dat trang thai can bang.
Sau 2 tuan, cdc mau bot trong binh dugce dugc phan tich cac chi tiéu bao gdm do 4m
bot, hinh thai hat bot, hiéu suét vi bao tinh theo TPC, TEC va vitamin C.
2.5. Cac phuwong phap phan tich
2.5.1. Pinh lwong tong ham hrong chit rin hoa tan (TSS, °Brix)

Luong vat chit kho hoa tan duoc xac dinh béng khuic xa ké cam tay. Mau chét

1ong dugc nho vao khuc xa ké, ghi nhan gia tri Brix.
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2.5.2. Do pH

D6 pH duogc xac dinh biang may do pH dé ban. May do pH dé ban hoat dong
theo nguyén tic xac dinh néng do cua cac ion H trong dung dich mau. Nong do H*
cang cao thi tinh axit cang manbh.
2.5.3. Po d9 4am

Do am cia bot duge xac dinh bang phwong phap siy kho ¢ 105°C. Can 2g
mau (m) vao cac cbc nhom di duoc xac dinh khdi luong tir trude (m’). Sau d6 cac
mau dugc mang di sy bang ti sdy ¢ nhiét d6 105°C cho dén khi khéi luong miu
khong doi (m”). Po 4m (MC) ctia miu dugc xic dinh bing cong thuc:

m+ m'—m"”

MC % = o x 100

2.5.4. Xir ly tach pha nhii twong

Pé tao diéu kién thuén loi cho phan tich céc chi ti€u, pha nudc dugc tach ra
khoi hé nhii bang cach bd sung vao hé nhil (10g): 100 mL dung méi (gdm 60 mL
hexane va 40 mL acetone), 50 mL nudc cat va 30 mL mudi bao hoa. Cho toan bd hdn
hop vao binh qua 1é va lac déu theo chiéu kim dong ho. Pat binh dimg yén cho dén
khi quan sat thay dung dich tach pha hoan toan. Xa binh 1ay phan dung dich phia dudi
mang di phan tich.
2.5.5. Pinh lugng vitamin C

Ham luong vitamin C dugc xac dinh bang phuong phap chuan do 2.6-
dichlorophenol-indophenol (DCIP) duoc trinh bay chi tiét & Phu luc 1.1. Két qua
duogc trinh bay vd1 don vi mgAAE/g hodc mgAAE/ml.
2.5.6. Pinh lwong cac hop chat phenolic tong

Xéc dinh ham luong cac hop chit phenolic tong duge thyc hién theo phuong
phap Folin-Ciocalteu. Phuong phéap dinh lugng dugc trinh bay chi tiét & Phu luc 1.2.
Két qua duoc tinh bay voi don vi mgGAE/g hoic mgGAE/ml.
2.5.7. Pinh lwgng mét so6 hop chét phenolic don 1é

Ham lugng mot s6 hop chat phenolic don 1é trong mau dugc xac dinh bang hé
thdng sac ky 1ong hiéu nang cao (HPLC) theo phwong phéap cuia Chuanphongpanich
& Phanichphant (2006) va duoc trinh bay chi tiét & Phu luc 1.3.
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2.5.8. Pinh lwong flavonoid tong

Ham luong Flavonoid toan phan dugc xac dinh biang phuong phap Aluminum
Chloride colorimetric (A1Cl3) dwgc trinh bay chi tiét & Phu luc 1.4. Két qua duoc trinh
bay voi don vi mgQE/g hodac mgQE/ml.
2.5.9. Hé s0 cb dic

Heé s6 ¢ dic 1a ti 18 gitra ham luong cac hop chat c6 hoat tinh sinh hoc (vitamin
C, phenolic tong va flavonoid téng) cua dich sau va trude co dic.
2.5.10. Hinh thai hat nhi twong

Hinh thai hat nhil twong duoc quan sat bang kinh hién vi quang hoc Leica DM-
2500 ¢ nhiét d§ phong. Léy mot giot mau dat trén cac lam kinh va sau dé day mau
can than bang phién kinh. Céc cdu triic vi mé cta nhil tuong duoc quan sat & ¢ phong
dai 40x v&i cuong d6 anh sang thich hop. Lap lai ba lan chup d6i véi mdi miu va
chon ra mot hinh anh dai dién dé trinh bay.
2.5.11. Do d) nhdt ctia nhil twong

D0 nhot cia nhii tuong dugc xac dinh br?mg may do do nhot hién s6 Brookfield
DV-E str dung spindle s61. M&i mau dugc tién hanh do nhét véi ba l1an lap. Két qua
dugc tinh bay véi don vi la mPa.s.
2.5.12. Po kich thwéc va chi s6 da phan tan kich thuéc hat nhii twong

Chi sé da phan tan (Polydisperseity Index, PI) 1a thuéc do tinh khong ddong
nhit cia mau dya trén kich thude. Tinh da phan tan ¢ thé xdy ra do su phan bd kich
thudc trong mot mau hodc su két tu hodc két tu ciia mau trong qua trinh phan 1ap hoac
phan tich (Mudalige va cong su, 2019) va trinh bay chi tiét & Phu luc 1.5.
2.5.13. Xac dinh hoat tinh chéng oxy ho4 bang phwong phap danh DPPH

Hoat dong nhat gdc tu do ciia miu dugc do bang phuong phap da dugc mo ta
boi Brand-Williams va cong su (1995) voi mot sb stra doi, duoc trinh bay chi tiét ¢
Phu luc 1.6.
2.5.14. Hiéu suit vi bao

Hiéu suat vi bao tinh theo TPC, TFC, vitamin C 1a ti 1¢ gitra khdi luong tung
chi tidu nay trong bot so voi khdi lwong ban dau c6 trong dich trude siy (hdn hop 16i
va vo bao). Hiéu suit vi bao duoc tinh bang cach hoa tan 5 g bot trong nude ct bang
may khudy tir & tdc d6 500 rpm trong 30 phut. Sau d6, ly tam dung dich & 4000 rpm
trong 10 phut, 1y phan dich trong mang di phan tich cac chi tiéu TPC, TFC va vitamin

C. Hiéu suit vi bao dugc tinh theo cong thuc:
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Ci
EY (%) = < X 100

Trong d6, EY 14 hiéu sut vi bao (%), Ci 1a ham lwong TPC, TFC hodc vitamin
C co trong bot (g) va Co 1a ham lugng TPC, TFC hoic vitamin C c¢6 trong hon hop
trudce khi sdy (g).
2.5.15. Hiéu suét thu hoi

Hiéu suat thu hdi bot 1a ti 16 khdi lugng gitra khdi lwong bot vi bao thu duoc
so voi khéi lugng vat chat kho trong dich trudce séy ban dAu, tinh theo phén tram.
2.5.16. Hinh thai hat

Hinh thai hat duoc danh gia bang kinh hién vi dién tr quét (SEM). Mot luong
nhoé tung loai bot vi bao duoc dat ¢ dinh vao gia d& mau bﬁng bang dinh hai mat.
Gia d& mau dugc dit trong may phu phun vang SPI trong chian khéng va bot duoc
pht mot 16p paladi vang min. Mau dugc quan sat va chup lai dudi kinh hién vi dién
tor quét ¢ cac do phong dai 100x, 250x, 1000x, va 2500x.
2.5.17. Ty trong bot

Can 2 g bot (sang qua ray 0,5 mm), cho vao dng dong 10 ml c6 chia vach, ghi
nhan thé tich ctia bot trén than dng dong. Ty trong (g/ml) dugc tinh bang cach chia
khéi lwong bot (g) cho thé tich twong tmg (ml).
2.5.18. Dong hoc gidi phong

Céc phuong trinh mo ta dong hoc giai phong cac hop chit co hoat tinh sinh
hoc (TPC, TFC va vitamin C) va hoat tinh chong oxy hoa DPPH (%), bao gom:

e Phuong trinh Korsmeyer - Peppas: Qi=Km x tn
e Phuong trinh Peppas - Sahlin: Qi = Ky xtn + Kpxt®
e Phuong trinh Higuchi: Qi =Kt

Trong d6, Q¢ 1a ham lugng TPC, TFC va vitamin C giai phong tai thoi gian t
(mg/g vek) va DPPH (%) so v6i ham luong ban dau;; Ku, Ki, Ko va Ky, 1an luot 1a
hang sb giai phong cac hop chat ciia phuong trinh Korsmeyer - Peppas, Peppas -
Sahlin va Higuchi. M6 hinh déng hoc va co ché giai phong tot nhat dugc lia chon
dwa trén gia tri hé s6 xac dinh R2 va hé s6 mil giai phong n tuong tng.
2.5.19. Pang nhiét hap phu

Anh huong cua do am 1én bot so i vi bao duoc khao sat & nhiét do phong véi
5 mdi trudng 4m khac nhau. M4t d6 chira 4m trong 16p don Mo (%) ctia bot dugce tinh
theo mo hinh Brunauer-Emmett-Teller (BET).
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_ McCAw
(11— Aw)[1 + (C— 1)AwW]
Véi Mo 1a luong nude can bang hip thy trong 16p don trén 100g vat chét kho,

Mo

Mc 1a ham lugng am cua bot, C la h'fmg s6 BET va Aw 1a hoat d6 nudc ctia bot & ham
lrong 4m Me.
2.5.20. Nhiéu xa tia X (X-ray diffraction, XRD)

Mot luong mau bot vi bao dugc dit vao khe mau va sau d6 dugc ep béng kinh
mo dé tao ra két cau bé mit tot, phu hop cho qua trinh phén tich. Cac biéu d6 XRD
duogc ghi lai trén thang 26 tir 10 dén 80, v6i d6 tang 0,02° va thoi gian ton tai ¢b dinh
12 0,5 s trén may do nhiéu xa tia X.

2.5.21. Nang lugng hoat hoa

Nang lugng hoat hoa (Ea) dugc tinh toan dua vao phuong trinh Arrhenius:
log(k) = — =2 +log(A) hay log(k) = ——2 x = + log(A
oglk) = —o— +1log(A) hay log(k) = ——x = +log(A)

Trong d6, K 1a hang s6 toc d6 suy thoai, Ea 1a ning luong hoat hoa, R 13 hing
sO khi pho quat, T 1a nhiét d, va A 1 hé s tién lily thira. Phuong trinh nay c6 dang
y =ax + b. Do d6, do thi dugc vé& giita log(k) va 1/T s& c6 hé s6 goc 1a — % ,VOoi R 1a
hang sb da biét.

Tu do6, tinh dugc nang luong hoat hoa Ea theo cong thure:

Hé s gbc = —% => Ea= —Hésdgoc X R
2.6. Phuwong phap xir li s6 li¢u

Trong nghién ctru ndy, mdi thi nghiém duoc tién hanh lap lai ba lan, két qua
duogc trinh bay ¢ dang gia tri trung binh + gia tri d0 1éch chuan. D) thi duge trinh bay
bang Microsoft Office Excel 2019, s6 liéu cac thi nghiém mot yéu té dugc xir Iy bang
phan mém théng ké SPSS (SPSS Statistics 23), s6 liéu thi nghiém t6i wu duogc xir 1y
phan mém JMP phién ban 13.0, cac gia tri p < 0,05 duogc coi la ¢ ¥ nghia thong ké.
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Chwong 3
KET QUA VA THAO LUAN

3.1. D4nh gia mot s6 chi tiéu héa 1y ciia dich chiét trai so ri

So ri 1a loai trai cdy gidu cac hop chét ¢ hoat tinh sinh hoc. Nudc ép so ri
tuoi da duoc tao ra bang phuong phép ép, sau d6 tién hanh do dac cac chi sd vat 1y,
phan tich ham luong tong cac hop chat phenolic, cac hop chat flavonoid, vitamin C
va mot s hop chit phenolic don 16. Cac két qua phén tich dugc thé hién ¢ Bang 3.1.
Céc két qua nay 1a co sé so sanh xac dinh hiéu suat ciia cac thi nghiém tiép theo.

Bang 3.1. Mot sd chi tiéu héa 1y cua so ri tuoi

Chi tiéu phan tich Ham lwgng
Ham luong am (%) 88,15+ 0,25
Vitamin C (mgAAE/ g) 2,39 +£0,35
TPC (mgGAE/ g) 25,49 +0,23
TFC (mgQE/ g) 0,41 £0,04
Catechin (pg/ g) 1,37 £ 0,00
Gallic acid (ng/ g) 3,72+ 0,00

Két qua nghién ctru cua Vendramini & Trugo (2000) cho thidy ham luong
vitamin C ¢6 trong so ri xanh 1a khoang 2164 mg/100 g qua xanh, cao gap doi so
v6oi qua chin vira (1065 mg/100 g) va qua chin do (1074 mg/100g). Trong khi
Prakash & Baskaran (2018) ghi nhdn ham luong nay dao dong tur 1500-4500
mg/100g trai tuoi. Cac két qua niy c6 sy twong ddng voéi ham lugng vitamin C thé
hién & Bang 3.1. Bén canh d6, Mezadri va cong su (2008) ciing cho két qua gan
tuong dong (9,44 — 17,97 mg/mL nudc ép). Hon nita, Bang 3.1 ciing cho thdy ham
lugng TPC trong dich so r1 tuoi 1a 25,49 £ 0,23 mgGAE/g, két qua nay cao hon vdi
s6 lidu 10,3 - 10,5 mgGAE/g tir nghién ctru ctia Lemane Delva & Renée Goodrich
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Schneider (2013) va 11,3 mgGAE/g tir nghién ctru cua Vasavilbazo-Saucedo va
cong su (2018) va nhung twong dong vai 24,2 - 28,4 mg/g theo nghién ctru cua
Oledzki & Harasym (2024). Pong thoi, ham luwong cic hop chit flavonoid dugc
phan tich 1a khoang 41 mgQE/100g. Két qua nay c6 su twong ddng voi bao céo cua
Oledzki & Harasym (2024) 1a 35,56 - 39,97 mgQE/100g va cua Vilvert va cong sy
(2024) 14 3,92 - 22,00 mgQE/100g. Tir nhitng két qua trén cho thay, ham luong cac
hop chit c6 hoat tinh sinh hoc khic nhau tuy thudc vao loai giéng so 11 su dung,
cling nhu diéu kién trong va khi hau.
3.2. Xir Iy dich chiét trai so ri bing phwong phap ¢ dic lanh dong
3.2.1. Anh huéng ciia s giai doan ¢ dic lanh dong 1én nong d6 hoat chat sinh
hoc c6 trong dich chiét trai so ri

S6 giai doan lap lai quy trinh ¢ dic lanh dong 1a mot yéu t6 quan trong anh
huong truc tiép dén hiéu suét cua qué trinh c6 ddc dich chiét. Viéc xac dinh sd giai
doan phu hop nay khong chi gitp nang cao hiéu quéa cé dic, ma con gop phan tiét
kiém thoi gian va ning luong str dung trong sudt qua trinh. Do d6, can tién hanh
khao sat dé danh gia tic dong cua sb giai doan co dic dbi voi nong do cac hop chat
c6 hoat tinh sinh hoc trong dich chiét trai so ri, nham lya chon s giai doan phu hop
nhat, dam bao ca vé mat chit lwong san pham 14n hiéu qua kinh té. Két qua khao sat
vé anh huong cua sb giai doan co dic duge thé hién trong Bang 3.2 va Hinh 3.1.
Bang 3.2. Anh huong cia sb giai doan c6 dac lanh dong 1én TSS, néng do TPC,

TFC va vitamin C trong dich so ri

Dich tuoi Giaidoan1 Giaidoan2 Giaidoan3  Giai doan 4

TSS (°Brix) 5,80 +0,30° %ﬁf 13:3? 13:?? lg:Z;f
remenny) S SRS NEST NS T
wgony  BESU0E S0e T e
VemnCoen i s e e oar

Cac ky twa, b, ¢, d, e ciia moi gid tri biéu thi sw khdc biét cé y nghia thong ké véi p < 0,05.
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Hinh 3.1. Hé s6 co dic chat rdn hoa tan va cac hop chét ¢ hoat tinh sinh hoc qua
tung giai doan

Két qua Bang 3.2 va Hinh 3.1 cho thay rang khi sé giai doan c¢6 dic ting,
ham luong tong chat ran hoa tan (TSS) trong dung dich ting dan tir 5,80 £ 0,30 °Brix
1én 16,93 + 0,13 °Brix, twong duong véi sy gia ting khoang 2,92 1an. Nghién ctru
ctia dos Santos va cong sy (2023) ciing dua ra két qua tuong ty, voi hé sb co dic
TSS trong dich chiét trai so ri bang phuong phap lanh déng dat 2,6. Bén canh do,
ndéng do cac hop chét co hoat tinh sinh hoc trong dich ¢6 dic ¢6 xu hudng ting sau
3 giai doan c6 dic. Cu thé, két qua xir 1y s6 liéu thong ké cho thiy s gia ting co ¥
nghia ctia nong do TPC tir 18,41 + 0,34 mgGAE/mL trong dich so ri tuoi 1én dén
51,87 + 1,38 mgGAE/mL, néng do TFC tir 28,33 £ 0,01 mgQE/100mL 1én 70,99 +
0,02 mgQE/100mL, va néng do vitamin C tang tu 20,11 = 0,23 mgAAE/mL 1én
62,39 + 1,28 mgAAE/mL & giai doan thi 3. Tuy nhién, khi tién hanh c6 dic dén giai
doan thir 4, khong c6 su khac biét c6 ¥ nghia thong ké dbi v6i ham lwong TPC va
TFC, trong khi ham luong vitamin C trong dich c¢6 ddc giam c6 y nghia thong ké.

Nhin chung, su gia ting nong dd cac hop chét cé hoat tinh sinh hoc trong
dich chiét trai so ri 1a phu hop v6i nguyén 1y cta phuong phép ¢ dic lanh dong

rang sau khi déng lanh rdi rd dong, phan 16n dich chia cic hop chat c6 hoat tinh
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sinh hoc tan ra trudc so voi nudc giap loai bo nudc da va thu dugce dich co dac.
Trong khi d6, hién twong suy giam ndng d¢ vitamin C khi tiép tuc tang s6 giai doan
o dic twong tu voi két qua nghién ctru ciia Orellana-Palma va cong sy (2017). Hién
tugng nay cd thé dugc giai thich boi khi dich chiét trai qua cang nhiéu giai doan co
dic thi nong do cac chat rin hoa tan thu dugc ngay cang tang. Khi nong do chét ran
hoa tan cao, cac hop chat c6 thé lién két véi mot sé lwong 16n cac phan tir nude
thong qua céc lién két hydro, lam giam nhiét d6 dong bang cta nude. Két qua 1a mot
phan 16n cac hop chit bj giit lai trong phan nuée da va bi loai bé din dén sy giam
noéng d¢ vitamin C. Vi thé, cac nghién ctru trong tuwong lai can nghién ctru thu hoi
vitamin C tr dich nu¢c ra dong, co thé tan dung ché bién cac san phém nudc giai
khat.

Céc két qua phan tich cho thdy hé sb c6 dic cac hop chat co hoat tinh sinh
hoc cao nhat & 3 gial doan dong lanh. Vi vay, c¢6 ddc lanh dong trong 3 giai doan
duoc chon la yéu t6 ¢6 dinh cho céc thi nghiém tiép theo.

3.2.2. Anh hwéng cia thoi gian dong lanh 1én ndng dd hoat chit sinh hoc ¢é
trong dich chiét trai so ri

Thoi gian dong lanh mau 1a mot yéu to quan trong can dugc nghién ciru khi
thue hién quy trinh ¢6 dic bang phuong phap lanh dong, vi né anh hudng truc tiép
dén nhiét do ma hé thdng c6 thé dat duoc. Néu thoi gian dong lanh qua ngan, qua
trinh két tinh da s& khong du, dan dén gidm hiéu qua c6 dac. Vi vay, viéc khao sat
anh hudng ctia thoi gian dong lanh 1én qua trinh ¢ dic trong ting giai doan 13 can
thiét. Két qua khao sat vé anh huong nay duoc thé hién qua Bang 3.3, Hinh 3.2 va
Hinh 3.3. Cu thé, sb liéu mdc 0 gi0 cua giai doan 1 duoc phan tich tir dich chiét twoi,
mbc 0 gi0 cua giai doan 2 dugc léy tur dich c6 déc sau 1 giai doan dong lanh, véi
thot gian dong lanh dugc chon tir két qua khéo sat giai doan 1. Tuong tu, mbc 0 gio
cua giai doan 3 dugc phan tich tir dich c6 dac sau 2 giai doan dong lanh, véi thoi

gian dong lanh dugc chon tir két qua khao sat cua giai doan 1 va giai doan 2.
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Bang 3.3. Anh hudng cua thoi gian dong lanh dén TSS (°Brix) cta dich ¢6 dic qua

cac giaidoancodac 1,2va3

Thoi gian.(‘iﬁng lanh Giai doan 1 Giai doan 2 Giai doan 3
(gid) 2 2 2
0 5,80 + 0,30P 12,33 +0,12¢ 16,38 + 0,14¢
24 12,33 £ 0,128 13,77 + 0,06° 16,50 + 0,109
36 12,30 + 0,10? 16,47 +0,58° 16,77 + 0,069
48 12,40 £ 0,20 16,77 + 0,06 19,13 +0,12¢
60 12,60 + 0,20? 16,73 + 0,312 20,93 +0,23°
72 12,60 + 0,34° 16,73 +0,12° 21,35 + 0,40

Cdc gid tri duwoe trinh bay dwdi dang trung binh + SD véi ba lan Idp sau khi phan tich théng ké. Chi s6 a, b,

¢, d ciia méi gid tri trong cing mét cot biéu thi sw khdc biét ¢6 Y nghia thong ké véi p < 0,05.

72
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——Chuky 1 Chuky 2 Chu ky 3

Hinh 3.2. Anh huong cua thoi gian dong lanh 1€n dién tién nhiét d6 cua dich ¢o
dac qua ting giai doan

Bang 3.3 cho thay khi thoi gian dong lanh ting 1én, ham luong vat chat kho
hoa tan c6 xu hudng ting, sy gia ting nay c6 y nghia thong ké. Diéu nay thé hién
rang khi thoi gian dong lanh dich so ri cang kéo dai, hiéu qua tach tinh thé nudc
duoc cai thién, din dén su gia tang cao cua néng do chét rin cang cao. Bén canh do,
Hinh 3.2 cho thay nhiét d¢ c6 xu hudng giam cham hon khi ting s6 giai doan co dic
dich so ri tir 1 1én 3. Cu thé, miu dich c¢6 dic sau giai doan 1 chi mat gan 4 gio dé

gidm nhiét do Xué)ng dudi 0°C, trong khi mau dich c6 dic qua 2 va 3 giai doan can
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nhiéu thoi gian dé dat nhiét d6 dudi 0°C, 1an luot 6 va 12 gio. Tiép theo d6, nhiét
d6 cua cac mau tiép tuc giam cho dén khoang -14 °C va dao dong khong déng ké
sau 24 gio d6i v6i giai doan 1, 36 gio dbi véi giai doan 2, va 72 gid ddi véi giai

doan 3. Nhu vay, két qua cho thiy co su tac dong cua sb giai doan dén qua trinh co

Ham lwgng

ddc dong lanh.
100 5 BTPC (MgGAE/ML) @TFC (mgQE/100mL) & Vitamin C (mgAAE/mL)
80 -
60 -
a @ a a
40
20
O T T T
24
Thoi gian dong lanh (gio)
(@)
100 - _—
BTPC (MgGAE/mL) ®@TFC (mgQE/100mL) & Vitamin C (mgAAE/mL)
80 - a
a
a 7]
7.
36 48
Thoi gian dong lanh (gio)
b
100 -
80 - d
%‘.’ o0l ¢ c
E :
E 40 -
o]
==
20 -
O T T

0
Thoi gian dong lanh (gio)
B TPC (mgGAE/mL) TFC (mgQE/100mL) & Migamin C (MgAAE/mL)

Hinh 3.3. Anh huong cua thoi gian dong lanh 1€n néng do hoat chét sinh hoc c6 trong
dich chiét trai so ri qua giai doan co dic: a) Giai doan 1, b) Giai doan 2, ¢) Giai doan 3

Cdc ky tir a, b, ¢, d ciia méi gid tri biéu thi su khdc biét c¢6 y nghia thong ké véi p < 0,05.
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Hinh 3.3a cho thay khi thoi gian dong lanh cua giai doan c6 dic dau tién ting
tir 0 dén 24 gio, ham luong TPC, TFC va vitamin C ting c6 ¥ nghia thong ké. Sau
mdc 24 gid, su thay doi nay khong dang ké khi tiép tuc kéo dai thoi gian déng lanh
dén 72 gio. Cu thé, cc chi sb TPC, TFC va vitamin C dat gia tri cao nhét & mbc 24
gi0 vai cac gia tri lan luot 14 43,78 + 1,16 mgGAE/mL, 47,70 + 0,03 mgQE/100mL
va 40,59 + 0,58 mgAAE/mL.

Bén canh d6, Hinh 3.3b cho théy O giai doan c6 dac thur 2, cac chi sb dat gia
tri cao nhat tai méc 36 gio, véi cac gia tri TPC, TFC va vitamin C lan lugt 14 55,33
+ 0,13 mgGAE/mL, 68,67 + 0,01 mgQE/100mL va 66,90 + 0,76 mgAAE/mL. Két
qua xtr 1y s6 liéu & giai doan 2 cho thay su thay d6i trong khoang thoi gian tir 0 dén
36 gid 1a c6 y nghia thong ké, trong khi sy thay d6i khi dong lanh tir 36 dén 72 gio
1a khong déng ké.

Hinh 3.3c cho thay su gia ting c6 ¥ nghia thong ké cua cac chi s TPC, TFC
va vitamin C khi thoi gian dong lanh ting dén 60 gid, v6i cac gia tri 1an luot 13 60,53
+ 0,51 mgGAE/mL, 86,00 + 0,02 mgQE/100mL va 76,69 + 0,49 mgAAE/mL. Tuy
nhién, sau 60 gid, cdc chi s6 ndy bit dau gidm nhe khi thoi gian dong lanh kéo dai
dén 72 gio

Két qua phan tich cho thiy rang thoi gian dong lanh cang dai thi ndng do cac
hop chét phenolic, flavonoid, vitamin C va céc chi tiéu vat Iy ¢ xu hudng ting cao.
Hon nita, khi sd giai doan c6 dac tang lén, thoi gian can thiét dé gidm nhiét do va
gia ting ndng do cac hop chat sinh hoc hiéu qua ciing kéo dai. Ly do 13 khi s6 giai
doan c6 déc tang, néng do céc chat ran hoa tan trong dich c6 dac cling tang, doi hoi
nhiét 6 dong lanh thap hon va do d6 can nhiéu thoi gian hon dé giam nhiét d6 cua
dung dich.

Tuy nhién, néu thoi gian dong lanh qua dai, néng do cac hop chat c6 hoat
tinh sinh hoc trong dich c6 dic da giam dang ké. Cu thé, khi thoi gian dong lanh
dich chiét so ri tuoi tang tir 60 dén 72 gid, cac chi sd ndy cé xu hudng giam & ca
giai doan 1 va 3. Hién tuong nay c6 thé dugc giai thich bai su thay doi ndng do chat

tan trong nuéc da do d6 bio hoa cua chat tan trong dich ¢6 dac. Khi thoi gian dong
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lanh kéo dai, lvong d4 két tinh ting 1én, dan dén nhiéu hop chét c6 hoat tinh sinh
hoc b1 gift lai trong d4 va bi loai bo trong qua trinh ra dong (Azman va cong sy,
2018). Ngoai ra, nghién ctru Chen va cong su (2001) cling cho thdy rang nong do
chét rin hoa tan cao c6 thé 1am cho d6 tinh khiét ctia bang thip hon. Do d6, luong
chat hoa tan cao trong dich c6 dic co thé bi giit lai trong cac 16p bang néu qua trinh
6 dic tiép tuc, 1am giam hiéu qua cua qua trinh ¢6 dic lanh déng. Do d6 1am giam
lugng chét tan duoc thu hodi trong chét c6 dic, nhu lam giam hi€u qua cua qua trinh
co dac.

Tir cac két qua trén, c6 thé két luan rang thoi gian dong lanh thich hop sao
cho néng do cac hop chét c6 hoat tinh sinh hoc cao nhat. Cu thé, thoi gian cho cac
giai doan ¢ dic 1an luot 13 24 gid cho giai doan 1, 36 gio cho giai doan 2 va 60 gid
cho giai doan 3. Cac mdc thoi gian nay dugc chon lam thoi gian dong lanh va cb
dinh cho cac thi nghiém tiép theo.

3.3. Nhii héa cic hop chit cé hoat tinh sinh hoc tir dich so ri ¢6 dic
3.3.1. Anh huéng cia ti 18 PGPR 1én céc diic tinh 1y ho4 ciia hé nhii twong W/O

PGPR, mot chét hoat dong bé mit wa dau, dong vai tro quan trong trong viéc
nhil ho4 va tao nhii twong W/O. Ti 18 PGPR 1a mét trong nhiing yéu té quan trong
anh hudng truc tiép dén céc dic tinh vat 1y va héa hoc cua hé nhil twong, bao g6m
dd nhét, 36 6n dinh, kich thude hat va kha nang duy tri cac hop chit c6 hoat tinh
sinh hoc trong dich so ri ¢6 dac.

Do nhét 1a mot chi tiéu quan trong anh hudng dén su on dinh va kich thudc
hat cia nhii tuvong. Do nhét cao giip han ché su di chuyén va két tu cta céc hat nhii
tuong, tir d6 giam thiéu hién tuong két tu hodc tach pha, gop phan duy tri sy on dinh
lau dai. Ti 16 PGPR thich hop giup ting do nhét & muc ti vu, tao diéu kién 6n dinh
t6t nhat cho hé nhii twong. Tuy nhién, néu ti 16 PGPR qué thip hodc qua cao, hé nhii
tuong c6 thé mat tinh dong nhat, giam hiéu qua nhii héa va 6n dinh.

Do vay, viéc tdi wu hoa ti 16 PGPR 1a can thiét dé dat duoc su can bﬁng gitra
dd nhdét, kich thuée hat, va d6 6n dinh caa nhii tuong. Trong nghién ctru nay, do

nhat cua nhil tuong & céc ti I¢ PGPR khac nhau da dugc phan tich va trinh bay trong



59

Bang 3.4, nham xac dinh ti 16 PGPR phu hop nhat dé dam bao hiéu qua nhii hoa va
bao toan cac hop chit c¢6 hoat tinh sinh hoc.

Bang 3.4. Anh hudng cua ti 16 PGPR trong pha dau (v/v) 1én d6 nhét va kha ning
bat gbc ty do cua nhil twong W/O

Ti 1¢ PGPR

trong pha diu 6 8 10 12 14
(%, v/V)

Do nhot 33,63 + 33.40 + 35,58 + 38,40 + 3932+
(mPas) 0,03¢ 0,30 0,20° 0,40P 0,20°
Kha nang bat 41,48 + 48,62 = 55.43 + 56,27 + 5238+
goc tw do 1,234 0.77¢ 0.66" 0.62° 0,59
DPPH (%) 9 b b b b

Gid tri dege trinh bay dwdi dang trung binh + SD véi ba lan Idp sau khi phan tich thong ké. Chi sé a, b, ¢, d

ciia méi gid tri trong ciing mot hang biéu thi sw khdc biét ¢ ¥ nghia thong ké véi p < 0,05.

Bang 3.4 cho thay d6 nhét ciia nhii twong W/O c6 xu hudng ting theo ti 16
PGPR, tir 33,63 £ 0,03 mPas & ti 1& 6% 1én dén 39,32 + 0,20 mPas & ti 1& 14%. Sy
gia ting nay c6 thé duoc giai thich bai kha ning lam giam strc cang lién bé mit ctia
PGPR, gitip hinh thanh nhiéu hat nhii twong nho hon, lam ting mat do phan tan va
do nhét cua hé nhil twong.

Pé x4c dinh ti 16 PGPR tbi uu, khong chi can khéo sat d6 nh6t nham dat duoc
dd 6n dinh cao nhét cta hé nhii tuong, ma con can cha trong bao toan céac hop chét
¢6 hoat tinh sinh hoc. Két qua nghién ciru cho thay ti 16 PGPR anh huong dang ké
dén kha ning bat gbc tu do (Bang 3.4) va ham luong cac hop chat hoat tinh sinh hoc
nhu phenolic, flavonoid va vitamin C (Hinh 3.4). Dya trén cac sb liéu thu thap,
nhimng yéu t6 quan trong nhu chi s6 on dinh cta nhil twong thong qua do nhdt va
kha nang bao toan cac hop chét hoat tinh sinh hoc da dugc phan tich. Do nhét ting
¢ muc ti I¢ PGPR phu hop khong chi giap duy tri kich thudc hat nhé ma con giam
thiéu hién tuong két tu, tir do tang cuong kha ning on dinh cta nhil tuong. Déng
thoi, ti 16 PGPR ciing anh hudng dén kha ning giir lai va bao vé cac hop chat
phenolic, flavonoid va vitamin C trong hé nhil tuong, dam bao tinh bén viing cua

cac hoat chit sinh hoc trong tng dung thuc té. Két qua nay cung cap co s& khoa hoc
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viing chic cho viéc lya chon ti 16 PGPR phu hop, khong chi cai thién hiéu qua nhii
héa ma con nang cao kha ning tng dung cua san phim trong céng nghé thuc pham,
dic biét trong viéc bao toan va phat huy gia tri dinh dudng cta cac hop chét sinh

hoc trong dich so ri c6 dac.

BETPC (MgGAE/mL) BTFC (mgQE/100 mL)  @Vitamin C (mgAAE/mL)
35

30
25
20

7

Ham luwgng
(@]

10 ~

6 8 10 12 14
Ti 18 PGPR trong pha dau (%, v/v)

Hinh 3.4. Anh huong cua ti 1¢ PGPR trong pha dau Ién céac chi s6 TPC, TFC,
vitamin C cua nhii tuong W/O

Cdc ky twa, b, ¢, d ciia méi gid tri biéu thi sy khdc biét c6 y nghia thong ké véi p < 0,05.

Kha ning bat gbc tu do ciia nhil trong W/O (Bang 3.3) cho thay ¢ su thay
d6i dang keé theo ti 16 PGPR. Sy ting nay c6 ¥ nghia théng ké tir 6% lén 12%, dat
muc cao nhét 56,27% + 0,62, tuy nhién khong c6 su khac bi¢t théng ké gitra ti 1€
10% va 12%. Sau d6 giam nhe khi ti 16 PGPR dat 14%. Diéu nay c6 thé do tai nong
d6 cao hon, PGPR du thira gy can trd su tuong tac ciia cac hop chat sinh hoc voi
gbc tu do, lam giam hiéu qua chéng oxy hoa.

Hinh 3.4 minh hoa xu huéng thay doi cia ham lugng cac hop chat co hoat
tinh sinh hoc. Cu thé, khi tang ti 1€ PGPR trong pha dau tir 6% 1én 10%, ham luong
TPC, TFC va vitamin C ¢6 xu hudng ting c6 ¥ nghia théng ké, 1an luot tir 17,32 +
0,08 mgGAE/g, 25,93 = 1,01 mgQE/100g va 26,90 + 0,11 mgAAE/g 1én dén 21,19
+ 0,18 mgGAE/g, 29,77 + 0,54 mgQE/100g va 28,84 + 0,45 mgAAE/g. Tuy nhién,

khi ti 18 PGPR ting dén 14%, cac chi tiéu trén c¢6 xu hudng giam nhe.
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Su gia ting ham luwong cic hop chit sinh hoc & mirc PGPR tir 6% dén 10%
c¢6 thé duogc 1y giai boi hiéu qua vi bao va bao vé ciia PGPR, gitip han ché ton that
cac hop chét sinh hoc trong qua trinh nhii héa. Tuy nhién, & ti 1¢ PGPR cao hon, su
du thira chat nhii hoa c6 thé lam giam hiéu qua bao vé, din dén sy suy giam cac hop
chét sinh hoc.

Trong nghién ctru nay, PGPR, mot chit hoat dong bé mit co ai luc dau cao,
duogc sir dung nhu tac nhan nhii hoa chinh. Kha ning 1am giam sirc cing bé mit cta
PGPR két hop véi tac dong co hoc cua qué trinh khudy tron gitp pha v cac giot
16n thanh cac giot nho hon, 1am ting dién tich tiép xtc giita cic pha do d6 han ché
hién tugong két tu cua cac hat va cai thién kha nang phan tan cua hé nhii trong. Hon
nita, sy giam kich thudc hat va ting tinh 6n dinh nhii tuong con gép phan nang cao
hiéu qua vi bao.

Mot hé nhil twong on dinh véi hat nho va dong déu gitip bao vé cac hop chat
¢6 hoat tinh sinh hoc, nhu TPC, TFC va vitamin C, khéi cac tac dong bat loi cla
moi trudng, bao gdm qua trinh oxy héa, anh sang va nhiét d6. Diéu nay giai thich
cho su gia ting gia tri cia cic hop chat nay dugc ghi nhan trong Hinh 3.4, dong thoi
cai thién kha ning bét gdc tu do nhu thé hién trong Bang 3.4. Su gia ting kha ning
bao toan hop chét hoat tinh sinh hoc khi sir dung PGPR & mirc t6i uu cho thay rang
chét hoat dong bé mat nay khong chi cai thién dac tinh vat 1y ctia h¢ nhii trong ma
con tbi da hoa tiém ning bao vé gia tri dinh dudng. Nhitng két qua nay khong chi
gitip xac dinh ti 16 PGPR thich hgp ma con lam ndi bat vai trd cta nd trong viée
nang cao chat luong san pham nhii hoa, dic biét trong linh vuc cong nghé thuc
pham.

Mat khéc, su suy giam gia tri TPC, TFC, vitamin C va kha nang bat géc tu
do khi tiép tuc ting ti 16 PGPR c6 thé duoc giai thich thong qua mdi quan hé phirc
tap gitra néng d6 chat nhii hoa va do nhét ctia hé nhii tuong. Chat nhii hoéa nhu PGPR
c6 kha ning ting do nhét cua hé, diéu nay anh huong dén dong hoc cua cac hop
chét trong nhii tuong.

Trong qua trinh khuéy tron dé tao nhii, mot lugng oxy tor méi trudong cod thé

xam nhép vao nhil twrong va bi giit lai trong céac bot khi. Khi d¢ nhét cia nhil trong
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tang cao, cac bot khi dugc du doan con 1an trong hé nhil, kéo dai thoi gian oxy tiép
xuc voi cac hop cht hoat tinh sinh hoc, dic biét 1a cac chét chéng oxy héa nhu
vitamin C, phenolic va flavonoid. Do vy, cac hop chat nay dé bi oxy héa, dan dén
su suy giam ham luong cua ching trong hé nhii twong. Sy giam hiéu qua bat gbc tur
do ciing c6 thé 1a hiu qua cua hién tuong nay, khi cac hop chit chdng oxy hoa bi
mat dan hoat tinh. Tuy nhién, can c6 cac nghién ciru trong twong lai dé kiém chimg
hién tugng nay.

Két qua nay phu hop voi nghién ciru trude day ghi nhan sy suy giam ham
luong axit gallic trong nhii twrong c6 d6 nhdt cao do anh hudng cua oxy bi gitr lai.
Diéu nay cho thay rang, mic du ting ti 16 PGPR gilp cai thién tinh on dinh va kha
nang nhil hoa & mitc d6 nhat dinh, nhung néu vugt qua ngudng tdi uu, hiéu qua bao
toan cac hop chét hoat tinh sinh hoc s& bi giam sut (Gomes va cong sy, 2016).

Do d6, viéc t6i wu hoa ti 16 PGPR khong chi dung lai ¢ viéc dat d§ nhot va
on dinh mong mudn, ma con phai can nhéc tac dong tiém an dén sy bao toan céc
hop chit c6 hoat tinh sinh hoc, nhdm dam bao hiéu qua t6i da cua hé nhii tuong
trong ung dung thuc té&. Két qua trén cho thay ti 16 PGPR & mirc 10% la t6i uu dé
dam bao do nhét vira phai, kha niang chdng oxy héa cao, va duy tri ham lugng cac
hop chit sinh hoc tbt nhat trong hé nhii tuong W/O. Dua theo két qua trén, ti 1¢
PGPR 10% (v/v) trong pha dau dugc chon dé dam bao tinh 6n dinh va hiéu qua vi
bao cac hop chét c6 hoat tinh sinh hoc cho céc thi nghiém tiép theo.
3.3.2.Anh hwéng cia ti 1¢ dich ¢d dic 1én cac dic tinh 1y hoa ciia nhii twong
W/0

Dich c6 dac chtra cac hop chit ¢ hoat tinh sinh hoc dong vai tro quan trong
trong viéc cung cap gia tri dinh dudng va cong dung sinh hoc cho san pham. Tuy
nhién, day ciing 1a thanh phan dé bi tén thuong, nhay cam voi cac yéu té méi trudng
nhu nhiét do, 46 4m va anh sadng. Vi vay, viéc bao v¢ cac hop chét nay trong qua
trinh nhil hoa 1a rat quan trong, ti 1€ dich c6 dac so voi vo bao 1a mot yéu td then

chét trong viéc hinh thanh hé nhii twong bén vitng. Két qua khao sat anh huéng cua
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ti 1& dich c6 dic dén cac dic tinh 1y hoa cua nhii tuong W/O dugc trinh bay trong
Béang 3.5 va Hinh 3.5.

Bang 3.5. Anh hudng cua ti 1& dich ¢6 dic (%, v/v) 1én do nhét va kha ning bat gdc
tu do ctia nhii trong W/O

Ti 1€ dich co dac

30 35 40 45
(%, v/v)
Do nhét (mPas) 36,50 £ 0,67* 36,83 +0,12° 33,08+0,58° 38’3;5
Kha ning bét gbc tu do . a a 57,80 £
DPPH (%) 55,48 +£0,79¢ 59,11 £1,27* 59,71 +1,11 0.91°

Gid tri dege trinh bay diwedi dang trung binh + SD véi ba lan Idp sau khi phén tich thong ké. Chi sé a, b, ¢, d

ciia méi gid tri trong cing mot hang biéu thi sw khdc biét cé y nghia thong ké véi p < 0,05.

ETPC (mgGAE/Q) TFC (mgQE/100g) @ Vitamin C (mgAAE/qQ)

3 b a ab a
30 b 7 7
25
20
15
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Ti 1€ dich c6 dac (%, v/v)

30

Hinh 3.5. Anh huong cua ti I¢ dich c6 dac 1én TPC, TFC va vitamin C trong nhii
W/0

Cdc ky twa, b, ¢, d ciia mdi gid tri biéu thi sy khdc biét c6 y nghia thong ké véi p < 0,05.

Két qua trong Bang 3.5 cho thiy kha niang bat gdc tu do ciia nhil tuong c¢6 xu
huéng ting c6 ¥ nghia thong ké khi ting ti 1& dich c6 dic. Piéu nay co thé 1y giai
rang khi ti 18 dich ¢o dic trong nhil twong tang, lwong cac hop chat ¢ hoat tinh sinh
hoc, nhu phenolic va flavonoid, cling taing theo (Hinh 3.5). Su gia tdng nay lam tang
kha ning chdng oxy héa cta nhil twong, gitip bao vé cac hop chit sinh hoc khoi cac

tac dong oxy hoa bén ngoai, tir d6 nang cao hiéu qua bat gbc tw do ctia hé nhii twong.
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Tuy nhién, khi ti 1€ dich co6 dac tiép tuc tang, d6 nhdt cua nhil tuong lai c6 xu
huéng giam déng ké. Su giam nay c6 thé giai thich boi anh huéng cta pha nudce 1én
d6 nhét tong thé cia hé nhii twong. Trong hé nhil twong W/O, pha nude (dich co
dic) co6 do nhdt thap hon so v6i pha dau (ddu huéng dwong), do do, khi ti 1& pha
nuéc tang 1én, do nhét chung cua hé nhil twong giam. Két qua nay hoan toan phu
hop véi nghién cru cia Wang va cong sy (2017), khi ho nhan thiy rang ti 1é pha
nudc cao hon s& 1am giam do nhét cua nhil trong, va didu nay c6 thé dan dén sy
kém 6n dinh cta hé nhil tuong.

Hinh 3.6 cho thay khi ti 18 dich ¢ dic trong nhii tuong ting, cac chi sé6 TPC,
TFC va vitamin C ¢6 xu huéng ting 1én c6 y nghia théng ké. Cu thé, TPC ting tir
19,10 £ 0,12 mgGAE/g 1én 22,82 + 0,17 mgGAE/g, TFC tir 24,67 + 0,58
mgQE/100g 1én 31,33 = 1,15 mgQE/100g, va ham lugng vitamin C tir 24,97 + 0,13
mgAAE/g 1én 30,16 + 0,46 mgAAE/g khi ti 1€ dich c¢6 dac dat 40%. Tuy nhién, khi
ti 1¢ dich ¢ dic tiép tuc ting dén 45%, cac chi s6 nay khong c6 su thay doi dang ké.

Sy gia taing TPC, TFC va vitamin C c6 thé dugc giai thich twong tu nhu sy
gia tdng kha nang bét géc tu do. Khi ti 1€ dich c6 dac tang, lugng cac hop chit ¢6
hoat tinh sinh hoc trong dich ¢6 dic ciing tdng theo, lam tang ham lugng TPC, TFC
va vitamin C trong nhil tuong. Su gia tang nay thé hién rd khi ti 1& dich c6 dic dat
40%, twong Gmg véi viéc nhii twong c6 kha ning bao vé t6t hon cac hop chit chong
oxy hoa, gop phan 1am ting gia tri dinh dudng va hoat tinh sinh hoc ctia san pham.
Tuy nhién, khi ti 1¢ dich c6 dac dat 45%, cac chi s6 TPC, TEC va vitamin C ¢6 xu
hudng giam nhe, dac bi¢t 1a TPC. Sy sut giam nay c6 thé duoc 1y giai boi sy kém
6on dinh cua hé nhii twong khi ti 1¢ dich ¢6 dic qua cao. Khi lugng dich co dic tang,
nhil tuong tr¢ nén it 6n dinh hon, dan dén céc hop chét sinh hoc dé bi phan huy hoac
mat tac dung do anh hudéng cua cac yéu t6 moi truong nhu oxy, nhiét do hoac do
am. Diéu nay lam giam hiéu qua bao vé cac hgp chét sinh hoc trong nhii twong va
anh huong dén tinh chit cudi cung cta san pham.

Tom lai, mic du viée ting ti 1& dich c¢6 dic giup ning cao kha ning bét goc

tu do va cdi thién tinh ndng chong oxy hda cua nhii tuong, nhung lai di kem véi viée
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giam d6 nhét va tinh 6n dinh cta hé trong qué trinh bao quan. Vi vay, can phai t6i
wu ti 1é dich c6 dic dé dat duge sy can béng gilta kha ndng bao v¢ cac hop chit c6
hoat chit sinh hoc va do 6n dinh cta nhil twong. Vi thé, ti 1¢ dich chiét 40% duogc
chon lam ti 18 ¢6 dinh cho céc thi nghi¢m tiép theo.
3.3.3. Anh huéng ciia toc d9 khudy 1én cic diic tinh Iy ho4 ciia nhii twong W/O
Phuong phéap nhii héa ti phat khéng yéu cau st dung cac thiét bi dong nhat
chuyén dung nhu bd déng nhét ap suat cao, bo vi long hoda hoac b si€u am, ma chi
can khudy dé nhil hoa cac pha. Vi vy, toc d6 khudy 1a mot yéu t6 quan trong anh
hudng dén qué trinh nhii héa va cac dic tinh cua nhii twrong. Anh hudng cua tée do
khudy 1én mét sb dic tinh 1y hoa cua nhii twong da duoc khao sat va két qua duogc
thé hién trong Bang 3.6 va Hinh 3.6.

Bang 3.6. Anh hudng cia toc d6 khudy 1én d6 nhét va kha nang bat gbc tu do cua

nhiil tuong W/O
Téc d khudy (rpm) 300 500 700 900
Do nhot (mPas) 33,79+ 1,00° 36,79 +0,07° 39,42+0,57*° 39,80+ 0,02°
Kha ning bat goc tu
‘ 1 +0,69° +£0,99° 64,84 +1,04° 42 +0,519
do DPPH (%) 59,81 £0,69° 60,63 +0,99° 64,8 ,0 55, 0,5

Gid tri dwoc trinh bay dwéi dang trung binh + SD véi ba lan Idp sau khi phén tich thong ké. Chi sé a, b, ¢

ciia méi gid tri trong cing mot hang biéu thi sw khdc biét cé y nghia thong ké véi p < 0,05.

B TPC (mgGAE/qg) TFC (mgQE/100g) & Vitamin C (mgAAE/qQ)
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Hinh 3.6. Anh huong cia tde do khuéy 1én cac chi s TPC, TFC va vitamin C
c6 trong nhil trong W/O

Cdc ky twa, b, ¢, d ciia méi gid tri biéu thi si khdc biét c6 y nghia thong ké véi p < 0,05.
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Bang 3.6 cho thiy khi toc d6 khudy ting tir 300 rpm 1én 900 rpm, d6 nhét
ctia nhil trong c6 xu huéng ting dang ké, tir 33,79 + 1,00 mPas 1én 39,80 = 0,02
mPas. Két qua nay tuwong tu voi két qua nghién ciru cia Wang va cong sy trén doi
tugng nhii trong W/O (Wang va cong su, 2022). Pong thoi, kha ning bét gbe tu do
clia nhil twong c6 sy gia ting c6 ¥ nghia thong ké khi téc d6 khuay ting tir 500 rpm
1én 700 rpm, sau d6 giam rd rét khi téc d6 khuay dat 900 rpm.

Hinh 3.6 cho thiy céc chi s6 TPC, TFC va vitamin C déu c6 xu huéng ting
c6 ¥ nghia thong ké khi tbc d6 khudy ting tir 300 rpm 1én 700 rpm. Cu thé, TPC
tang tr 20,68 + 0,44 mgGAE/g 1én 24,28 + 0,26 mgGAE/g, TFC tir 27,67 + 0,58
mgQE/100g 1én 33,94 + 1,84 mgQE/100g, va ham lugng vitamin C tu 28,17 £ 0,07
mgAAE/g 1én 34,95 + 0,74 mgAAE/g. Tuy nhién, khi tbc d6 khudy dat 900 rpm,
ham lugng vitamin C c6 xu hudng giam.

Céc két qua nay co thé duoc giai thich boi anh hudng cia téc do khuay dén
kich thudc giot ciia nhii (Peralta-Martinez va cong su, 2004) va do phan tan ctia céac
giot (Simovic va cong su, 1999). Cac nghién ctru cho thay khi téc do khudy ting,
nang luong co hoc tac dong 1én hé nhii tuong gitp phé vd cac pha hitu co va nudc,
d6ng thoi phan phdi chung déu trong pha dau, tir d6 tao ra cac giot nhii nho va dong
déu. Piéu nay giup 6n dinh hé nhil twvong va nang cao kha nang bao vé cac hop chat
sinh hoc trong dich ¢6 dac.

Tuong tu, nhiéu nghién ctru trude day cling dd bao céo rang kich thude giot
trung binh cta nhil twong, dugc tao ra bang phuong phap ning lugng thap, giam khi
tang tde do khuéiy (Mayer va cong su, 2013; Saberi va cong sy, 2013; Wei va cOng
su, 2019). Su giam kich thudc giot nay ddn dén mat do hat trén mdi don vi thé tich
tdng, lam tdng kha nang khang dong chay va do d6 lam tang d¢ nhoét cua nhii tuong
(Anisa & Nour, 2010; Yi va cong su, 2022). Tuy nhién, dé tao ra nhii tuong on dinh,
can phai duy tri sy can bang giita lyc pha v& do khudy tron va lyc 6n dinh duge cung
cAp boi chat nhii hoa. Khi téc d6 khudy qua cao, su can bang nay co thé bi pha va,
dan dén hién tuong ddo pha (Liu va cong su, 2023; Moribe va cdng su, 2012). Bao
pha 12 qu4 trinh chuyén d6i tir nhii twong W/O sang nhii twong O/W hoic nguoc lai.
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Téc d6 khudy cao c6 thé gay ra dao pha khong hoan toan, 1am hinh thanh nhii twong
kém hiéu qua va giam 6n dinh (Bahtz va cong sy, 2016), gy that thoat cac hop chat
c6 hoat tinh sinh hoc bao phu bén trong.

Dua vao céc két qua nay, tdc do khqu 700 rpm dugc chon lam tdc d6 khu?iy
thich hop nhét dé tao ra nhii twong W/O tir dich chiét trai so ri c6 dic, vi day 1a toc
d6 khudy gitup dat duoc su can bang toi wu giita d6 nhét, kha ning bét gc ty do va
bao vé cac hop chat ¢ hoat tinh sinh hoc trong nhil twong.

3.3.4. Anh hwéng cia ti 1¢ phdi tron chat nhii héa 1én sy hinh thanh nhii twong
W/O/W tir dich chiét trai so ri cé diic

Chat nhii hoa 1a mot thanh phan quan trong trong qua trinh hinh thanh nhii
tuong. Loai chit nhil hoa va ti 1é phéi tron gitra cac chit nhil hoa cb tac dong truc
tiép dén hiéu qua hinh thanh va d6 6n dinh cua toan hé nhii tuong. Trong qua cic thi
nghiém sang loc, ti 1& chit nhil hoa trén téng thé tich nhii duoc chon 1a 20%, trong
khi d6 Tween 80 dugc chon 1am chat nhii héa chinh dé tao ra nhil twong W/O/W va
PG duoc chon 1am chét hd tro nhii hoa trong thi nghiém nay.

Két qua khao sat anh huong cua ti 16 phdi tron gitra Tween 80 va PG 1én mot
s6 dic tinh 1y hoa cta nhii trong W/O/W dugc thé hién trong Bang 3.7 va Hinh 3.7.
Bang 3.7. Anh huong cta ti 18 phdi tron chét nhii hoa 18n kich thude hat nhii, chi

s6 da phan tan kich thudc hat va kha nang bat gbc tu do ciia nhil twong W/O/W

Tween 80 3T:1PG 2T:1PG 1T:1PG 1T:2PG

Kich thudc hat

0,35+0,04° 0,45+0,01°® 0,49+0,04> 0,48+0,01® 1,40+0,01°
(um)
PI 0,25+0,02° 0,34+0,04> 0,27+0,03* 0,34+0,03° 0,79 +0,09°
Kha ning bét

] 34,80 + 33,58 + 3391 +
goc tw do DPPH 37,72 + 1,21 29,98 +0,81¢
0,96° 0,99° 1,21°

(%)

Gid tri duege trinh bay duwdi dang trung binh + SD véi ba lan Idp sau khi phan tich thong ké. Chi sé a, b, ¢, d

clia méi gid tri trong cing mot hang biéu thi sw khdc biét ¢é ¥ nghia thong ké véi p < 0,05.
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10

BTPC (mgGAE/g) BTFC (mgQE/100g) & Vitamin C (mgAAE/qQ)

Ham lwong

Ti 1 phdi tron chit nhii héa (Tween 80 : PG)

Hinh 3.7. Anh huong cua ti 18 phi tron chét nhii hoa 1én TPC, TFC va ham luong
vitamin C ¢ trong nhii tuong W/O/W

Cdc ky tw a, b, ¢, d ciia méi gid tri biéu thi sw khdc biét c6 y nghia thong ké véi p < 0,05.

Bang 3.7 cho thay khi ti 16 Tween 80 trong hdn hop giam, kich thudc hat va
chi s6 da phan tan (PI) c6 xu huéng ting. Cu thé, kich thudc hat va PI thap nhat khi
chit nhii hoa hoan toan 1a Tween 80 (ti I¢ 1:0), va cao nhat khi phéi tron Tween 80
vo1 PG theo ti 1€ 1:2. Mat khéc, kha nang bat géc tu do DPPH c¢6 xu hudng giam
khi ti 1¢ Tween 80 giam. Chi s6 DPPH cao nhét khi chi sitr dung Tween 80, véi gia
trj 37,72 + 1,21%, va giam dan khi ti 1&6 Tween 80 trong hdn hop giam.

Hinh 3.7 cho thay khi chi sir dung Tween 80, cac chi sé TPC, TFC va ham
luong vitamin C dat gia tri cao nhét 1an luot 1a 3,59 + 0,05 mgGAE/g, 5,09 + 0,28
mgQE/100g va 5,12 + 0,11 mgAAE/g, sau d6 giam dan theo xu huéng giam cia ti
1¢ Tween 80 trong hon hop.

Tir cac két qua trén cho thay nhil twong W/O/W véi pha dau 1a nhii twong
W/O tir dich chiét trai so ri c6 dic hoan toan cé kha ning dugc hinh thanh khi st
dung chit nhii hoa 12 Tween 80 hodc phéi tron Tween 80 vo1 PG theo cac ti 1€ khac
nhau. Trén thuc té, Tween 80 1a chit nhii hoa wa nuéc duge sir dung pho bién trong
cac nghién ciru vé cac nhil twong loai O/W hodc W/O/W (Hariyatno va cong su,
2021). Tween 80 ¢ gia tri HLB cao 1a 15 va chiéu dai chudi alkyl dai (C18), mang

lai kha ning hoa tan 16n hon cho cac chat hoa tan ky nudc va cho phép Tween 80
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giam strc cing bé mit gitta diu va nudc, tao diéu kién hinh thanh nhi twong 6n dinh
(Christy va cong su, 2017; Zheng va cong sy, 2023). Trong khi d6, PG 1a mdt hop
chat hiru co tong hop c6 dd hoa tan cao trong nudc, axeton va cloroform. Tuy nhién,
dic tinh nhii hoa ciia n6 khéng manh bing Tween 80 (Yati va cong su, 2017). V& co
ban, PG voi chiéu dai chudi ngan thuong dwoc sir dung lam chéat dong nhil hoa dé
giam strc cing bé mit va ting cudng kha ning nhii héa nhung hiéu qua cua sy két
hop nay con phy thudce vao nhiéu yéu t6 khac nhu tinh chét ctia pha dau va muc dich
su dung.

Nhin chung, tuy thudc vao dic tinh ctia san pham thuc pham va thiét bi ché
bién, co thé st dung mdt hoac nhiéu loai chat nhii hoa. Thanh phﬁn va ti 1€ pha tron
ctia chat nhil hoa anh hudng dén nhiéu dic tinh khac nhau ciia nhii twong. Dau tién,
d6 nhdt ciia cac thanh phan chat nhii héa anh huong dén do nhét tong thé cua nhil
tuong. Vi dy, PG lam tang d¢ nhdt cua pha lién tuc, giap 6n dinh nhii tuong béng
cach 1am cham chuyén dong cua cac giot va giam kha nang hop nhat (McClements,
2004). Thir hai, 16p nhii héa giao dién cang day thi cac goc ty do cang khd xdm
nhap, dan dén kha ning bao vé chéng oxy hoa duoc ting cuong (Chaiyasit va cong
su, 2007; Waraho va cong su, 2011). Diéu nay la do d day cua giao dién giot nhi
tuong duoc xac dinh boi kich thudc va cau hinh ctia chat nhil hoa. Piéu nay giai
thich tai sao chét nhii hoa c6 trong lwong phan tir thip tao ra nhil twong dé bi oxy
hoa hon so véi cac hé théng duogc tao ra trong diéu kién thur nghi¢m giéng hét nhau
nhung véi chat nhii hoa co trong lwong phan tir cao hon. Hon nita, Kiokias &
Oreopoulou (2022) da chimg minh rang Tween 80 c6 d6 6n dinh chdng oxy héa tét
hon so véi whey protein, do 4i luc cao hon ddi véi tocopherol, giup ting kha ning
giit lai va hiéu qua cua chung trong nhil twong. Do dé, viée lwa chon cac thanh phan
va ti 18 pha tron chat nhil hoa phu hop 14 rit quan trong.

Két qua thi nghi¢m cho th'éiy ré“mg Tween 80 ¢6 thé duoc sir dung doc 1ap hoac
két hop voi mot sb chat doéng vai tro nhu chat hd trg hoat dong bé mat khac, trong
nghién ctru ndy 1a PG, dé ting hiéu qua nhii héa. Tuy nhién, hiéu qua cua sy két hop
nay con phu thudc nhiéu yéu té khac nhu ban chat pha dau va muc dich san xuat.

Trong thi nghiém nay, két qua xtr 1y s liéu thong ké cho thiy chi sir dung Tween 80
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tao ra nhii trtong W/O/W voi kich thude hat va do phan tan kich thudc hat nho hon,
ham luong cac hop chat co hoat tinh sinh hoc ciing cao hon khi ¢ su két hop voi
PG. Vay nén Tween 80 dugc chon lam chit nhii hoa va nuéc dé tiép tuc tién hanh
céc thi nghiém tiép theo.
3.3.5. Anh huéng ciia ti 1¢ chat nhii héa 1én sy hinh thanh nhii twong W/O/W
tir dich chiét trai so ri cé diic

Ti 1& chat nhil hoa 13 cling 13 mot trong nhing yéu t6 quan trong anh hudng
tryc tiép dén qua trinh hinh thanh nhii tvong W/O/W. Do vay, ti 1& chit nhii hoa da
dugc nghién ctru tao ra hé nhii twong 6n dinh nhat. Két qua khao sat anh huong cua
ti 1& chat nhii héa 1én nhii twrong W/O/W dugc trinh bay trong Bang 3.8 va Hinh 3.8.
Bang 3.8. Anh hudng cua ti 1¢ chat nhii héa Ién kich thudc hat nhil, chi s6 da phan
tan kich thudc hat va kha nang bat gbc tu do ciia nhil twong W/O/W

10% 15% 20% 25% 30%
Kich thuéc

0,78 £0,01* 0,63+0,02° 0,46+0,03° 0,35+0,02¢ 0,36+0,01¢
hat (um)
PI 0,58 £0,05* 0,59+0,06° 046+0,12° 0,31+0,05° 0,32+0,23°
Kha nang
bat gdc tur 33,25+ 35,18 + 40,27 £ 53,25+ 41,67 £
do DPPH 0,50° 1,314 0,32° 0,20° 0,24°
(%)

Gid tri dwoc trinh bay duéi dang trung binh + SD véi ba lan lap sau khi phan tich thong ké. Chi sé a, b, ¢, d,

e ciia moi gid tri trong ciing mot hang biéu thi sw khdc biét ¢6 Y nghia thong ké véi p < 0,05.
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10

ETPC (mgGAE/Q) TFC (mgQE/100g) @ Vitamin C (mgAAE/Q)

Ham lwong

Ti 1€ tween 80 (%, v/v)

Hinh 3.8. Anh hudng cua ti 1¢ chat nhii héa lén cac chi sé6 TPC, TFC va vitamin C
cua nhil tuong W/O/W

Cdc ky tw a, b, ¢, d ciia méi gid tri biéu thi sy khdc biét c6 y nghia thong ké véi p < 0,05.

Bang 3.8 chi ra rang kich thudc hat va do phan tan kich thudc hat nhii twong
c6 xu hudng giam khi ti 16 chat nhii héa (Tween 80) ting tir 10% lén 25%. Tuy
nhién, khi ti 16 Tween 80 dat 30%, khong co su thay d6i dang ké trong kich thuéc
hat va do phan tan. Nguoc lai, kha nang bét géc tu do DPPH cua nhii tuong c6 xu
huong tang theo chiéu tdng cua ti 1€ chit nhii hoa, dat gia tri cao nhat & ti 18 25%.
Cu thé, kha ning bat gbc tu do DPPH dat 53,25 + 0,20% & ti 16 25%, va giam xudng
khi ti 1& chat nhii hoa 1a 30%.

Két qua xtr Iy thong ké va Hinh 3.8 cho thiy cac chi sé TPC, TFC va ham
lugng vitamin C ting 1én c6 ¥ nghia khi ti 1& chat nhii héa tir 10% dén 25%, dat gia
tri cao nhat lan luot 1a 3,86 + 0,01 mgGAE/g, 5,12 + 0,19 mgQE/100g va 6,82 +
0,09 mgAAE/g. Tuy nhién, khi ti 1&6 Tween 80 1a 30%, cac chi sb nay giam rd rét.

Ti 1& chit nhii hoa anh huéng dang ké dén sy hinh thanh va d6 6n dinh cia
nhil twong. Ti 1& qua thap s& khong dii dé nhii hoa toan bo pha phan tan vao pha lién
tuc, trong khi ti 16 qua cao c6 thé lam giam chét luong nhii twong. Chat nhii hoa hoat

dong bang cach giam sirc cing bé mit va ciu triic ludng cuc cho phép giira hai pha
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khong thé phan tan vao nhau. Hon nita, chit nhii hoa hoat déng bang cach bao quanh
cac phan ciia mot pha va ngin chung két hop lai ¢ pha khac. Vi thé, chat nhii hoa
gitip nhil twong 6n dinh (Remington, 2006). Ti 1& chét nhii hoa thap khong du dé
1am giam stc cing bé mit, khién cac pha kho tron 1an va din dén sy khong 6n dinh
ctia nhil twong. Mt khac, ti 18 chat nhii hoa qua cao c6 thé gay ra lyc day manh giira
cac phan tir chat nhii hoa, lam giam kha ning giam strc cing bé mit va giy anh
huong tiéu cuc dén 16p bé mat on dinh cta nhii twong (Kupikowska-Stobba va cong
sw, 2024) va c6 thé khong c6 du dé bao phu hoan toan tit ca cac giot. Do che phu
khong du nay co thé dan dén su két tu cua cac giot, khién nhii tuong bi pha vo.
Ngoai ra, chit nhil hoa con giup on dinh nhil twong bang cach tao ra luc day gitra
chung, ngan ching lai v&i nhau va két lai. Ti 1¢ chat nhii héa qué thap c6 thé khong
cung cap du luc day dé giir chung tach roi nhau, dan dén nhil twong khong 6n dinh.
Vi vy, ti 1& chat nhil hoa cang cao thi hiéu qua nhii hoa cang cao. Diéu nay giai
thich cho viéc giam kich thudc giot, giam do phan tan kich thudc va ting chi sd
khao sat cac hop chat c6 hoat tinh sinh hoc khi tang ti 1¢ Tween 80 tir 10% 1én 25%.

Viéc tim ra ti 1& chat nhii hoa thich hop nhét 1a rat quan trong dé dam bao nhil
tuong vua 6n dinh, vira gilt dugc cac dac tinh sinh hoc ¢6 loi. Nhiéu nghién ctru cho
thiy du ti 16 chit nhil hoa ting c6 thé cai thién kha ning nhii hoa, nhung néu vuot
qua mot ngudng nhat dinh, bat ky su gia ting nao ciing khong mang lai hiéu qua on
dinh t6t hon (Remington, 2006). Khi ti 1& chat nhii héa qua cao, cac phan tir chét
nhii hoa s& tap trung qua mirc & bé mat phan cach, gay ra luc day gitta ching. Diéu
nay lam giam kha nang giam strc cing bé mit va can trd sy hinh thanh 16p bé mat
6n dinh, din dén viéc nhii tuong dé bi phan tach.

Tuong ty, mot nghién ciru ctia Aziz va cong su (2014) cho thay rang khi ting
ti 16 Tween 80 vuot qua muc 1,5 g, @6 6n dinh ctia nhil trong nudc trong dau. Diéu
nay 1a do c6 nhiéu chat nhii hoa & bé mit phan cach khi ti 16 chat nhii hoa vuot qua
ngudng t6i han, giy ra luc day gitta cac phan tir nay. Kha ning nhii hoa dé giam st
cang bé mit bi giam do luc diy ndy, didu nay can trd sy phat trién cua 16p bé mit
6n dinh (Kupikowska-Stobba va cong su, 2024). Bén canh do, su suy gidm cuia cac

chi s6 TPC, TFC va ham luong vitamin C ciing c6 thé duoc giai thich khi ti 16 Tween
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80 d3 ting 1én murc can thiét d& hinh thanh nhii twong, do d6 dan dén su suy giam
kha ning bao vé céac hop chét co hoat tinh sinh hoc c6 trong nhil trong. Xu hudng
thay dbi kich thudc hat phit hop véi két qua nghién ciru cia Duong Thi Hong Anh
& Nguyén Xuan Dirc (2020), trong d6 kich thudc hat nhil twong giam tir 181,1 +
0,6 nm xudng 69,6 + 0,2 nm khi ti 1& Tween 80 ting tir 5% 1én 10% va két qua cua
Gao va cong su (2020), trong d6 kich thude hat giam tir 297 nm xudng 130 nm khi
ti 1¢ Tween dugc st dung tang tir 0,5% 1én 2,5%. Xu hudng nay co thé duoc giai
thich bang cdu truc ludng tinh cua chat nhii hoa, giup giam hiéu qua stc cing bé
mat, cho phép phan tan hai pha von khong tron 14n vao nhau. Ngoai ra, nong do chat
nhil héa anh hudng dén tinh sinh kha dung cta cac chét bang cach tic dong dén sy
phan b cta cic axit phenolic trong cac hé nhii hoa. Losada-Barreiro va cong sy
(2015) di bao cdo rang viéc ting gip muoi 1an thé tich chat hoat dong bé mit da
1am tang su phan bo giao dién cua ca axit gallic (tir 20% 1én 60%) va axit caffeic (tir
50% 1én 90%). Do d6, chat nhii hoa anh huéng déng ké dén kha niang chdng oxy
hoa ciia cac hop chit c6 hoat tinh sinh hoc, diéu nay giai thich su thay doi trong kha
nang bat gbc ty do ctia cac mau nhil twong trong nghién ctru nay.

Diéu nay cho thay viéc duy tri ti 1& chat nhil héa ¢ muc thich hop (trong
nghién ctru ndy 13 Tween véi ti 18 25%) rat quan trong dé dat duoc nhii tuong 6n
dinh ma van git dugc cac hop chit c¢6 hoat tinh sinh hoc.

3.3.6. Anh hwéng ciia ti 1é nhii twong W/O 1én su hinh thanh nhii twong W/O/W
tir dich chiét trai so ri cé diic

Nhii twrong W/O la ph?m 161 chtra cac hop chit ¢6 hoat tinh sinh hoc can duogc
bao vé, do d6 ti 1& nhii twong W/O so véi chat nhil héa va pha lién tuc 13 yéu té quan
trong anh huong dén sy hinh thanh nhii tuong W/O/W on dinh. Viéc khao sat ti 1&
nhi twrong W/O nham xac dinh ti 1é ti wu d3 duoc thuc hién va két qua thu duoc

thé hién trong Bang 3.9 va Hinh 3.9.
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Bang 3.9. Anh hudng cua ti 18 nhii twong W/O 1én kich thuéc hat nhii, chi sé da
phan tan kich thudc hat va kha nang bat gbe tu do ciia nhil twong W/O/W

15% 18% 21% 24% 27%
Kich thudce

0,33+0,01° 0,36+0,02° 0,35+0,02° 0,36+0,04° 0,42+ 0,022
hat (um)
PI 0,28 +£0,02° 0,28 +0,01° 0,38+0,02° 0,36+0,03° 0,41+0,012
Kha nang
bit gdc tu 4325 + 45,18 + 52,60 + 60,58 £ 51,67+
do DPPH 0,504 1,31° 0,47° 0,75° 0,24°
(%)

Gid tri dwoc trinh bay dudi dang trung binh + SD véi ba lan Idp sau khi phén tich thong ké. Chi sé a, b, ¢

ciia méi gid tri trong cing mot hang biéu thi sw khdc biét ¢é ¥ nghia thong ké véi p < 0,05.

Két qua trong Bang 3.9 cho thiy khong c6 sy khac biét co ¥ nghia thong ké
vé kich thudc hat, PI va kha niang bat gbc tu do khi ti 1& nhii trong W/O tang tir 15%
dén 18%. Tuy nhién, khi ti I¢ nhii tuong W/O dat 21%, chi s6 PI co su gia ting dang
ké, cho théy su thay doi trong do phan tan kich thudc hat. Bac biét, ti 1¢ nhii tuong
W/O ting 1én dén 27% din dén su gia ting manh vé kich thudc hat va PI, cho thay
su mat 6n dinh cu tric nhil trong va kha ning phan tan kém. Kha ning bat gdc tu
do cua nhil trong ting dang ké khi ti 1 nhil twong W/O ting tir 15% 1én 21%, dat
muc cao nht tai 60,58 + 0,75%. Tuy nhién, khi ti 1€ nhii tuong W/O vuot qua 21%
va 1én dén 27%, kha nang bat gdc tu do giam manh, cho thiy rang ti 1& nhii twong
W/O qua cao ¢ thé lam giam hiéu qua cta cac hop chét co hoat tinh sinh hoc trong
nhil tuong.

Hinh 3.9 cho thay chi s6 TPC, TFC va ham lugng Vitamin C trong nhil tuong
W/O/W tang 1én dang ké khi ti 18 nhii twong W/O dat 21%, véi cac gia tri 1an lugt
la 4,56 = 0,03 mgGAE/g, 6,77 £ 0,31 mgQE/100g va 9,14 + 0,02 mgAAE/g. Tuy
nhién, cac chi s6 nay khong c6 su thay doi ddng ké khi ti 1& nhii twong W/O ting lén
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dén 27%, chi ra ring c6 mot ti 1& thich hop nhat dé tdi da hoa ham luong cac hop

chét c6 hoat tinh sinh hoc.

mTPC (mg/g) B TFC (mg/1009) & Vitamin C (mg/g)
10 - a a
8 a
o0
b
§- 6 - ) 2
a
£ b
T 4
2 m
0 T T T é
18 27

Ti 18 nhit W/O (%, v/v)

Hinh 3.9. Anh hudng cua ti 1¢ nhii tuong W/O (v/v) 1én céc chi sé6 TPC, TFC va
vitamin C cua nhii tutong W/O/W

Cdc ky twa, b, ¢, d ciia méi gid tri biéu thi sy khdc biét c6 y nghia thong ké véi p < 0,05.

Ti 1€ nhii trtong W/O str dung trong qua trinh tao thanh nhii trtong W/O/W co
tac dong dang ké dén cu tric, hiéu qua vi bao va do on dinh cua toan hé nhii (Wang
va cong su, 2017). Khi ti 1¢ nhii tuong W/O tang, lugng dich so ri ¢6 dac trong 161
nhil trong ciing ting, ddn dén su gia ting ham luong cac hop chat co hoat tinh sinh
hoc. Tuy nhién, ti 1& nhil trong W/O qué cao c6 thé c6 thé pha v& sy can bang giira
pha phan tan, chat nhii hoa va pha lién tuc, gdy ra hién tuong két tu giira cac giot
nhi twong, lam tang kich thudc hat va giam do 6n dinh cua nhil tuong, dan dén su
giam hiéu qua bao vé cac hop chat hoat tinh sinh hoc bén trong 15i. Majid va cong
su (2015) cho rang ti 1¢ cta nhii twong W/O ting 1én c6 thé lam cho céc giot ddu &
gan nhau hon 1am ting kha ning két tu va din dén kich thudc giot 16n hon. Tir d6
c6 thé 1am giam tinh on dinh cta nhii trong W/O/W. Diéu nay la nguyén nhan chinh
din dén hiéu qua bao vé€ cac hop chét c6 hoat tinh sinh hoc bén trong 161 kém hiéu

qua, giai thich cho sy gia ting kich thudc hat, chi sé phan tan kich thuéc va sy suy
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giam kha nang bét gdc ty do ctia nhii twong W/O/W khi ti 1& nhii tuong W/O sir dung
tang dén 27%.

Nhitng két qua nay khing dinh ring ti 1& nhii trong W/O c6 tac dong truc
tiép dén kha ning bao vé hoat chat sinh hoc trong nhil twong W/O/W va do 6n dinh
cua toan hé nhii. Vi¢c chon ti I¢ W/O 21% la phu hop dé tbi wu hoa cac chi sb vé
kich thudc hat, phan tan va ham lugng cac hop chit co hoat tinh sinh hoc.

3.3.7. Anh huéng cia téc dd khudy Ién sy hinh thanh nhii twong W/O/W tir
dich chiét trai so ri cd diic

So v6i cac phuong phdp nang lugng cao, nghién ctru rng dung cac phuong
phap niang luong thap nhu tng dung phuong phap nhii hoa tu phat dé tao nhil twong
van con han ché (Saffarionpour, 2019). Nhu di trinh bay trudc do, ngoai xac dinh
cac yéu t6 nhu ti 1¢, thanh phan va nong do chat nhii hoa, téc d6 khudy ciing 1a mot
yéu td quan trong, can dugc xac dinh trong qua trinh nhii héa. Anh huéng cua toc
d6 khudy 1én mot s tinh chét 1y hoa ciia nhil twong W/O/W di duoc nghién ciru va
thé hién trong Bang 3.10 va Hinh 3.10.

Bang 3.10. Anh huong cua tdc do khuéy 1én kich thude hat nhii, chi sd da phan tan
kich thudc hat va kha ning bat gbe tu do cua nhil twong W/O/W

Téc dd khuiy
300 500 700 900

(rpm)
Kich thudéc hat

0,55+0,01> 041+0,03> 0,35+0,01° 031+0,01¢
(um)
PI 0,55+0,03* 049+0,01> 033+0,04° 0,28+0,019
Kha ning bat gbc

5455 +0,06¢ 59,75+0,61°> 62,78+0,33* 58,77 +0,33°
tu do DPPH (%)

Gid tri dwgc trinh bay dwdi dang trung binh = SD véi ba lan lap sau khi phan tich thong ké. Chi sé a, b, ¢, d

ciia méi gid tri trong cing mot hang biéu thi s khdc biét ¢ y nghia thong ké véi p < 0,05.
Két qua trinh bay & Bang 3.10 cho thay xu huéng giam c6 y nghia thong ké
d6i v6i kich thude hat va chi sé phan tan PI khi toc do khudy tang. Khi tbc d6 khudy

tir 300 rpm tang 16n 900 rpm, kich thudc hat giam tir 0,55 £ 0,01 pm xudng con 0,31



77

+ 0,01 um, va chi s6 PI giam tu 0,55 + 0,03 xuéng 0,28 + 0,01, diéu nay phan anh
su cai thién vé do déng déu va su phan tan cua hat nhii. Kha nang bat géc tu do
DPPH c6 su gia ting o rét khi téc d6 khudy tir 300 rpm 1én dén 700 rpm, dat gia tri
cao nhat 1 62,78 + 0,33%. Tuy nhién, kha ning bat gbc tu do giam nhe khi téc do
khudy tiép tuc ting 1én 900 rpm, cho thay rang tbc do khudy qua cao co thé anh
huong ti€u cuc dén hiéu qua bao v¢ cac hop chét c6 hoat tinh sinh hoc.

Hinh 3.10 cho thiy céc chi s6 TPC, TFC va ham luong Vitamin C dat gia tri
cao nhét khi tdc do khqu dat 700 rpm, lan luot 13 5,65 + 0,05 mgGAE/g, 8,27 +
0,25 mgQE/100g va 9,17 + 0,07 mgAAE/g. Sau d6, cac chi s6 nay khong co sy thay
d6i dang ké khi toc do khuay tiép tuc tang 1én 900 rpm.

= TPC (mg/g) B TFC (mg/1009) @ Vitamin C (mg/g)
10 - b a a
a
b

20 8 c % 7
g 7%
A . .
E d b
= 4 | C

2 .

0 T T T

300 500 700 900
Téc dp khudy (rpm)

Hinh 3.10. Anh huodng cua téc d6 khudy 1én cac chi s TPC, TFC va ham luong
vitamin C ¢ trong nhii tuong W/O/W
Cdc ky t a, b, ¢ ciia moi gid tri biéu thi sy khdc biét ¢6 ¥ nghia thong ké véi p < 0,05.
Téc d6 khudy anh hudng truc tiép dén kich thudc va sy phan bd cia cac giot
trong nhil trong. Khi tbc do khqu tang, luc cit tac dong manh hon, 1am tang di¢n
tich tiép xuc giita chat nhii hoa, pha phan tan va pha lién tuc. Diéu nay gitp cai thién
su phan tan cua cac giot nhil, giam kich thudc hat nhii twong va lam tiang d6 dong

déu (Liu va cong su, 2023; Moribe va cong su, 2012). Nho do, h¢ nhil tuong duoc
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hinh thanh c6 kich thuéc nhé va dong déu, giup hé 6n dinh hon va c6 kha ning bao
vé cac hop chat ¢ hoat tinh sinh hoc trong 151 t6t hon. Piéu nay giai thich cho sy
gia ting kha ning bit goc tw do DPPH va ham luong céc hop chét c6 hoat tinh sinh
hoc nhu TPC, TFC va Vitamin C khi téc do khudy tang tir 300 rpm 1én dén 700 rpm

Tuy nhién, toc d6 khudy quéa cao c6 thé din dén sy méit can bing gitta luc
pha v& do khudy tron va luc 6n dinh do chat nhii héa. Khi téc do khudy vuot qua
mot mic d6 nhit dinh, nd c6 thé gy ra hién twong dao pha, trong d6 nhil trong c6
thé chuyén tr W/O sang O/W hodac ngugc lai (Liu va cong su, 2023; Moribe va
cong sy, 2012). Toc do khudy cao con dan dén su dao pha khong hoan toan, dan dén
su hinh thanh nhii twrong W/O/W kém hiéu qua hon va mat 6n dinh (Bahtz va cong
su, 2016). Diéu nay giai thich tai sao tbc d6 khuay 900 rpm khong tao ra sy gia ting
dang ké vé kha ning bat gbc tu do va ham lugng cac hop chat c6 hoat tinh sinh hoc,
dong thoi c6 thé 1am gidm hiéu qud bao vé cac hop chat nay.

Nhii trong c6 kich thude giot nhé c6 xu hudng 6n dinh hon. Theo Dickinson
(2008), diéu quan trong 1 cac giot nhil twong phai cang nho cang tét dé giam thicu
hiéu ung tao kem do trong lyc gay ra. Céac giot nho hon c6 ti 1€ dién tich bé mit trén
thé tich 16n hon, gitip tang cudng do phu va 16p bao vé dugc tao thanh boi chit nhii
hoa, do do cai thién kha nang bao v¢ cac hop chét co hoat tinh sinh hoc bén trong
13i cia cac hat nhil twong. Diéu nay giai thich sy gia ting quan sat thdy cua TPC va
TFC khi tang toc d6 khudy tir 300 vong/phut 1én 700 vong/phit. Dién tich bé mat
16n nay ciing c6 sin dé tuong tac v6i cac thanh phan khac, ting cuong kha dung
sinh hoc ctia cac chat dinh dudng va hop chat hoat tinh sinh hoc, giai thich sy gia
ting quan sat thiy vé kha ning chong oxy hoa. Cac giot nhd hon bi anh hudng nhiéu
hon béi chuyén dong Brown, chuyén dong ngau nhién cia cac hat trong chat long
(Kononov va cong sy, 2024; Mason va cong su, 2006). Chuyén dong ngiu nhién
nay gitip cac giot phan tan trong toan bo pha lién tuc va lam giam kha niang két ty,
lang dong va tao kem. Ngoai ra, nhii tuong c6 PI thap biéu thi do dong déu cao, gitip
duy tri 46 ddng nhit trong san pham bang cach ngin cac giot 16n hon ndi 1én hoic
lang xuéng nhanh hon cac giot nhé hon, do dé tranh duoc hién twong tach pha

(McClements, 2004). Trong cong nghiép thuc phdm, nhii trong duoc st dung trong
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cac san pham thuc pham nhu nude sbt va dd udng, c6 loi thé 1a kich thude giot nho
va dong déu. Cac nhil tuong nay 6n dinh hon, c6 két cdu min hon nhu sét
mayonnaise va thot han stir dung lau hon.

Dua trén cac két qua da phan tich, tde do khqu thich hop nhét dé tao nhii
tuong W/O/W tir dich chiét trai so ri ¢6 dic 1a 700 rpm. Day la téc d6 khudy gitp
tao ra nhii tuong vai kich thudce hat nhd, d¢ phan tan tdt va kha nang bao v¢ cac hop
chét c6 hoat tinh sinh hoc cao nhét. Téc do khudy qua cao (900 rpm) khong mang
lai loi ich bd sung va co thé gay mét 6n dinh hé nhii. Nhii tuong 2 16p duoc st dung
13 vat liéu 18i cho nghién ctru vi bao tiép theo.

3.4. Vi bao bang phuong phap siy phun
3.4.1. Anh hwéng ciaa vat liéu 16i 1én mdt so tinh chit héa Iy ciia bt so ri siy
phun

Trong cong nghé vi bao bang phwong phap say phun, vat liéu 18i dong vai tro
quyét dinh dén chat lugng san phim cudi cing thong qua viéc anh huong dén cac
tinh chat hoa 1y va hinh théi cta bot. Nghién ctru da tién hanh khao sat hai loai vat
liéu 161, bao gém dich so 11 ¢6 dac va nhii tuong W/O/W tur dich so ri c6 dédc, dugc
chuan bi dya trén phuong phap nhii hoa (Muc 3.3). Két qua cho thiy nhil trong so
ri ¢6 kha nang cai thién dang ké céc tinh chét hoa 1y cua bot, vuot troi hon dich so
ri ¢6 ddc & nhiéu khia canh. Céac két qua thi nghiém duoc trinh bay trong Bang 3.11,

Hinh 3.11 va Hinh 3.12.

Bang 3.11. D6 am va ty trong bot khi sir dung 16i 1a dich so ri ¢6 dic va nhil twong

Loai vat li¢u 16i Dich ¢o6 dac Nhii twong
Do am bot (%) 5,38 £ 0,007 3,94 +0,00°
Ty trong (g/ml) 0,23 £0,02% 0,22 £0,012

Cdc gid tri dwoc trinh bay dudi dang trung binh + SD véi ba lan Idp sau khi phén tich thong ké. Chi s6 a, b

clia méi gid tri trong cing mot hang biéu thi s khdc biét ¢é ¥ nghia thong ké véi p < 0,05.
Két qua & Bang 3.11 cho thdy d6 4m bot tir nhii twong W/O/W dat 3,94%,

thap hon déng ké so v&i 5,38% & mau st dung dich so ri ¢6 dic (p < 0,05). Piéu nay
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c6 thé dugc giai thich boi dic tinh cdu tric cia nhil trong, voi kha ning tao thanh
mang ludi bao vé xung quanh cac hop chat hoat tinh, lam giam sy hit 4m trong qué
trinh sdy va bao quan. Ngoai ra, két qua ciing cho thiy khong c6 sy khac biét dang
ké vé ty trong gitra hai loai vat liéu 151, v6i gia trj trung binh dao dong tir 0,22 dén
0,23 g/ml (p > 0,05).

Hinh 3.11 cho thay st dung vat liéu 18i 13 nhii twong 2 16p mang lai hiéu sut
thu hoi vat chat kho cao hon, dat xap xi 51%, cao hon khoang 33% so véi st dung
dich so ri ¢6 dic. Piéu nay chimg minh kha niang nhii tuong W/O/W bao vé tot hon
cac thanh phan c6 hoat tinh sinh hoc trong méi truong nhiét cao ctia budng siy phun,
gitip giam thiéu that thoat khéi lugng vat liéu nhil twong, gitp t6i uu héa hidu qua

clia qua trinh sy phun.

;\a 100 - , o
— 90 A @ Vat chat kho (%) BTPC (%) BTFC (%) =B Vitamin C (%)
S 80 -
£ 70 -
\(jg 60 - a
= 50 -
2. 40 -
= 30 - b a
20 - a
10 A b
0 - .
Dich ¢6 dac Nhii twong W/O/W

Vat lidu 16i

Hinh 3.11. Anh hudng cua loai vat liéu 18i 1én hiéu suét vi bao vat chat kho, TPC,
TFC va vitamin C c6 trong bot
Cdc ky tw a, b ciia moi gid tri biéu thi si khdc biét c6 y nghia thong ké véi p < 0,05.
Mot trong nhirng diém dang cha ¥ 1a ham luong tong vitamin C trong bot sdy
tir nhil twong W/O/W cao gap 10 lan so véi dich so ri c6 dic. Diéu nay co thé duoc

Iy giai boi co ché 6n dinh hoa cia nhil twong, trong dé cc giot nhil twong dong vai
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tro nhu céc 16p bao vé vi mo cho céc hop chét c6 hoat tinh sinh hoc, han ché qua
trinh oxy héa va phan hay boi nhiét ctia vitamin C trong sudt qua trinh sdy phun.
Vé mat hinh thai, hinh anh hién vi dién tir quét (SEM) cho thiy hat bot tir
dich so ri ¢6 dic c6 xu hudng két dinh thanh mang 16n va khong thé quan sat rd rang
hinh anh hat bdt riéng bi¢t (Hinh 3.12a). Nguoc lai, hat bot tir nhii twong 2 16p c6
cAu trac hinh cdu rd rang va tuong ddi dong déu (Hinh 3.12b), cho thay nhii twong

khong chi cai thién do 6n dinh vat Iy ma con lam tang tinh thAm my va kha ning

bao quan cua bdt vi bao.

Hinh 3.12. Hinh thai hat bot dudi d phong dai 100x v6i 161 a. Bot ¢6 16i 1a dich
so 11 cd ddc, b. Bot c6 101 1a nhii tuong so r1

Két qua nay c6 thé dugc giai thich dua trén tinh nhay cam cta cac hop chat
c6 hoat tinh sinh hoc va kha nang bao vé chung cua phuong phap nhii hoa. Cac hop
chat ¢6 hoat tinh sinh hoc, khi dwgc bd sung vio cac san pham thuyc pham & dang
nguyén chat, d& bi phan huy trong qué trinh ché bién va bao quan do rt nhay cam
v6i cac diéu kién moi truong bat loi nhu nhiét 6, oxy, d6 am va gié tri pH (Esfanjani
va cong su, 2018). Trong thi nghi¢m nay, nhi¢t dd cao trong qua trinh séy phun duogc
xem 13 yéu t6 chinh din dén 1én su phan hiy cua cac hop chit nay. Tuy nhién, viéc
st dung nhil trong W/O/W lam vat liéu 16i da cho thdy kha ning bao vé vuot troi,

nhd kéo dai thoi gian 6n dinh, ting cudng do bén cua cac hop chat ¢ hoat tinh sinh
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hoc, dong thdi giam thiéu sy oxy hoa do cac tac nhan gy hai nhu do 4m, 4nh sang
va nhi¢t do (Droztowska va cong sy, 2021).

Nhii twong khong chi dong vai tro nhu mot chit o6n dinh ma con tao ra hai
16p vo bao vé: 16p ua dau va 16p wa nudc, bao boc cac hop chét hoat tinh sinh hoc
trong dich chiét trai so ri. C4u triic nay 1am giam dang ké tac dong tiéu cuc cla cac
yéu to bén ngoai, gitp giir lai ham luong cao cac hop chat hoat tinh sau qua trinh
sdy phun. L6p v6 bao kép nay hoat dong cung v6i mang maltodextrin, tao nén mot
hé vi bao da 16p hiéu qua, vira bao v¢ vura 6n dinh céc hop chit nhay cam. Hon nfra,
hinh thai ctia cac hat bot tir hai loai vat liéu 161 cling khéng dinh su vuot troi ciia nhii
tuong 2 16p. Cac hat bot tir nhii twrong W/O/W co bé mat min, lién mach va khong
bi nut v&, cho thiy su vi bao hoan chinh va dong déu. Trong khi d6, cac hat bot tir
dich so ri cd dic c6 cau trac khong dong déu va bé mat dé bi nit, 1am giam kha ning
bao vé cac hop chat hoat tinh.

Véi cac wu diém nay, nhil twong da chimg minh 13 vat liéu 16i t6i vu, khong
chi gitip tang hiéu qua bao vé cac hop chét hoat tinh sinh hoc ma con cai thién dang
ké chét lugng hinh thai ciia bot. Do d6, nhil trong W/O/W duge chon lam vat liéu
18i ¢6 dinh dé tiép tuc trién khai cac thi nghiém chuyén siu tiép theo. Diéu nay mo
ra tiém ning tng dung nhil twong trong cac hé vi bao khac, dic biét 1a trong viée
bao quan va gia ting gid tri dinh dudng cho thuc pham chirc ning.

3.4.2. Anh huéng ciia thanh phin vé bao 1én mét s6 tinh chat héa 1y ciia bot so
ri siy phun

Thanh phan va ti 18 phdi tron cua vo bao dong vai trd quan trong trong qua
trinh séy phun, khong chi tuong tac tryc tiép v6i vat 1iéu 161 ma con 1a 16p bao vé
chinh giup duy tri sy 6n dinh va han ché sy phan hily cac hop chét c6 hoat tinh sinh
hoc. Viéc lya chon thanh phan vé bao pht hop phai dya trén dic tinh cia vat lidu
15i va muc tiéu san pham. Trong nghién ctru ndy, maltodextrin (MD) va gum arabic
(GA), hai vat liéu pho bién trong cong nghé sdy phun, dugc sit dung dé tim ra ti 18
phéi tron thich hop dé vi bao vitamin C va cac hop chat phenolic trong dich trai so

ri. Két qua thi nghiém duoc trinh bay qua Bang 3.12, Hinh 3.13 va Hinh 3.14.
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Két qua tir Bang 3.12 cho thiy cac mau bot voi 16p vo bao tir hdn hop MD
va GA ¢6 d6 am thap hon (p < 0,05) so v6i cdc mau chi st dung MD hodc GA don
1¢, trong khi khong ¢ sy khac biét c6 ¥ nghia thong ké vé ty trong bot (p > 0,05).
Dic biét, hon hop vai ti 16 MD: GA 1a 2:1 cho théy hi€éu qua vuot trdi vé hiéu suét
thu hoi bot (68,34% + 0,01) va hiéu suét vi bao TPC (33,74% + 0,01), TFC (22,35%
+ 0,01) va vitamin C (24,45% =+ 0,01), nhu minh hoa trong Hinh 3.13.

Bang 3.12. Do am va ty trong ctia bot khi stir dung 5 loai v bao khac nhau

Vo bao MD 2MD:1GA 1IMD:1GA 1IMD:2GA GA

Do &m bot (%)  3,92+0,01°  3,75+£0,01°  3,79+0,02°  3,73+0,01  3,86=0,01

Tytrong (g/ml)  022+0,01*°  020+0,01*°  021+0,02°  022+0,01*  022=0,02°

Cdc gid tri dwoc trinh bay dudi dang trung binh + SD véi ba lan ldp sau khi phan tich thong ké. Chi s6 a, b

ciia méi gid tri trong cing mot hang biéu thi sw khdc biét ¢ ¥ nghia thong ké véi p < 0,05.

100 - B Vat chitkho BTPC ®BTFC & Vitamin C
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Vit liéu vé bao

Hinh 3.13. Anh huong cia thanh phﬁn vo bao 1én hi¢u qua thu hoi bot va hiéu sudt

vi bao TPC, TFC va vitamin C c6 trong bot
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Cac ky twa, b, ¢, d, e ciia méi gid tri biéu thi sw khdc biét cé ¥ nghia thong ké véi p < 0,05.

Nhitng két qua nay c6 thé duoc giai thich qua dic tinh loai vo bao va sy twong
tac gitra MD va GA. GA 1a mot hydrocolloid ty nhién c6 do nhét thap, d6 bén co
hoc cao va kha ning ngin chin sy ntt v& cta cac hat vi bao trong qua trinh ché bién
va bao quan. Tuy nhién, GA c¢6 nhugc diém nhu gia thanh cao, d6 hoa tan thip va
dé twong tac voi cac thanh phan khac (Barra va cong sy, 2019). Trong khi d6, MD
c6 do hoa tan cao, d§ nhot thép, tinh 6n dinh nhiét tot va kha nang tuong thich voi
cac thanh phan khic, nhung lai c6 kha ning chéng oxy hoa thip
(Mohammadalinejhad & Kurek, 2021).

Su két hop gitra MD va GA khong chi khac phuc nhuoc diém cua timg loai
vO bao ma con mang lai cac uu diém vuot troi, nhu kha nang tao cac hat vi bao kich
thude nho hon, chéng oxy hoa tot hon (de Melo Ramos va cong su, 2019), dong
thoi cai thién d6 6n dinh va hiéu qua vi bao (Lourenco va cong sy, 2020). Nhirng
loi thé nay ciing di dugc ching minh théng qua cac nghién ctru cia Gonzalez-Pefia
va cong su (2021) va Karrar va cong su (2021) da chi ra ré’mg hdn hop MD-GA tao
ra cu tric dong nhat gitip bao vé hiéu qua cac hat vi bao chira carotenoids va cic
hop chét chdng oxy khoi tac dong cua anh sang, nhiét va oxy.

Hinh thai hoc hat bot vi bao tir Hinh 3.14 ciing cho thay cac hat duoc tao boi
v6 bao v6i ti 18 MD 1a 2:1 ¢6 bé mat min, hinh ciu dong nhét va it nit v&, thé hién
dic tinh hinh thai 1y twéng cho muc tiéu vi bao. Su phdi hop giita MD va GA theo
ti 1& nay khong chi gitp bao vé hiéu qua cac hop chat hoat tinh sinh hoc ma con ting

cudng do bén cau trac hat va cai thién kha ning tng dung cta bot.
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Hinh 3.14. Hinh thai hat bot c6 thanh phan vo 1a 2MD:1GA dué6i d6 phong dai
100x

Tém lai, ti 16 phéi tron MD 13 2:1 duge xé4c dinh 1a thich hop cho viée vi bao
cac hop chit ¢6 hoat tinh sinh hoc trong dich trai so ri c6 dac do hi¢u suét thu hoi
bot va hiéu suét vi bao TPC, TFC va vitamin C vuot trdi hon so voi cac ti 16 phéi
tron con lai. Ti I¢ nay dugc chon lam thanh phﬁn v6 bao ¢ dinh dé tiép tuc thuc
hién céc thi nghiém tiép theo.
3.4.3. Anh hwéng ciia ti 18 vat liéu 16i va vo bao 1én mét s6 tinh chit hoéa Iy caa
bot so ri sdy phun

Ti 1é phéi tron gitra 161 va vo bao 1a mot mat yéu t then chét, tac dong truc
tiép dén hiéu suit cua qua trinh vi bao bang phuong phap sdy phun va chat luong
ctia thanh pham bt vi bao. Ti 18 vo bao thip c6 thé khong bao vé day du vat lidu
16i, trong khi ti 18 vo bao qua cao s& 1am ting d6 nhdt hdn hop trude siy, gay kho
khan trong qua trinh séy phun. Vi vay, thi nghi€ém duoc thuc hi¢n dé xac dinh ti 18
vat liéu 16i va vé bao thich hop va két qua dugc trinh bay trong Bang 3.13, Hinh
3.15 va Hinh 3.16.
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Bang 3.13. Do am va ty trong ctia bot ¢ cac ti 1€ phéi tron 101 va vo bao khac nhau

Ti 1€ 16i/vé bao 1:1 1:1,5 1:2
Do am bot (%) 3,85+0,01* 3,44 £0,01° 3,17+£0,01¢
Ty trong (g/ml) 0,21 +£0,02% 0,20+ 0,01* 0,20+ 0,01*

Cdc gid tri dwoc trinh bay dwdi dang trung binh + SD véi ba lan Idp sau khi phan tich théng ké. Chi s6 a, b,

¢ ciia moi gid tri trong ciing mot hang biéu thi sw khdc biét ¢6 Y nghia thong ké véi p < 0,05.

Két qua & Bang 3.13 cho thiy, khi ti 1& 13i: vo bao thay doi tir 1:1 dén 1:1,5,
d6 am bot giam dang ké (tir 3,85% + 0,01 xudng 3,44% + 0,01), hiéu suét thu hoi
bot va hiéu suat vi bao cac hop chat hoat tinh sinh hoc (TPC, TFC va vitamin C)
déu tang 1én. Tuy nhién, khi ti 18 18i: v6 bao giam tiép xubng 1:2, hiéu suat thu hoi
bot giam nhe. Nguyén nhan c6 thé do & ti 1é vo bao thap (1:1), vat lidu 16i khong
dugc bao phu hoan toan, 1am ting kha ning tiép xuc truc tiép v6i nhiét do cao va
oxy trong qua trinh siy, din dén su phan hily cac hop chit nhay cam nhu vitamin C
va polyphenol (Acharya va cong su, 2021; Correa-Filho va cOng su, 2019). Trong
khi d6, khi ti 1& vo bao qua cao (1:2), dd nhét dung dich ting dang ké, gay ra hién
tugng dinh thanh thiét bi sdy va gian doan dong chay cua dung dich qua kim bom,

1am giam hiéu suat thu hdi vat chat khé (Mohammadalinejhad & Kurek, 2021).



87

~ 100 - B Vit chitkhdo BTPC ®BTFC ®&Vitamin C
S 90 |
S g0 | b :
g 70 - i
& 60 A
2 50 A
543- 40 - a
= 30 1 C a a
20 - b
10 -
0 . .

1:1.5
Ti 1€ 16i:v6 bao
Hinh 3.15. Anh huong cua ti 1€ 161:v6 bao 1én hi¢u suét thu hdi bot, hiéu suét vi
bao TPC, TFC va vitamin C c6 trong bt

Cdc ky tw a, b, ¢ ciia moi gid tri biéu thi su khdc biét c6 y nghia thong ké véi p < 0,05.

STD 4 Nov. 28 2023

Hinh 3.16. Hinh thai hat bot ¢co ti 1€ phéi tron 1:1,5 duoi do phong dai 250x

V& mit hinh thai hoc, Hinh 3.16 cho thiy céc hat bot vi bao duoc tao tir dung

dich co ti 1¢ 161: vo bao 1a 1:1,5 c6 hinh cau hoan chinh, bé mdt min mang, it nép
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nhin va khong c6 vét niit. Cac dic diém nay c6 ¥ nghia quan trong trong viéc nang
cao tinh 6n dinh cua hat vi bao, gitp bdo v¢ hi€u qua céc hop chét nhay cam trong
qua trinh bao quan va tng dung sau nay. Nghién ctru trudc ddy ciing cho thdy rang
ti 1é phéi tron tdi wu gitra vat liéu 161 va vé bao co thé tao ra cac hat bot co kich
thudc déng déu va kha nang bao v¢ cac chit hoat tinh sinh hoc cao hon, nho su
tuong tac dong nhét gitra cac thanh phan cau tao (de Melo Ramos va cong su, 2019).

Nhu vy, ti 16 16i: vo bao 1:1,5 dugc xac dinh 13 pht hop nhit trong thi nghiém
nay, vi n6 khong chi dam bao hi¢u suat thu hoi bot va vi bao cao nhat ma con tao ra
cac hat bot c6 dac tinh hinh thai phu hop. Ti 1€ nay dugc str dung lam diéu kién cb
dinh trong céc thi nghiém tiép theo nham dat dugc chat lwong san pham tbi uu va
hiéu qua tng dung trong cong nghiép thyc pham.
3.4.4. Anh huéng ciia nhiét d9 siy phun diu vao 1én mdt so tinh chat hoa Iy ciia
bot so ri sdy phun

Say phun 1a mot k§ thuat 1am bay hoi chét 1ong dudi tac dong cta nhiét do
cao nham tao ra hat bot kho. Trong qua trinh nay, nhiét 4o dau vao dong vai tro quan
trong anh huong dén hiéu qua sy, hiéu suat vi bao va chat luong ciia san pham.
Nhiét d6 dau vao khoéng du cao co thé 1am cham tbc do séy, tiéu ton nang luong va
gay giam hiéu qua thu hoi vat liéu. Nguoc lai, nhié¢t d dau vao qué cao co thé pha
huy cau trac 16p vo bao, gdy mat 6n dinh 16p 18i chtra cac hop chét hoat tinh sinh
hoc (Daniel va cong su, 2017; Tay va cong sy, 2021). Vi vay, nhiét o dau vao cua
qua trinh siy phun dugc tién hanh khao sat trong thi nghiém nay. Két qua thi nghiém

duogc thé hién théng qua Bang 3.14 va Hinh 3.17.

Bang 3.14. bo am va ty trong ctia bot ¢ cac nhiét do séy phun dau vao khac nhau

Nhiét d§ dau

14 1 1 1 1
vio (°C) 0 50 60 70 80

Po am bt (%) 3,47+ 0,01* 3,45+ 0,01* 3,31+£0,01°  330+0,01°> 3,27+0,01°
Ty trong (g/ml) 0,25 +£0,03* 0,21 +£0,01* 0,20 +0,02* 0,21+0,01* 0,23 +0,01°

Cac gia tri duoc trinh bay dwoi dang trung binh = SD voi ba lan lap sau khi phan tich thong ké. Chi so a, b,

¢ ciia moi gid tri trong ciing mot hang biéu thi sw khdc biét ¢6 ¥ nghia thong ké véi p < 0,05.



&9

Két qua thi nghiém (Bang 3.14, Hinh 3.17) cho thdy d6 4m ctia bot giam dan
khi ting nhiét d6 dau vao tir 140°C (3,47% =+ 0,01) dén 180°C (3,27% + 0,01), ty
trong bot khong c6 su khac biét vé mat thong ké khi thay d6i nhiét d siy. Hiéu suat
thu hdi bot ting tir 71,41% + 0,01 (140°C) 1én dén 80,92% + 0,01 (180°C), cho thay
sy cai thién trong hi€u qua bay hoi nude khi nhiét do dau vao tang. Tuy nhién, hi¢u
sut vi bao cac hop chat hoat tinh sinh hoc (TPC, TFC va vitamin C) lai ¢6 xu hudng
khac biét. Hiéu suat vi bao cac chi tiéu & mdc nhiét do dau vao 140°C 1a thap nhat,
déu & muc dudi 25%, sau d6 tang manh dat dinh véi 47,90% + 0,02 ddi véi TPC;
34,30% + 0,01 ddi v&i TFC va 24,19% = 0,01 ddi véi vi bao vitamin C khi ting
nhiét do say 1én 150°C. Theo sau d6 13 xu huéng giam nhe khi tiép tuc ting nhiét do

dau vao 1én dén 180°C.

B Vat chitkhd BTPC BTFC & VitaminC

éu suat thu hdi (%)
(o]
=)

A

Hi

140 150 160 170 180

Nhiét d6 ddu vao (°C)

Hinh 3.17. Anh huéng ciia nhiét d6 sdy dau vao 1én hiéu suét vi bao vat chat kho,
TPC, TFC va vitamin C c6 trong bot

Cac ky tira, b, ¢, d, e ciia moi gid tri biéu thi sw khdc biét cé y nghia thong ké véi p < 0,05.
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O nhiét d6 séy dau vao 140 °C, hiéu suét vi bao cua TPC, TEC va vitamin C
déu thap, dudi 25%. Piéu nay c6 thé duoc giai thich boi nhidu nguyén nhan. Pau
tién, nhiét do dau vao khong du cao lam cho tde do séy bi cham, dan dén viéc can
nhiéu thoi gian va ning lwong hon dé co thé 1am khé hat bot (Tay va cong su, 2021).
Tiép theo d6, viéc kéo dai thoi gian sdy tao diéu kién cho qua trinh oxy hoa hoic
phan hay 16p v6 bao dién ra, 1am suy giam chit lwong cta 16p 161 chira cac hop chét
c6 hoat tinh sinh hoc can bao vé (Ghandi va cdng sy, 2012). Khi nhiét do sfiy tang
1én 150°C, hiéu suit vi bao ting manh, dat 47,90% + 0,02 d6i v6i TPC, 34,30% +
0,01 d6i véi TFC, va 24,19% + 0,01 dbi véi vitamin C. Nhiét d6 nay tao diéu kién
thich hop dé hinh thanh 16p vo bao bén viing, bao vé vat liéu 16i hiéu qua. Tuy nhién,
khi nhiét do tiép tuc tang 1én 160-180 °C, hiéu suét vi bao giam nhe. Nguyén nhan
c6 thé do su pha v& cAu trac 16p vo bao dudi tdc dong cia nhiét dJ cao, khién cac
hop chét hoat tinh sinh hoc tiép xtc truc tiép voi nhiét va oxy, lam tang nguy co oxy
hoa hodc phan huy (Samborska va cong su, 2019). Vi thé, ham luong céc hop chat
¢6 hoat tinh sinh hoc trong bot sau khi say bi suy giam. Ngoai ra, nhiét 4o siy phun
dau vao qua cao ciing gdy ra hao phi ning luong va ton that chi phi.

Mac du nhiét do séy phun dau vao cao hon (170-180 °C) cai thién hiéu sudt
thu hoi bét, nhung lai gy ra ton that chat luong & muc do vi bao. Thi nghiém cling
ghi nhan ¢ murc nhiét d6 150 °C, bot ¢6 hiéu suat thu hoi TFC va vitamin C cao hon
so voi cac muc nhi¢t d§ khac, trong khi mic 160 °C tao ra bot co6 do am thép hon.
Do d6, khoang nhiét do 150-160 °C duoc xem 1a thich hop cho viéc can bang gitra
hiéu suét thu hoi va bao vé cac hop chit hoat tinh sinh hoc. Vi vay, khoang nhié¢t o
150-160 °C duoc chon dé thyc hién thi nghiém t6i wu nhiét do say phun dau vao va
150 °C duoc chon dé tién hanh thi nghi¢m khao sat nhiét do séy phun dau ra nhim
dam bao hiéu qua ning lugng va chit luong san pham tbt nhat.

3.4.5. Anh hwéng ciia nhi¢t d9 say phun diu ra 1én mdt sé tinh chat hoéa Iy ciia
bot so ri sdy phun

Ngoai nhiét do dau vao, nhiét do sy phun dau ra ciing déng vai tro quan

trong anh huong dén tbc do sy, chat luong va hiéu suat ciia qua trinh siy phun.
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Nhiét d6 sy phun dau ra thap co thé 1am giam tdc d6 sy, dan dén ting do 4m bot,
gy kho khin trong viéc bao quan va anh huong dén hiéu suat thu hoi. Nguoc lai,
nhiét do say phun dau ra qua cao c6 thé lam giam chét luong bot thong qua viée pha
huy cau trac 16p vo bao va cac hop chit nhay cam (Nespi va cong su, 2021). Dé xac
dinh nhiét d6 sy phun dau ra thich hop, thi nghiém da duoc tién hanh va két qua
duogc trinh bay trong Bang 3.15 va Hinh 3.18.

Bang 3.15. Do 4m va ty trong ctia bot & cac nhiét do sdy phun dau ra khac nhau

Nhiét do (°C) 65 75 85 95
P am bt (%) 4,76 £0,01° 4,55+0,01° 3,46 £0,01°¢ 3,39+ 0,01¢
Ty trong (g/ml) 0,21 +£0,02* 0,20 +0,03* 0,20 £ 0,03* 0,20 £ 0,02*

Cdc gid tri dwoc trinh bay duéi dang trung binh + SD véi ba lan ldp sau khi phan tich thong ké. Chi s6 a, b

ciia méi gid tri trong cing mot hang biéu thi sw khdc biét ¢ ¥ nghia thong ké véi p < 0,05.

Két qua thi nghiém (Bang 3.15) cho thiy d6 am bot giam dang ké khi nhiét
d6 sdy dau ra ting tir 65 °C (4,76% + 0,01) 1én 95 °C (3,39% + 0,01). Ty trong bot
trong khoang nhiét 46 khao sat dao dong tur 0,20 dén 0,21 g/ml, su khac bi¢t khong
¢ ¥ nghia théng ké (p>0,05). Ngoai ra, Hinh 3.18 chi ra rang hiéu suat thu hdi bot
va hiéu suét vi bao cac hop chét c¢6 hoat tinh sinh hoc (TPC, TFC va vitamin C) tang
1én khi nhiét 6 dau ra ting tir 65°C dén 85°C. Tai nhiét d6 85 °C, cac gia tri dat
dinh véi hidu suét thu hdi bot 85,71% + 0,01, higu suat vi bao TPC 48,91% + 0,02,
TFC 35,36% + 0,03 va vitamin C 27,21% =+ 0,01. Khi nhiét do tiép tuc tang lén 95

°C, céc chi s0 nay c6 xu hudng giam nhe.
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B Vit chat kho BTPC BTFC = Vitamin C
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Hinh 3.18. Anh huong cia nhiét do séy d4u ra 1én hiéu suét vi bao vat chét kho,
TPC, TFC va vitamin C c6 trong bdt

Cdc ky twa, b, ¢, d ciia méi gid tri biéu thi sy khdc biét c6 y nghia thong ké véi p < 0,05.

Hiéu suit thu hdi bot va cac hop chat co hoat tinh sinh hoc twong d6i thap &
nhiét do séy dau ra 13 65 °C c6 thé duge gidi thich bo1 mot s6 1y do. Theo Kent &
McLeod (2007), nhiét d6 thip duoc cho 13 khong du dé lam kho cac hat bot trong
budng sdy trong thoi gian ngin, 1am cho cac hat bot kho khong hoan toan, ¢6 d6 4m
cao, tao diéu kién cho ching dinh lai véi nhau gay tic nghén dau tiém, dinh thanh
thiét bi, giam hiéu suat thu hdi vat chat kho. Thém vao d6, d6 am bot cao ciing lam
suy giam cac hop chat ¢ hoat tinh sinh hoc bén trong 1i do sy oxy héa (Zhang va
cong sy, 2022). Ngoai ra, nhiét do dau ra clia qua trinh sdy thap cling lam luu chuyén
dong chay kém, giam ning suat sdy, ting thoi gian sdy va ting muc tiéu thu ning
luong trong san xuat.

Nguoc lai, khi nhiét d6 dau ra tang 1én 95 °C, mic du hiéu suat thu hoi bot
dat gia tri cao nhat, nhung hiéu suét vi bao céc hop chat hoat tinh sinh hoc lai giam.
biéu nay co thé do nhiét do cao lam pha huy 16p vo bao bao v¢ hat bot, khién céc
hop chét bén trong d& bi oxy hoa hodc phan hiy dudi tac dong cua nhiét dd (George
va cdng sy, 2023). Lac nay, 16p vo bao bén ngoai hat bot co thé bi pha huy lam cho
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cac hop chét c6 hoat tinh sinh hoc nhay cam bén trong bi phé huty boi tiép xtc truc
tiép voi diéu kién nhiét do cao.

Két qua thi nghiém cho thay nhiét do siy phun dau ra & 85 °C 1a thich hop,
dat hiéu suét vi bao cac hop chét hoat tinh sinh hoc cao nhét, trong khi nhiét d¢ 95
°C dat hiéu suat thu hoi bot tot nhat. Vi vay, khoang nhiét do 85-95 °C duoc xac
dinh 1a khoang t6i wu dé can bang giita hiéu suat thu hoi bot va bao vé cac hop chét
hoat tinh sinh hoc va duoc sir dung dé thuc hién cac thi nghiém tbi wu hoa tiép theo.
3.4.6. T6i wu héa nhiét d diu vao va nhiét dd diu ra trong qua trinh siy phun
nhii twong so' ri

Nhiét d6 sdy dau vao (X1) va dau ra (X2) c6 tac dong manh mé dén qué trinh
sdy phun ciing nhu cac chi tiéu vat 1y-hoda hoc ctia bot so ri vi bao. Phuong phap tdi
uu héa RSM theo mo6 hinh CCD da duoc sur dung dé phan tich va xac dinh nhiét do
phul hgp nhét cho nghién ctru ndy. Bang 3.16 thé hién sy anh hudng ciia nhiét do say
phun dau vao va dau ra Ién ty trong cua bot. Két qua phén tich théng ké cho thay
nhiét d6 dau vao va dau ra khong c6 anh hudng co ¥ nghia théng ké dén chi tiéu
nay. Vi vay, ty trong cua bt khong dugc chon 1am mot trong nhiing chi ti€u 4p dung

trong md hinh t6i vu RSM-CCD.

Bang 3.16. Ty trong cua bot dudi anh hudng ciia nhiét d6 dau vao va dau ra

Nhiét do sﬁy phun dau vao Nhiét do séy phun dau Ty trong
X, °C) ra (Xz, °C) (g/mL)
150 85 0,212+ 0,01
160 85 0,212+ 0,01
150 95 0,232+ 0,01
160 95 0,212+ 0,01
148 90 0,232+ 0,01
162 90 0,222+ 0,01
155 83 0,222+ 0,01
155 97 0,212+ 0,01
155 90 0,232+ 0,01
155 90 0,232+ 0,01

155 90 0,23*+ 0,01
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Céc chi tiéu phan tich bao gdm d6 am ciia bot vi bao (% am), hiéu suit thu
hdi bot (% THB), hiéu suat vi bao phenolic (% TPC), hiéu suat vi bao flavonoid (%
TFC) va hiéu suét vi bao vitamin C (% vitamin C) duoc chon dé danh gia tinh phu
hop cho mé hinh téi wu hoa. Céac két qua phan tich thuc t& (TT) ghi nhén tir cac thi
nghiém va dy doan (DD) dugc trinh bay trong Bang 3.17. Trong do, cac gia tri dy
doan duoc tinh toan tir cac phwong trinh du doan tdi wu (1-5) tao boi phan mém JMP
nhu sau:

% Am = 76,62 —0,01X; — 1,51X2 — 0,002X: X2+ 0,0005X;2 + 0,01X,>

% THB = —5683,59 + 57,31X, + 28,13X> — 0,08X,Xz — 0,16X,? — 0,09X>?

% TPC = —8594,64 + 95,31X; + 26,72X> + 0,05X1 X2 — 0,31X,% — 0,19X,?

% TFC = —5046,48 + 66,14X; — 1,67X> + 0,11X,X> — 0,24X,2 — 0,08X>?

% Vitamin C = —2853,78 + 33,12X; + 6,85X> + 0,02X,X> — 0,11X,2 — 0,05X>?
Bang 3.17. Két qua khao sat thuc té (TT) va du doan (D) cta hiéu suat THB (%),
hiéu suét vi bao TPC (%), TFC (%) va vitamin C (%) c6 trong bt so ri vi bao tir mod

hinh RSM CCD

0 X < % Vitamin
Mo 1 X Aim(%)  %THB % TPC % TFC ’
hinh (¢Cc (°C C
* ) ) TTr PP TT DP TT DP TT DD TT DP
3.6 3.7 809 780 437 451 291 298 245 233
- 150 85
8 2 4 5 5 3 8 9 9 4
33 34 926 910 499 509 267 290 238 23,1
160 85

7 7 3 2 3 7 3 2 6 1

34 33 80,5 80,8 42,6 43,6 256 239 228 229
8 9 7 9 6 9 5 2 2 0

—+ 150 95

29 2,9 846 862 54,0 33,4 339 237 2473
++ 160 95 534
7 4 0 0 9 8 3 4 1

33 33 743 758 40,7 394 21,6 21,9 20,8 21,5
5 9 1 6 3 6 6 9 3 2

a0 148 90

(1)
2)
3)
(4)

(5
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29 29 89,0 88,7 51,7 509 31,3 284 223 223
5 0 5 9 4 4 5 5 6 5

A0 162 90

40 39 835 864 524 51,1 369 335 233 24,6
1 2 5 6 3 5 4 4 6 3

Oa 155 83

32 33 86,6 85,0 53,1 523 325 32,7 257 25,1
3 1 9 6 2 3 5 9 7 7

0A 155 97

29 3,1 89,2 903 597 61,1 36,7 374 283 275
8 2 3 1 7 0 2 0 6 0

00 155 90

3,1 31 91,3 903 60,7 61,1 377 374 274 275
2 2 2 1 7 0 5 0 7 0

00 155 90

32 31 903 903 62,7 61,1 377 374 266 275
6 2 7 1 7 0 2 0 8 0

00 155 90

*Cdc thi nghiém dwoc tién hanh theo thir tw ngdau nhién.

Céc két qua & Bang 3.17 cho thiy s liéu phan tich cac chi tiéu bao gdm do
am, hiéu suét thu hoi bot (% THB), hiéu suét vi bao TPC, TFC, va vitamin C ghi
nhan tir thue nghiém co su trong dong véi cac két qua tinh toan tir phuong trinh dy
doan t6i wu theo phwong phap RSM-CCD vdi gia tri R2> 0,88. Hon nita, thir nghiém
tinh khong pht hop (lack of fit test) cho két qua 1a khong co sy khac biét c6 ¥ nghia
théng ké (p > 0,05) cho tit ca cac chi tiéu. Piéu nay c6 thé chimg minh dwgc sy anh
huong 1o rét cua nhiét do séy phun dAu vao va nhiét do dau ra dén chat lugng cua
san pham bot thé hién qua cac chi tiéu khao sat. Cu thé, Bang 3.18 cho thay ngoai
trir khong co6 tac dong 1én hi¢u suét thu hoi bot, nhiét do dau ra co anh huong theo
mbi quan hé¢ bac hai 1én céc chi ti€u khdo sat con lai, trong khi d6 nhiét do dau vao
c¢6 anh hudng tuyén tinh 1én céc chi tidu, ngoai trir &6 am. Nhin chung, khong c6 su
tuong tac gitta nhiét do siy phun dau va dau ra dén cac chi tiéu, ngoai trir hiéu suat

vi bao TFC.
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Bang 3.18. Cac hé sé hdi quy bac hai duoc ma hoa cho do 4m (%), hiéu suat thu hoi

bot (% THB) va hiéu suit vi bao TPC (%), TFC (%) va vitamin C (%) ctia bot so i

vi bao
Hé s6 hoi quy % Am % THB % TPC % TFC % Vitamin C
N 3,12 90,31 61,10 37,40 27,50
Ti uyén tinh (Linear)
a -0,17 * 4,57 ** 4,06 ** 2,28 * 0,29
a —0,21 ** -0,49 0,42 -0,27 0,19
Bdc 2 (Quadratic)
aja 0,013 —3,99 * —7,95 *** —6,09 ** —2,79 **
aa) 0,25 ** -2,27 —4,68 ** 2,12 % -1,30 *
Twong tac (Interaction)
ajap —-0,05 -1,91 1,14 2,72 % 0,41
R? 0,93 0,91 0,97 0,95 0,88
p-value of lack of fit 0,64 0,11 0,46 0,07 0,32

Véi *: p < 0,05; **: p < 0,01; ***: p < 0,001.

Mo hinh bé mit dap tng 3D véi dd thi duong vién 2D va so d6 dy doan do
am, hiéu suat THB, vi bao TPC, TFC va vitamin C cua bot so ri dudi anh huodng cua
nhiét do say dau vao (X1) va dau ra (Xz) duogc thé hién théng qua Hinh 3.19 va Hinh
3.20.

Dua trén cac tac dong ctia X va X», Hinh 3.19 minh hoa mo hinh bé mat dap
ng 3D véi biéu d6 duong déng muic 2D va mo hinh dy doan (Hinh 3.20) dén MC,
hiéu suat thu hoi bot, vi bao TPC, TFC va vitamin C, c6 thé thdy khi nhiét d6 dau
vao tang 1én, do am co xu hudng giam, trong khi cac hiéu sudt tang 1én va dat gia tri
cuc dai khi nhiét d¢ tang tir 150 °C 1én khoang 157 °C, sau d6 gidm nhe. Khi ¢ nhiét
d6 sdy phun thap, hiéu suat thu hoi bot va vi bao cac hop chat khong cao c6 thé duoc
gidi thich béi nhié¢t do khong da lam khé bot, 1am ching bi dinh vao thanh buéng
séy va phan huy céac hop chét c6 hoat tinh sinh hoc. Bén canh do, nhiét do séy cao

cling c6 kha nang dan dén hién twong nay do khi d6 nhiét do cta hat c6 tdc do ting
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nhanh hon nhiét d6 hoa guong dan dén su két dinh, lam giam hiéu suit bot vi bao
(Bhandari va cong su, 1997).

Mt khac, d6 4m va hiéu suét vi bao céac hop chét ¢ hoat tinh sinh hoc ¢ xu
huéng giam khi nhiét do du ra tang tir 82 °C 1én 90 °C, theo sau d6 13 xu hudng
tang. Hién tuong nay c6 thé dugc giai thich boi khi nhiét do say dau ra ting cao s&
din dén céc hat bi lam nong qua muc (George va cdng su, 2023). Lic nay, nude bdc
hoi nhanh chéng lam giam d¢ 4m, dong thoi 16p vo bao bén ngoai hat bot c6 thé bi
pha hity 1am cho cac hop chat c6 hoat tinh sinh hoc nhay cam bén trong bi pha hay

boi tiép xtc tryc ti€p voi diéu kién nhiét do cao.
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Hinh 3.19. M6 hinh bé mit dap tmg 3D véi dd thi dudong vién 2D cia phan trim
am, hiéu suat THB, thu hdi TPC, TFC va vitamin C chiu anh hudng boi nhiét d6

dau vao va daura
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C cua bot so ri vi bao dudi anh hudng cua nhi¢t do sdy dau vao va dau ra
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Mot sb nghién ctru trong linh vuc vi bao dd cho thdy xu hudng tuwong tu.
Nghién ctru dugce thyc hién bdi Correa-Filho va cong sy (2019) vé vi bao B-Carotene
stt dung GA & nhiét d6 dau vao 1a 110-200 °C cho thay hiéu suét sy bi anh huong
theo hi€u ing bac hai ctia nhi¢t do dau vao va c6 xu hudng tang 1€n dat cuc dai &
155° C r6i giam manh. Ngoai ra, Chong & Wong (2015) da ching minh rang nhiét
d6 sdy 180 °C t6i da hoa niang suét sy (57%) khi san xudt qua hong xiém xay
nhuyén bang cach sy phun sir dung cc nong d6 maltodextrin khac nhau (10-50%,
w/V).

Két qua phén tich cac chi tiéu theo ddi theo mo hinh CCD tir phan mém
Design Expert da dua ra dé xuat rang nhiét do say dau vao 157 °C cung véi nhiét do
sdy dau ra 91 °C 1a phuong 4n ti wu véi do tin cdy (Desirability) 13 92,6% dé tao ra
hat bot so ri vi bao c6 chat luong tdt. Mot luong mau da duoc tién hanh Séy theo cac
thong sb t6i uu véi ba 1an 1ap dé ddi chiéu thé hién qua Bang 3.19. Pdng thoi, miu
bot ti wu ciing duge phan tich ham luong mot sd hop chat bang phuong phap HPLC
thé hién qua Bang 3.20. Mit khac, cau tric hinh thai hat bot dugc phan tich bang
phuong phap SEM va nhiéu xa tia X (XRD) thé hién thong qua Hinh 3.21 va Hinh
3.22.

Két qua so sanh giira hi¢u suét vi bao thuc té va hiéu suat vi bao dugc tinh toan theo
cac phuong trinh du doan (1-5) thé hién & Bang 3.19 cho thiy c6 su trong dong.
Diéu nay ching minh rang mé hinh téi wvu RSM-CCD 1a ¢6 ¥ nghia trong viéc mo
phong mbi quan hé gifta nhiét do séy dau vao, nhiét do séy phun dau ra va chét
lugng ciia bot so ri vi bao théng qua nam chi tiéu khao sat. Bén canh d6, ciu tric
hinh thai cua hat bot duoc sdy ¢ diéu kién nhiét d6 toi wu thé hién qua Hinh 3.21

duoc xem la dat yéu cau voi do dong déu cao va 16p vo bao khong bi nit va.
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Bang 3.19. Thim tra m6 hinh CCD dbi v&i bot sy & 157 °C dau vao va 91 °C dau

ra
. Vi bao vitamin
Am Thu hoi bt Vi bao TPC Vi bao TFC C
(%) (%) (%) (%)
(%)
Du doan 3,02 91,15 61,44 37,42 27,19

Thuc nghiém 3,21 £ 0,21 90,23 +£1,05 58,06 + 0,01 35,19+ 0,03 26,42+ 0,02

Bang 3.20. Ham lugong mot ) hop chét ¢ hoat tinh sinh hoc ¢6 trong bot so i vi

bao say ¢ diéu kién nhiét do to1 vu

Hop chit Ham luwong
Vitamin C (mg/g) 1,24 +0,11
Gallic acid (mg/g) 1,44 £0,02

Catechin (mg/g) 0,89 + 0,03
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D¢ phong dai 1000x Do phong dai 2500x

Hinh 3.21. Hinh thai hat bot sdy ¢ diéu kién nhiét do dau vao va dau ra t6i vu ¢

cac do phong dai khac nhau
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Hinh 3.22. Biéu d6 phan tich XRD cua cic mdu MD, GA, bt so ri vi bao (tir tréi
sang)

Hinh 3.22 thé hién két qua phéan tich XRD cua hai thanh phan v6 bao (MD,
GA) va bot so ri vi bao thu duoc ¢ diéu kién nhiét do siy phun t6i vu. Biéu d6 cua
v6 bao MD (Hinh 3.22a) cho thiy céu tric tinh thé ctia n6 thong qua cac dinh rd rét
0 khoang 20°, 73° va 89° theo truc 20. Trong khi do, cac dinh 10 rét & khoang 20°,
390, 739 va 88° ciing thé hién cau tric tinh thé cia vo bao GA (Hinh 3.22b). Tuy
nhién, biéu dd phan tich bot vi bao (Hinh 3.22¢) cho thiy su bién mit cta cac dinh
n6i bat & quanh 40° va 80-90°, dong thoi dinh ¢ gan 70° cing thu nhé dién tich. Piéu
nay thé hién cdu tric chu yéu cia bot 1 vo dinh hinh. Sy chuyén d6i cdu trac nay
c6 thé dugc giai thich boi sy twong tac gitra 161 va thanh phan vo bao. Bén canh do,
su bay hoi nhanh chéng ciia cac hat c¢6 phan tir khdi nho trong qua trinh siy phun

cling duoc cho 1a mot nguyén nhan (Nambiar va cong sy, 2017). Ciu trac vo dinh
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hinh ctia bot cho phép né c6 kha ning hoa tan tét hon so véi cau trac tinh thé do luc
lién két gitra cac phan tir kém. Tir d6, hat bot c6 cau triic vo dinh hinh s& c6 sinh kha
dung cao.

Nhu vay, tir cac két qua phan tich, nhiét d6 sy dau vao 157 °C cing véi nhiét do
sdy dau ra 91 °C dugc chon lam théng s toi wu cho qua trinh sdy phun bot so ri vi
bao dé tao ra cac hat bot co do hoa tan tét, sinh kha dung cao, va hi¢u suat vi bao
vitamin C va cac hop chét c6 hoat tinh sinh hoc cao.

3.4.7. Pong hoc giai phong cac hop chit ¢é hoat tinh sinh hoc tir bot siy phun

Hiéu duoc dong hoc giai phong 13 rat quan trong dé 1am sang to cac co ché
co ban cua viéc giai phong cac hop chét hoat tinh sinh hoc tir vo bao, tao diéu kién
thuan g1 cho viéc duy doan giai phong dugce kiém soat hodc duy tri trong cac ma tran
thuc pham khéc nhau (Prakash & Baskaran, 2018; Upputuri & Mandal, 2019). Mo
hinh toan hoc cung cap cac cong cu thiét yéu dé phan tich dir liéu giai phong va
danh gia tac dong cua cong thirc vi bao va cac yéu té thiét ké ddi voi co ché giai
phong. Trong nghién ctru nay, thi nghiém da danh gid dong hoc gidi phong cac hop
chat hoat tinh sinh hoc trong bot vi bao so ri trong ba méi truong phan tan khac
nhau, cu thé 1a nudc, 10% etanol va 3% axit axetic, nhu mo ta trong Hinh 3.23.
Trong d6, méi trudng nudc duge xem nhu moi truong dbi chimg trong khi ethanol
10% mo phong méi trudng thyc pham ua nude thong thudng va axit axetic mo
phong méi truong thuc pham wa nude dic biét voi dy kién hoa tan toan b ma tran
polymer.

Hinh 3.23 cho thiy cac hop chat phenolic va vitamin C giai phong nhanh
trong khoang 10 phiit dau tién sau khi tiép xuc v6i dung méi. Diéu nay co thé lién
quan dén su phan bd cua céc hop chit c6 hoat tinh sinh hoc trong hat bot cé xu
hudng tap trung phan 16n ¢ gan 16p vo bao, cho nén chung dugc giai phong nhanh
chong khi 16p vo phong 1én do tiép xuc v6i méi trudng phan tan. Bén canh do, viée
céc hop chat c6 hoat tinh sinh hoc giai phong tot trong ca ba moi trudng mo phong
thue pham 10ng wa nuée cling phu hop véi dic tinh dién hinh cia viée giai phong

hop chit ¢ hoat tinh sinh hoc tir ma tran wa nudc (Del Nobile va cong sy, 2008).
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Ngoai ra, Hinh 3.23 thé hién trong subt giai doan phan tan, cic hop chat c6 hoat tinh
sinh hoc ¢6 xu hudng gidi phong nhanh trong méi truong axit va kém hon trong moi
truong ethanol. Piéu nay cé thé 1y giai boi tinh chét ca vo bao. Vo bao duoc tao
thanh tir maltodextrin va gum arabic 1 cic hop chét c6 do phan cuc cao, do d6 co
kha ning hoa tan tdt trong cac dung mdi phan cuc, vi du nhu nuée hay axit. Trong
khi d6, ethanol tuy la dung moi phan cuc nhung su c6 mat ciia nhom etyl (-C2Hs)

da lam lam giam do hoa tan ctia vo bao trong moi trudong nay.
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Hinh 3.23. Su giai phong cac hop chit c¢6 hoat tinh sinh hoc trong méi trudng
nuodc, ethanol 10% va axit axetic 3%

Tir cac két qua thue nghiém giai phong cac hop chit co hoat tinh sinh hoc
nhu vitamin C, TPC va TFC va hoat tinh khang oxy hoda DPPH & ba mdi truong
khac nhau (nudc, ethanol va axit acetic), nhiéu mo hinh da dugc s dung tinh toan
dé xac dinh tinh twong thich va xac dinh co ché giai phong. Cac mo hinh phd bién

dugc khao sat bao gom béc 0, bac 1, Korsmeyer-Peppas, Peppas-Sahlin, Higuchi,



105

va Weibull. Két qua cho thiy c6 3 mé hinh (Korsmeyer-Peppas, Peppas-Sahlin,
Higuchi) tuong thich duoc sir dung dé giai thich co ché giai phong cac hop chat
trong moi truong thyc pham. Hé s6 hdi quy cua cac md hinh du doan toc do giai
phong TPC, TFC, vitamin C va DPPH ¢ cac diéu kién khac nhau dugc trinh bay qua
Bang 3.21.

Biang 3.21. Pong hoc va co ché giai phong Vitamin C, TPC, TFC va DPPH ¢ céc

diéu kién khac nhau

AL LA M5 hinh Korsmeyer-
bicu kign Mo hinh Peppas-Sahlin Mo hinh Higuchi Co
Hop chit giai Peppas ]
) ché
phéng Km n R? Ki K2 n R? Ku R?
Nuéde 4,975 0,159 0,990 4,819 0,172 0,151 0,990 1,342 0,847 Fick
Vitamin Ethanol 4,648 0,169 0,983 3,363 1,327 0,125 0,984 1,304 0,865 Fick
C Axit
) 4,803 0,170 0,992 4,658 0,166 0,161 0,992 1,343 0,851 Fick
acetic
Nuéde 0,138 0,064 0,995 0,013 0,125 0,033 0,995 0,026 0,633 Fick
TPC Ethanol 0,123 0,071 0,996 0,085 0,039 0,052 0,996 0,024 0,653 Fick
Axit
) 0,135 0,077 0,992 0,087 0,048 0,056 0,992 0,027 0,674 Fick
acetic
Nuéde 0,103 0,141 0,996 0,000 0,103 0,071 0,996 0,026 0,814 Fick
Ethanol 0,102 0,144 0,989 0,089 0,014 0,123 0,989 0,026 0,834 Fick
TFC
Axit
] 0,105 0,148 0,988 0,000 0,120 0,056 0,981 0,027 0,807 Fick
acetic
Nudc 60,151 0,066 0,991 60,141 0,010 0,066 0,991 11,575 0,637 Fick
Ethanol 64,931 0,033 0,998 64,931 0,000 0,033 0,998 11,111 0,531 Fick
DPPH
Axit
62,246 0,044 0,999 61,956 0,038 0,045 0,999 11,127 0,593 Fick

acetic

Theo mé hinh Korsmeyer-Peppas, d¢ du doan co ché giai phong cac hgp chat

4
A

¢06 hoat tinh sinh hoc va hoat tinh chéng oxy hod, gia tri n dugc str dung. Néu hé s6
phuong trinh dong hoc n < 0,45, co ché giai phong 1a khuéch tan tudn theo quy luat

Fick; néun> 0,89, co ché giai phong 1 truong né; va co ché giai phong 1a ca khuéch
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tan va treong né néu 0,45 < n < 0,89 (Premjit va cong su, 2022). Két qua nghién
ctru nay cho thay bot vi bao giai phong & ca ba méi trudng giai phong theo co ché
khuéch tan theo quy luat Fick. Tuong tu, theo md hinh Peppas-Sahlin (Bang 3.21),
bot vi bao & hau hét cac diéu kién ciing dugc du doan giai phong theo co ché khuéch
tan do ti s6 Ki/Kz > 1. Tuy nhién, giai phong TPC va TEC tir bot vi bao & méi trudng
nuoc va TFC & moi truong axit acetic dugce dy doan theo co ché an mon do hé s6
Ki/K2 < 1. Dya trén cac hé sb tuong quan, moé hinh Korsmeyer-Peppas 1a mo hinh
pht hop nhit dé mo ta dong hoc giai phong cac hop chat ¢ hoat tinh sinh hoc ¢o
trong bot so ri vi bao (R?> 0,98) & cdc moi treong nghién clru (nude, ethanol va
acid citric).

3.4.8. Panh gia d on dinh ciia san pham bt & cac nhiét 4o bio quan khac nhau

D¢ 6n dinh cta bot so ri vi bao t6i wu duoc khao sat & ba diéu kién nhiét do
bao quan khac nhau (10 °C, 35 °C va 45 °C) trong 30 ngay dua trén céc chi ti€u bao
g6m hiéu suat vi bao TPC, TFC va vitamin C. Két qua khao sat duoc thé hién thong
qua Hinh 3.24.

Két qua phan tich cho thay diéu kién bao quan c6 tac dong dang ké dén ham
luong cac hop chat cé hoat tinh sinh hoc va kha ning chong oxy hoa cta bot so ri
vi bao. Ham luwong TPC, TFC va vitamin C ¢6 xu huéng suy giam theo chiéu ting
ctia nhiét 4o va thoi gian bao quan. Hinh 3.24 thé hién bot so ri vi bao tuong d6i on
dinh ¢ nhiét d6 bao quan 10°C va su thay d6i khong c6 ¥ nghia théng ké (p > 0,05)
vé chat luong ciia bot thong qua cac chi tiéu khao sat trong 10 ngay dau tién. Sau
do, céac chi tiéu c6 xu hudng gidm nhe. Cu thé, ham luong phén tram TPC va TFC
giam tur 8-9% trong khi ham lugng vitamin C trong bt giam khoang 12% sau 30
ngay. O nhiét do 35 °C, bot 6n dinh trong 5 ngay dau tién va cac chi tiéu c6 xu hudng
gidm tur ngay tha 10. Ham lugng TPC, TFC va vitamin C c6 sy suy giam khoang
16-18%. Mat khac, bot so ri vi bao khi dugc bdo quan ¢ 45 °C cho théy su syt giam
chét lugng nhanh hon khi céc chi tiéu déu cho thiy sy sut giam khoang 21-24% sau
30 ngay bao quan. Diéu nay tuong ty véi két qua nghién ctru ctia Garcia va cong sy

(2020) rang ham luong vitamin C trong bt so ri va bot camu-camu sdy phun co toc
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dd phan huy nhanh hon khi dugc bao quan ¢ 40°C (91,3%) so véi khi duge bao
quan ¢ 30°C (77,8%) trong 30 ngay.

m 0 ngay
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m 1 ngay
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Hinh 3.24. Anh huong cua diéu kién bao quan 1én ham luong TPC, TFC va

vitamin C
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Dib Taxi va cong su (2003) va Mara Righetto & Maria Netto (2005) da bao
céo viéc sir dung MD 1am v6 bao bao ton vitamin C trong qua trinh sdy kho, cho
thiy hiéu qua cua nd trong viéc vi bao nhii trong so ri W/O/W. Su suy giam ham
luong céac hop chét ¢6 hoat tinh sinh hoc trong bdt so 1 vi bao co thé duoc giai thich
boi su oxy hda va phan huy nhiét. Cac hop chit nay nhay cam véi nhiét, nhiét do
tang cao co thé thay ddi sinh kha dung va dan dén su thoai hoa cac hop chit co hoat
tinh sinh hoc trong san pham. Nhiét d9 tang cao day nhanh téc d6 thoai hoa cua cac
16p v6 bao, ddn dén mat kha ning bao vé vt liéu 1561 va khién chung tiép xuc truc
tiép v&i cac yéu td bén ngoai, chéng han nhu nhiét do séy va do am. Su tiép xUc nay
dan dén qua trinh oxy hoa, thay doi kha dung sinh hoc (Igor Otavio va cong su,
2017) hodc hu hong cau tric (Samborska va cong su, 2019), do d6 1am giam ham
luong cac hop chit c6 hoat tinh sinh hoc trong bot sau khi séy kho.

Biéu d6 suy thoai bac nhét, cac thong sd ciia mé hinh dong hoc va biéu d6
Arrhenius ctia ham luong TPC, TFC va vitamin C trong 30 ngdy bao quan ¢ 3 diéu
kién nhiét 46 khac nhau dugc 1an luot thé hién thong qua Hinh 3.25, Bang 3.22 va
Hinh 3.26. Hinh 3.25 cho thay su phan hty ham lugng TPC, TFC va vitamin C trong
bot so ri vi bao ¢ cac nhiét do bao quan khac nhau tuan theo phan trng bac mét. Két
qua nay phu hop véi nghién ctru dugce thyc hién bdi Serea va cong sy (2022) trén
v6 nho dé.

Nhin chung, c6 su trong dong trong hé s6 suy thoai (k) giita cac chi tiéu khao
sat. Piéu nay cho thay anh hudng ciia nhiét d6 bao quan 1én ham lwong TPC, TFC
va vitamin C 13 twong tu nhau. Hé s6 ndy ciing cho thiy su suy thoai cua céac chi
tiéu khao sat dién ra manh mé hon & diéu kién nhiét do bao quan cao hon va thoi
gian bao quan dai hon voéi gia tri k & 10 °C thap hon nhiéu (khoang %) so vdi gia tri
k & 40 °C. Piéu nay tuong tu v4i két qua nghién ciru cia Moldovan va cong sy
(2016), ham luong cac hop chéat phenolic trong dich cay son thi du c6 hé sé phan
hiy cao gap 8 lan ¢ nhiét d6 bao quan 1a 55°C so véi khi bao quan & 2 °C.

Bén canh d6, thoi gian ban huy (half life) cta cac chi tidu cling thé hién xu

hudng twong tu khi thoi gian ban huy & nhiét d6 cao hon thi ngan hon. Diéu nay c6
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thé duoc giai thich boi nhiét do cao co thé thac déy su oxy hoa va su thay ddi cau
tric trong cac phan tir lam cho chung bj bién tinh (Igor Otavio va cong su, 2017).
Ngoai ra, ndng luong hoat héa ciia TPC va TFC la tuong duong nhau (4,65 kcal/mol
va 4,97 kcal/mol) va cao hon so véi nang lugng hoat hoa cua vitamin C (3,63
kcal/mol). Piéu nay thé hién rang su suy giam cua vitamin C c6 xu huéng manh mé

hon TPC va TFC.
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Bang 3.22. Cac thong s6 mé hinh dong hoc ciia TPC, TFC va vitamin C trong bot

SO 11
TPC TFC Vitamin C
Nhiét
a6 Thoi
° Thoi gian Thoi gian
. k gian ban k
bao . binhiy R’ . R? 1 béan hiy  R?
an  (ngay™’) X (ngay™) uy (ngay™) X
quan (ngay) . (ngay)
(ngay)
10°C  0,0030 230 0,96  0,0028 245 0,95 0,0037 185 0,95
35°C  0,0060 115 0,99  0,0055 125 0,86  0,0057 123 0,93
45°C  0,0074 93 0,91  0,0076 91 0,87  0,0079 87 0,94

Nhu vay, nhiét do bao quan co6 tac dong dang ké dén chat luong cua bot so ri
vi bao thong qua ham lugng TPC, TFC va vitamin C. Chat luong cua bot 6n dinh
hon khi dugc bdo quan ¢ 10 °C va ¢6 xu hudng gidm khi nhiét d0 bado quan tang.
Do d6, bot nén dugc bao quan & diéu kién nhiét do thép cho muyc dich st dung lau
dai. Ngoai ra, mic du hiéu qua vi bao thong qua tinh toan ham luong cac hop chat
¢6 hoat tinh sinh hoc trén bé mit hat bot chua duge tinh toan trong nghién ctru nay,
nhung theo két qua Bang 2.22 cho thiy thoi gian ban huy ciia bot vi bao twong d6i
dai. Thong qua nghién ctru gian tiép vé dong hoc that thoat cac hop chit c6 hoat tinh
sinh hoc, c6 thé két luan hiéu qua bao vé¢ tdt cac hop chét nay trong bot vi bao.
3.4.9. Anh hwéng ciia dd 4m khong khi 1én mét so tinh chit hoa 1y ciia bt so ri
vi bao

Anh huong cua do Am khong khi 1én bt so ri séy phun dugc xac dinh & nhiét
d6 moi truong (khoang 30 °C) vé6i 5 diéu kién d6 4m khong khi khac nhau trong 20
ngay dé dat dugc can bang khéi luong. Két qua khao sat d6 4m can bang, hiéu suat
vi bao TPC, TFC, vitamin C va kha nang bét géc tu do DPPH duoc thé hién thong
qua Hinh 3.27, Hinh 3.28, Hinh 3.29 va Hinh 3.30.
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Hinh 3.27. Anh hudng cua d6 am khong khi 1én d6 4m cin bang cua bot sdy phun
EMC: d 4m can bang; ERH: d6 4m twong dbi can bang

Hinh 3.27 cho thdy mdi quan hé d6 thi giita 46 am can bang (EMC, %) va do
am tuong ddi can béng (ERH, %) cta bot so 11 O diéu kién nhiét do khong doi co
dang duong cong sigmoid. Nhin chung, EMC ciia bot ¢6 xu hudng ting theo chicu
tdng cua ERH. Trong khoang ERH dud61 40%, do 4m va hoat do nudc cua bot & mirc
tuong d6i thap. Piéu nay cho thiy chi c6 mot ham lwong nhé nudce tu do bén trong
bot. Do d6, bot ¢ diéu kién nay twong ddi on dinh vé hinh thai va cac tinh chat vat
1y, hoa hoc, sinh hoc. Nguoc lai, @ miuc ERH trén 40% cho théy su thép phu nudce
tang cao. Khi do, chat lugng bot sut giam nhanh chong do cac phan tng vat 1y, hoa
hoc va sinh hoc. Vi vay, bot khong nén dugc bdo quan & diéu kién moi truong co

ERH cao hon 40%.
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Hinh 3.28. Anh huong cua do Am khong khi 1én hoat do nudc cua bot séy phun
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Hinh 3.28 thé hién anh huong cua ERH 1én hoat do nudc cua bot. Két qua
cho thay hoat do nudc cta bot so ri sdy phun c6 xu hudng ting lién tuc theo chiéu
ting cia ERH. Piéu niy chimg minh d6 4m khong khi c6 thé anh huéng dang ké
dén hoat d6 nuée cua bot. Trong khi do, Hinh 3.29 minh hoa réng hinh thai cua cac
hat bot trong diéu kién EMC gan bang hoic thap hon mot chut so véi gia tri Mo
(ERH nho hon 75%) thé hién cac dic diém twong tu (Hinh 3.29a-c). Tuy nhién, cac
hat bot chiu diéu kién ERH bang hoic cao hon 75% (Hinh 30d, e) cho thiy hién
tugng trrong nd va bam dinh. Céc hién twong nay c6 thé duge giai thich boi khi bao
quan bot ¢ diéu kién ERH cao, bé mat hat bot hap phu nhiéu do 4m hon tir moi
truong xung quanh, din dén ting hoat 46 nudc va dién ra su ngung tu hoi am trén

bé mit cac hat bot. Su ngung tu ndy tao thanh cau nbi chét 16ng giita cac hat, khién

ching dinh chdt vao nhau va lam giam dong chay bot (Koumbogle va cong su,

2023).

Hinh 3.29. Hinh thai hat bot ¢ sau khi dat trang thai can bﬁng am & cac diéu kién

ERH khac nhau duéi d¢ phong dai 1000x: a) 8%, b) 22% c) 43%, d) 75%, d) 84%
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D6 4m don 16p (M,) dong vai tro quan trong trong viéc duy tri chit luong va
kéo dai thoi han sir dung ctia san phém thuc phém. N6 dai dién cho d6 4m toi thiéu
can thiét dé dam bao su 6n dinh khi bao quan thyc phém va nong san. Khi do am
dat dudi gid tri Mo, cac phan img vat 1y, hoa hoc va sinh hoc s€ cham lai trong khi
dd 4m cao hon s& thic déy cac phan irng hoa nau, hoat dong cua enzyme va vi sinh
vat. Do d6, do 4m cua san phém Séy kho phai dat dudi hoac Xép xi M, dé dat thoi
han str dung toi da. Str dung phuong trinh BET, gia tri M, cta bot so ri sdy phun ¢
nhiét do phong dugc du doan 1a 4,01% (R? = 0,983). Gia tri nay phu hgp voi mbc
d6 4m an toan cta hau hét cac san pham thyc pham siy kho 13 khoang 4%. Ngoai
ra, 0 Am ctia bot so ri vi bao siy & diéu kién nhiét do t6i uu la khoang 3,21%, thap
hon Mo, cho thiy bot c6 kha niang bao quan trong thoi gian dai.

Ham lugng céac hop chét c6 hoat tinh sinh hoc cling bi tdc dong manh mé bdi
su trao d6i am voi moi truong. Hinh 3.30 cho théy hiéu suét vi bao TPC, TEC,
vitamin C va kha nang bét goc tu do DPPH ctia bot so ri vi bao ¢6 xu hudng giam
khi d6 am khong khi twong doi tang. Piéu nay c6 thé dugc giai thich bai mdi quan
hé giita d6 Am twong ddi va qua trinh oxy héa. ERH c6 thé lam ting do am va viéc
tiép xtic voi khong khi c6 d6 am cao di tao diéu kién cho cac phan tng xay ra pha
huy cac hop chét c¢6 hoat tinh sinh hoc, lam giam tinh on dinh ciia cac chét chong
oxy héa dugc do, gop phan lam giam hoat dong bat gdc tw do DPPH. Do d6, dé kéo
dai t6i da thoi gian bao quan ¢ nhiét d6 moi truong, EMC ctia bot so ri sdy phun nén

6 muc dudi 4,01%.
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Hinh 3.30. Anh hudng ciia do 4m khong khi 1én ham lugng TPC, TFC, vitamin C
va kha nang bat gdc tur do DPPH cuia bot so ri vi bao
Gid tri dwgc trinh bay dwdi dang trung binh = SD véi ba ldan lap sau khi phan tich thong ké. Chi sé a, b, ¢, d

ciia méi gid tri trong cing mot hang biéu thi sw khdc biét cé y nghia thong ké véi p < 0,05.
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Tinh 6n dinh cao cta cac hop chét c6 hoat tinh sinh hoc trong cac san pham
bot vi bao trong qua trinh bao quan 1a rat c6 loi. Tuy nhién, mot van dé quan trong
can can nhac khéac lién quan dén viéc giai phong cac hop chit phenolic va vitamin
C tir ma tran GA-MD, cuing vdi viée duy tri hoat tinh chéng oxy héa ctia chiing trong
diéu kién da day va dudng rudt. Pic tinh ctia hé vi bao trong diéu kién tiéu hoa cudi
cung quyét dinh sinh kha dung cta cac hop chét co hoat tinh sinh hoc va tiém ning
sir dung bot so ri vi bao trong viéc dap tmg murc tiéu thu hang ngay duoc khuyén
nghi cho céc hop chét nay. Ngoai ra, cac diéu kién ché bién, nhu diéu kién nhii héa
va sdy phun, c6 thé anh huong tuong d6i dén sinh kha dung, mac du ¢ muc d6 thip
hon. Do d6, nghién ctru sdu hon dugc dam bao dé lam sang t06 mot cach toan dién
tinh sinh kha dung cta bot vi bao.

Nhu trinh bay trude d6, mic RDI cho vitamin C dugc thiét 1ap & muc 75 mg
va 90 mg moi ngay. Bang 3.20 minh hoa ham luong Vitamin C dap tng duoc muc
khuyén nghi ndy, ngay ca sau khi bao quan & nhiét do thap trong hon 8 thang. Két
qua ctia nghién ctru nay khang dinh ham luong vitamin C cao duoc duy tri trong san
pham bot so i vi bao trong qua trinh bao quan, tir d6 dinh vi san pham la nguén
cung cip vitamin C. Tuy nhién, cho dén nay, chua c6 khuyén nghi chinh thitc RDI
vé téng $6 polyphenol (Del Bo va cdng sy, 2019; Williamson & Holst, 2008), mac
du lugng tiéu thu trung binh x4p xi khoang 900 mg/ngay da dugc bao cao (Del Bo
va cong su, 2019). Viéc ngan ngura nhiéu bénh man tinh ¢6 lién quan dén viéc tiéu
thu polyphenol, nén bot so ri vi bao ¢6 chira ca polyphenol va vitamin C dugc xem

la chat bo sung c6 1o1 cho sttc khde con nguoi.
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KET LUAN VA KIEN NGHI

Két ludn

Nghién ctru nay da cung cip nhitng hiéu biét khoa hoc va thuc tién quan trong
vé viéc lam giau dich chiét so ri bang phuwong phap dong lanh, tao ra hé nhii tvong
W/O va W/O/W bén viing, toi wu hoa diéu kién vi bao nhii twong kép bang phuong
phap sdy phun, dong thoi nghién ctru dong hoc giai phong va bao quan bot so ri vi
bao.
Quy trinh ¢6 dic dich chiét bang phuong phéap c6 dic lanh dong di dugc xéac dinh voi
ba giai doan, tuong ting tho1 gian dong lanh lan luot 14 24, 36, va 60 gi0, ¢ hiéu qua
trong viéc 1am giau cac hop chat phenolic va vitamin C trong dich chiét trai so ri. Pay
1a budc xir Iy nguyén liéu nén tang dé dam bao chét lwong va hiéu suét cao cho cac
bude tiép theo.

Diéu kién phu hop dé tién hanh phuong phap nhii hoa ty phét dé tao nhil twong
W/O tir dich chiét trai so ri c6 ddc da dugc xac dinh bao gom téc d6 khudy 700 rpm,
ti 16 PGPR 10% (v/v) va ti 1& dich chiét c¢6 dic 40% (v/v). DPi véi nhii twong W/O/W,
ti 16 Tween 80 25% (v/v) va nhii twong W/O 21% (v/v) mang lai kich thudc hat dong
déu, kha ning bat gbc tu do tot, va bao toan ham luong hop chat hoat tinh sinh hoc
co trong dich so ri.

Vi bao bang phuong phép sdy phun str dung vat liéu 16i nhii twong kép két hop
vo1 thanh phﬁn vo bao tir maltodextrin va gum arabic (ti 1€ 2:1) va ti 1€ vat li¢u 161
1:1,5 mang lai hi¢u suét vi bao cao nhét. Diéu kién séy phun tdi vu duoc xac dinh vai
nhiét do dau vao 157°C va dau ra 91°C. Cac phuong trinh bac hai da duoc xay dung
dé m6 ta va dy doan anh hudng cia nhiét dd dau vao va dau ra 18n cic chi tiéu d6 4m
(R% =0,93), hiéu suét thu hdi bot (R? = 0,91), hiéu suat thu hoi TPC (R? =0,97), TFC
(R? = 0,95) va vitamin C (R? = 0,88). Trong khi d6, cac nhiét do trong qua trinh siy
phun khong c6 anh huéng dang ké 1én ty trong bot.
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Kha ning giai phéng va tinh 6n dinh cta bot vi bao dd duoc va két qua cho
thiy bot so i vi bao thé hién kha ning giai phong nhanh trong 10 phut dau tién va
giai phong tt hon trong moi trudng cé tinh axit, vdi co ché giai phong tuan theo mo
hinh Korsmeyer—Peppas va khuéch tan Fick. D6 4m khong khi va nhiét do bao quan
c6 anh huong 16n dén d6 6n dinh cua bot vi bao thong qua hinh thai va hiéu suét vi
bao céac hop chét c6 hoat tinh sinh hoc. Nghién ctru da xac dinh duoc do am can bﬁng
(Mo = 4,01% va nhiét d6 bao quan 10°C dugc dé xuat dé dam bao sy 6n dinh 1au dai,
dua trén du doan tir mo6 hinh BET va thtr nghiém thuc té.

Tom lai, san pham bot nhii twong W/O/W tir dich chiét so ri ¢6 dic, duoc vi
bao bang phuong phép sdy phun téi vu, 1 mot ngudn dinh dudng tiém ning do ¢
ham lugng polyphenol, vitamin C va hoat tinh chong oxy héa cao. Vi diéu kién bao
quan phu hop, san phim nay c6 thé duoc ing dung rong rii trong thuc pham va thuc
pham chirc ning.

Kién nghij

Pé hoan thién nghién ctru ndy, cac nghién ctru dé nghi thuc hién trong tuong
lai nhu sau:

Nghién ctru thu hdi vitamin C tr dich nuée rd dong dé tan dung ché bién céc
san pham nhu nudc giai khat.

Céc nghién ctru vé co ché giai phong cac hop chit c6 hoat tinh sinh hoc cua
hat vi bao dang nhil twong, ciing nhu nghién ctru vé do 6n dinh va bao quan thuc

pham duoc khuyén nghi, dé kham pha thém tiém ning cac tng dung cta ching.
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PHU LUC
Phu luc 1. Phwong phap phén tich cic chi tiéu
Phu luc 1.1 Pinh lwgng vitamin C

Chuan bi mau: cac nhil twrong duge hoa tan trong nude cat theo ty 18 1:1 (w/w),
tiép dén thém 5 giot dung dich mudi bdo hoa. Sau do, dung dich nay duogc ly tim &
tdc do 4000 vong/phit trong 5 phut dé thu duoc phan chat long trong va dem phéan
tich.

Ham luong vitamin C duoc xac dinh bang phuong phap chuan do 2,6-
dichlorophenol-indophenol (DCIP). Dung dich thuéc nhuém DCIP duogc chuan bi
béng cach hoa tan 0,1 g DCIP vao 100 mL nudc 4m sau d6 loc k¥, dung dich dugc sur
dung trong 3 ngay. Dung micropipet hut 1 mL chat chuan (0,1 mg/ml) axit ascorbic
va 2 ml axit oxalic 4 % cho vao binh tam giac. Chuan d6 bang dung dich thuéc nhuom
DCIP cho dén khi xuat hién mau hong nhat, bén trong vai phut, ghi nhan thé tich
thudc thir dd dung (V1). Sau d6, thay chat chuan bang 1 ml mau thar dé chuan do
tuong tu va ghi nhan thé tich thuc nhuém (V2). Ham lugng vitamin C c¢6 trong miu
dugc biéu dién bang mgAAE/g vk theo cong thire sau:

01 x V2 xV
V1l X m X (100 — mc)

Vitamin C (mgAAE/g vck) =

hay:

0,1 x V2

1

Trong d6, 0,1 12 nong d6 dung dich vitamin C chuan (mg/mL); V1 14 thé tich thubc

Vitamin C (mgAAE/mL) =

thir chuan d6 1 mL dung dich chuin, V2 13 thé tich thudc thir chuan d6 1 mL miu
(mL), V 1 thé tich mau (mL), m 1a khéi luong mau ban dau (g), va me 1a d6 4m mau
(%).
Phu luc 1.2 Pinh lwong cic hop chat phenolic toan phan

Chuan bi miu twong ty nhu Phy lac 1.1. Xac dinh ham luong cac hop
chét phenolic dugc thyc hién theo phuong phap Folin-Ciocalteu. Trong thanh phan
thudc thtr Folin-Ciocalteu co phtic hop phosphowolfram-phosphomolybdat, phirc

hop nay s& bi khir béi cac hop chét phenolic tao thanh san phdm phan Gmg c6 mau
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xanh duong, hap thu cuc dai ¢ budc séng 765 nm. Ham lwong tong cic hop chat
phenolic duoc tinh todn bang cach sir dung dudng cong chuan dugc chuan bi tir dung
dich axit gallic trong nudc (0,1-1 mg/mL) va két qua dugc biéu thi bang mg duong
luong axit gallic (GAE) trén 1 g mau.

Chudn bi mau: Lay 50 mL dich ép trai so ri tién hanh pha loang vdi ti 1¢ thich
hop.

Xay dung dwong chudn axit Gallic: Can 0,05 g axit Gallic hoa tan trong 100
mL nudéc cat duge dung dich ndng d6 500 pg/mL. Pha dung dich thanh cac dung dich
chuan trong binh dinh mirc 50 mL 1an lugt c¢6 ndng do 20, 40, 60, 80, 100 pg/mL.
Lay 5 6ng nghiém, 1an lugt cho vao 1 mL dung dich chuan & cac nong d6 khac nhau,
thém vao mdi 6ng 5 mL thudc thir Folin-Ciocalteu 10 %, lic déu 5 phit va sau do
thém 4 mL dung dich NaxCO3 7,5% lc déu 1an nita, G trong tdi 60 phut, do do hép
thu tai budc song 765 nm.

Xdc dinh ham luong cdc hop chat phenolic: Hat 1 mL mau dich da pha loang
vao 6ng nghiém, thém vao 5 mL thudc thir Folin-Ciocalteu 10 % lac déu 5 phit sau
d6 thém 4 mL dung dich Na,CO3 7,5% tiép tuc lac déu, sau do u trong ti 60 phut, do
do hép thy tai budc song 765 nm.

Mau trang: 1 mL nudc cat, 5 mL thude thir Folin-Ciocalteu 10% va 4 mL dung
dich NaxCO;3 7,5%. Lic nhe, dé t6i 60 phut, do & budc song 765 nm.

Phu luc 1.3 Pinh lwgng mot s6 hop chit phenolic don 1é

Chuan bi miu tuong tu nhu Phuy lac 1.1. Ham luong mot $6 hop chét phenolic
don 1¢ trong mau duoc xac dinh bang hé thng sic ky 1ong hiéu ning cao theo phuong
phap cua Chuanphongpanich & Phanichphant (2006) véi mot sb sira doi. Mau phan
tich sau khi chuan bi xong s& dugc phan tich bang hé thong HPLC (LC-20AD,
Shimadzu, Japan) v6i hé théng bom Sil-20A 1ay mau ty déng, dau do UV-VIS SPD-
20A, bg khi DGU-20A3 (Uckoo, Jayaprakasha, Nelson, & Patil, 2011). Cot Agilent
Eclipse XDB-C18 150x4.6 mm - Sum, tde do dong 1a 0,5 mL/phut, nhi¢t dd cot 1a 40
°C, va thé tich tiém mau 1a 20pL. Pha dong bao gdm acetonitrile, axit acetic & pH 3,0
va methanol. Hé thdng pha dong duoc xir 1i va dua vao thiét bi HPLC dé can bang

cac cot cho bude tiép theo.
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Cdch tién hanh: Pha 0,005 g mau trong 50 mL methanol, lic déu va loc bing
ong tiém PTFE 0,45 pm. Sau d6, chuyén mau vao 6ng vial HPLC va dat ching vao
khay hé théng HPLC dé chay mau. Cac dudng chuan dugc st dung sin c6 tir trung
tam cong ngh¢ Viét Ptc, truong dai hoc Cong Thuong TP.HCM.

Phu luc 1.4 Pinh lwgng flavonoid tong

Chuén bi mau tuong tu nhu Phu Iuc 1.1. Ham lugong Flavonoid toan phﬁn duoc
xéc dinh bang phuong phap Aluminum Chloride colorimetric (AICIs). Dung nuéc dé
pha lodng cac mau dich chiét va dung dich chuin Quercetin dat cac ndng do 100, 200,
300, 400, 500 pg/mL. Cac dung dich hoa chit NaNO; 5 %, AICl; 10 %, NaOH 1M
duogc pha lodng bang nudc cat. Két qua dugc biéu thi bang mg duong lugng quercetin
(QE) trén 1 g mau.

Chudn bi mau: Liy 50 mL dich ép ting mau tién hanh pha lodng véi ti 18
1:199.

Xay dung dwong chudn Quercetin: Can 0,05 g Quercetin hoa tan trong 100
mL methanoid duoc dung dich nong d6 500 pg/mL. Pha dung dich thanh cac dung
dich chuan trong binh dinh mtrc 50 mL lan luot ¢ néng do Quercetin: 0,1; 0,2; 0,3;
0,4; 0,5 pg/mL. L4y 5 dng nghiém, 1an luot cho vao 1 mL dung dich Quercetin chuan
& cac néng do khac nhau, thém vao mdi 6ng 4 mL nuéc cét, tiép theo cho thém 0,3
mL dung dich NaNO 5 %, sau 5 phut cho thém 0,3 mL dung dich AICls, giir trong 6
phat thém 2 mL dung dich NaOH 1M, sau d6 u trong t6i 20 phut do quang & budc
song 415 nm.

Xac dinh ham lwong flavonoid: Hat 1 mL mau dich da pha lodng vao ong
nghi¢m, thém vao 4 mL nudc cét, tiép theo cho thém 0,3 mL dung dich NaNO: 5 %,
sau 5 phut cho thém 0,3 mL dung dich AICI;, giit trong 6 phut thém 2 mL dung dich
NaOH 1M, sau d6 u trong t6i 20 phat do quang & budc séong 415 nm.

Mau trcfng: 1 mL nudc cit, thém vao 4 mL nudc cit, tiép theo cho thém 0,3
mL dung dich NaNO> 5 %, sau 5 phut cho thém 0,3 mL dung dich AICl;, gitr trong 6
phut thém 2 mL dung dich NaOH 1M, sau d6 u trong t6i 20 phut do quang & budc

song 415 nm.
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Phu luc 1.5 Po kich thwée va chi so6 da phan tan kich thwéce hat nhii twong

Chi sé da phan tan (Polydisperseity Index, PI) 1a thuéc do tinh khong dong
nhit cia mau dya trén kich thude. Tinh da phan tan co thé xdy ra do su phan bd kich
thudc trong mdt mau hoac su két tu hodc két tu ciia miu trong qua trinh phan lap hoac
phan tich (Mudalige va cong su, 2019).

Kich thudc va do phan bd kich thuée hat nhii twong duoc do bing thiét bi
Zetasizer ZS (Malvern Panalytical, Anh) va phan tich bang phan mém ZS Xplorer
2.3.1.4. Phuong phéap do dugc sir dung cho thiét bi nay 1a phwong phap tan xa anh
sang dong (Dynamic Light Scattering, DLS) hay con duoc goi 1a quang phd tuong
quan photon (Photon Correlation Spectroscopy, PCS). Phuong phdp nay la mdt
phuong phap dic trung thuong duoc sir dung dé phan tich cac hat nano, nhil twong
hodc huyén phil v6i cac wu diém vé d6 chinh xac cao va quy trinh do nhanh chéng.
Khi phan tich, cho mau vao cuvet nhya trong sudt 2 mat roi dit vao trong may, sau
d6 mau duoc chiéu sang béng chum tia laze va anh sang tan xa dugc ghi lai. Sy
chuyén dong ciia cac hat gay ra su dao dong cudng do trong anh sang tan xa. Tir
nhirng bién dong nay, hé sé khuéch tan c6 thé duge xac dinh va do d6 c6 thé xac dinh
duogc kich thude hat. Mot sb thong sb quang hoc duge chi ¥ diéu chinh trong qua
trinh do bao gdm nhiét 6 do (25 + 0,1°C), pha phan tan (nuéc), thoi gian do (5 phut)
va sb 1an do (3 1an).

Phu luc 1.6 Xac dinh hoat tinh chdng oxy hoa bang phwong phap danh bt géc
tw do DPPH

Hoat dong nhit gdc tu do cua mau duge do bang phuong phap di dugc mé ta
boi Brand-Williams va cong su (1995) v6i mot sb stra doi.

Chudn bi mdu: pha loang 0,5 mL méiu véi 4,5 mL methanol 80 % va dé 6n
dinh trong 1 gid. Mau d6i chting duoc thuc hién tuong ty nhung thay thé dich trich
bang MeOH.

Dung dich DPPH: 0,06 mM dung dich DPPH dugc chuan bi trong 100 mL
metanol.

Cdch tién hanh: Mot luong 100 pL mau duoc thém vao 2 mL dung dich DPPH
d3 duoc chudn bi. Hon hop duoc lic k§ va dé 6n dinh & nhiét d6 phong trong 30 phut.
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Sau d6, hon hop duoc mang di do dd hap thu ¢ budc séng 517 nm bang may do UV-
Vis. Kha niang chdng oxy héa duoc biéu thi bing mgAAE/100g DW va dugc tinh

theo cong thuec:

Phin tram bat gdc tw do DPPH = X 100

0

Trong d6, Ao 12 do hap thu ctia mau d6i chimg va A 1a d6 hip thu cua mau.
Phu luc 2. Két qua xir Iy thong ké: Cé diic dich chiét trai so ri bing phwong phap
c6 diac lanh dong

Phu luc 2.1 Anh huéng ciia sé giai doan ¢ diic lanh dong 1én nong dd hoat chit
sinh hoc c6 trong dich chiét trai so ri

Giai . Chi tia Lan do Hé s0 €0 dac
iai doan co dac itiéu 1 3 3 1 5 3
TSS (°Brix) 580 6,10 550 - - -
. ” ) TPC (mg/mL) 18,55 18,66 18,03 - - -
Dich chiét ol TFC (mg/100mL) 028 029 028 - - -
Vitamin C (mg/mL) 19,87 20,32 20,13 - - -
TSS (°Brix) 12,40 12,20 12,40 2,14 2,00 2725
.. TPC (mg/mL) 45,11 4323 4299 243 232 2,38
Giai doan 1
TFC (mg/100mL) 0,44 049 050 1,59 1,70 1,77
Vitamin C (mg/mL) 41,23 40,11 4042 2,07 1,97 2,01
TSS (°Brix) 13,70 13,80 13,80 236 226 2,51
Giai doan 2 TPC (mg/mL) 48,02 47,93 48,11 2,59 2,57 2,67
: TFC (mg/100mL) 0,51 049 053 1,82 1,69 1,89
Vitamin C (mg/mL) 52,80 51,53 51,45 2,66 2,54 2,56
TSS (°Brix) 16,20 16,00 16,60 2,79 2,62 3,02
Giai doan 3 TPC (mg/mL) 52,12 53,11 50,37 2,81 2,85 2,79
: TFC (mg/100mL) 0,72 0,69 0,72 258 238 2,56
Vitamin C (mg/mL) 63,15 63,11 60,92 3,18 3,11 3,03
TSS (°Brix) 17,20 16,80 16,80 2,97 2,775 3,05
Giai doan 4 TPC (mg/mL) 52,12 52,11 50,37 2,81 2,79 2,79

TFC (mg/100mL) 0,68 0,69 0,72 243 2,38 2,56
Vitamin C (mg/mL) 57,01 57,41 57,62 2,87 2,83 2,86
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ANOVA
Sum of Squares df Mean Square F Sig.
TSS Between Groups 237.037 4 59.259 1169.592 .000
Within Groups 507 10 051
Total 237.544 14
TPC Between Groups 2344.071 4 586.018 664.550 .000
Within Groups 8.818 10 882
Total 2352.889 14
TFC Between Groups 372 4 .093 211.576 .000
Within Groups 004 10 000
Total 377 14
Vitamin_C Between Groups 3393.806 4 848.451 1580.828 .000
Within Groups 5367 10 537
Total 3399.173 14
Hesocodac TSS Between Groups 16.968 4 4.242 221.010 .000
Within Groups 192 10 019
Total 17.160 14
Hesocodac TPC Between Groups 17.231 4 4.308 3121.522 .000
Within Groups 014 10 .001
Total 17.245 14
Hesocodac TFC Between Groups 12.369 4 3.092 393.410 .000
Within Groups 079 10 008
Total 12.447 14
Hesocodac VitC Between Groups 18.702 4 4.675 1835.893 .000
Within Groups 025 10 003
Total 18.727 14
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Multiple Comparisons

LSD
95% Confidence Interval

Dependent Mean Std. Lower
Variable (I) Giaidoan (J) Giaidoan | Difference (I-J) | Error Sig. Bound Upper Bound
TSS 0 1 -6.5333"| .18379 .000 -6.9428 -6.1238
2 -7.9667" | .18379 .000 -8.3762 -7.5572
3 -10.4667"| 18379 .000 -10.8762 -10.0572
4 -11.1333"| .18379 .000 -11.5428 -10.7238
1 0 6.5333"| .18379 .000 6.1238 6.9428
2 -1.4333"| .18379 .000 -1.8428 -1.0238
3 -3.9333"| .18379 .000 -4.3428 -3.5238
4 -4.6000" | .18379 .000 -5.0095 -4.1905
2 0 7.9667°| .18379 .000 7.5572 8.3762
1 1.4333"| .18379 .000 1.0238 1.8428
3 -2.5000" | .18379 .000 -2.9095 -2.0905
4 -3.1667°| .18379 .000 -3.5762 -2.7572
3 0 10.4667| .18379 .000 10.0572 10.8762
1 3.9333"| .18379 .000 3.5238 4.3428
2 2.5000"| .18379 .000 2.0905 2.9095
4 -.6667" | .18379 .005 -1.0762 -.2572
4 0 11.1333"| .18379 .000 10.7238 11.5428
1 4.6000" [ .18379 .000 4.1905 5.0095
2 3.1667° | .18379 .000 2.7572 3.5762
3 .6667°| 18379 .005 2572 1.0762
TPC 0 1 -25.3633"| .76674 .000 -27.0717 -23.6549
2 -29.6067| .76674 .000 -31.3151 -27.8983
3 -33.4533"| 76674 .000 -35.1617 -31.7449
4 -33.1200" | .76674 .000 -34.8284 -31.4116
1 0 25.3633"| .76674 .000 23.6549 27.0717
2 -4.2433"| 76674 .000 -5.9517 -2.5349
3 -8.0900" | .76674 .000 -9.7984 -6.3816
4 -7.7567° | 76674 .000 -9.4651 -6.0483
2 0 29.6067| .76674 .000 27.8983 31.3151
1 4.2433"| 76674 .000 2.5349 5.9517
3 -3.8467" | 76674 .001 -5.5551 -2.1383
4 -3.5133"| 76674 .001 -5.2217 -1.8049
3 0 33.4533"| .76674 .000 31.7449 35.1617
1 8.0900" | .76674 .000 6.3816 9.7984
2 3.8467"| 76674 .001 2.1383 5.5551
4 3333 76674 .673 -1.3751 2.0417
4 0 33.1200%| .76674 .000 314116 34.8284
1 7.7567°| .76674 .000 6.0483 9.4651
2 3.5133"| .76674 .001 1.8049 5.2217
3 -.3333 | .76674 .673 -2.0417 1.3751
TFC 0 1 -1933"| .01713 .000 -.2315 -.1552
2 -2267"| .01713 .000 -.2648 -.1885
3 -4267"| 01713 .000 -.4648 -.3885
4 -4133"| 01713 .000 -4515 -.3752
1 0 .1933*[ .01713 .000 1552 2315
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2 -.0333] .01713 .080 -.0715 .0048
3 -2333"| .01713 .000 -2715 -.1952
4 -.2200"| .01713 .000 -.2582 -.1818
0 22677 01713 .000 .1885 2648
1 .0333| .01713 .080 -.0048 0715
3 -2000"| .01713 .000 -.2382 -.1618
4 -.1867"| .01713 .000 -.2248 -.1485
0 42677 01713 .000 .3885 4648
1 2333"] 01713 .000 1952 2715
2 .2000"| .01713 .000 1618 2382
4 0133 .01713 454 -.0248 .0515
0 4133"] 01713 .000 3752 4515
1 .2200"| .01713 .000 1818 2582
2 1867 01713 .000 .1485 2248
3 -.0133] .01713 454 -.0515 .0248
Vitamin_C 1 -20.4800" | .59817 .000 -21.8128 -19.1472
2 -31.8200" | .59817 .000 -33.1528 -30.4872
3 -42.2867°| .59817 .000 -43.6195 -40.9539
4 -37.24007 | .59817 .000 -38.5728 -35.9072
0 20.48007 | .59817 .000 19.1472 21.8128
2 -11.3400" | .59817 .000 -12.6728 -10.0072
3 -21.8067°| .59817 .000 -23.1395 -20.4739
4 -16.76007 | .59817 .000 -18.0928 -15.4272
0 31.82007 | .59817 .000 30.4872 33.1528
1 11.3400" | .59817 .000 10.0072 12.6728
3 -10.4667"| .59817 .000 -11.7995 -9.1339
4 -5.4200" [ .59817 .000 -6.7528 -4.0872
0 422867 .59817 .000 40.9539 43.6195
1 21.8067| .59817 .000 20.4739 23.1395
2 10.4667° | .59817 .000 9.1339 11.7995
4 5.0467°| .59817 .000 3.7139 6.3795
0 37.24007 | .59817 .000 35.9072 38.5728
1 16.7600" | .59817 .000 15.4272 18.0928
2 5.4200" | .59817 .000 4.0872 6.7528
3 -5.0467" [ 59817 .000 -6.3795 -3.7139
Hesocodac_TSS 1 -2.1300" [ .11312 .000 -2.3820 -1.8780
2 -2.3767°| 11312 .000 -2.6287 -2.1246
3 -2.8100" | .11312 .000 -3.0620 -2.5580
4 -2.9233" [ .11312 .000 -3.1754 -2.6713
0 2.1300" [ .11312 .000 1.8780 2.3820
2 -2467| 11312 .054 -.4987 .0054
3 -.6800" [ .11312 .000 -.9320 -.4280
4 -7933"| .11312 .000 -1.0454 -.5413
0 23767 .11312 .000 2.1246 2.6287
1 2467 .11312 .054 -.0054 4987
3 -4333*[ .11312 .003 -.6854 -.1813
4 -5467" | .11312 .001 -.7987 -.2946
0 2.8100" | .11312 .000 2.5580 3.0620
1 .6800"| 11312 .000 4280 9320
2 4333"] 11312 .003 1813 .6854
4 - 1133 11312 .340 -.3654 .1387
0 2.9233%| 11312 .000 2.6713 3.1754
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1 7933%| 11312 .000 .5413 1.0454
2 54677 11312 .001 2946 71987
3 11331 11312 .340 -.1387 3654
Hesocodac_TPC 1 -2.3767°| .03033 .000 -2.4442 -2.3091
2 -2.6100° | .03033 .000 -2.6776 -2.5424
3 -2.8167"| .03033 .000 -2.8842 -2.7491
4 -2.7967*| .03033 .000 -2.8642 -2.7291
0 237677 .03033 .000 2.3091 2.4442
2 -2333"( .03033 .000 -.3009 -.1658
3 -.4400" | .03033 .000 -.5076 -.3724
4 -4200"| .03033 .000 -.4876 -.3524
0 2.6100"| .03033 .000 2.5424 2.6776
1 .2333"] .03033 .000 .1658 .3009
3 -2067"| .03033 .000 -.2742 -.1391
4 -.1867"| .03033 .000 -.2542 -.1191
0 2.8167"| .03033 .000 2.7491 2.8842
1 4400"| .03033 .000 3724 .5076
2 2067"| .03033 .000 1391 2742
4 .0200| .03033 525 -.0476 .0876
0 2.7967"| .03033 .000 2.7291 2.8642
1 42007 .03033 .000 3524 4876
2 18677 .03033 .000 1191 2542
3 -.0200] .03033 525 -.0876 .0476
Hesocodac_TFC 1 -1.6867" [ .07239 .000 -1.8480 -1.5254
2 -1.8000" | .07239 .000 -1.9613 -1.6387
3 -2.5067"| .07239 .000 -2.6680 -2.3454
4 -2.4567" .07239 .000 -2.6180 -2.2954
0 1.6867" [ .07239 .000 1.5254 1.8480
2 -.1133 ] .07239 .149 -.2746 .0480
3 -.8200" [ .07239 .000 -.9813 -.6587
4 -7700" | .07239 .000 -.9313 -.6087
0 1.8000" [ .07239 .000 1.6387 1.9613
1 11331 .07239 .149 -.0480 2746
3 -7067* | .07239 .000 -.8680 -.5454
4 -6567"| .07239 .000 -.8180 -.4954
0 2.5067" .07239 .000 2.3454 2.6680
1 .8200"| .07239 .000 .6587 9813
2 70677 07239 .000 .5454 .8680
4 .0500| .07239 .505 -.1113 2113
0 24567 .07239 .000 2.2954 2.6180
1 .7700" | .07239 .000 .6087 9313
2 .6567"| .07239 .000 4954 .8180
3 -.0500| .07239 .505 -2113 1113
Hesocodac_VitC 1 -2.0167" | .04120 .000 -2.1085 -1.9249
2 -2.5867°| .04120 .000 -2.6785 -2.4949
3 -3.1067° | .04120 .000 -3.1985 -3.0149
4 -2.8533"| .04120 .000 -2.9451 -2.7615
0 2.0167"| .04120 .000 1.9249 2.1085
2 -5700" [ .04120 .000 -.6618 -4782
3 -1.0900" | .04120 .000 -1.1818 -.9982
4 -.8367" | .04120 .000 -.9285 -.7449
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2 0 2.5867"| .04120 .000 2.4949 2.6785
1 .5700" | .04120 .000 4782 .6618
3 -.5200" | .04120 .000 -.6118 -.4282
4 -2667"| .04120 .000 -.3585 -.1749
3 0 3.1067° | .04120 .000 3.0149 3.1985
1 1.0900" [ .04120 .000 .9982 1.1818
2 .5200% [ .04120 .000 4282 6118
4 2533% [ .04120 .000 1615 3451
4 0 2.8533"( .04120 .000 2.7615 2.9451
1 .8367°| .04120 .000 .7449 9285
2 26677 .04120 .000 .1749 3585
3 -2533*[ .04120 .000 -.3451 -.1615

Based on observed means.
The error term is Mean Square(Error) =.003.
*. The mean difference is significant at the .05 level.

Phu luc 2.2 Anh huéng ciia thoi gian dong lanh 1én nong dd hoat chit sinh hoc
6 trong dich chiét trai so ri
a. Giai doan 1

Thoi gian dong lanh Chi tiéu Lan 1 Lan 2 Lan 3
TSS (°Brix) 5,80 6,10 5,50
0 gir TPC (mg/mL) 18,55 18,66 18,03
TFC (mg/100mL) 0,28 0,29 0,28
Vitamin C (mg/mL) 19,87 20,32 20,13
TSS (°Brix) 12,40 12,20 12,40
24 gic TPC (mg/mL) 45,11 43,23 42,99
TFC (mg/100mL) 0,44 0,49 0,50
Vitamin C (mg/mL) 41,23 40,11 40,42
TSS (°Brix) 12,30 12,20 12,40
36 gio TPC (mg/mL) 43,11 43,23 42,99
TFC (mg/100mL) 0,47 0,49 0,49
Vitamin C (mg/mL) 40,53 40,54 40,07
TSS (°Brix) 12,60 12,20 12,40
48 gic TPC (mg/mL) 44,11 43,23 42,80
TFC (mg/100mL) 0,44 0,48 0,48
Vitamin C (mg/mL) 41,21 41,02 40,02
TSS (°Brix) 12,80 12,60 12,40
60 gior TPC (mg/mL) 45,15 43,23 42,60
TFC (mg/100mL) 0,44 0,49 0,51
Vitamin C (mg/mL) 40,25 40,15 39,95
TSS (°Brix) 12,40 13,00 12,40
72 gio TPC (mg/mL) 44,80 43,23 42,99
TFC (mg/100mL) 0,49 0,45 0,50

Vitamin C (mg/mL) 41,07 40,56 40,17
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ANOVA
Sum of Squares df Mean Square F Sig.
TSS 1 Between Groups 110.696 5 22.139 423.943 .000
Within Groups 627 12 052
Total 111.323 17
TPC 1 Between Groups 1595.627 5 319.125 433.988 .000
Within Groups 8.824 12 735
Total 1604.451 17
TFC 1 Between Groups .098 5 .020 41.812 .000
Within Groups 006 12 000
Total .103 17
VitC 1 Between Groups 1039.082 5 207.816 1140.491 .000
Within Groups 2.187 12 182
Total 1041.269 17
Multiple Comparisons
LSD
Mean 95% Confidence Interval
Difference (I-
Dependent Variable (I) Thoigian (J) Thoigian )] Std. Error Sig. Lower Bound | Upper Bound
TSS 1 0 24 -6.53333" 18659 .000 -6.9399 -6.1268
36 -6.50000" 18659 .000 -6.9065 -6.0935
48 -6.60000" 18659 .000 -7.0065 -6.1935
60 -6.80000" 18659 .000 -7.2065 -6.3935
72 -6.80000" 18659 .000 -7.2065 -6.3935
24 0 6.53333" 18659 .000 6.1268 6.9399
36 .03333 18659 .861 -.3732 4399
48 -.06667 .18659 127 -4732 .3399
60 -.26667 .18659 178 -.6732 1399
72 -.26667 .18659 178 -.6732 .1399
36 0 6.50000" .18659 .000 6.0935 6.9065
24 -.03333 .18659 .861 -.4399 3732
48 -.10000 .18659 .602 -.5065 3065
60 -.30000 .18659 134 -.7065 .1065
72 -.30000 18659 134 -.7065 .1065
48 0 6.60000" 18659 .000 6.1935 7.0065
24 .06667 18659 127 -.3399 4732
36 .10000 18659 .602 -.3065 .5065
60 -.20000 18659 .305 -.6065 2065
72 -.20000 18659 .305 -.6065 2065
60 0 6.80000" 18659 .000 6.3935 7.2065
24 26667 18659 178 -.1399 .6732
36 .30000 18659 134 -.1065 7065
48 .20000 18659 .305 -.2065 .6065
72 .00000 18659 1.000 -.4065 4065
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72 0 6.80000" 18659 .000 6.3935 7.2065
24 26667 18659 178 -.1399 .6732

36 .30000 18659 134 -.1065 7065

48 .20000 18659 .305 -.2065 .6065

60 .00000 18659 1.000 -.4065 4065

TPC_1 0 24 -26.03000" 70016 .000 -27.5555 -24.5045
36 -24.69667" 70016 .000 -26.2222 -23.1712

48 -24.96667" 70016 .000 -26.4922 -23.4412

60 -25.24667" 70016 .000 -26.7722 -23.7212

72 -25.26000" 70016 .000 -26.7855 -23.7345

24 0 26.03000" 70016 .000 24.5045 27.5555
36 1.33333 70016 .081 -.1922 2.8588

48 1.06333 70016 155 -.4622 2.5888

60 78333 70016 285 -.7422 2.3088

72 77000 70016 293 -.7555 2.2955

36 0 24.69667" 70016 .000 23.1712 26.2222
24 -1.33333 70016 .081 -2.8588 1922

48 -.27000 70016 707 -1.7955 1.2555

60 -.55000 70016 447 -2.0755 9755

72 -.56333 70016 437 -2.0888 9622

48 0 24.96667" 70016 .000 23.4412 26.4922
24 -1.06333 70016 155 -2.5888 4622

36 .27000 70016 707 -1.2555 1.7955

60 -.28000 70016 .696 -1.8055 1.2455

72 -.29333 70016 .683 -1.8188 1.2322

60 0 25.24667" 70016 .000 23.7212 26.7722
24 -.78333 70016 285 -2.3088 7422

36 .55000 70016 447 -.9755 2.0755

48 .28000 70016 .696 -1.2455 1.8055

72 -.01333 70016 985 -1.5388 1.5122

72 0 25.26000" 70016 .000 23.7345 26.7855
24 -.77000 70016 293 -2.2955 7555

36 .56333 70016 437 -.9622 2.0888

48 .29333 70016 .683 -1.2322 1.8188

60 .01333 70016 985 -1.5122 1.5388

TFC_1 0 24 -.20667" .01764 .000 -.2451 -.1682
36 -.20000" .01764 .000 -.2384 -.1616

48 -.18333" .01764 .000 -2218 -.1449

60 -.19667" .01764 .000 -.2351 -.1582

72 -.19667" .01764 .000 -.2351 -.1582

24 0 20667 .01764 .000 .1682 2451
36 .00667 .01764 712 -.0318 .0451

48 .02333 .01764 211 -.0151 .0618

60 .01000 .01764 581 -.0284 .0484

72 .01000 .01764 581 -.0284 .0484

36 0 .20000" .01764 .000 .1616 2384
24 -.00667 .01764 712 -.0451 .0318

48 .01667 .01764 363 -.0218 .0551

60 .00333 .01764 .853 -.0351 .0418

72 .00333 .01764 .853 -.0351 .0418

48 0 .18333" .01764 .000 .1449 2218
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24 02333 01764 211 -0618 0151
36 -01667| 01764 363 -.0551 0218

60 01333 01764 464 -0518 0251

72 01333 01764 464 -.0518 0251

60 0 196677 | 01764 1000 1582 2351
24 -01000 | .01764 581 -.0484 0284

36 00333 | .01764 853 -.0418 0351

48 01333 01764 464 -.0251 0518

72 00000 .01764|  1.000 -.0384 0384

72 0 19667° | 01764 .000 1582 2351
24 -01000 | .01764 581 -.0484 0284

36 -00333| 01764 853 -.0418 0351

48 01333 01764 464 -.0251 0518

60 .00000| .01764|  1.000 -.0384 0384

VitC_1 0 24 20.48000° | 34854 .000 212394 -19.7206
36 20.27333"|  .34854 .000 -21.0327 -19.5139

48 20.64333°| 34854 .000 -21.4027 -19.8839

60 20.01000° | .34854 .000 -20.7694 -19.2506

72 20.49333%| 34854 .000 21.2527 -19.7339

24 0 20.48000" [ 34854 .000 19.7206 21.2394
36 20667 | 34854 564 -5527 9661

48 16333 34854 648 -9227 5961

60 47000 | 34854 202 -2894 1.2294

72 01333 34854 970 -7727 7461

36 0 20.27333* [ 34854 .000 19.5139 21.0327
24 -20667 | 34854 564 -9661 5527

48 37000 |  .34854 309 -1.1294 3894

60 26333 34854 464 -.4961 1.0227

72 -22000 | 34854 540 -9794 5394

48 0 20.64333* | 34854 .000 19.8839 21.4027
24 16333 34854 648 -5961 9227

36 37000 34854 309 -3894 1.1294

60 63333 34854 094 -1261 1.3927

72 15000 | 34854 675 -.6094 9094

60 0 20.01000" [ 34854 .000 19.2506 20.7694
24 47000 | 34854 202 -1.2294 2894

36 26333 | 34854 464 -1.0227 4961

48 -63333| 34854 094 -1.3927 1261

72 -48333 | 34854 191 -1.2427 2761

72 0 20.49333*| 34854 .000 19.7339 21.2527
24 01333 | 34854 970 -7461 7727

36 22000 | 34854 540 -5394 9794

48 -15000|  .34854 675 -.9094 6094

60 48333 34854 191 -2761 1.2427
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b. Giai doan 2
Thoi gian dong lanh Chi tiéu Lanl Lan2  Lan3
TSS (°Brix) 12,40 12,20 12,40
0 gior TPC (mg/mL) 45,11 43,23 42,99
TFC (mg/100mL) 0,44 0,49 0,50
Vitamin C (mg/mL) 41,23 40,11 40,42
TSS (°Brix) 13,70 13,80 13,80
24 gid> TPC (mg/mL) 48,02 47,93 48,11
TFC (mg/100mL) 0,51 0,49 0,53
Vitamin C (mg/mL) 52,80 51,53 51,45
TSS (°Brix) 16,80 16,80 15,80
36 git TPC (mg/mL) 55,20 55,35 55,45
TFC (mg/100mL) 0,68 0,70 0,68
Vitamin C (mg/mL) 67,60 66,70 66,41
TSS (°Brix) 16,70 16,80 16,80
48 gid> TPC (mg/mL) 55,02 54,93 55,11
TFC (mg/100mL) 0,70 0,67 0,66
Vitamin C (mg/mL) 67,80 66,53 66,45
TSS (°Brix) 16,40 17,00 16,80
60 gic TPC (mg/mL) 55,25 53,01 54,95
TFC (mg/100mL) 0,69 0,67 0,69
Vitamin C (mg/mL) 66,95 67,55 65,89
TSS (°Brix) 16,60 16,80 16,80
72 git TPC (mg/mL) 54,67 54,72 53,68
TFC (mg/100mL) 0,68 0,67 0,68
Vitamin C (mg/mL) 67,24 65,95 65,11
ANOVA
Sum of Squares df Mean Square F Sig.
TSS 2 Between Groups 52.498 5 10.500 349.985 .000
Within Groups 360 12 030
Total 52.858 17
TPC 2 Between Groups 273.809 5 54.762 110.916 .000
Within Groups 5.925 12 494
Total 279.733 17
TFC 2 Between Groups 116 5 .023 112.762 .000
Within Groups .002 12 .000
Total 118 17
VitC_ 2 Between Groups 1686.949 5 337.390 543.539 .000
Within Groups 7.449 12 621
Total 1694.398 17
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Multiple Comparisons

LSD
Mean 95% Confidence Interval
Difference (I-

Dependent Variable (I) Thoigian (J) Thoigian J) Std. Error Sig. Lower Bound | Upper Bound
TSS 2 0 24 -1.43333" 14142 .000 -1.7415 -1.1252
36 -2.60000" 14142 .000 -2.9081 -2.2919

48 -4.43333" 14142 .000 -4.7415 -4.1252

60 -4.40000" 14142 .000 -4.7081 -4.0919

72 -4.40000" 14142 .000 -4.7081 -4.0919

24 0 1.43333" 14142 .000 1.1252 1.7415
36 -1.16667" 14142 .000 -1.4748 -.8585

48 -3.00000" 14142 .000 -3.3081 -2.6919

60 -2.96667" 14142 .000 -3.2748 -2.6585

72 -2.96667" 14142 .000 -3.2748 -2.6585

36 0 2.60000" 14142 .000 2.2919 2.9081
24 1.16667" 14142 .000 .8585 1.4748

48 -1.83333" 14142 .000 -2.1415 -1.5252

60 -1.80000" 14142 .000 -2.1081 -1.4919

72 -1.80000" 14142 .000 -2.1081 -1.4919

48 0 4.43333" 14142 .000 4.1252 4.7415
24 3.00000" 14142 .000 2.6919 3.3081

36 1.83333" 14142 .000 1.5252 2.1415

60 .03333 14142 818 -.2748 3415

72 .03333 .14142 .818 -.2748 3415

60 0 4.40000" 14142 .000 4.0919 4.7081
24 2.96667" 14142 .000 2.6585 3.2748

36 1.80000" 14142 .000 1.4919 2.1081

48 -.03333 14142 818 -.3415 2748

72 .00000 .14142 1.000 -.3081 .3081

72 0 4.40000" 14142 .000 4.0919 4.7081
24 2.96667" 14142 .000 2.6585 3.2748

36 1.80000" 14142 .000 1.4919 2.1081

48 -.03333 14142 818 -.3415 2748

60 .00000 14142 1.000 -.3081 .3081

TPC 2 0 24 -3.57667" 57371 .000 -4.8267 -2.3267
36 -5.89000" 57371 .000 -7.1400 -4.6400

48 -10.57667" 57371 .000 -11.8267 -9.3267

60 -9.96000" 57371 .000 -11.2100 -8.7100

72 -9.91333" 57371 .000 -11.1633 -8.6633

24 0 3.57667" 57371 .000 2.3267 4.8267
36 -2.31333" 57371 .002 -3.5633 -1.0633

48 -7.00000" 57371 .000 -8.2500 -5.7500

60 -6.38333" 57371 .000 -7.6333 -5.1333

72 -6.33667" 57371 .000 -7.5867 -5.0867

36 0 5.89000" 57371 .000 4.6400 7.1400
24 2.31333" 57371 .002 1.0633 3.5633

48 -4.68667" 57371 .000 -5.9367 -3.4367

60 -4.07000" 57371 .000 -5.3200 -2.8200

72 -4.02333" .57371 .000 -5.2733 -2.7733

48 0 10.57667" 57371 .000 9.3267 11.8267
24 7.00000" 57371 .000 5.7500 8.2500

36 4.68667" 57371 .000 3.4367 5.9367

60 .61667 57371 304 -.6333 1.8667

72 .66333 57371 .270 -.5867 1.9133

60 0 9.96000" 57371 .000 8.7100 11.2100
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24 6.38333"| 57371 .000 5.1333 7.6333

36 4.07000" | 57371 .000 2.8200 5.3200

48 -61667| 57371 304 -1.8667 6333

72 04667 57371 937 -1.2033 1.2967

72 0 9.91333"| 57371 1000 8.6633 11.1633
24 6.33667°| 57371 .000 5.0867 7.5867

36 4.02333*| 57371 .000 2.7733 5.2733

48 -66333| 57371 270 -1.9133 5867

60 -04667| 57371 937 -1.2967 1.2033

TFC 2 0 24 02000 01171 113 -.0455 10055
36 116677 01171 .000 -1422 -.0912

48 -18667°| 01171 .000 -2122 -1612

60 -19333"| 01171 .000 -2188 -1678

72 -18667" | 01171 .000 2122 -1612

24 0 02000 01171 113 -.0055 0455
36 -09667°| 01171 .000 -1222 -0712

48 -16667" | 01171 .000 -1922 -1412

60 17333 01171 .000 -.1988 -.1478

72 -16667°| 01171 .000 -1922 -.1412

36 0 11667° | 01171 1000 0912 1422
24 09667° | 01171 .000 0712 1222

48 -07000*| 01171 .000 -.0955 -.0445

60 -07667°| 01171 .000 -1022 -.0512

72 -07000"| 01171 .000 -.0955 -.0445

48 0 18667 | 01171 1000 1612 2122
24 16667 01171 .000 1412 1922

36 .07000* | .01171 .000 .0445 .0955

60 00667 | 01171 580 -0322 0188

72 .00000| 01171 1.000 -.0255 0255

60 0 19333 01171 1000 1678 2188
24 17333 01171 .000 1478 .1988

36 07667 01171 .000 0512 1022

48 00667 01171 580 -0188 0322

72 00667 | 01171 580 -0188 0322

72 0 18667° | 01171 .000 1612 2122
24 16667 01171 .000 1412 1922

36 .07000* | .01171 .000 0445 .0955

48 .00000| 01171 1.000 -.0255 0255

60 -00667| 01171 580 -.0322 0188

VitC 2 0 24 11.34000° | 64329 1000 12,7416 9.9384
36 -17.01667°| 64329 .000 -18.4183 -15.6151

48 2634000 | 64329 .000 27.7416 24.9384

60 26.21000" | 64329 .000 27.6116 -24.8084

72 2551333 64329 .000 26.9149 24.1117

24 0 11.34000° | .64329 .000 9.9384 12.7416
36 5.67667°| 64329 .000 -7.0783 -4.2751

48 -15.00000" | 64329 .000 -16.4016 -13.5984

60 -14.87000" | 64329 .000 -162716 -13.4684

72 -14.17333"| 64329 .000 -15.5749 127717

36 0 17.01667° | .64329 .000 15.6151 18.4183
24 5.67667°| 64329 .000 42751 7.0783

48 9.32333" | 64329 .000 -10.7249 7.9217

60 9.19333*| 64329 .000 -10.5949 77917

72 -8.49667" | .64329 .000 -9.8983 -7.0951

48 0 26.34000° | .64329 .000 24.9384 27.7416
24 15.00000* | .64329 .000 13.5984 16.4016

36 9.32333"| 64329 .000 7.9217 10.7249
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60 .13000 .64329 .843 -1.2716 1.5316
72 82667 | 64329 223 -5749 2.2283
60 0 26.21000" .64329 .000 24.8084 27.6116
24 14.87000° | .64329 .000 13.4684 162716
36 9.19333" .64329 .000 7.7917 10.5949
48 13000 | 64329 843 -1.5316 12716
72 .69667 .64329 .300 -.7049 2.0983
72 0 2551333 | .64329 .000 24.1117 26.9149
24 14.17333" .64329 .000 12.7717 15.5749
36 8.49667° | 64329 .000 7.0951 9.8983
48 -.82667 .64329 223 -2.2283 .5749
60 69667 | 64329 300 -2.0983 7049
*. The mean difference is significant at the 0.05 level.
c. Giai doan 3
Thoi gian dong lanh Chi tiéu Lan 1 Lan 2 Lan 3
TSS (°Brix) 17,20 17,00 17,40
0 gic TPC (mg/mL) 54,32 54,22 55,07
TFC (mg/100mL) 0,70 0,73 0,72
Vitamin C (mg/mL) 71,30 71,70 70,19
TSS (°Brix) 16,20 16,00 16,60
24 gic TPC (mg/mL) 50,12 50,11 50,37
TFC (mg/100mL) 0,70 0,69 0,70
Vitamin C (mg/mL) 61,15 60,11 60,92
TSS (°Brix) 16,70 16,80 16,80
36 gior TPC (mg/mL) 55,02 54,93 55,11
TFC (mg/100mL) 0,70 0,67 0,66
Vitamin C (mg/mL) 67,80 66,53 66,45
TSS (°Brix) 19,20 19,00 19,20
48 gic TPC (mg/mL) 56,72 57,17 56,25
TFC (mg/100mL) 0,77 0,75 0,75
Vitamin C (mg/mL) 77,60 78,12 77,21
TSS (°Brix) 21,20 20,80 20,80
60 gior TPC (mg/mL) 60,12 61,11 60,37
TFC (mg/100mL) 0,87 0,84 0,87
Vitamin C (mg/mL) 83,15 83,11 80,92
TSS (°Brix) 21,20 21,80 21,04
72 gis TPC (mg/mL) 59,12 61,11 58,37
TFC (mg/100mL) 0,83 0,84 0,81
Vitamin C (mg/mL) 76,15 77,11 76,82
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ANOVA
Sum of Squares df Mean Square F Sig.
TSS 3 Between Groups 64.958 5 12.992 233.474 .000
Within Groups 668 12 056
Total 65.626 17
TPC 3 Between Groups 210.714 5 42.143 92.712 .000
Within Groups 5.455 12 455
Total 216.169 17
TFC 3 Between Groups .082 5 .016 71.571 .000
Within Groups 003 12 000
Total 084 17
VitC 3 Between Groups 940.860 5 188.172 316.841 .000
Within Groups 7.127 12 .594
Total 947.987 17
Multiple Comparisons
LSD
Mean 95% Confidence Interval
Difference (I-
Dependent Variable (I) Thoigian (J) Thoigian J) Std. Error Sig. Lower Bound | Upper Bound
TSS 3 0 24 -.06667 19260 735 -.4863 3530
36 -.43333* .19260 .044 -.8530 -.0137
48 -2.36667" .19260 .000 -2.7863 -1.9470
60 -4.16667" 19260 .000 -4.5863 -3.7470
72 -4.58000" .19260 .000 -4.9996 -4.1604
24 0 .06667 19260 735 -.3530 4863
36 -.36667 .19260 .081 -.7863 .0530
48 -2.30000" 19260 .000 -2.7196 -1.8804
60 -4.10000" .19260 .000 -4.5196 -3.6804
72 -4.51333" .19260 .000 -4.9330 -4.0937
36 0 43333" .19260 .044 .0137 .8530
24 36667 19260 .081 -.0530 7863
48 -1.93333" .19260 .000 -2.3530 -1.5137
60 -3.73333" .19260 .000 -4.1530 -3.3137
72 -4.14667" .19260 .000 -4.5663 -3.7270
48 0 2.36667" .19260 .000 1.9470 2.7863
24 2.30000" 19260 .000 1.8804 2.7196
36 1.93333" .19260 .000 1.5137 2.3530
60 -1.80000" 19260 .000 -2.2196 -1.3804
72 -2.21333" .19260 .000 -2.6330 -1.7937
60 0 4.16667" 19260 .000 3.7470 4.5863
24 4.10000" .19260 .000 3.6804 4.5196
36 3.73333" 19260 .000 3.3137 4.1530
48 1.80000" .19260 .000 1.3804 2.2196
72 -.41333 .19260 .053 -.8330 .0063
72 0 4.58000" 19260 .000 4.1604 4.9996
24 4.51333" .19260 .000 4.0937 4.9330
36 4.14667 19260 .000 3.7270 4.5663
48 2.21333" .19260 .000 1.7937 2.6330
60 41333 .19260 .053 -.0063 .8330
TPC 3 0 24 4.82000" .55049 .000 3.6206 6.0194
36 48333 .55049 .397 -.7161 1.6827
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48 -1.69333" .55049 .010 -2.8927 -.4939

60 -5.51333" .55049 .000 -6.7127 -4.3139

72 -4.51333" .55049 .000 -5.7127 -3.3139

24 0 -4.82000" .55049 .000 -6.0194 -3.6206
36 -4.33667" .55049 .000 -5.5361 -3.1373

48 -6.51333" .55049 .000 -7.7127 -5.3139

60 -10.33333" .55049 .000 -11.5327 -9.1339

72 -9.33333" .55049 .000 -10.5327 -8.1339

36 0 -.48333 .55049 397 -1.6827 7161
24 4.33667" .55049 .000 3.1373 5.5361

48 -2.17667" .55049 .002 -3.3761 -9773

60 -5.99667" .55049 .000 -7.1961 -4.7973

72 -4.99667" .55049 .000 -6.1961 -3.7973

48 0 1.69333" .55049 .010 4939 2.8927
24 6.51333" .55049 .000 5.3139 7.7127

36 2.17667" .55049 .002 9773 3.3761

60 -3.82000" .55049 .000 -5.0194 -2.6206

72 -2.82000" .55049 .000 -4.0194 -1.6206

60 0 5.51333" .55049 .000 4.3139 6.7127
24 10.33333" .55049 .000 9.1339 11.5327

36 5.99667" .55049 .000 4.7973 7.1961

48 3.82000" .55049 .000 2.6206 5.0194

72 1.00000 .55049 .094 -.1994 2.1994

72 0 4.51333" .55049 .000 3.3139 5.7127
24 9.33333" .55049 .000 8.1339 10.5327

36 4.99667" .55049 .000 3.7973 6.1961

48 2.82000" .55049 .000 1.6206 4.0194

60 -1.00000 .55049 .094 -2.1994 .1994

TFC_3 0 24 -.02000 .01232 131 -.0468 .0068
36 -.04000" .01232 .007 -.0668 -.0132

48 -.08000" .01232 .000 -.1068 -.0532

60 -.18333" .01232 .000 -.2102 -.1565

72 -.15000" .01232 .000 -.1768 -.1232

24 0 .02000 .01232 131 -.0068 .0468
36 -.02000 .01232 131 -.0468 .0068

48 -.06000" .01232 .000 -.0868 -.0332

60 -.16333" .01232 .000 -.1902 -.1365

72 -.13000" .01232 .000 -.1568 -.1032

36 0 .04000" .01232 .007 .0132 .0668
24 .02000 .01232 131 -.0068 .0468

48 -.04000" .01232 .007 -.0668 -.0132

60 -.14333* .01232 .000 -.1702 -.1165

72 -.11000" .01232 .000 -.1368 -.0832

48 0 .08000" .01232 .000 .0532 .1068
24 .06000" .01232 .000 .0332 .0868

36 .04000" .01232 .007 .0132 .0668

60 -.10333" .01232 .000 -.1302 -.0765

72 -.07000" .01232 .000 -.0968 -.0432

60 0 .18333" .01232 .000 1565 2102
24 .16333" .01232 .000 1365 .1902

36 .14333" .01232 .000 1165 .1702

48 .10333" .01232 .000 .0765 1302

72 .03333" .01232 .019 .0065 .0602

72 0 .15000" .01232 .000 1232 .1768
24 .13000" .01232 .000 .1032 1568

36 .11000" .01232 .000 .0832 1368

48 .07000" .01232 .000 .0432 .0968

60 -.03333" .01232 .019 -.0602 -.0065

VitC 3 0 24 6.20000" .62923 .000 4.8290 7.5710
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36 -4.13667" .62923 .000 -5.5076 -2.7657
48 -10.71667" .62923 .000 -12.0876 -9.3457
60 -15.46667" .62923 .000 -16.8376 -14.0957
72 -9.76667" .62923 .000 -11.1376 -8.3957
24 0 -6.20000" .62923 .000 -7.5710 -4.8290
36 -10.33667" .62923 .000 -11.7076 -8.9657
48 -16.91667" .62923 .000 -18.2876 -15.5457
60 -21.66667" .62923 .000 -23.0376 -20.2957
72 -15.96667" .62923 .000 -17.3376 -14.5957
36 0 4.13667" .62923 .000 2.7657 5.5076
24 10.33667" .62923 .000 8.9657 11.7076
48 -6.58000" .62923 .000 -7.9510 -5.2090
60 -11.33000" .62923 .000 -12.7010 -9.9590
72 -5.63000" .62923 .000 -7.0010 -4.2590
48 0 10.71667" .62923 .000 9.3457 12.0876
24 16.91667" .62923 .000 15.5457 18.2876
36 6.58000" .62923 .000 5.2090 7.9510
60 -4.75000* .62923 .000 -6.1210 -3.3790
72 .95000 .62923 157 -4210 2.3210
60 0 15.46667" .62923 .000 14.0957 16.8376
24 21.66667" .62923 .000 20.2957 23.0376
36 11.33000" .62923 .000 9.9590 12.7010
48 4.75000" .62923 .000 3.3790 6.1210
72 5.70000" .62923 .000 4.3290 7.0710
72 0 9.76667" .62923 .000 8.3957 11.1376
24 15.96667" .62923 .000 14.5957 17.3376
36 5.63000" .62923 .000 4.2590 7.0010
48 -.95000 .62923 157 -2.3210 4210
60 -5.70000" .62923 .000 -7.0710 -4.3290

*. The mean difference is significant at the 0.05 level.
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Phu luc 3. Két qua xir 1y thong ké: Nhii hoa cac hop chit sinh hoc tir dich so ri
co dac
Phu luc 3.1 Khéo sat dnh hwéng ciia ti 1€ PGPR Ién cac dac tinh ly hoa cta hé

nhii twong W/O

Ti 1é PGPR Chi tiéu Linl Lan2 Lin3
Do nhot (mPas) 33,60 33,63 33,65
DPPH (%) 41,43 41,43 41,43

6% TPC (mg/g) 17,41 17,25 17,31
TFC (mg/g) 0,25 0,27 0,26
Vitamin C (mg/g) 26,95 26,77 26,98
Do nhdt (mPas) 33,40 33,70 33,10
DPPH (%) 49,40 48,63 47,85

8% TPC (mg/g) 17,34 18,05 17,95
TFC (mg/g) 0,26 0,27 0,27
Vitamin C (mg/g) 27,52 27,28 27,15
Do nhdt (mPas) 35,67 3535 35,71
DPPH (%) 54,71 55,56 56,01

10% TPC (mg/g) 21,04 21,39 21,13
TFC (mg/g) 0,30 0,29 0,30
Vitamin C (mg/g) 29,10 29,09 28,32
Do nhot (mPas) 38,00 38,40 38,80
DPPH (%) 56,99 5596 55,88

12% TPC (mg/g) 20,01 19,95 20,15
TFC (mg/g) 0,29 0,28 0,28
Vitamin C (mg/g) 28,75 29,11 28,67
D0 nhdt (mPas) 3935 39,50 39,10
DPPH (%) 53,05 51,92 52,17

14% TPC (mg/g) 20,05 19,25 19,87
TFC (mg/g) 0,28 0,29 0,28

Vitamin C (mg/g) 28,11 27,93 27,85
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ANOVA
Sum of Squares df Mean Square F Sig.
Do_nhot Between Groups 87.935 4 21.984 332.684 .000
Within Groups 661 10 066
Total 88.596 14
DPPH Between Groups 436.050 4 109.013 165.189 .000
Within Groups 6.599 10 .660
Total 442.650 14
TPC Between Groups 31.376 4 7.844 104.883 .000
Within Groups 748 10 075
Total 32.123 14
TFC Between Groups .003 4 .001 13.786 .000
Within Groups 000 10 .000
Total .003 14
VitC Between Groups 9.257 4 2.314 36.043 .000
Within Groups 642 10 064
Total 9.899 14
Multiple Comparisons
LSD
Mean 95% Confidence Interval
Difference (I-
Dependent Variable (I) PGPR (J) PGPR J) Std. Error Sig. Lower Bound | Upper Bound
Do_nhot 6 8 22667 20989 .306 -.2410 .6943
10 -1.95000" .20989 .000 -2.4177 -1.4823
12 -4.77333" .20989 .000 -5.2410 -4.3057
14 -5.69000" .20989 .000 -6.1577 -5.2223
8 6 -.22667 .20989 .306 -.6943 2410
10 -2.17667" .20989 .000 -2.6443 -1.7090
12 -5.00000" .20989 .000 -5.4677 -4.5323
14 -5.91667" .20989 .000 -6.3843 -5.4490
10 6 1.95000" .20989 .000 1.4823 24177
8 2.17667" .20989 .000 1.7090 2.6443
12 -2.82333" .20989 .000 -3.2910 -2.3557
14 -3.74000" .20989 .000 -4.2077 -3.2723
12 6 4.77333" .20989 .000 4.3057 5.2410
8 5.00000" .20989 .000 4.5323 5.4677
10 2.82333" .20989 .000 2.3557 3.2910
14 -91667" .20989 .001 -1.3843 -.4490
14 6 5.69000" .20989 .000 5.2223 6.1577
8 5.91667" .20989 .000 5.4490 6.3843
10 3.74000" .20989 .000 3.2723 4.2077
12 .91667" .20989 .001 .4490 1.3843
DPPH 6 8 -7.14000" .66329 .000 -8.6179 -5.6621
10 -13.94000" .66329 .000 -15.4179 -12.4621
12 -14.79000" .66329 .000 -16.2679 -13.3121
14 -10.89333" .66329 .000 -12.3712 -9.4154
8 6 7.14000" .66329 .000 5.6621 8.6179
10 -6.80000" .66329 .000 -8.2779 -5.3221
12 -7.65000" .66329 .000 -9.1279 -6.1721
14 -3.75333" .66329 .000 -5.2312 -2.2754
10 6 13.94000" .66329 .000 12.4621 15.4179
8 6.80000" .66329 .000 5.3221 8.2779
12 -.85000 .66329 .229 -2.3279 .6279
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14 3.04667" .66329 .001 1.5688 4.5246

12 6 14.79000" .66329 .000 13.3121 16.2679
8 7.65000" .66329 .000 6.1721 9.1279

10 .85000 .66329 229 -.6279 2.3279

14 3.89667" .66329 .000 2.4188 5.3746

14 6 10.89333" .66329 .000 9.4154 12.3712
8 3.75333" .66329 .000 2.2754 5.2312

10 -3.04667" .66329 .001 -4.5246 -1.5688

12 -3.89667" .66329 .000 -5.3746 -2.4188

TPC 6 8 -.45667 22329 .068 -.9542 .0409
10 -3.86333" 22329 .000 -4.3609 -3.3658

12 -2.71333" 22329 .000 -3.2109 -2.2158

14 -2.40000" 22329 .000 -2.8975 -1.9025

8 6 45667 22329 .068 -.0409 9542
10 -3.40667" 22329 .000 -3.9042 -2.9091

12 -2.25667" 22329 .000 -2.7542 -1.7591

14 -1.94333" 22329 .000 -2.4409 -1.4458

10 6 3.86333" 22329 .000 3.3658 4.3609
8 3.40667" 22329 .000 2.9091 3.9042

12 1.15000" 22329 .000 .6525 1.6475

14 1.46333" 22329 .000 9658 1.9609

12 6 2.71333" 22329 .000 2.2158 3.2109
8 2.25667" 22329 .000 1.7591 2.7542

10 -1.15000" 22329 .000 -1.6475 -.6525

14 31333 22329 .191 -.1842 .8109

14 6 2.40000" 22329 .000 1.9025 2.8975
8 1.94333" 22329 .000 1.4458 2.4409

10 -1.46333" 22329 .000 -1.9609 -.9658

12 -.31333 22329 .191 -.8109 .1842

TFC 6 8 -.00667 .00558 .260 -.0191 .0058
10 -.03667" .00558 .000 -.0491 -.0242

12 -.02333" .00558 .002 -.0358 -.0109

14 -.02333" .00558 .002 -.0358 -.0109

8 6 .00667 .00558 .260 -.0058 .0191
10 -.03000" .00558 .000 -.0424 -.0176

12 -.01667" .00558 .014 -.0291 -.0042

14 -.01667" .00558 .014 -.0291 -.0042

10 6 .03667" .00558 .000 .0242 .0491
8 .03000" .00558 .000 .0176 .0424

12 .01333" .00558 .038 .0009 .0258

14 .01333" .00558 .038 .0009 .0258

12 6 .02333" .00558 .002 .0109 .0358
8 .01667" .00558 .014 .0042 .0291

10 -.01333" .00558 .038 -.0258 -.0009

14 .00000 .00558 1.000 -.0124 .0124

14 6 .02333" .00558 .002 .0109 .0358
8 .01667" .00558 .014 .0042 .0291

10 -.01333" .00558 .038 -.0258 -.0009

12 .00000 .00558 1.000 -.0124 .0124

VitC 6 8 -41667 20689 .072 -.8777 .0443
10 -1.93667" 20689 .000 -2.3977 -1.4757

12 -1.94333" 20689 .000 -2.4043 -1.4823

14 -1.06333" .20689 .000 -1.5243 -.6023

8 6 41667 20689 .072 -.0443 8777
10 -1.52000" 20689 .000 -1.9810 -1.0590

12 -1.52667" 20689 .000 -1.9877 -1.0657

14 -.64667" .20689 .011 -1.1077 -.1857

10 6 1.93667" 20689 .000 1.4757 2.3977
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8 1.52000" .20689 .000 1.0590 1.9810
12 -.00667 20689 975 -4677 4543
14 .87333" .20689 .002 4123 1.3343
12 6 1.94333% .20689 .000 1.4823 2.4043
8 1.52667" 20689 .000 1.0657 1.9877
10 .00667 .20689 975 -.4543 4677
14 .88000" .20689 .002 4190 1.3410
14 6 1.06333" .20689 .000 .6023 1.5243
8 .64667" 20689 .011 1857 1.1077
10 -.87333" .20689 .002 -1.3343 -4123
12 -.88000" .20689 .002 -1.3410 -.4190

*. The mean difference is significant at the 0.05 level.

Phu luc 3.2 Khéo sat anh hwéng cia ti 1€ dich ¢6 dac Ién cac dac tinh ly hoa cua
nhii twong W/O

Ti 1¢ dich cb diic Chi tiéu Lanl Lan2 Lin3
Do nhot (mPas) 36,99 36,79 35,75
DPPH (%) 55,95 54,58 55,95
30% TPC (mg/g) 19,05 19,01 19,23
TFC (mg/g) 025 024 025
Vitamin C (mg/g) 25,12 2487 2493
D0 nhot (mPas) 36,77 36,77 36,77
DPPH (%) 60,55 58,61 58,16
35% TPC (mg/g) 21,04 21,39 21,13
TFC (mg/g) 030 029 030
Vitamin C (mg/g) 29,10 29,09 28,32
Do nhot (mPas) 39,77 39,77 39,77
DPPH (%) 60,97 593 58,87
40% TPC (mg/g) 22,85 22,51 22,67
TFC (mg/g) 030 032 032
Vitamin C (mg/g) 30,01 29,95 30,78
D0 nhot (mPas) 30,79 30,79 30,79
DPPH (%) 58,85 57,24 57,31
45% TPC (mg/g) 22,85 2291 22,71
TFC (mg/g) 030 031 030
Vitamin C (mg/g) 3022 29,95 30,31
ANOVA
Sum of Squares df Mean Square F Sig.
DoNhot Between Groups 126.621 3 42.207 380.924 .000
Within Groups 886 8 111
Total 127.507 11
DPPH Between Groups 31.441 3 10.480 9.755 .005
Within Groups 8.595 8 1.074
Total 40.036 11
TPC Between Groups 26.995 3 8.998 417.389 .000
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Within Groups 172 8 022
27.167 11
TFC Between Groups .008 3 .003 45.333 .000
Within Groups 000 8 000
.008 11
VitC Between Groups 55.036 3 18.345 157.269 .000
Within Groups 933 8 117
55.969 11
Multiple Comparisons
LSD
Mean 95% Confidence Interval
Dependent D J) Difference Std. Lower Upper
Variable DichCoDac  DichCoDac (I-) Error Sig. Bound Bound
DoNhot 30 35 -.26100 27179 365 -.8877 3657
40 -3.26067" 27179 .000 -3.8874 -2.6339
45 5.71967" 27179 .000 5.0929 6.3464
35 30 26100 27179 365 -.3657 .8877
40 -2.99967" 27179 .000 -3.6264 -2.3729
45 5.98067" 27179 .000 5.3539 6.6074
40 30 3.26067" 27179 .000 2.6339 3.8874
35 2.99967" 27179 .000 2.3729 3.6264
45 8.98033" 27179 .000 8.3536 9.6071
45 30 -5.71967" 27179 .000 -6.3464 -5.0929
35 -5.98067" 27179 .000 -6.6074 -5.3539
40 -8.98033" 27179 .000 -9.6071 -8.3536
DPPH 30 35 -3.61333" .84631 .003 -5.5649 -1.6617
40 -4.22000" .84631 .001 -6.1716 -2.2684
45 -2.30667" .84631 .026 -4.2583 -.3551
35 30 3.61333" .84631 .003 1.6617 5.5649
40 -.60667 .84631 494 -2.5583 1.3449
45 1.30667 .84631 161 -.6449 3.2583
40 30 4.22000" .84631 .001 2.2684 6.1716
35 .60667 .84631 494 -1.3449 2.5583
45 1.91333 .84631 .054 -.0383 3.8649
45 30 2.30667" .84631 .026 3551 4.2583
35 -1.30667 .84631 161 -3.2583 .6449
40 -1.91333 .84631 .054 -3.8649 .0383
TPC 30 35 -2.09000" .11988 .000 -2.3665 -1.8135
40 -3.58000" .11988 .000 -3.8565 -3.3035
45 -3.72667" .11988 .000 -4.0031 -3.4502
35 30 2.09000" .11988 .000 1.8135 2.3665
40 -1.49000" .11988 .000 -1.7665 -1.2135
45 -1.63667" .11988 .000 -1.9131 -1.3602
40 30 3.58000" .11988 .000 3.3035 3.8565
35 1.49000" .11988 .000 1.2135 1.7665
45 -.14667 .11988 256 -4231 .1298
45 30 3.72667" .11988 .000 3.4502 4.0031
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35 1.63667" .11988 .000 1.3602 1.9131

40 14667 .11988 256 -.1298 4231

TFC 30 35 -.05000" .00624 .000 -.0644 -.0356
40 -.06667" .00624 .000 -.0810 -.0523

45 -.05667" .00624 .000 -.0710 -.0423

35 30 .05000" .00624 .000 .0356 .0644
40 -.01667" .00624 .028 -.0310 -.0023

45 -.00667 .00624 316 -.0210 .0077

40 30 .06667" .00624 .000 .0523 .0810
35 .01667" .00624 .028 .0023 .0310

45 .01000 .00624 .147 -.0044 .0244

45 30 .05667" .00624 .000 .0423 .0710
35 .00667 .00624 316 -.0077 .0210

40 -.01000 .00624 .147 -.0244 .0044

VitC 30 35 -3.86333" 27887 .000 -4.5064 -3.2203
40 -5.27333" 27887 .000 -5.9164 -4.6303

45 -5.18667" 27887 .000 -5.8297 -4.5436

35 30 3.86333" 27887 .000 3.2203 4.5064
40 -1.41000" 27887 .001 -2.0531 -.7669

45 -1.32333" 27887 .001 -1.9664 -.6803

40 30 5.27333" 27887 .000 4.6303 5.9164
35 1.41000" 27887 .001 .7669 2.0531

45 .08667 27887 764 -.5564 71297

45 30 5.18667" 27887 .000 4.5436 5.8297
35 1.32333" 27887 .001 .6803 1.9664

40 -.08667 27887 764 -.7297 5564

*. The mean difference is significant at the 0.05 level.

Phu luc 3.3 Khao sit dnh hwéng ciia toc do khudy Ién cac dic tinh 1y hoa ciia
nhii twong W/O

Toc do khuay Chi tiéu Lanl Li4n2 Léan3
Do nhdt (mPas) 34,75 33,89 32,75
DPPH (%) 60,23 59,02 60,19
300 rpm TPC (mg/g) 21,11 20,23 20,71
TFC (mg/g) 0,28 0,28 0,27
Vitamin C (mg/g) 28,15 28,11 28,25
Do nhdt (mPas) 36,78 36,79 36,81
DPPH (%) 61,58 59,61 60,72
500 rpm TPC (mg/g) 22,85 22,51 22,67
TFC (mg/g) 0,30 0,32 0,32
Vitamin C (mg/g) 30,01 29,95 30,78
D06 nhot (mPas) 38,77 39,77 39,77
700 tpm DPPH (%) 65,75 65,08 63,65
TPC (mg/g) 24,03 24,25 24,55

TFC (mg/g) 0,32 035 035
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Vitamin C (mg/g) 35,64 34,17 35,05
D34 nhdt (mPas) 39,78 39,8 39,81
DPPH (%) 54,98 54,01 54,24
900 rpm TPC (mg/g) 2424 2407 25,85
TFC (mg/g) 0,34 0,33 0,33
Vitamin C (mg/g) 33,55 33,29 34,07
ANOVA
Sum of Squares df Mean Square F Sig.
DoNhot Between Groups 69.695 3 23.232 69.331 .000
Within Groups 2.681 8 335
Total 72.375 11
DPPH Between Groups 164.881 3 54.960 76.992 .000
Within Groups 5.711 8 14
Total 170.592 11
TPC Between Groups 27.959 3 9.320 28.325 .000
Within Groups 2.632 8 329
Total 30.591 11
TFC Between Groups .007 3 .002 19.444 .000
Within Groups 001 8 000
Total .008 11
VitC Between Groups 86.692 3 28.897 125.042 .000
Within Groups 1.849 8 231
Total 88.541 11
Multiple Comparisons
LSD
Mean 95% Confidence Interval
Difference (I-
Dependent Variable (I) TocDo (J) TocDo )] Std. Error Sig. Lower Bound | Upper Bound
DoNhot 300 500 -2.99667" 47264 .000 -4.0866 -1.9068
700 -5.64000" 47264 .000 -6.7299 -4.5501
900 -6.00000" 47264 .000 -7.0899 -4.9101
500 300 2.99667" 47264 .000 1.9068 4.0866
700 -2.64333" 47264 .001 -3.7332 -1.5534
900 -3.00333" 47264 .000 -4.0932 -1.9134
700 300 5.64000" 47264 .000 4.5501 6.7299
500 2.64333" 47264 .001 1.5534 3.7332
900 -.36000 47264 468 -1.4499 7299
900 300 6.00000" 47264 .000 49101 7.0899
500 3.00333" 47264 .000 1.9134 4.0932
700 .36000 47264 468 -.7299 1.4499
DPPH 300 500 -.82333 .68986 267 -2.4141 7675
700 -5.01333" .68986 .000 -6.6041 -3.4225
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900 5.40333"|  .68986 .000 3.8125 6.9941

500 300 82333 68986 267 -7675 2.4141
700 -4.19000" | .68986 .000 -5.7808 -2.5992

900 6.22667°|  .68986 .000 4.6359 7.8175

700 300 5.01333"|  .68986 1000 3.4225 6.6041
500 4.19000° [ 68986 .000 2.5992 5.7808

900 10.41667° | 68986 .000 8.8259 12.0075

900 300 540333 |  .68986 1000 -6.9941 38125
500 -6.22667°|  .68986 .000 -7.8175 -4.6359

700 -10.41667"|  .68986 .000 -12.0075 -8.8259

TPC 300 500 -1.99333°| 46835 .003 -3.0733 -9133
700 -3.26000° | 46835 .000 -4.3400 -2.1800

900 -4.03667°| 46835 .000 -5.1167 -2.9567

500 300 1.99333° | 46835 .003 9133 3.0733
700 126667 | 46835 027 23467 -.1867

900 2.04333%| 46835 .002 -3.1233 -.9633

700 300 326000°|  .46835 1000 2.1800 4.3400
500 1.26667" | 46835 027 1867 2.3467

900 77667 46835 136 -1.8567 3033

900 300 4.03667° | 46835 .000 2.9567 5.1167
500 2.04333°| 46835 .002 9633 3.1233

700 77667 46835 136 -3033 1.8567

TFC 300 500 03667 | .00913 1004 -0577 -0156
700 -06333*| 00913 .000 -.0844 -.0423

900 05667 | .00913 .000 -0777 -.0356

500 300 03667°| 00913 1004 0156 0577
700 02667 | .00913 019 -.0477 -.0056

900 -02000|  .00913 .060 -0411 0011

700 300 063337 .00913 1000 0423 0844
500 02667 .00913 019 .0056 0477

900 00667 .00913 486 -0144 0277

900 300 05667°| 00913 .000 0356 0777
500 02000  .00913 .060 -.0011 0411

700 -00667|  .00913 486 -.0277 0144

VitC 300 500 207667 | 39251 001 2.0818 11715
700 -6.78333"| 39251 .000 -7.6885 -5.8782

900 -5.46667°| 39251 .000 63718 -4.5615

500 300 2.07667°| 39251 001 1.1715 2.9818
700 470667 | 39251 .000 -5.6118 -3.8015

900 339000 | .39251 .000 -4.2951 -2.4849

700 300 6.78333" 39251 .000 5.8782 7.6885
500 4.70667° | 39251 .000 3.8015 56118

900 1.31667°| 39251 010 4115 2.2218

900 300 5.46667" | 39251 .000 4.5615 6.3718
500 3.39000° | 39251 .000 2.4849 4.2951

700 1316677 39251 010 22218 -4115

*. The mean difference is significant at the 0.05 level.
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Phu luc 3.4 Khio sat anh hwéng cia ti 1& phodi tron chit nhii héa 1én sy hinh
thanh nhii twong W/O/W tir dich chiét trai so ri cd diic

Ti 1é Tween 80:PG (v/v) Chi tiéu Lanl Lan2 Lan3
Kich thudc hat (um) 0,31 0,38 0,37
PI 0,27 0,25 0,23
10 DPPH (%) 36,66 36,67 38,32
TPC (mg/g) 3,60 3,64 3,53
TFC (mg/g) 0,05 0,05 0,05
Vitamin C (mg/g) 5,20 5,00 5,16
Kich thudc hat (um) 0,45 0,45 0,45
PI 0,35 0,38 0,29
31 DPPH (%) 3536 33,85 35,20
' TPC (mg/g) 3,07 3,08 3,08
TFC (mg/g) 0,05 0,05 0,05
Vitamin C (mg/g) 4,35 4,37 4,37
Kich thude hat (um) 0,45 0,54 0,49
PI 0,24 0,27 0,3
91 DPPH (%) 33,92 3247 34,35
' TPC (mg/g) 2,94 2,95 2,97
TFC (mg/g) 0,04 0,04 0,04
Vitamin C (mg/g) 3,86 3,95 3,91
Kich thude hat (um) 0,49 0,48 0,47
PI 0,31 0,36 0,37
11 DPPH (%) 32,74 35,16 33,82
' TPC (mg/g) 2,41 2,38 2,41
TFC (mg/g) 0,03 0,03 0,03
Vitamin C (mg/g) 2,48 2,45 2,48
Kich thudc hat (um) 1,39 1,39 1,41
PI 0,71 0,76 0,89
12 DPPH (%) 30,08 29,13 30,74
' TPC (mg/g) 2,12 1,95 1,96
TFC (mg/g) 0,03 0,03 0,02
Vitamin C (mg/g) 2,22 2,21 2,15
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ANOVA
Sum of Squares df Mean Square F Sig.
KichThuocHat ~ Between Groups 2.213 4 .553 747.761 .000
Within Groups 007 10 001
Total 2.221 14
PI Between Groups .586 4 147 56.062 .000
Within Groups 026 10 003
Total 612 14
DPPH Between Groups 81.777 4 20.444 21.767 .000
Within Groups 9.392 10 939
Total 91.169 14
TPC Between Groups 4.524 4 1.131 442.973 .000
Within Groups 026 10 003
Total 4.550 14
TFC Between Groups .001 4 .000 53.500 .000
Within Groups 000 10 000
Total .001 14
VitC Between Groups 18.726 4 4.682 1550.206 .000
Within Groups 030 10 .003
Total 18.757 14
Multiple Comparisons
LSD
Mean 95% Confidence Interval
Dependent @ Q)] Difference Std. Lower Upper
Variable ChatNhuHoa  ChatNhuHoa I-D Error Sig. Bound Bound
KichThuocHat 1.0 1.1 -.12667" .02221 .000 -.1762 -.0772
1.2 -1.04333" .02221 .000 -1.0928 -.9938
2.1 -.14000" .02221 .000 -.1895 -.0905
3.1 -.09667" .02221 .001 -.1462 -.0472
1.1 1.0 126677 .02221 .000 .0772 1762
1.2 -91667"| .02221 .000 -.9662 -.8672
2.1 -.01333 .02221 .562 -.0628 .0362
3.1 .03000 | .02221 207 -.0195 .0795
1.2 1.0 1.04333"| .02221 .000 9938 1.0928
1.1 91667 .02221 .000 .8672 .9662
2.1 .90333" .02221 .000 .8538 9528
3.1 .94667" .02221 .000 .8972 9962
2.1 1.0 .14000" .02221 .000 .0905 .1895
1.1 .01333 .02221 .562 -.0362 .0628
1.2 -.90333" .02221 .000 -.9528 -.8538
3.1 .04333 .02221 .080 -.0062 .0928
3.1 1.0 .09667" .02221 .001 .0472 1462
1.1 -.03000| .02221 207 -.0795 .0195
1.2 -.94667" .02221 .000 -.9962 -.8972
2.1 -.04333 .02221 .080 -.0928 .0062
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PI 1.0 1.1 -.09667" .04174 .043 -.1897 -.0037
1.2 -.53667" .04174 .000 -.6297 -.4437

2.1 -.02000| .04174 .642 -.1130 .0730

3.1 -.09000| .04174 .056 -.1830 .0030

1.1 1.0 .09667" .04174 .043 .0037 .1897
1.2 -.44000" .04174 .000 -.5330 -.3470

2.1 .07667 .04174 .096 -.0163 .1697

3.1 .00667 .04174 .876 -.0863 .0997

1.2 1.0 .53667" .04174 .000 4437 .6297
1.1 44000 .04174 .000 .3470 .5330

2.1 51667 .04174 .000 4237 .6097

3.1 44667 .04174 .000 3537 .5397

2.1 1.0 .02000 | .04174 .642 -.0730 1130
1.1 -.07667 .04174 .096 -.1697 .0163

1.2 -.51667" .04174 .000 -.6097 -.4237

3.1 -.07000| .04174 124 -.1630 .0230

3.1 1.0 .09000 | .04174 .056 -.0030 1830
1.1 -.00667 .04174 876 -.0997 .0863

1.2 -44667°| .04174 .000 -.5397 -.3537

2.1 .07000 | .04174 124 -.0230 .1630

DPPH 1.0 1.1 3.31000" 79130 .002 1.5469 5.0731
1.2 7.23333" 79130 .000 5.4702 8.9965

2.1 3.63667°| 79130 .001 1.8735 5.3998

3.1 2.41333%| 79130 .012 .6502 4.1765

1.1 1.0 -3.31000" 79130 .002 -5.0731 -1.5469
1.2 3.92333" 79130 .001 2.1602 5.6865

2.1 32667 79130 .688 -1.4365 2.0898

3.1 -.89667 79130 284 -2.6598 .8665

1.2 1.0 -7.23333" 79130 .000 -8.9965 -5.4702
1.1 -3.92333" 79130 .001 -5.6865 -2.1602

2.1 -3.59667°|  .79130 .001 -5.3598 -1.8335

3.1 -4.82000" | .79130 .000 -6.5831 -3.0569

2.1 1.0 -3.63667" 79130 .001 -5.3998 -1.8735
1.1 -.32667 79130 .688 -2.0898 1.4365

1.2 3.59667°| 79130 .001 1.8335 5.3598

3.1 -1.22333 79130 153 -2.9865 .5398

3.1 1.0 -2.41333" 79130 .012 -4.1765 -.6502
1.1 .89667 79130 284 -.8665 2.6598

1.2 4.82000" | .79130 .000 3.0569 6.5831

2.1 1.22333 79130 153 -.5398 2.9865

TPC 1.0 1.1 1.19000" .04126 .000 1.0981 1.2819
1.2 1.58000" .04126 .000 1.4881 1.6719

2.1 63667 .04126 .000 .5447 7286

3.1 51333 04126 .000 4214 .6053

1.1 1.0 -1.19000" .04126 .000 -1.2819 -1.0981
1.2 .39000" .04126 .000 2981 4819

2.1 -.55333" .04126 .000 -.6453 -4614

3.1 -.67667" .04126 .000 -.7686 -.5847

1.2 1.0 -1.58000" .04126 .000 -1.6719 -1.4881
1.1 -.39000" .04126 .000 -.4819 -.2981

2.1 -.94333* .04126 .000 -1.0353 -.8514

3.1 -1.06667" .04126 .000 -1.1586 -.9747
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2.1 1.0 -63667| 04126 .000 -7286 -.5447
1.1 55333" | .04126 .000 4614 6453

1.2 94333* | .04126 .000 8514 1.0353

3.1 -12333%| 04126 014 -2153 -0314

3.1 1.0 -51333°|  .04126 1000 -.6053 4214
1.1 67667°| 04126 .000 5847 7686

1.2 1.06667" | .04126 .000 9747 1.1586

2.1 12333*| 04126 014 0314 2153

TFC 1.0 1.1 102000° | 00211 1000 0153 0247
1.2 02333*| 00211 .000 0186 0280

2.1 .01000" | .00211 .001 .0053 0147

3.1 .00000| .00211|  1.000 -.0047 .0047

1.1 1.0 -.02000° | .00211 1000 -.0247 -0153
1.2 00333 | .00211 145 -0014 .0080

2.1 -01000" | 00211 .001 -.0147 -.0053

3.1 -.02000*| .00211 .000 -.0247 -0153

12 1.0 -02333°| 00211 1000 -.0280 -0186
1.1 -00333 | .00211 145 -.0080 0014

2.1 -01333*| 00211 .000 -.0180 -.0086

3.1 -02333"| .00211 .000 -.0280 -0186

2.1 1.0 ~01000° | .00211 1001 0147 -.0053
1.1 .01000* | 00211 .001 .0053 0147

1.2 01333*| .00211 .000 .0086 0180

3.1 -01000" | .00211 001 -.0147 -.0053

3.1 1.0 00000 00211 1.000 -.0047 10047
1.1 .02000*| 00211 .000 0153 0247

1.2 02333* | .00211 .000 0186 0280

2.1 .01000"| 00211 001 .0053 0147

VitC 1.0 1.1 2.65000° | 04487 1000 2.5500 2.7500
1.2 2.92667" | 04487 .000 2.8267 3.0266

2.1 1.21333"| 04487 .000 1.1134 1.3133

3.1 75667* | .04487 .000 6567 8566

1.1 1.0 -2.65000* | .04487 .000 -2.7500 -2.5500
1.2 27667° | .04487 .000 1767 3766

2.1 -1.43667° | .04487 .000 -1.5366 -1.3367

3.1 -1.89333"| .04487 .000 -1.9933 -1.7934

1.2 1.0 2.92667" | .04487 .000 -3.0266 -2.8267
1.1 -27667° | .04487 .000 -3766 -1767

2.1 -1.71333" | .04487 .000 -1.8133 -1.6134

3.1 2.17000* | .04487 .000 -2.2700 -2.0700

2.1 1.0 121333 .04487 .000 -1.3133 -1.1134
1.1 1.43667° | 04487 .000 1.3367 1.5366

1.2 1.71333* |  .04487 .000 1.6134 1.8133

3.1 -45667*|  .04487 .000 -.5566 -3567

3.1 1.0 75667 | .04487 .000 -.8566 -.6567
1.1 1.89333* | 04487 .000 1.7934 1.9933

1.2 2.17000% | 04487 .000 2.0700 2.2700

2.1 45667°| 04487 .000 3567 5566

*. The mean difference is significant at the 0.05 level.
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Phu luc 3.5 Khio sat anh hwéng ciia ti 1¢ chat nhii héa 1én sy hinh thanh nhii
twong W/O/W tir dich chiét trai so ri ¢6 dic

Ti 1é¢ Tween 80 Chi tiéu Lanl Lian2 Léan3
Kich thudc hat (um) 0,80 0,77 0,78
PI 0,63 0,59 0,53
10% DPPH (%) 33,61 32,68 33,46
TPC (mg/g) 2,64 2,65 2,65
TFC (mg/g) 0,03 0,03 0,03
Vitamin C (mg/g) 4,68 4,81 4,65
Kich thudc hat (um) 0,63 0,61 0,65
PI 0,66 0,57 0,55
15% DPPH (%) 33,96 35,02 36,56
TPC (mg/g) 2,71 2,70 2,68
TFC (mg/g) 0,04 0,04 0,04
Vitamin C (mg/g) 5,08 5,11 5,07
Kich thude hat (um) 0,43 0,48 0,47
PI 0,59 0,36 0,42
20% DPPH (%) 40,64 40,05 40,11
TPC (mg/g) 3,60 3,64 3,53
TFC (mg/g) 0,05 0,05 0,05
Vitamin C (mg/g) 5,20 5,18 5,26
Kich thude hat (um) 0,34 0,34 0,37
PI 0,37 0,27 0,29
250, DPPH (%) 53,04 53,26 53,44
TPC (mg/g) 3,87 3,86 3,86
TFC (mg/g) 0,06 0,05 0,05
Vitamin C (mg/g) 6,92 6,75 6,81
Kich thude hat (um) 0,37 0,37 0,35
PI 0,34 0,30 0,33
30% DPPH (%) 41,65 41,45 41,92
TPC (mg/g) 3,07 3,05 3,05
TFC (mg/g) 0,04 0,05 0,05
Vitamin C (mg/g) 6,04 6,07 6,07




165

ANOVA
Sum of Squares df Mean Square F Sig.
KichThuocHat ~ Between Groups 415 4 .104 293.887 .000
Within Groups .004 10 .000
Total 419 14
PI Between Groups 222 4 .055 11.835 .001
Within Groups 047 10 .005
Total 269 14
DPPH Between Groups 733.573 4 183.393 424.580 .000
Within Groups 4319 10 432
Total 737.892 14
TPC Between Groups 1.729 4 432 3241.325 .000
Within Groups 001 10 000
Total 1.730 14
TFC Between Groups .001 4 .000 14.250 .000
Within Groups 000 10 000
Total .001 14
VitC Between Groups 2.020 4 .505 140.026 .000
Within Groups 036 10 004
Total 2.056 14
Multiple Comparisons
LSD
95% Confidence Interval
Dependent @ J) Mean Difference (I- Std. Lower Upper
Variable Tween80 Tween80 J) Error Sig. Bound Bound
KichThuocHat 10 15 .15333" .01535| .000 1191 1875
20 .32333" .01535| .000 2891 3575
25 43333" .01535| .000 3991 4675
30 .42000" .01535| .000 .3858 4542
15 10 -.15333* .01535| .000 -.1875 -.1191
20 .17000" .01535| .000 1358 2042
25 .28000" .01535| .000 2458 3142
30 .26667" .01535| .000 2325 .3009
20 10 -.32333" .01535| .000 -.3575 -.2891
15 -.17000" .01535| .000 -.2042 -.1358
25 .11000" .01535| .000 .0758 .1442
30 .09667" .01535| .000 .0625 1309
25 10 -43333" .01535| .000 -4675 -.3991
15 -.28000" .01535| .000 -3142 -.2458
20 -.11000" .01535| .000 -.1442 -.0758
30 -.01333 .01535| .405 -.0475 .0209
30 10 -.42000" .01535| .000 -4542 -.3858
15 -26667" .01535| .000 -.3009 -.2325
20 -.09667" .01535| .000 -.1309 -.0625
25 .01333 .01535| .405 -.0209 .0475
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PI 10 15 -.01000 .05590 | .862 -.1345 1145
20 12667 .05590 | .047 .0021 2512

25 .27333" .05590  .001 .1488 .3979

30 .26000" .05590  .001 1355 .3845

15 10 .01000 .05590 | .862 -.1145 1345
20 13667 .05590 | .035 .0121 2612

25 .28333" .05590 | .000 1588 4079

30 .27000" .05590  .001 .1455 .3945

20 10 -12667" .05590 | .047 -.2512 -.0021
15 -.13667" .05590| .035 -.2612 -.0121

25 14667 .05590 | .025 .0221 2712

30 .13333" .05590| .038 .0088 2579

25 10 -27333" .05590  .001 -.3979 -.1488
15 -.28333" .05590 | .000 -.4079 -.1588

20 -.14667" .05590 | .025 -2712 -.0221

30 -.01333 .05590| .816 -.1379 1112

30 10 -.26000" .05590  .001 -.3845 -.1355
15 -.27000* .05590 | .001 -.3945 -.1455

20 -.13333* .05590| .038 -.2579 -.0088

25 .01333 .05590| .816 -1112 1379

DPPH 10 15 -1.93000" .53662 | .005 -3.1257 -.7343
20 -7.01667" .53662 | .000 -8.2123 -5.8210

25 -19.99667" 53662 | .000 -21.1923 -18.8010

30 -8.42333% 53662 | .000 -9.6190 -7.2277

15 10 1.93000" .53662 | .005 7343 3.1257
20 -5.08667" .53662 | .000 -6.2823 -3.8910

25 -18.06667" 53662 | .000 -19.2623 -16.8710

30 -6.49333" 53662 | .000 -7.6890 -5.2977

20 10 7.01667" .53662 | .000 5.8210 8.2123
15 5.08667" .53662 | .000 3.8910 6.2823

25 -12.98000" 53662 | .000 -14.1757 -11.7843

30 -1.40667* 53662 | .026 -2.6023 -.2110

25 10 19.99667" .53662 | .000 18.8010 21.1923
15 18.06667" .53662 | .000 16.8710 19.2623

20 12.98000" .53662 | .000 11.7843 14.1757

30 11.57333" 53662 | .000 10.3777 12.7690

30 10 8.42333" .53662 | .000 7.2277 9.6190
15 6.49333" .53662 | .000 5.2977 7.6890

20 1.40667* 53662 | .026 2110 2.6023

25 -11.57333" 53662 | .000 -12.7690 -10.3777

TPC 10 15 -.15000" .00943 | .000 -.1710 -.1290
20 -.70000" .00943 | .000 -.7210 -.6790

25 -91667" .00943 | .000 -.9377 -.8957

30 -.51000" .00943 | .000 -.5310 -.4890

15 10 .15000" .00943 | .000 .1290 1710
20 -.55000" .00943 | .000 -.5710 -.5290

25 -76667" .00943 | .000 -1877 -.7457

30 -36000" .00943 | .000 -.3810 -.3390

20 10 .70000" .00943 | .000 .6790 7210
15 .55000" .00943 | .000 .5290 5710

25 -21667" .00943 | .000 -.2377 -.1957

30 .19000" .00943 | .000 .1690 2110
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25 10 91667 .00943 | .000 8957 9377
15 76667 | .00943 | .000 7457 7877

20 21667 .00943| .000 1957 2377

30 40667 | .00943 | .000 3857 4277

30 10 51000 | .00943| .000 4890 5310
15 36000% | .00943 | .000 3390 3810

20 -.19000% |  .00943| .000 -2110 -.1690

25 -40667| 00943 | .000 -4277 -3857

TFC 10 15 ~01000° | .00298 | .007 ~0166 -.0034
20 -01667°| .00298 | .000 -.0233 -.0100

25 -.02000%| .00298 | .000 -.0266 -0134

30 -01667°| .00298 | .000 -.0233 -.0100

15 10 01000° | .00298 | .007 10034 0166
20 -00667° | .00298 | .049 -0133 .0000

25 -01000*| .00298 | .007 -0166 -.0034

30 -00667*| 00298 | .049 -0133 .0000

20 10 01667° | .00298 | .000 0100 0233
15 00667 | .00298 | .049 .0000 0133

25 -00333| .00298 | .290 -.0100 .0033

30 .00000| 00298 | 1.000 -.0066 .0066

25 10 102000° | .00298 | .000 0134 10266
15 .01000* | .00298 | .007 .0034 0166

20 00333 00298 [ .290 -.0033 .0100

30 00333 00298 [ .290 -.0033 .0100

30 10 01667° | .00298 | .000 0100 0233
15 .00667* | .00298 | .049 .0000 0133

20 .00000| 00298 | 1.000 -.0066 .0066

25 -00333| .00298 | .290 -.0100 .0033

VitC 10 15 37333 | .04904| .000 -4826 -2641
20 -59333*| 04904 | .000 -7026 -4841

25 -1.11333*| 04904 | .000 -1.2226 -1.0041

30 -34667| 04904 | .000 -4559 -2374

15 10 37333* 04904 | .000 2641 4826
20 -22000" | 04904 | 001 -3293 -1107

25 -74000% | .04904 | .000 -.8493 -.6307

30 02667 .04904 | 598 -.0826 1359

20 10 59333"| 04904 | .000 4841 7026
15 22000"| 04904 | 001 1107 3293

25 -52000" | 04904 | .000 -.6293 -4107

30 24667 | 04904 | .001 1374 3559

25 10 1.11333* | .04904 | .000 1.0041 1.2226
15 .74000* | .04904 | .000 6307 8493

20 52000* | .04904 | .000 4107 6293

30 76667 | 04904 | .000 6574 8759

30 10 34667 | .04904| .000 2374 4559
15 02667 04904 | 598 -1359 0826

20 -24667"| 04904 | 001 -3559 -1374

25 -76667°| 04904 | .000 -.8759 -.6574

*. The mean difference is significant at the 0.05 level.
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Phu luc 3.6 Khao sat anh huwéng cia ti 1€ nhii twong W/O 1én sy hinh thanh nhii
twong W/O/W tir dich chiét trai so ri ¢6 dic

Ti 18 nhii W/O Chi tiéu Lanl Lian2 Léan3
Kich thudc hat (um) 0,34 0,33 0,33
PI 0,29 0,26 0,29
15% DPPH (%) 43,61 42,68 43,46
TPC (mg/g) 3,87 3,86 3,86
TFC (mg/g) 0,06 0,05 0,05
Vitamin C (mg/g) 6,92 6,75 6,81
Kich thudc hat (um) 0,38 0,34 0,34
PI 0,28 0,29 0,26
18% DPPH (%) 43,96 45,02 46,56
TPC (mg/g) 3,91 3,93 3,87
TFC (mg/g) 0,06 0,06 0,06
Vitamin C (mg/g) 7,11 7,15 7,14
Kich thudc hat (um) 0,37 0,34 0,34
PI 0,37 0,37 0,34
21% DPPH (%) 52,64 53,05 52,11
TPC (mg/g) 4,57 4,52 4,58
TFC (mg/g) 0,07 0,07 0,07
Vitamin C (mg/g) 9,15 9,11 9,15
Kich thudc hat (um) 0,36 0,33 0,40
PI 0,39 0,34 0,39
4% DPPH (%) 60,04 60,26 61,44
TPC (mg/g) 4,54 4,56 4,57
TFC (mg/g) 0,07 0,07 0,07
Vitamin C (mg/g) 9,09 9,15 9,18
Kich thudc hat (um) 0,44 0,40 0,43
PI 0,41 0,42 0,40
70 DPPH (%) 51,65 5145 51,92
TPC (mg/g) 4,53 4,58 4,57
TFC (mg/g) 0,07 0,07 0,07

Vitamin C (mg/g) 9,17 9,15 9,15
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ANOVA
Sum of Squares df Mean Square F Sig.
KichThuocHat ~ Between Groups .014 4 .004 7.059 .006
Within Groups 005 10 001
Total .019 14
PI Between Groups .042 4 011 29.764 .000
Within Groups 004 10 .000
Total 046 14
DPPH Between Groups 564.406 4 141.101 251.694 .000
Within Groups 5.606 10 561
Total 570.012 14
TPC Between Groups 4.600 4 1.150 1960.045 .000
Within Groups 006 10 001
Total 4.605 14
TFC Between Groups .000 4 .000 4.250 .029
Within Groups 000 10 000
Total .000 14
VitC Between Groups 17.007 4 4.252 1999.268 .000
Within Groups 021 10 .002
Total 17.028 14
Multiple Comparisons
LSD
95% Confidence Interval
Dependent Variable (I) W.O (J) W.O | Mean Difference (I-J) | Std. Error | Sig. | Lower Bound | Upper Bound
KichThuocHat 15 18 -.02000 .01838 | .302 -.0610 .0210
21 -.01667 .01838 | .386 -.0576 .0243
24 -.03000 .01838 | .134 -.0710 .0110
27 -.09000" .01838 | .001 -.1310 -.0490
18 15 .02000 .01838 | .302 -.0210 .0610
21 .00333 .01838 | .860 -.0376 .0443
24 -.01000 .01838 | .598 -.0510 .0310
27 -.07000" .01838 .003 -.1110 -.0290
21 15 .01667 .01838 | .386 -.0243 .0576
18 -.00333 .01838 | .860 -.0443 .0376
24 -.01333 .01838 | .485 -.0543 .0276
27 -.07333" .01838 | .003 -.1143 -.0324
24 15 .03000 .01838 | .134 -.0110 .0710
18 .01000 .01838 | .598 -.0310 .0510
21 .01333 .01838 | .485 -.0276 .0543
27 -.06000" .01838 | .009 -.1010 -.0190
27 15 .09000" .01838 | .001 .0490 1310
18 .07000" .01838 .003 .0290 1110
21 .07333" .01838 .003 .0324 .1143
24 .06000" .01838 | .009 .0190 .1010
PI 15 18 .00333 01535 .832 -.0309 .0375
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21 -.08000" .01535| .000 -.1142 -.0458

24 -.09333" .01535] .000 -.1275 -.0591

27 -.13000" .01535] .000 -.1642 -.0958

18 15 -.00333 .01535| .832 -.0375 .0309
21 -.08333" .01535| .000 -.1175 -.0491

24 -.09667" .01535] .000 -.1309 -.0625

27 -.13333" .01535] .000 -.1675 -.0991

21 15 .08000" .01535| .000 .0458 1142
18 .08333" .01535| .000 .0491 1175

24 -.01333 .01535| .405 -.0475 .0209

27 -.05000" .01535] .009 -.0842 -.0158

24 15 .09333" .01535] .000 .0591 1275
18 .09667" .01535| .000 .0625 .1309

21 .01333 01535 .405 -.0209 .0475

27 -.03667" 01535 .038 -.0709 -.0025

27 15 .13000" .01535] .000 .0958 .1642
18 .13333" .01535] .000 .0991 1675

21 .05000" 01535 .009 .0158 .0842

24 .03667" .01535] .038 .0025 .0709

DPPH 15 18 -1.93000" .61134| .010 -3.2922 -.5678
21 -9.35000" .61134| .000 -10.7122 -7.9878

24 -17.33000" .61134| .000 -18.6922 -15.9678

27 -8.42333% .61134| .000 -9.7855 -7.0612

18 15 1.93000" .61134| .010 5678 3.2922
21 -7.42000" .61134| .000 -8.7822 -6.0578

24 -15.40000" .61134| .000 -16.7622 -14.0378

27 -6.49333" .61134| .000 -7.8555 -5.1312

21 15 9.35000" .61134| .000 7.9878 10.7122
18 7.42000" .61134| .000 6.0578 8.7822

24 -7.98000" .61134| .000 -9.3422 -6.6178

27 92667 611341 .161 -.4355 2.2888

24 15 17.33000" .61134| .000 15.9678 18.6922
18 15.40000" .61134| .000 14.0378 16.7622

21 7.98000" .61134| .000 6.6178 9.3422

27 8.90667" .61134| .000 7.5445 10.2688

27 15 8.42333" .61134| .000 7.0612 9.7855
18 6.49333" .61134| .000 5.1312 7.8555

21 -.92667 611341 .161 -2.2888 4355

24 -8.90667" .61134| .000 -10.2688 -7.5445

TPC 15 18 -.74000" .01978 | .000 -.7841 -.6959
21 -1.39333" .01978 | .000 -1.4374 -1.3493

24 -1.39333" .01978 | .000 -1.4374 -1.3493

27 -1.39667* .01978 | .000 -1.4407 -1.3526

18 15 .74000" .01978 | .000 .6959 7841
21 -.65333" .01978 | .000 -.6974 -.6093

24 -.65333" .01978 | .000 -.6974 -.6093

27 -.65667" .01978 | .000 -.7007 -.6126

21 15 1.39333" .01978 | .000 1.3493 1.4374
18 .65333" .01978 | .000 .6093 .6974

24 .00000 .01978 | 1.000 -.0441 .0441

27 -.00333 .01978 | .870 -.0474 .0407

24 15 1.39333" .01978 | .000 1.3493 1.4374
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18 65333 01978 | .000 6093 6974

21 .00000| 01978 | 1.000 -.0441 0441

27 -00333| 01978 .870 -.0474 .0407

27 15 1.39667° | 01978 .000 1.3526 1.4407
18 656677 01978 | .000 6126 7007

21 00333  .01978| .870 -.0407 0474

24 00333 01978 .870 -.0407 0474

TFC 15 18 00333 00298 | .290 -0100 10033
21 -01000"|  .00298 | .007 -0166 -.0034

24 -00667°| 00298 | .049 -0133 .0000

27 -01000"|  .00298 | .007 -0166 -.0034

18 15 00333 .00298| 290 ~0033 0100
21 -00667°| 00298 | .049 -0133 .0000

24 -00333| 00298 [ .290 -.0100 .0033

27 -00667°| 00298 | .049 -0133 .0000

21 15 01000° | .00298 | .007 10034 0166
18 00667 | .00298 | .049 .0000 0133

24 00333 00298 | .290 -.0033 .0100

27 .00000| 00298 | 1.000 -.0066 .0066

24 15 00667 | .00298 | .049 .0000 0133
18 00333 00298 | .290 -.0033 .0100

21 -00333| 00298 | .290 -.0100 .0033

27 -00333| 00298 | .290 -.0100 .0033

27 15 010007 | .00298 | .007 0034 0166
18 00667 | .00298 | .049 .0000 0133

21 .00000| 00298 | 1.000 -.0066 .0066

24 00333 00298 | .290 -.0033 .0100

VitC 15 18 -30667° | .03765| .000 -3906 2228
21 2.31000"| 03765 | .000 -2.3939 22261

24 231333 .03765| .000 23972 22294

27 2.33000"| 03765 | .000 24139 22461

18 15 30667 .03765| .000 2228 3906
21 2.00333*| 03765 .000 -2.0872 -1.9194

24 2.00667°| 03765 .000 -2.0906 -1.9228

27 2.02333°| 03765 .000 -2.1072 -1.9394

21 15 2.31000° | .03765| .000 2.2261 2.3939
18 2.00333*|  .03765| .000 1.9194 2.0872

24 -00333|  .03765| .931 -.0872 .0806

27 02000 .03765| .607 -1039 0639

24 15 2.31333*  .03765] .000 2.2294 2.3972
18 2.00667"|  .03765| .000 1.9228 2.0906

21 00333 .03765| .931 -.0806 0872

27 01667 03765 | .667 -.1006 0672

27 15 2.33000° [ .03765| .000 2.2461 2.4139
18 2.02333*|  .03765| .000 1.9394 2.1072

21 02000 .03765| .607 -.0639 1039

24 01667 .03765| 667 -0672 .1006

* . The mean difference is significant at the 0.05 level.
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Phu luc 3.7 Khio sat znh hwéng ciia toc do khudy 1én su hinh thanh nhii twong
W/O/W tir dich chiét trai so ri cd diic

Téc d) khuiy Chi tiéu Lanl Lan2 Lan3
Kich thudc hat (um) 0,56 0,55 0,55
PI 0,56 0,57 0,51
DPPH (%) 54,6 54,58 54,48
300 rpm
TPC (mg/g) 3,65 3,54 3,57
TFC (mg/g) 0,05 0,05 0,05
Vitamin C (mg/g) 9,05 9,01 9,04
Kich thudc hat (um) 0,42 0,43 0,38
PI 0,49 0,47 0,50
DPPH (%) 59,06 59,94 60,24
500 rpm
TPC (mg/g) 4,57 4,52 4,58
TFC (mg/g) 0,07 0,07 0,07
Vitamin C (mg/g) 9,15 9,11 9,15
Kich thudc hat (um) 0,35 0,36 0,36
PI 0,33 0,38 0,29
DPPH (%) 63,13 62,47 62,73
700 rpm
TPC (mg/g) 5,63 5,71 5,61
TFC (mg/g) 0,08 0,08 0,09
Vitamin C (mg/g) 9,16 9,25 9,11
Kich thudc hat (um) 0,31 0,31 0,30
PI 0,28 0,27 0,29
900 rpm DPPH (%) 59,02 58,89 58,4
TPC (mg/g) 5,61 5,58 5,43
TFC (mg/g) 0,08 0,08 0,08
Vitamin C (mg/g) 8,85 8,91 8,87
ANOVA
Sum of Squares df Mean Square F Sig.
KichThuocHat  Between Groups .102 3 .034 170.111 .000
Within Groups .002 8 .000
Total 104 11
PI Between Groups .142 3 .047 55.673 .000
Within Groups .007 8 .001
Total 149 11
DPPH Between Groups 103.922 3 34641  231.826 .000
Within Groups 1.195 8 149
Total 105.117 11
TPC Between Groups 6.981 3 2.327 568.728 .000
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Within Groups 033 8 004
Total 7.014 11
TFC Between Groups .001 3 .000 40.000 .000
Within Groups 000 8 000
Total .001 11
VitC Between Groups 159 3 .053 30.545 .000
Within Groups 014 8 002
Total 173 11
Multiple Comparisons
LSD
95% Confidence Interval
Dependent Variable (I) Tocdo (J) Tocdo | Mean Difference (I-J) | Std. Error | Sig. | Lower Bound | Upper Bound
KichThuocHat 300 500 .14333" .01155| .000 1167 .1700
700 .19667" .01155| .000 .1700 2233
900 24667" .01155| .000 2200 2733
500 300 -.14333" .01155| .000 -.1700 -.1167
700 .05333" 011551 .002 .0267 .0800
900 .10333* .01155| .000 .0767 .1300
700 300 -.19667* .01155| .000 -.2233 -.1700
500 -.05333" .011551].002 -.0800 -.0267
900 .05000" .011551.003 .0234 .0766
900 300 -.24667" .01155| .000 -.2733 -.2200
500 -.10333" .01155| .000 -.1300 -.0767
700 -.05000" .011551.003 -.0766 -.0234
PI 300 500 .06000" .02380 | .036 .0051 1149
700 21333" .02380 | .000 1584 2682
900 .26667" .02380 | .000 2118 3216
500 300 -.06000" .02380 | .036 -.1149 -.0051
700 .15333" .02380 | .000 .0984 .2082
900 20667" .02380 | .000 1518 2616
700 300 -21333" .02380 | .000 -.2682 -.1584
500 -.15333" .02380 | .000 -.2082 -.0984
900 .05333 .02380 | .055 -.0016 .1082
900 300 -.26667" .02380 | .000 -.3216 -2118
500 -20667" .02380 | .000 -.2616 -.1518
700 -.05333 .02380 | .055 -.1082 .0016
DPPH 300 500 -5.19333" 31562 | .000 -5.9212 -4.4655
700 -8.22333" 31562 | .000 -8.9512 -7.4955
900 -4.21667" 31562 | .000 -4.9445 -3.4888
500 300 5.19333" 31562 | .000 4.4655 5.9212
700 -3.03000" 31562 | .000 -3.7578 -2.3022
900 .97667" 315621 .015 2488 1.7045
700 300 8.22333" 31562 | .000 7.4955 8.9512
500 3.03000" 31562 | .000 2.3022 3.7578
900 4.00667" 31562 | .000 3.2788 4.7345
900 300 4.21667" 31562 | .000 3.4888 4.9445
500 -.97667" 315621 .015 -1.7045 -.2488
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700 -4.00667" 31562 | .000 -4.7345 -3.2788

TPC 300 500 .03000 .05223 | .581 -.0904 .1504
700 -1.56333" .05223 | .000 -1.6838 -1.4429

900 -1.45333" .05223 | .000 -1.5738 -1.3329

500 300 -.03000 .05223 | .581 -.1504 .0904
700 -1.59333" .05223 | .000 -1.7138 -1.4729

900 -1.48333" .05223 | .000 -1.6038 -1.3629

700 300 1.56333" .05223 | .000 1.4429 1.6838
500 1.59333" .05223 | .000 1.4729 1.7138

900 .11000 .05223 1 .068 -.0104 2304

900 300 1.45333" .05223 | .000 1.3329 1.5738
500 1.48333" .05223 | .000 1.3629 1.6038

700 -.11000 .05223 1 .068 -.2304 .0104

TFC 300 500 -.01000" .00236 | .003 -.0154 -.0046
700 -.02333" .00236 | .000 -.0288 -.0179

900 -.02000" .00236 | .000 -.0254 -.0146

500 300 .01000" .00236 | .003 .0046 .0154
700 -.01333* .00236 | .000 -.0188 -.0079

900 -.01000* .00236 | .003 -.0154 -.0046

700 300 .02333" .00236 | .000 .0179 .0288
500 .01333" .00236 | .000 .0079 .0188

900 .00333 .00236 | .195 -.0021 .0088

900 300 .02000" .00236 | .000 .0146 .0254
500 .01000" .00236 | .003 .0046 .0154

700 -.00333 .00236 | .195 -.0088 .0021

VitC 300 500 -.10333" .03399 | .016 -.1817 -.0249
700 -.14000" .03399 | .003 -.2184 -.0616

900 15667* .03399 | .002 .0783 2351

500 300 .10333" .03399 | .016 .0249 1817
700 -.03667 .03399 | .312 -.1151 .0417

900 .26000" .03399 | .000 1816 3384

700 300 .14000" .03399 | .003 .0616 2184
500 .03667 .03399 | .312 -.0417 1151

900 29667" .03399 | .000 2183 3751

900 300 -15667" .03399 | .002 -.2351 -.0783
500 -.26000" .03399 | .000 -.3384 -.1816

700 -29667" .03399 | .000 -.3751 -.2183

* . The mean difference is significant at the 0.05 level.
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Phu luc 4.1 Khido sat anh huéng cia vat liéu 16i 1én mdt s6 tinh chét héa Iy cia

bot so ri sdy phun

Loai vat liéu 15i Chi tiéu Lanl Lan2 Lan3
Do am bot (%) 5,38 5,38 5,38
Ty trong (g/mL) 0,25 0,21 0,23
Dich o 1i o8 dic EY thu hdi bot (%) 3507 32,07 32,07
’ ' EY TPC (%) 21,52 21,46 21,39
EY TFC (%) 15,95 17,42 15,45
EY Vitamin C (%) 1,22 1,28 1,22
Do am bot (%) 3,94 3,94 3,94
Ty trong (g/mL) 0,23 0,22 0,22
N ) EY thu hoi bot (%) 50,82 50,84 50,83
Nhi wong so i WOW b 1pc (04) 2602 26,02 26,03
EY TFC (%) 15,50 15,47 15,61
EY Vitamin C (%) 12,65 12,47 12,61
ANOVA
Sum of Squares df Mean Square F Sig.
Am Between Groups 3.112 1 3.112 4667760.250 .000
Within Groups 000 4 000
Total 3.112 5
TyTrong Between Groups .000 1 .000 .308 .609
Within Groups .001 4 .000
Total .001 5
EY THB Between Groups 473.126 1 473.126 315.407 .000
Within Groups 6.000 4 1.500
Total 479.127 5
EY TPC  Between Groups 31.282 1 31.282 14663.281 .000
Within Groups .009 4 .002
Total 31.290 5
EY TFC  Between Groups .836 1 .836 1.587 276
Within Groups 2.108 4 527
Total 2.944 5
EY VitC  Between Groups 192.780 1 192.780 38048.688 .000
Within Groups 020 4 .005
Total 192.800 5
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Pairwise Comparisons

Mean 95% Confidence Interval for
Difference (I- Std. Difference®

Dependent Variable (I) Loi (J) Loi J) Error Sig.® | Lower Bound | Upper Bound
Am DichCoDac NhuWOW 1.440" .001 .000 1.438 1.442
NhuWOW  DichCoDac -1.440° .001 .000 -1.442 -1.438

EY_THB DichCoDac NhuWOW -17.760" 1.000 .000 -20.536 -14.984
NhuWOW  DichCoDac 17.760" 1.000 .000 14.984 20.536

EY_TPC DichCoDac NhuWOW -4.567" .038 .000 -4.671 -4.462
NhuWOW  DichCoDac 4.567" .038 .000 4.462 4.671

EY_TFC DichCoDac NhuWOW 747 .593 276 -.899 2.392
NhuWOW  DichCoDac =747 .593 276 -2.392 .899

EY VitC DichCoDac NhuWOW -11.337" .058 .000 -11.498 -11.175
NhuWOW  DichCoDac 11.337" .058 .000 11.175 11.498

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Phu luc 4.2 Khio sat znh hwéng ciia thanh phin vé bao 1én mét s tinh chit héa
Iy ciia bdt so ri siy phun

Loai vat liéu vé bao Chi tiéu Lanl Lan2 Léan3
Do am bot (%) 3,93 3,91 3,92
Ty trong (g/mL) 0.22 0.21 0.22
MD EY thu hoi bot (%) 50,82 50,83 50,83
EY TPC (%) 18,35 1836 1791
EY TFC (%) 9,93 11,64 11,02
EY Vitamin C (%) 8,80 8,79 8,80
Do am bot (%) 3,751 3,762 3,743
Ty trong (g/mL) 0.21 0.21 0.22
_ EY thu hoi bot (%) 68,34 6834 68,34
2MD:1GA EY TPC (%) 3507 33,74 32,42
EY TFC (%) 2236 21,92 22,78
EY Vitamin C (%) 2445 2445 2445
Do am bot (%) 3,805 3,763 3,765
Ty trong (g/mL) 0.21 0.21 0.22
. EY thu hoi bot (%) 63,63 63,63 63,63
IMD:1GA EY TPC (%) 2121 20,81 21,21
EY TFC (%) 1441 1747 13,72
EY Vitamin C (%) 17,34 17,34 17,34
Do am bot (%) 3,732 3,745 3,727
Ty trong (g/mL) 0.21 0.23 0.22
IMD:2GA EY thu hdi bot (%) 54,07 54,09 54,08

EY TPC (%) 1493 1582 14,80
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EY TFC (%) 828 792 835
EY Vitamin C (%) 14,10 14,10 14,10
Do am bot (%) 3,869 3,855 3,861
Ty trong (g/mL) 0.23 0.20 0.23
GA EY thu hoi bot (%) 52,21 52,20 52,21
EY TPC (%) 16,54 18,09 17,91
EY TFC (%) 7,46 7,99 8,14
EY Vitamin C (%) 12,46 12,43 12,38
ANOVA
Sum of Squares df Mean Square F Sig.
Am Between Groups .074 4 .019 109.914 .000
Within Groups 002 10 000
Total 076 14
TyTrong  Between Groups .000 4 .000 333 .849
Within Groups .001 10 .000
Total 001 14
EY THB Between Groups 716.182 4 179.046 3786691.114 .000
Within Groups .000 10 .000
Total 716.183 14
EY_TPC  Between Groups 647.942 4 161.985 279.057 .000
Within Groups 5.805 10 580
Total 653.747 14
EY_TFC  Between Groups 439.173 4 109.793 107.850 .000
Within Groups 10.180 10 1.018
Total 449353 14
EY VitC  Between Groups 419.378 4 104.844 393310.752 .000
Within Groups 003 10 000
Total 419.380 14
Multiple Comparisons
LSD
95% Confidence Interval
Lower
Dependent Variable (I) Vo J) Vo Mean Difference (I-J) | Std. Error | Sig. Bound Upper Bound
Am MD 2MD:1GA 1677 .01062 | .000 .1440 1913
IMD:1GA .1420" .01062 | .000 1183 1657
IMD:2GA .1850" .01062 | .000 1613 2087
GA .0580" .01062 | .000 .0343 .0817
2MD:1GA MD -1677" .01062 | .000 -.1913 -.1440
IMD:1GA -.0257" .01062 | .036 -.0493 -.0020
IMD:2GA .0173 .01062 | .134 -.0063 .0410
GA -.1097" .01062 | .000 -.1333 -.0860
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IMD:1GA MD -.1420" .01062 | .000 -.1657 -.1183
2MD:1GA .0257" .01062 | .036 .0020 .0493

IMD:2GA .0430" .01062 | .002 .0193 .0667

GA -.0840" .01062 | .000 -.1077 -.0603

IMD:2GA MD -.1850" .01062 | .000 -.2087 -.1613
2MD:1GA -.0173 .01062 | .134 -.0410 .0063

IMD:1GA -.0430" .01062 | .002 -.0667 -.0193

GA -.1270" .01062 | .000 -.1507 -.1033

GA MD -.0580" .01062 | .000 -.0817 -.0343
2MD:1GA .1097" .01062 | .000 .0860 1333

IMD:1GA .0840" .01062 | .000 .0603 1077

IMD:2GA .1270" .01062 | .000 .1033 .1507

EY_THB MD 2MD:1GA -17.5100" .00561 | .000 -17.5225 -17.4975
IMD:1GA -12.8015" .00561 | .000 -12.8140 -12.7890

IMD:2GA -3.2568" .00561 | .000 -3.2693 -3.2443

GA -1.3786" .00561 | .000 -1.3912 -1.3661
2MD:1GA MD 17.5100" .00561 | .000 17.4975 17.5225
IMD:1GA 4.7084" .00561 | .000 4.6959 4.7209

IMD:2GA 14.2531° .00561 | .000 14.2406 14.2656

GA 16.1313" .00561 | .000 16.1188 16.1438

IMD:1GA MD 12.8015" .00561 | .000 12.7890 12.8140
2MD:1GA -4.7084" .00561 | .000 -4.7209 -4.6959

IMD:2GA 9.5447" .00561 | .000 9.5322 9.5572

GA 11.4229° .00561 | .000 11.4104 11.4354

IMD:2GA MD 3.2568" .00561 | .000 3.2443 3.2693
2MD:1GA -14.2531" .00561 | .000 -14.2656 -14.2406

IMD:1GA -9.5447" .00561 | .000 -9.5572 -9.5322

GA 1.8782" .00561 | .000 1.8657 1.8907

GA MD 1.3786" .00561 | .000 1.3661 1.3912
2MD:1GA -16.1313" .00561 | .000 -16.1438 -16.1188

IMD:1GA -11.4229" .00561 | .000 -11.4354 -11.4104

IMD:2GA -1.8782" .00561 | .000 -1.8907 -1.8657

EY_TPC MD 2MD:1GA -15.5335" .62208 | .000 -16.9196 -14.1474
IMD:1GA -2.8711° .62208 | .001 -4.2572 -1.4850

IMD:2GA 3.0225" .62208 | .001 1.6364 4.4085

GA .6912 62208 | .293 -.6949 2.0773
2MD:1GA MD 15.5335" .62208 | .000 14.1474 16.9196
IMD:1GA 12.6624* .62208 | .000 11.2763 14.0484

IMD:2GA 18.5559" .62208 | .000 17.1699 19.9420

GA 16.2247" .62208 | .000 14.8386 17.6108

IMD:1GA MD 2.8711" .62208 | .001 1.4850 4.2572
2MD:1GA -12.6624" .62208 | .000 -14.0484 -11.2763

IMD:2GA 5.8936" .62208 | .000 4.5075 7.2797

GA 3.5623" .62208 | .000 2.1763 4.9484

IMD:2GA MD -3.0225% .62208 | .001 -4.4085 -1.6364
2MD:1GA -18.5559" .62208 | .000 -19.9420 -17.1699

IMD:1GA -5.8936" .62208 | .000 -7.2797 -4.5075

GA -2.3312° .62208 | .004 -3.7173 -.9452

GA MD -.6912 62208 | .293 -2.0773 .6949
2MD:1GA -16.2247" .62208 | .000 -17.6108 -14.8386

IMD:1GA -3.5623" .62208 | .000 -4.9484 -2.1763
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IMD:2GA 233127 .62208].004 9452 3.7173

EY TFC MD 2MD:1GA 11.4910° | .82382[.000 -13.3266 9.6554
IMD:1GA 43357"| 82382 .000 -6.1713 -2.5001
IMD:2GA 2.6778°|  .82382].009 8422 4.5134

GA 2.9980° |  .82382].005 1.1624 4.8336
2MD:1GA MD 11.4910° | .82382].000 9.6554 13.3266
IMD:1GA 7.1553* | .823821.000 5.3197 8.9909
IMD:2GA 14.1688" | .82382.000 12.3332 16.0044

GA 14.4890° | 82382 .000 12.6534 16.3245
IMD:1GA MD 43357 | .82382].000 2.5001 6.1713
2MD:1GA -7.1553* | .82382.000 -8.9909 -5.3197
IMD:2GA 7.0135°|  .82382].000 5.1779 8.8491

GA 7.3337°|  .82382].000 5.4981 9.1692
IMD:2GA MD 26778 | 82382 .009 45134 -8422
2MD:1GA -14.1688" | .82382 [ .000 -16.0044 -12.3332
IMD:1GA 7.0135*| 82382 .000 -8.8491 -5.1779

GA 3202 .82382].706 -1.5154 2.1558

GA MD 2.9980° | 82382 .005 ~4.8336 1.1624
2MD:1GA -14.4890" | .82382 [ .000 -16.3245 -12.6534
IMD:1GA 7.3337°| 82382 .000 -9.1692 -5.4981

IMD:2GA -3202| .82382].706 -2.1558 1.5154

EY VitC MD 2MD:1GA -15.6517°| 01333 .000 -15.6814 -15.6220
IMD:1GA -8.5459" | .01333 | .000 -8.5756 -8.5162

IMD:2GA -5.3043"| 01333 | .000 -5.3340 -5.2746

GA 3.6273*| 01333 | .000 -3.6570 -3.5976
2MD:1GA MD 15.6517"| 01333 ].000 15.6220 15.6814
IMD:1GA 7.1059* | .01333.000 7.0762 7.1356

IMD:2GA 10.3474* | 01333 |.000 10.3177 10.3771

GA 12.0244* | .01333.000 11.9947 12.0541
IMD:1GA MD 8.5459*| .01333].000 8.5162 8.5756
2MD:1GA 7.1059* | 01333 | .000 -7.1356 -7.0762
IMD:2GA 32416 .01333].000 3.2119 32713

GA 4.9185* | .01333].000 4.8888 4.9482
IMD:2GA MD 5.3043*|  .01333].000 5.2746 5.3340
2MD:1GA -10.3474* | .01333|.000 -10.3771 -10.3177
IMD:1GA 3.2416"| 01333 | .000 32713 32119

GA 1.6770° | .01333|.000 1.6473 1.7067

GA MD 3.6273°|  .01333].000 3.5976 3.6570
2MD:1GA -12.0244* | 01333 | .000 -12.0541 -11.9947
IMD:1GA -4.9185*| 01333 | .000 -4.9482 -4.8888

IMD:2GA -1.6770"| 01333 | .000 -1.7067 -1.6473

Based on observed means.
The error term is Mean Square(Error) =.000.
*. The mean difference is significant at the .05 level.
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Phu luc 4.3 Khio sat anh hwéng ciia ti 1§ 16i va vo bao 1én mét so tinh chit hoa
Iy ciia bdt so ri siy phun

Ti 18 16i:v6 bao Chi tiéu Lanl Lin2 Léin3
Do am bot (%) 3,86 3,84 3,85
Ty trong (g/mL) 0,22 0,22 0,19
1:1 EY thu hoi bot (%) 68,34 68,34 68,34
) EY TPC (%) 27,87 26,82 28,04
EY TFC (%) 18,64 20,63 20,25
EY Vitamin C (%) 21,15 21,04 21,07
Do am bot (%) 3,45 3,45 3,43
Ty trong (g/mL) 0,21 0,19 0,20
115 EY thu hdi bot (%) 79,49 79,48 79,49
o EY TPC (%) 38,34 37,51 38,34
EY TFC (%) 31,79 29,22 29,23
EY Vitamin C (%) 21,19 22,85 20,97
Do am bot (%) 3,18 3,18 3,16
Ty trong (g/mL) 0,21 0,20 0,20
12 EY thu hoi bot (%) 59,18 59,18 59,18
) EY TPC (%) 33,29 36,02 33,29
EY TFC (%) 30,55 28,64 27,74
EY Vitamin C (%) 12,23 10,96 12,37
ANOVA
Sum of Squares df Mean Square F Sig.
Am Between Groups 702 2 351 3846.052 .000
Within Groups 001 6 000
Total 702 8
TyTrong  Between Groups .000 2 .000 .538 .609
Within Groups 001 6 000
Total .001 8
EY THB Between Groups 620.411 2 310206 | 21398094.028 .000
Within Groups 000 6 000
Total 620.411 8
EY TPC  Between Groups 168.860 2 84.430 80.090 .000
Within Groups 6.325 6 1.054
Total 175.185 8
EY TFC  Between Groups 189.603 2 94.802 52.935 .000
Within Groups 10.745 6 1.791
Total 200.348 8
EY VitC  Between Groups 181.915 2 90.958 164.652 .000
Within Groups 3.315 6 552
Total 185.230 8

Multiple Comparisons
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LSD
Mean 95% Confidence Interval
Difference (I-

Dependent Variable (I) Loi.Vo (J) Loi.Vo J) Std. Error Sig. Lower Bound | Upper Bound
Am 1:1 1:1,5 4107" .00780 .000 3916 4297
1:2 .6790" .00780 .000 .6599 .6981

1:1,5 1:1 -4107" .00780 .000 -.4297 -.3916

1:2 .2683" .00780 .000 .2493 2874

1:2 1:1 -.6790" .00780 .000 -.6981 -.6599

1:1,5 -.2683" .00780 .000 -.2874 -.2493

EY THB 1:1 1:1,5 -11.1513" .00311 .000 -11.1589 -11.1437
1:2 9.1533" .00311 .000 9.1457 9.1609

1:1,5 1:1 11.1513" .00311 .000 11.1437 11.1589

1:2 20.3046" .00311 .000 20.2970 20.3122

1:2 1:1 -9.1533" .00311 .000 -9.1609 -9.1457

1:1,5 -20.3046" .00311 .000 -20.3122 -20.2970

EY_TPC 1:1 1:1,5 -10.4894" .83833 .000 -12.5407 -8.4381
1:2 -6.6266" .83833 .000 -8.6779 -4.5753

1:1,5 1:1 10.4894" .83833 .000 8.4381 12.5407

1:2 3.8627" .83833 .004 1.8114 5.9140

1:2 1:1 6.6266" .83833 .000 4.5753 8.6779

1:1,5 -3.8627" .83833 .004 -5.9140 -1.8114

EY TFC 1:1 1:1,5 -10.2422" 1.09268 .000 -12.9159 -7.5686
1:2 -9.1366" 1.09268 .000 -11.8103 -6.4629

1:1,5 1:1 10.2422" 1.09268 .000 7.5686 12.9159

1:2 1.1057 1.09268 351 -1.5680 3.7794

1:2 1:1 9.1366" 1.09268 .000 6.4629 11.8103

1:1,5 -1.1057 1.09268 351 -3.7794 1.5680

EY_VitC 1:1 1:1,5 -.5841 .60686 373 -2.0690 .9009
1:2 9.2317" .60686 .000 7.7468 10.7166

1:1,5 1:1 .5841 .60686 373 -.9009 2.0690

1:2 9.8158" .60686 .000 8.3308 11.3007

1:2 1:1 -9.2317" .60686 .000 -10.7166 -7.7468

1:1,5 -9.8158" .60686 .000 -11.3007 -8.3308

Based on observed means.
The error term is Mean Square(Error) = .552.
*. The mean difference is significant at the .05 level.

Phu luc 4.4 Khio sat znh hwong ciia nhiét do siy diu vao 1én mot so tinh chat
héa Iy ciia bot so ri siy phun

Nhiét d6 dau vao Chi tiéu Lanl Li4n2 Léan3
Do am bot (%) 3,48 3,45 3,47
Ty trong (g/mL) 0.22 0.28 0.24

140 °C EY thu hoi bot (%) 71,59 71,48 71,15
EY TPC (%) 23,58 2249 27,62
EY TFC (%) 18,56 18,53 19,81
EY Vitamin C (%) 18,08 1925 19,13
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Do am bot (%) 3,46 3,44 3,46
Ty trong (g/mL) 0.20 0.21 0.23
150 °C EY thu hdi bot (%) 79,49 79,49 79,49
EY TPC (%) 47,69 46,44 49,56
EY TFC (%) 33,36 35,33 34,21
EY Vitamin C (%) 23,16 24,71 24,71
D6 am bot (%) 3,32 3,31 3,29
Ty trong (g/mL) 0.19 0.22 0.21
160 °C EY thu hdi bot (%) 79,49 79,48 79,49
EY TPC (%) 47,69 46,44 48,63
EY TFC (%) 31,79 29,22 26,89
EY Vitamin C (%) 19,48 21,04 19,28
Do am bot (%) 3,30 3,31 3,31
Ty trong (g/mL) 0.22 0.20 0.21
170 °C EY thu hoi bot (%) 82,91 82,91 82,91
EY TPC (%) 35,11 32,60 32,19
EY TFC (%) 25,59 25,59 26,24
EY Vitamin C (%) 18,91 20,17 20,17
Do am bot (%) 3,28 3,26 327
Ty trong (g/mL) 0.24 0.22 0.22
180 °C EY thu hoi bot (%) 80,92 80,92 80,92
EY TPC (%) 34,27 31,82 34,27
EY TFC (%) 20,98 19,98 17,41
EY Vitamin C (%) 18,43 19,65 19,65
ANOVA
Sum of Squares df Mean Square F Sig.
Am Between Groups 102 4 .026 243.197 .000
Within Groups .001 10 .000
Total .103 14
TyTrong Between Groups .004 4 .000 2.704 .092
Within Groups .003 10 .000
Total .007 14
EY THB  Between Groups 230.783 4 57696  5463.957 .000
Within Groups .106 10 011
Total 230.889 14
EY TPC  Between Groups 1233.286 4 308.321 99.459 .000
Within Groups 31.000 10 3.100
Total 1264.286 14
EY TFC Between Groups 513.415 4 128.354 58.067 .000
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Within Groups 22.104 10 2.210
Total 535.519 14
EY VitC  Between Groups 56.584 4 14.146 22.308 .000
Within Groups 6.341 10 634
Total 62.925 14
Multiple Comparisons
LSD
Mean 95% Confidence Interval
Dependent @ (@) Difference Std. Lower Upper
Variable NhietDauVao NhietDauVao dI-J Error Sig. Bound Bound
Am 140 150 .0150| .00838 .104 -.0037 .0337
160 .1610"| .00838 .000 .1423 1797
170 .1647°| .00838 .000 .1460 .1833
180 .1963"| .00838 .000 1777 2150
150 140 -0150 .00838 .104 -.0337 .0037
160 .1460" | .00838 .000 1273 1647
170 .1497° | .00838 .000 1310 .1683
180 .1813"| .00838 .000 1627 .2000
160 140 -1610"| .00838 .000 -.1797 -.1423
150 -.1460" | .00838 .000 -.1647 -.1273
170 .0037| .00838 671 -.0150 .0223
180 .0353"| .00838 .002 .0167 .0540
170 140 -.1647°| .00838 .000 -.1833 -.1460
150 -.1497°| .00838 .000 -.1683 -.1310
160 -.0037] .00838 671 -.0223 .0150
180 .0317°| .00838 .004 .0130 .0503
180 140 -.1963*| .00838 .000 -2150 -1777
150 - 1813*| .00838 .000 -.2000 -.1627
160 -.0353*| .00838 .002 -.0540 -.0167
170 -0317*| .00838 .004 -.0503 -.0130
EY THB 140 150 -8.0787"| .08390 .000 -8.2656 -7.8917
160 -8.0801"|  .08390 .000 -8.2671 -7.8932
170 -11.4990" | .08390 .000 -11.6860 -11.3121
180 -9.5091"| .08390 .000 -9.6960 -9.3221
150 140 8.0787° .08390 .000 7.8917 8.2656
160 -.0014] .08390 .987 -.1884 1855
170 -3.4203"| .08390 .000 -3.6073 -3.2334
180 -1.4304"| .08390 .000 -1.6173 -1.2435
160 140 8.0801" [ .08390 .000 7.8932 8.2671
150 .0014 | .08390 .987 -.1855 .1884
170 -3.4189"| .08390 .000 -3.6058 -3.2319
180 -1.4290"| .08390 .000 -1.6159 -1.2420
170 140 11.4990% [ .08390 .000 11.3121 11.6860
150 3.4203" .08390 .000 3.2334 3.6073
160 3.4189"| .08390 .000 3.2319 3.6058
180 1.9899" | .08390 .000 1.8030 2.1769
180 140 9.5091"| .08390 .000 9.3221 9.6960
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150 1.4304"| .08390 .000 1.2435 1.6173

160 1.4290% | .08390 .000 1.2420 1.6159

170 -1.9899* | .08390 .000 2.1769 -1.8030

EY _TPC 140 150 2333337 1.43758 000 265364 -20.1301
160 23.0225" | 1.43758 000 262256  -19.8193

170 -8.7365" | 1.43758 000  -11.9396 -5.5334

180 -8.8892" | 1.43758 000  -12.0923 -5.6860

150 140 23.3333"| 1.43758 .000 20.1301 26.5364
160 3108 | 1.43758 833 -2.8923 3.5139

170 14.5968" | 1.43758 .000 11.3936 17.7999

180 144441 | 1.43758 .000 11.2410 17.6472

160 140 23.0225" | 1.43758 .000 19.8193 26.2256
150 -3108 | 1.43758 833 -3.5139 2.8923

170 14.2860" | 1.43758 .000 11.0828 17.4891

180 14.1333"| 1.43758 .000 10.9302 17.3365

170 140 8.7365° | 1.43758 .000 5.5334 11.9396
150 -14.5968" | 1.43758 000  -17.7999 |  -11.3936

160 -14.2860" | 1.43758 000  -17.4891 -11.0828

180 -1527| 1.43758 918 -3.3558 3.0505

180 140 8.8892° [ 1.43758 .000 5.6860 12.0923
150 -14.4441" | 1.43758 000  -17.6472|  -11.2410

160 -14.1333" | 1.43758 000|  -173365|  -10.9302

170 1527 1.43758 918 -3.0505 3.3558

EY TFC 140 150 -15.3313°[ 1.21393 000 -18.0361 -12.6264
160 -10.3322* | 1.21393 000  -13.0370 -7.6274

170 -6.8354" | 1.21393 .000 -9.5402 -4.1306

180 -4878 | 1.21393 696 -3.1926 2.2170

150 140 153313 1.21393 .000 12.6264 18.0361
160 4.9990" | 1.21393 .002 2.2942 7.7039

170 8.4959" [ 1.21393 .000 57911 11.2007

180 14.8434" | 1.21393 .000 12.1386 17.5482

160 140 10.3322"| 1.21393 .000 7.6274 13.0370
150 -4.9990* | 1.21393 .002 -7.7039 -2.2942

170 3.4968" [ 1.21393 016 7920 6.2016

180 9.8444" [ 1.21393 .000 7.1396 12.5492

170 140 6.8354" [ 1.21393 .000 4.1306 9.5402
150 -8.4959* | 1.21393 000  -11.2007 -5.7911

160 -3.4968" | 1.21393 016 -6.2016 -7920

180 6.3476" | 1.21393 .000 3.6428 9.0524

180 140 4878 [ 1.21393 696 22170 3.1926
150 -14.8434* | 1.21393 000  -17.5482|  -12.1386

160 -9.8444* | 1.21393 000  -12.5492 -7.1396

170 -6.3476" | 1.21393 .000 9.0524 -3.6428

EY_VitC 140 150 5.3740°[ 65018 .000 -6.8227 -3.9253
160 -1.1139 | 65018 117 -2.5626 3348

170 -9320| 65018 182 -2.3807 5167

180 4250 65018 528 -1.8737 1.0237

150 140 5.3740" | 65018 .000 3.9253 6.8227
160 42601*| 65018 .000 2.8114 5.7088

170 4.4420"| 65018 .000 2.9933 5.8907

180 4.9490*| .65018 .000 3.5003 6.3977
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160 140 1.1139] .65018 117 -.3348 2.5626
150 -4.2601" .65018 .000 -5.7088 -2.8114
170 1818 .65018 785 -1.2669 1.6305
180 .6888 | .65018 314 -.7599 2.1375
170 140 9320 .65018 182 -.5167 2.3807
150 -4.4420" [ 65018 .000 -5.8907 -2.9933
160 -.1818 ] .65018 785 -1.6305 1.2669
180 5070 .65018 454 -.9417 1.9557
180 140 4250 .65018 528 -1.0237 1.8737
150 -4.9490" | .65018 .000 -6.3977 -3.5003
160 -.6888 ] .65018 314 -2.1375 7599
170 -.5070 .65018 454 -1.9557 9417

Based on observed means.
The error term is Mean Square(Error) = .634.
*. The mean difference is significant at the .05 level.

Phu luc 4.5 Khio sat anh huwéng ciia nhiét do sy dau ra 1én mét so tinh chat héa
Iy ciia bt so ri siy phun

Nhiét d) dau ra Chi tiéu Lanl Lan2 Lan3
Do am bot (%) 4,77 4,75 4,76
Ty trong (g/mL) 0.23 0.20 0.19
65 °C EY thu hoi bot (%) 69,57 69,57 69,57
EY TPC (%) 29,68 23,82 24,50
EY TFC (%) 18,66 20,87 23,80
EY Vitamin C (%) 1098 11,41 11,08
Do am bot (%) 4,56 4,55 4,54
Ty trong (g/mL) 0.22 0.18 0.21
75 oC EY thu hoi bot (%) 71,67 71,67 71,67
EY TPC (%) 30,58 31,42 25,24
EY TFC (%) 2447 2508 28,29
EY Vitamin C (%) 21,89 22,73 22,08
Do am bot (%) 3,47 3,46 3,46
Ty trong (g/mL) 0.23 0.18 0.18
85 oC EY thu hdi bot (%) 85,66 85,80 85,67
EY TPC (%) 49,11 50,54 47,06
EY TFC (%) 3343 3432 38733
EY Vitamin C (%) 26,78 27,85 27,01
D6 am bot (%) 3,40 3,39 3,38
Ty trong (g/mL) 0.23 0.20 0.19
05 oC EY thu hoi bot (%) 86,39 86,45 86,47
EY TPC (%) 4492 42,64 47,50
EY TFC (%) 2739 28,10 34,13

EY Vitamin C (%) 25.45 26,18 25,43
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ANOVA
Sum of Squares df Mean Square F Sig.
Am Between Groups 4.610 3 1.537 29884.962 .000
Within Groups 000 8 000
Total 4.610 11
TyTrong  Between Groups .000 3 .000 .093 962
Within Groups 004 8 .000
Total .004 11
EY THB  Between Groups 724.096 3 241.365 119475.017 .000
Within Groups 016 8 002
Total 724.112 11
EY TPC  Between Groups 1168.547 3 389.516 51.082 .000
Within Groups 61.002 8 7.625
Total 1229.549 11
EY TFC  Between Groups 327.933 3 109.311 13.938 .002
Within Groups 62.743 8 7.843
Total 390.676 11
EY VitC  Between Groups 473.112 3 157.704 847.494 .000
Within Groups 1.489 8 186
Total 474.600 11
Multiple Comparisons
LSD
Mean 95% Confidence Interval
Dependent @ J) Difference Std. Lower Upper
Variable NhietDauRa  NhietDauRa I Error Sig. Bound Bound
Am 65 75 .2090" .00585 .000 1955 2225
85 1.2977" .00585 .000 1.2842 1.3112
95 1.3707" .00585 .000 1.3572 1.3842
75 65 -.2090" .00585 .000 -.2225 -.1955
85 1.0887" .00585 .000 1.0752 1.1022
95 1.1617°] .00585 .000 1.1482 1.1752
85 65 -1.2977"| .00585 .000 -1.3112 -1.2842
75 -1.0887"| .00585 .000 -1.1022 -1.0752
95 .0730"| .00585 .000 .0595 .0865
95 65 -1.3707"| .00585 .000 -1.3842 -1.3572
75 -1.1617"] .00585 .000 -1.1752 -1.1482
85 -0730"| .00585 .000 -.0865 -.0595
EY _THB 65 75 -2.1040" .03670 .000 -2.1886 -2.0194
85 -16.1466" .03670 .000 -16.2313 -16.0620
95 -16.8695" .03670 .000 -16.9542 -16.7849
75 65 2.1040" .03670 .000 2.0194 2.1886
85 -14.0426" .03670 .000 -14.1273 -13.9580
95 -14.7655" .03670 .000 -14.8502 -14.6809
85 65 16.1466" .03670 .000 16.0620 16.2313
75 14.0426" .03670 .000 13.9580 14.1273
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95 -.7229* .03670 .000 -.8075 -.6383

95 65 16.8695" .03670 .000 16.7849 16.9542
75 14.7655" .03670 .000 14.6809 14.8502

85 .7229" .03670 .000 .6383 .8075

EY_TPC 65 75 -3.0772 | 2.25466 .209 -8.2765 2.1220
85 -22.9047"| 2.25466 .000 -28.1040 -17.7054

95 -19.0170" | 2.25466 .000 -24.2163 -13.8178

75 65 3.0772| 2.25466 .209 -2.1220 8.2765
85 -19.8275" | 2.25466 .000 -25.0267 -14.6282

95 -15.9398" | 2.25466 .000 -21.1391 -10.7406

85 65 22.9047"| 2.25466 .000 17.7054 28.1040
75 19.8275" | 2.25466 .000 14.6282 25.0267

95 3.8877| 2.25466 123 -1.3116 9.0869

95 65 19.0170" | 2.25466 .000 13.8178 24.2163
75 15.9398" | 2.25466 .000 10.7406 21.1391

85 -3.8877 | 2.25466 123 -9.0869 1.3116

EY_TFC 65 75 -4.8385| 2.28661 .067 -10.1114 4345
85 -14.2483" | 2.28661 .000 -19.5213 -8.9754

95 -8.7624" | 2.28661 .005 -14.0353 -3.4895

75 65 4.8385| 2.28661 .067 -.4345 10.1114
85 -9.4099" | 2.28661 .003 -14.6828 -4.1370

95 -3.9240 | 2.28661 124 -9.1969 1.3490

85 65 14.2483" | 2.28661 .000 8.9754 19.5213
75 9.4099" | 2.28661 .003 4.1370 14.6828

95 5.4859" | 2.28661 .043 2130 10.7589

95 65 8.7624" | 2.28661 .005 3.4895 14.0353
75 3.9240 | 2.28661 124 -1.3490 9.1969

85 -5.4859" | 2.28661 .043 -10.7589 -.2130

EY_VitC 65 75 -11.0742" 35221 .000 -11.8864 -10.2620
85 -16.0593" 35221 .000 -16.8715 -15.2471

95 -14.5307" 35221 .000 -15.3429 -13.7185

75 65 11.0742" 35221 .000 10.2620 11.8864
85 -4.9852" 35221 .000 -5.7974 -4.1730

95 -3.4565" 35221 .000 -4.2687 -2.6443

85 65 16.0593* 35221 .000 15.2471 16.8715
75 4.9852* 35221 .000 4.1730 5.7974

95 1.5287* 35221 .002 7164 2.3409

95 65 14.5307* 35221 .000 13.7185 15.3429
75 3.4565" 35221 .000 2.6443 4.2687

85 -1.5287" 35221 .002 -2.3409 -.7164

Based on observed means.
The error term is Mean Square(Error) = .186.
*. The mean difference is significant at the .05 level.
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Phu luc 4.6 T6i wu héa nhiét do diu vao va nhiét do diu ra trong qua trinh say
phun nhii twong so ri
4.6.1 Anh hwong ciia nhiét dp dau vao va dau ra lén 1y trong bét

Mo hinh  Nhigt dp diu vao (°C)  Nhigt d dhu ra °C) — LY rongbot (g/mL)
Lanl Lan2 Lan3
0a 155 83 024 022 021
— 150 85 021 023 021
- 160 85 021 023 021
a0 148 90 024 022 0722
0 155 90 024 023 021
0 155 90 024 022 021
0 155 90 023 023 0722
A0 162 90 024 022 021
—+ 150 95 024 022 022
. 160 95 021 023 021
0A 155 97 021 023 021

4.6.2 Méi twong quan giiva dp am trén thuc té va mé hinh dw dodn
4.2

D6 dm thuc té
w w w
> ()] [e°]

w
N

w

Ind
=3

2.8 3 32 34 36 38 4 4.2
D6 am du doén
RMSE=0.1258 RSq=0.93 PValue=0.0076

Analysis of Variance

Source DF Sum of Squares Mean Square F Ratio
Model 5 0.9809694 0.196194 12.3983
Error 5 0.0791215 0.015824 Prob > F
C. Total 10 1.0600909 0.0076*
Parameter Estimates

Term Estimate Std Error t Ratio Prob>|t|
Intercept 3.12 0.072628 42.96 <.0001*
Nhiét do dau vao(150,160) -0.173211 0.044475 -3.89 0.0115%
Nhiét do dau ra(85,95) -0.212886 0.044475 -4.79 0.0049%*
Nhiét 6 dau vao*Nhiét d6 du ra -0.05 0.062897 -0.79 0.4627
Nhiét d6 dau vao*Nhiét d6 dau vao 0.0125 0.052936 0.24 0.8227

Nhiét do dau ra*Nhiét do du ra 0.2475 0.052936 4.68 0.0055%
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4.6.3 Méi twong quan giiva hi¢u sudt thu hoi bt trén thiee té va mé hinh dw dodn

Analysis of Variance

Source DF
Model 5
Error 5
C. Total 10
Parameter Estimates

Term

Intercept

Nhiét d6 dau vao(150,160)

Nhiét d6 dau ra(85,95)

Nhiét d6 diu vao*Nhiét d6 dau ra
Nhiét d6 diu vao*Nhiét d6 dau vao
Nhiét d6 diu ra*Nhiét d6 dau ra

95

o
o

o]
a

©
o

Hiéu suat thu hoéi bét thuc té

~
v

75 80 85 90
Hiéu suat thu hoi bot du doan

95

RMSE=2.4243 RSq=0.91 PValue=0.0135

Sum of Squares
281.20570
29.38659
310.59229

Estimate
90.306667
4.5706885

-0.494921

-1.915
-3.992083
-2.272083

Mean Square

5

Std Error
1.399681
0.857126
0.857126
1.212159
1.020184
1.020184

6.2411
5.8773

t Ratio
64.52
5.33
-0.58
-1.58
-3.91
-2.23

4.6.4 Méi twong quan giiva EY TPC trén thuc té va mé hinh dw dodn

Analysis of Variance

Source DF
Model 5
Error 5
C. Total 10
Parameter Estimates

Term

Intercept

Nhiét d6 dau vao(150,160)

Nhiét do dau ra(85,95)

Nhiét d6 ddu vao*Nhiét do du ra
Nhiét d6 diu vao*Nhiét do dau vao
Nhiét do du ra*Nhiét do du ra

65

(o2
o

%
%

[
o

EY TPC thuc té

45

40

40 45 50 55
EY TPC du doan

RMSE=1.6559 RSq=0.97 PValue=0.0005

Sum of Squares
529.55229
13.71058
543.26287

Estimate
61.103333
4.0613114
0.4194759

1.14
-7.951667
-4.681667

60 65

Mean Square

1

Std Error
0.956054
0.585461
0.585461
0.827967
0.696838
0.696838

05.910
2.742

t Ratio
63.91
6.94
0.72
1.38
-11.41
-6.72

F Ratio
9.5692
Prob > F
0.0135%*

Prob>|t|
<.0001*
0.0031*
0.5887
0.1750
0.0113*
0.0764

F Ratio
38.6236
Prob > F
0.0005*

Prob>|t|
<.0001*
0.0010*

0.5058

0.2270
<.0001%*
0.0011*
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4.6.5 Méi twong quan giva EY TFC trén thiec té va mé hinh dw dodn

Analysis of Variance

Source DF
Model 5
Error 5
C. Total 10
Parameter Estimates

Term

Intercept

Nhiét d6 diu vao(150,160)

Nhiét d6 du ra(85,95)

Nhiét d6 diu vao*Nhiét d6 dau ra
Nhiét do diu vao*Nhiét do dau vao
Nhiét d6 dau ra*Nhiét do dau ra

4.6.6 Moi twong quan giiva EY vitamin C trén thuwe té va mé hinh dw dodn

Analysis of Variance

Source DF
Model 5
Error 5
C. Total 10
Parameter Estimates

Term

Intercept

Nhiét d6 dau vao(150,160)

Nhiét do dau ra(85,95)

Nhiét d6 diu vao*Nhiét d6 dau ra
Nhiét d6 ddu vao*Nhiét do dau vao
Nhiét d6 diu ra*Nhiét d6 dau ra

EY TFC thuc té

40

30

25

20
20 25 30 35 40
EY TFC du doén
RMSE=1.7157 RSq=0.95 PValue=0.0028

Sum of Squares Mean Square

281.77849 56.3557
14.71731 2.9435
296.49580
Estimate Std Error t Ratio
37.396667 0.990532 37.75
2.2836895 0.606575 3.76
-0.265707 0.606575 -0.44
2.72 0.857826 3.17
-6.087083 0.721968 -8.43
-2.117083 0.721968 -2.93

29
.

20 21 22 23 24 25 26 27 28 29
EY Vitamin C du doan

RMSE=1.1237 RSq=0.88 PValue=0.023

Sum of Squares Mean Square

46.927814 9.38556
6.313277 1.26266
53.241091
Estimate Std Error t Ratio
27.503333 0.648757 42.39
0.2942183 0.397281 0.74
0.1897818 0.397281 0.48
0.4125 0.56184 0.73
-2.786042 0.472859 -5.89
-1.301042 0.472859 -2.75

F Ratio
19.1461
Prob > F
0.0028%*

Prob>|t|
<.0001*
0.0131*

0.6796
0.0248*
0.0004*
0.0325*

F Ratio
7.4332
Prob > F
0.0230%*

Prob>|t|
<.0001%*
0.4922
0.6530
0.4958
0.0020*
0.0402*
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4.6.7 Tham tra mé hinh CCD va két qud phén tich HPLC déi véi bjt sdy ¢ 157 °C

dau vao va 91 °C dau ra

Chi tiéu Lan 1 Lan 2 Lan 3
Do am (%) 3,21 3,42 3,01
EY thu hdi bot (%) 91,35 90,11 89,23
EY TPC (%) 58,05 58,05 58,08
EY TFC (%) 35,19 35,2 35,17
EY vitamin C (%) 26,45 26,39 26,43
Vitamin C (mg/100g d.w.) — HPLC 111,63 127,10 133,04
Axit gallic (mg/100g d.w.) — HPLC 146,48 142,40 142,83
Catechin (mg/100g d.w.) — HPLC 85,17 91,87 90,22
Epicatechin (mg/100g d.w.) — HPLC 0,58 1,24 0,67

Phu luc 4.7 Pong hoc giai phéng cac hop chit c6 hoat tinh sinh hoc tir bot siy

phun
4.7.1 Ham lugng cdac hop chit gidi phong trong moi truwong nwdoc theo thoi gian
Thot glan 2 s 10 15 20 30 60 120
(phi)
Lan 60,87 60,87 65,22 69,57 73,91 78,26 78,26 78,26 78,26
1
TPC (%) 5an 60,87 60,87 65,22 69,57 73,91 7391 7391 82,61 73,91
Lin 56,52 65,22 60,87 69,57 69,57 7391 73,91 82,61 78,26
3
Lan 47,62 52,38 61,90 71,43 76,19 80,95 80,95 90,48 95,24
1
TFC (%) gan 52,38 52,38 61,90 71,43 76,19 71,43 80,95 90,48 90,48
Lan 38,10 57,14 57,14 71,43 66,67 71,43 80,95 90,48 90,48
3
Lan 46,15 46,15 57,71 57,71 69,27 69,27 80,73 92,29 92,29
1
Vitamin Lan 46,15 57,71 57,71 57,71 69,27 69,27 92,29 92,29 92,29
C(%) 2
Lan 46,15 46,15 57,71 57,71 69,27 69,27 80,73 80,73 92,29
3
Lan 62,82 82,02 84,56 86,39 89,43 8931 93,19 9490 100,97
1
DPPH Lan 65,74 8420 8432 8505 8931 89,07 93,44 9441 9793
(%) 2.
Lan 64,89 81,29 84,81 8590 89,68 90,27 91,98 94,17 96,83

3
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ANOVA
Sum of Squares df Mean Square F Sig.
TPC_Nuéc Between Groups 1320.145 8 165.018 29.449 .000
Within Groups 100.862 18 5.603
Total 1421.007 26
TFC_ Nudc Between Groups 5896.594 8 737.074 48.796 .000
Within Groups 271.891 18 15.105
Total 6168.485 26
VitC_ Nudc Between Groups 2315.510 8 289.439 240.019 .000
Within Groups 21.706 18 1.206
Total 2337.216 26
DPPH _ Between Groups 6892.988 8 861.624 58.029 .000
Nude Within Groups 267.267 18 14.848
Total 7160.255 26
Multiple Comparisons
95% Confidence Interval
Dependent @ Q) Mean Difference (I- Std. Lower Upper
Variable Thoigian Thoigian J) Error Sig. Bound Bound
TPC Nuéc LSD 1 2 -2.90000 [ 1.93278| .151 -6.9606 1.1606
5 -4.35000" | 1.93278| .037 -8.4106 -.2894
10 -10.15000" | 1.93278| .000 -14.2106 -6.0894
15 -13.04333"| 1.93278| .000 -17.1039 -8.9827
20 -15.94000" | 1.93278| .000 -20.0006 -11.8794
30 -15.94000" | 1.93278| .000 -20.0006 -11.8794
60 -21.74000" | 1.93278| .000 -25.8006 -17.6794
120 -17.39000" | 1.93278| .000 -21.4506 -13.3294
2 1 2.90000 | 1.93278| .151 -1.1606 6.9606
5 -1.45000 | 1.93278| .463 -5.5106 2.6106
10 -7.25000" | 1.93278| .001 -11.3106 -3.189%4
15 -10.14333"| 1.93278| .000 -14.2039 -6.0827
20 -13.04000" | 1.93278| .000 -17.1006 -8.9794
30 -13.04000" | 1.93278| .000 -17.1006 -8.9794
60 -18.84000" | 1.93278| .000 -22.9006 -14.7794
120 -14.49000" | 1.93278| .000 -18.5506 -10.4294
5 1 4.35000" | 1.93278| .037 .2894 8.4106
2 1.45000 | 1.93278 | .463 -2.6106 5.5106
10 -5.80000" | 1.93278 | .008 -9.8606 -1.7394
15 -8.69333"| 1.93278 .000 -12.7539 -4.6327
20 -11.59000" | 1.93278| .000 -15.6506 -7.5294
30 -11.59000" | 1.93278| .000 -15.6506 -7.5294
60 -17.39000" | 1.93278| .000 -21.4506 -13.3294
120 -13.04000" | 1.93278| .000 -17.1006 -8.9794
10 1 10.15000" | 1.93278| .000 6.0894 14.2106
2 7.25000"| 1.93278 | .001 3.1894 11.3106
5.80000" [ 1.93278] .008 1.7394 9.8606
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15 -2.89333 | 1.93278| .152 -6.9539 1.1673

20 -5.79000" | 1.93278 | .008 -9.8506 -1.7294

30 -5.79000" | 1.93278 [ .008 -9.8506 -1.7294

60 -11.59000" | 1.93278| .000 -15.6506 -7.5294

120 -7.24000" | 1.93278( .001 -11.3006 -3.1794

15 13.04333"| 1.93278| .000 8.9827 17.1039
10.14333"| 1.93278( .000 6.0827 14.2039

8.69333"| 1.93278| .000 4.6327 12.7539

10 2.89333| 1.93278| .152 -1.1673 6.9539

20 -2.89667 ( 1.93278| .151 -6.9573 1.1639

30 -2.89667 ( 1.93278| .151 -6.9573 1.1639

60 -8.69667° | 1.93278 | .000 -12.7573 -4.6361

120 -4.34667° | 1.93278 | .037 -8.4073 -.2861

20 1 15.94000" | 1.93278| .000 11.8794 20.0006
2 13.04000" | 1.93278| .000 8.9794 17.1006

5 11.59000" | 1.93278| .000 7.5294 15.6506

10 5.79000" [ 1.93278| .008 1.7294 9.8506

15 2.89667 | 1.93278] .151 -1.1639 6.9573

30 .00000 | 1.9327811.000 -4.0606 4.0606

60 -5.80000" | 1.93278( .008 -9.8606 -1.7394

120 -1.45000 (| 1.93278| .463 -5.5106 2.6106

30 1 15.94000" | 1.93278  .000 11.8794 20.0006
2 13.04000" | 1.93278  .000 8.9794 17.1006

11.59000" | 1.93278  .000 7.5294 15.6506

10 5.79000" | 1.93278 | .008 1.7294 9.8506

15 2.89667 | 193278 .151 -1.1639 6.9573

20 .00000 | 1.9327811.000 -4.0606 4.0606

60 -5.80000" | 1.93278 [ .008 -9.8606 -1.7394

120 -1.45000 | 1.93278| .463 -5.5106 2.6106

60 1 21.74000" | 1.93278| .000 17.6794 25.8006
2 18.84000" | 1.93278| .000 14.7794 22.9006

5 17.39000" | 1.93278| .000 13.3294 21.4506

10 11.59000" | 1.93278| .000 7.5294 15.6506

15 8.69667"| 1.93278 [ .000 4.6361 12.7573

20 5.80000" | 1.93278| .008 1.7394 9.8606

30 5.80000" | 1.93278| .008 1.7394 9.8606

120 4.35000" [ 1.93278| .037 2894 8.4106

120 1 17.39000" | 1.93278  .000 13.3294 21.4506
2 14.49000" | 1.93278 [ .000 10.4294 18.5506

13.04000" | 1.93278| .000 8.9794 17.1006

10 7.24000" | 1.93278 | .001 3.1794 11.3006

15 4346677 1.93278| .037 2861 8.4073

20 1.45000 | 1.93278 | .463 -2.6106 5.5106

30 1.45000 | 1.93278 | .463 -2.6106 5.5106

60 -4.35000" | 1.93278( .037 -8.4106 -.2894
TFC_Nuéc LSD 1 2 -7.93333"| 3.17333( .022 -14.6003 -1.2664
5 -14.28000" | 3.17333| .000 -20.9469 -7.6131

10 -25.39667"| 3.17333| .000 -32.0636 -18.7297
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15 -26.98333"| 3.17333| .000 -33.6503 -20.3164
20 -28.57000" | 3.17333 | .000 -35.2369 -21.9031
30 -34.91667"| 3.17333 | .000 -41.5836 -28.2497
60 -44.44667"| 3.17333| .000 -51.1136 -37.7797
120 -46.03333"| 3.17333| .000 -52.7003 -39.3664
2 1 7.93333"| 3.17333( .022 1.2664 14.6003
5 -6.34667 ( 3.17333| .061 -13.0136 .3203
10 -17.46333"| 3.17333| .000 -24.1303 -10.7964
15 -19.05000" | 3.17333| .000 -25.7169 -12.3831
20 -20.63667°| 3.17333 | .000 -27.3036 -13.9697
30 -26.98333"| 3.17333 | .000 -33.6503 -20.3164
60 -36.51333"| 3.17333| .000 -43.1803 -29.8464
120 -38.10000" | 3.17333| .000 -44.7669 -31.4331
5 1 14.28000" | 3.17333 [ .000 7.6131 20.9469
2 6.34667 | 3.17333 | .061 -.3203 13.0136
10 -11.11667°| 3.17333| .003 -17.7836 -4.4497
15 -12.70333"| 3.17333| .001 -19.3703 -6.0364
20 -14.29000" | 3.17333 | .000 -20.9569 -7.6231
30 -20.63667°| 3.17333 [ .000 -27.3036 -13.9697
60 -30.16667"| 3.17333 | .000 -36.8336 -23.4997
120 -31.75333"| 3.17333| .000 -38.4203 -25.0864
10 1 25.39667"| 3.17333| .000 18.7297 32.0636
2 17.46333"| 3.17333( .000 10.7964 24.1303
5 11.11667"| 3.17333( .003 4.4497 17.7836
15 -1.58667 | 3.17333| .623 -8.2536 5.0803
20 -3.17333 3.17333| .331 -9.8403 3.4936
30 -9.52000" | 3.17333| .008 -16.1869 -2.8531
60 -19.05000" | 3.17333 | .000 -25.7169 -12.3831
120 -20.63667| 3.17333| .000 -27.3036 -13.9697
15 1 26.98333"| 3.17333| .000 20.3164 33.6503
2 19.05000" | 3.17333 [ .000 12.3831 25.7169
5 12.70333"| 3.17333| .001 6.0364 19.3703
10 1.58667 | 3.17333| .623 -5.0803 8.2536
20 -1.58667 | 3.17333| .623 -8.2536 5.0803
30 -7.93333"| 3.17333| .022 -14.6003 -1.2664
60 -17.46333"| 3.17333 | .000 -24.1303 -10.7964
120 -19.05000" | 3.17333| .000 -25.7169 -12.3831
20 1 28.57000" | 3.17333| .000 21.9031 35.2369
2 20.63667°| 3.17333 [ .000 13.9697 27.3036
5 14.29000" | 3.17333( .000 7.6231 20.9569
10 3.17333 | 3.17333 | .331 -3.4936 9.8403
15 1.58667 | 3.17333| .623 -5.0803 8.2536
30 -6.34667 ( 3.17333| .061 -13.0136 .3203
60 -15.87667"| 3.17333 | .000 -22.5436 -9.2097
120 -17.46333"| 3.17333| .000 -24.1303 -10.7964
30 1 34.91667* 3.17333| .000 28.2497 41.5836
2 26.98333"| 3.17333| .000 20.3164 33.6503
5 20.63667| 3.17333| .000 13.9697 27.3036
10 9.52000" | 3.17333| .008 2.8531 16.1869
15 7.93333"| 3.17333 | .022 1.2664 14.6003
20 6.34667 | 3.17333 | .061 -.3203 13.0136
60 -9.53000" | 3.17333( .008 -16.1969 -2.8631
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120 -11.11667°| 3.17333| .003 -17.7836 -4.4497

60 1 44446677 | 3.17333 [ .000 37.7797 51.1136
2 36.51333" | 3.17333| .000 29.8464 43.1803

5 30.16667* [ 3.17333| .000 23.4997 36.8336

10 19.05000" | 3.17333| .000 12.3831 25.7169

15 17.46333"| 3.17333( .000 10.7964 24.1303

20 15.87667"| 3.17333 [ .000 9.2097 22.5436

30 9.53000" | 3.17333| .008 2.8631 16.1969

120 -1.58667 | 3.17333| .623 -8.2536 5.0803

120 1 46.03333"| 3.17333 | .000 39.3664 52.7003
2 38.10000" [ 3.17333| .000 31.4331 44.7669

5 31.75333* | 3.17333| .000 25.0864 38.4203

10 20.63667"| 3.17333| .000 13.9697 27.3036

15 19.05000" | 3.17333 [ .000 12.3831 25.7169

20 17.46333"| 3.17333( .000 10.7964 24.1303

30 11.11667"| 3.17333| .003 4.4497 17.7836

60 1.58667 | 3.17333| .623 -5.0803 8.2536

LSD 1 2 -18.02000" .89662 | .000 -19.9037 -16.1363
5 -20.08000" .89662 | .000 -21.9637 -18.1963

10 -21.29667" .89662 | .000 -23.1804 -19.4129

15 -24.99000" .89662 | .000 -26.8737 -23.1063

20 -25.06667" .89662 | .000 -26.9504 -23.1829

30 -28.38667" .89662 | .000 -30.2704 -26.5029

60 -30.01000" .89662 | .000 -31.8937 -28.1263

120 -34.09333" .89662 | .000 -35.9771 -32.2096

2 1 18.02000" .89662 | .000 16.1363 19.9037
5 -2.06000" .89662 | .034 -3.9437 -.1763

10 -3.27667" .89662 | .002 -5.1604 -1.3929

15 -6.97000" .89662 | .000 -8.8537 -5.0863

20 -7.04667" .89662 | .000 -8.9304 -5.1629

30 -10.36667" .89662 | .000 -12.2504 -8.4829

60 -11.99000" .89662 | .000 -13.8737 -10.1063

120 -16.07333" .89662 | .000 -17.9571 -14.1896

5 1 20.08000" .89662 | .000 18.1963 21.9637
2 2.06000" 89662 | .034 1763 3.9437

10 -1.21667 89662 | .192 -3.1004 .6671

15 -4.91000" .89662 | .000 -6.7937 -3.0263

20 -4.98667" .89662 | .000 -6.8704 -3.1029

30 -8.30667" .89662 | .000 -10.1904 -6.4229

60 -9.93000" .89662 | .000 -11.8137 -8.0463

120 -14.01333" .89662 | .000 -15.8971 -12.1296

10 1 21.29667" .89662 | .000 19.4129 23.1804
2 3.27667" .89662 | .002 1.3929 5.1604

5 1.21667 89662 | .192 -.6671 3.1004

15 -3.69333" .89662 | .001 -5.5771 -1.8096

20 -3.77000" .89662 | .001 -5.6537 -1.8863

30 -7.09000" .89662 | .000 -8.9737 -5.2063

60 -8.71333" .89662 | .000 -10.5971 -6.8296

120 -12.79667" .89662 | .000 -14.6804 -10.9129

15 1 24.99000" .89662 | .000 23.1063 26.8737
2 6.97000" .89662 | .000 5.0863 8.8537

5 4.91000" .89662 | .000 3.0263 6.7937
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10 3.69333*|  .89662| .001 1.8096 5.5771

20 -07667| .89662| .933 -1.9604 1.8071

30 -3.39667* | 89662 | .001 -5.2804 -1.5129

60 -5.02000* | .89662 | .000 -6.9037 -3.1363

120 -9.10333*|  .89662 | .000 -10.9871 -7.2196

20 1 25.06667°| .89662| .000 23.1829 26.9504
2 7.04667°| 89662 | .000 5.1629 8.9304

5 4.98667°| .89662| .000 3.1029 6.8704

10 3.77000* | .89662 | .001 1.8863 5.6537

15 07667 89662 | .933 -1.8071 1.9604

30 -3.32000* | 89662 .002 -5.2037 -1.4363

60 -4.94333*[ 89662 .000 -6.8271 -3.0596

120 9.02667*| .89662 | .000 -10.9104 -7.1429

30 1 28.38667°| .89662| .000 26.5029 30.2704
2 10.36667*| .89662| .000 8.4829 12.2504

5 8.30667°| .89662| .000 6.4229 10.1904

10 7.09000* | .89662 | .000 5.2063 8.9737

15 3.39667°| 89662 | .001 1.5129 5.2804

20 3.32000* | .89662| .002 1.4363 5.2037

60 -1.62333|  .89662 | .087 -3.5071 2604

120 -5.70667* | 89662 | .000 -7.5904 -3.8229

60 1 30.01000° |  .89662| .000 28.1263 31.8937
2 11.99000% | .89662| .000 10.1063 13.8737

5 9.93000*| .89662 [ .000 8.0463 11.8137

10 8.71333"|  .89662| .000 6.8296 10.5971

15 5.02000"| .89662| .000 3.1363 6.9037

20 4.94333*|  .89662| .000 3.0596 6.8271

30 1.62333| .89662| .087 -.2604 3.5071

120 -4.08333* [ .89662 | .000 -5.9671 -2.1996

120 1 34.09333"|  .89662| .000 32.2096 35.9771
2 16.07333*|  .89662| .000 14.1896 17.9571

5 14.01333*|  .89662| .000 12.1296 15.8971

10 12.79667* |  .89662| .000 10.9129 14.6804

15 9.10333*| .89662| .000 7.2196 10.9871

20 9.02667°|  .89662 | .000 7.1429 10.9104

30 5.70667°| .89662| .000 3.8229 7.5904

60 4.08333*| .89662| .000 2.1996 5.9671

DPPH_ LSD 1 2 -3.85333| 3.14623| 236 -10.4633 2.7567
Nude 5 -11.56000* | 3.14623 | .002 -18.1700 -4.9500
10 -11.56000" | 3.14623| .002 -18.1700 -4.9500

15 -23.12000" | 3.14623 | .000 -29.7300 -16.5100

20 -23.12000" | 3.14623 | .000 -29.7300 -16.5100

30 -38.43333"| 3.14623| .000 -45.0433 -31.8233

60 -42.28667" | 3.14623| .000 -48.8967 -35.6767

120 -46.14000" | 3.14623 | .000 -52.7500 -39.5300

2 1 3.85333 | 3.14623| 236 27567 10.4633
5 -7.70667" | 3.14623| .025 -14.3167 -1.0967

10 -7.70667" | 3.14623| .025 -14.3167 -1.0967

15 -19.26667* | 3.14623| .000 -25.8767 -12.6567

20 -19.26667* | 3.14623| .000 -25.8767 -12.6567
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30 -34.58000" | 3.14623 | .000 -41.1900 -27.9700
60 -38.43333"| 3.14623| .000 -45.0433 -31.8233
120 -42.28667" | 3.14623 [ .000 -48.8967 -35.6767
5 1 11.56000" | 3.14623 | .002 4.9500 18.1700
2 7.70667° | 3.14623 | .025 1.0967 14.3167
10 .00000 | 3.1462311.000 -6.6100 6.6100
15 -11.56000" | 3.14623 | .002 -18.1700 -4.9500
20 -11.56000" | 3.14623 | .002 -18.1700 -4.9500
30 -26.87333"| 3.14623 | .000 -33.4833 -20.2633
60 -30.72667| 3.14623 | .000 -37.3367 -24.1167
120 -34.58000" | 3.14623| .000 -41.1900 -27.9700
10 1 11.56000" | 3.14623| .002 4.9500 18.1700
2 7.70667 | 3.14623 | .025 1.0967 14.3167
5 .00000 | 3.1462311.000 -6.6100 6.6100
15 -11.56000" | 3.14623 | .002 -18.1700 -4.9500
20 -11.56000" | 3.14623 | .002 -18.1700 -4.9500
30 -26.87333"| 3.14623 | .000 -33.4833 -20.2633
60 -30.72667° | 3.14623 | .000 -37.3367 -24.1167
120 -34.58000" | 3.14623 | .000 -41.1900 -27.9700
15 1 23.12000" | 3.14623 [ .000 16.5100 29.7300
2 19.26667° | 3.14623 [ .000 12.6567 25.8767
5 11.56000" | 3.14623 | .002 4.9500 18.1700
10 11.56000" | 3.14623| .002 4.9500 18.1700
20 .00000 | 3.1462311.000 -6.6100 6.6100
30 -15.31333"| 3.14623| .000 -21.9233 -8.7033
60 -19.16667"| 3.14623| .000 -25.7767 -12.5567
120 -23.02000" | 3.14623| .000 -29.6300 -16.4100
20 1 23.12000" | 3.14623| .000 16.5100 29.7300
2 19.26667° | 3.14623 [ .000 12.6567 25.8767
5 11.56000" | 3.14623 | .002 4.9500 18.1700
10 11.56000" | 3.14623 | .002 4.9500 18.1700
15 .00000 | 3.1462311.000 -6.6100 6.6100
30 -15.31333"| 3.14623 | .000 -21.9233 -8.7033
60 -19.16667" | 3.14623 | .000 -25.7767 -12.5567
120 -23.02000" | 3.14623 [ .000 -29.6300 -16.4100
30 1 38.43333* [ 3.14623| .000 31.8233 45.0433
2 34.58000" [ 3.14623| .000 27.9700 41.1900
5 26.87333"| 3.14623| .000 20.2633 33.4833
10 26.87333"| 3.14623| .000 20.2633 33.4833
15 15.31333"| 3.14623| .000 8.7033 21.9233
20 15.31333"| 3.14623| .000 8.7033 21.9233
60 -3.85333 3.14623 | .236 -10.4633 2.7567
120 -7.70667° | 3.14623 | .025 -14.3167 -1.0967
60 1 42.28667"| 3.14623| .000 35.6767 48.8967
2 38.43333% [ 3.14623| .000 31.8233 45.0433
5 30.72667° [ 3.14623 | .000 24.1167 37.3367
10 30.72667° [ 3.14623 | .000 24.1167 37.3367
15 19.16667* [ 3.14623 | .000 12.5567 25.7767
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20 19.16667" | 3.14623| .000 12.5567 25.7767
30 3.85333 | 3.14623 | .236 -2.7567 10.4633
120 -3.85333 3.14623 | .236 -10.4633 2.7567
120 1 46.14000" | 3.14623 [ .000 39.5300 52.7500
2 42.28667°| 3.14623 [ .000 35.6767 48.8967
34.58000" [ 3.14623| .000 27.9700 41.1900

10 34.58000" [ 3.14623| .000 27.9700 41.1900
15 23.02000" | 3.14623 [ .000 16.4100 29.6300
20 23.02000" | 3.14623  .000 16.4100 29.6300
30 7.70667 | 3.14623 | .025 1.0967 14.3167
60 3.85333 | 3.14623 | .236 -2.7567 10.4633

*. The mean difference is significant at the 0.05 level.

4.7.2 Ham lwong cac hop chit giai phéng trong mdi truomg Ethanol 10% theo
thoi gian
Thoi gian
(phut)

1 2 5 10 15 20 30 60 120

Lan
1 52,17 52,17 60,87 6522 6522 69,57 69,57 69,57 69,57
TPC Lin

(%) 2 52,17 56,52 65,22 65,22 6522 6522 7391 69,57 73,91
Lan
3 52,17 56,52 56,52 60,87 65,22 6522 7391 7391 73,91
Lan

1 52,38 61,90 61,90 61,90 76,19 61,90 76,19 100,00 95,24
TFC Lin

(%) 2 4286 61,90 6190 66,67 66,67 76,19 8095 9048 9524
Lin
3 42,86 61,90 61,90 66,67 66,67 71,43 80,95 9048 100,00
Lan 1615
| 246,15 57,71 57,71 57,71 57,71 80,73 9229 9229
Vitamin Lan 46.15
C(%) 2 246,15 5771 5771 5771 6927 80,73 80,73 92,29
Lan - 4615
3 246,15 5771 5771 5771 6927 80,73 9229 9229
Lan

1 77,16 79,10 85,78 86,63 87,61 91,00 88,09 8846 90,52
DPPH Lan
(%) 2 77,65 78,61 84,81 8724 8724 89,68 88,34 90,03 89,55

3 76,67 78,37 84,93 86,75 87,73 89,55 90,39 90,76 88,95
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ANOVA
Sum of Squares df Mean Square F Sig.
TPC E Between Groups 1287.355 8 160.919 25.552 .000
Within Groups 113.361 18 6.298
Total 1400.717 26
TFC E Between Groups 6220.595 8 777.574 42.090 .000
Within Groups 332.534 18 18.474
Total 6553.129 26
VItC E Between Groups 564.379 8 70.547 125.161 .000
Within Groups 10.146 18 564
Total 574.525 26
DPPH _E Between Groups 7217.336 8 902.167 91.139 .000
Within Groups 178.178 18 9.899
Total 7395.514 26
Multiple Comparisons
95% Confidence Interval
Dependent @ Q)] Mean Difference (I- Std. Lower Upper
Variable Thoigian Thoigian )] Error Sig. Bound Bound
TPC E LSD 1 2 -2.90000 | 2.04904| .174 -7.2049 1.4049
5 -8.70000" | 2.04904  .000 -13.0049 -4.3951
10 -11.60000" [ 2.04904 | .000 -15.9049 -7.2951
15 -13.05000" [ 2.04904 | .000 -17.3549 -8.7451
20 -14.50000" [ 2.04904 | .000 -18.8049 -10.1951
30 -20.29333"| 2.04904 | .000 -24.5982 -15.9885
60 -18.84667" 2.04904 | .000 -23.1515 -14.5418
120 -20.29333"| 2.04904 | .000 -24.5982 -15.9885
2 1 2.90000 | 2.04904| .174 -1.4049 7.2049
5 -5.80000" | 2.04904 | .011 -10.1049 -1.4951
10 -8.70000" | 2.04904  .000 -13.0049 -4.3951
15 -10.15000" | 2.04904 | .000 -14.4549 -5.8451
20 -11.60000" | 2.04904 | .000 -15.9049 -7.2951
30 -17.39333"| 2.04904 | .000 -21.6982 -13.0885
60 -15.94667" 2.04904| .000 -20.2515 -11.6418
120 -17.39333"| 2.04904| .000 -21.6982 -13.0885
5 1 8.70000" [ 2.04904 | .000 4.3951 13.0049
2 5.80000" [ 2.04904 | .011 1.4951 10.1049
10 -2.90000 | 2.04904| .174 -7.2049 1.4049
15 -4.35000" | 2.04904 [ .048 -8.6549 -.0451
20 -5.80000" | 2.04904 [ .011 -10.1049 -1.4951
30 -11.59333"| 2.04904| .000 -15.8982 -7.2885
60 -10.14667" | 2.04904 | .000 -14.4515 -5.8418
120 -11.59333"| 2.04904 | .000 -15.8982 -7.2885
10 1 11.60000" | 2.04904 | .000 7.2951 15.9049
2 8.70000" [ 2.04904 | .000 4.3951 13.0049
2.90000 | 2.04904| .174 -1.4049 7.2049
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15 -1.45000 | 2.04904 | .488 -5.7549 2.8549

20 -2.90000 | 2.04904 | .174 -7.2049 1.4049

30 -8.69333" | 2.04904 | .000 -12.9982 -4.3885

60 -7.24667° | 2.04904 | .002 -11.5515 -2.9418

120 -8.69333" | 2.04904 | .000 -12.9982 -4.3885

15 13.05000" | 2.04904 [ .000 8.7451 17.3549
10.15000" [ 2.04904 [ .000 5.8451 14.4549

4.35000" | 2.04904 | .048 .0451 8.6549

10 1.45000 | 2.04904 | .488 -2.8549 5.7549

20 -1.45000 | 2.04904 | .488 -5.7549 2.8549

30 -7.24333%| 2.04904 | .002 -11.5482 -2.9385

60 -5.79667°| 2.04904| .011 -10.1015 -1.4918

120 -7.24333%| 2.04904 | .002 -11.5482 -2.9385

20 1 14.50000" | 2.04904 [ .000 10.1951 18.8049
2 11.60000" [ 2.04904 | .000 7.2951 15.9049

5 5.80000" | 2.04904( .011 1.4951 10.1049

10 2.90000| 2.04904| .174 -1.4049 7.2049

15 1.45000 | 2.04904 | .488 -2.8549 5.7549

30 -5.79333" | 2.04904( .011 -10.0982 -1.4885

60 -4.34667° | 2.04904 | .048 -8.6515 -.0418

120 -5.79333"| 2.04904 | .011 -10.0982 -1.4885

30 1 20.29333% [ 2.04904| .000 15.9885 24.5982
2 17.39333% [ 2.04904 | .000 13.0885 21.6982

11.59333% [ 2.04904 | .000 7.2885 15.8982

10 8.69333"| 2.04904  .000 4.3885 12.9982

15 7.24333"| 2.04904 [ .002 2.9385 11.5482

20 5.79333"| 2.04904( .011 1.4885 10.0982

60 1.44667 | 2.04904 | .489 -2.8582 5.7515

120 .00000 | 2.04904 | 1.000 -4.3049 4.3049

60 1 18.84667" | 2.04904 [ .000 14.5418 23.1515
2 15.94667 | 2.04904 [ .000 11.6418 20.2515

5 10.14667" | 2.04904 [ .000 5.8418 14.4515

10 7.24667°| 2.04904 [ .002 2.9418 11.5515

15 5.79667°| 2.04904 [ .011 1.4918 10.1015

20 4346677 2.04904 | .048 .0418 8.6515

30 -1.44667 | 2.04904 | .489 -5.7515 2.8582

120 -1.44667 | 2.04904 | .489 -5.7515 2.8582

120 1 20.29333% [ 2.04904| .000 15.9885 24.5982
2 17.39333% 2.04904 | .000 13.0885 21.6982

11.59333"| 2.04904 | .000 7.2885 15.8982

10 8.69333"| 2.04904  .000 4.3885 12.9982

15 7.24333" | 2.04904 [ .002 2.9385 11.5482

20 5.79333"| 2.04904( .011 1.4885 10.0982

30 .00000 | 2.04904 | 1.000 -4.3049 4.3049

60 1.44667 | 2.04904 | .489 -2.8582 5.7515

TFC_E LSD 1 2 -15.86667°| 3.50943 [ .000 -23.2397 -8.4936
5 -15.86667°| 3.50943 [ .000 -23.2397 -8.4936

10 -19.04667°| 3.50943 [ .000 -26.4197 -11.6736
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15 -23.81000" | 3.50943 [ .000 -31.1830 -16.4370
20 -23.80667" | 3.50943 | .000 -31.1797 -16.4336
30 -33.33000" | 3.50943 | .000 -40.7030 -25.9570
60 -47.62000" | 3.50943 [ .000 -54.9930 -40.2470
120 -50.79333"| 3.50943 [ .000 -58.1664 -43.4203
2 1 15.86667" 3.50943 [ .000 8.4936 23.2397
5 .00000 | 3.509431.000 -7.3730 7.3730
10 -3.18000 | 3.50943| .377 -10.5530 4.1930
15 -7.94333"| 3.50943| .036 -15.3164 -.5703
20 -7.94000" | 3.50943| .036 -15.3130 -.5670
30 -17.46333" | 3.50943 | .000 -24.8364 -10.0903
60 -31.75333"| 3.50943 [ .000 -39.1264 -24.3803
120 -34.92667"| 3.50943 [ .000 -42.2997 -27.5536
5 1 15.86667" | 3.50943 [ .000 8.4936 23.2397
2 .00000 | 3.50943|1.000 -7.3730 7.3730
10 -3.18000 | 3.50943| .377 -10.5530 4.1930
15 -7.94333"| 3.50943| .036 -15.3164 -.5703
20 -7.94000" | 3.50943| .036 -15.3130 -.5670
30 -17.46333"| 3.50943 [ .000 -24.8364 -10.0903
60 -31.75333"| 3.50943 [ .000 -39.1264 -24.3803
120 -34.92667°| 3.50943 [ .000 -42.2997 -27.5536
10 1 19.04667" [ 3.50943 | .000 11.6736 26.4197
2 3.18000 | 3.50943| .377 -4.1930 10.5530
5 3.18000 | 3.50943| .377 -4.1930 10.5530
15 -4.76333 | 3.50943| .191 -12.1364 2.6097
20 -4.76000 [ 3.50943| .192 -12.1330 2.6130
30 -14.28333"| 3.50943 [ .001 -21.6564 -6.9103
60 -28.57333"| 3.50943 | .000 -35.9464 -21.2003
120 -31.74667°| 3.50943 [ .000 -39.1197 -24.3736
15 1 23.81000" [ 3.50943 | .000 16.4370 31.1830
2 7.94333"| 3.50943 [ .036 .5703 15.3164
5 7.94333"| 3.50943 [ .036 .5703 15.3164
10 4.76333 | 3.50943| .191 -2.6097 12.1364
20 .00333 | 3.50943 | .999 -7.3697 7.3764
30 -9.52000" | 3.50943| .014 -16.8930 -2.1470
60 -23.81000" | 3.50943 [ .000 -31.1830 -16.4370
120 -26.98333"| 3.50943 [ .000 -34.3564 -19.6103
20 1 23.80667" | 3.50943| .000 16.4336 31.1797
2 7.94000" | 3.50943  .036 .5670 15.3130
5 7.94000" | 3.50943 [ .036 .5670 15.3130
10 4.76000 [ 3.50943| .192 -2.6130 12.1330
15 -.00333 | 3.50943| .999 -7.3764 7.3697
30 -9.52333"| 3.50943| .014 -16.8964 -2.1503
60 -23.81333"| 3.50943 [ .000 -31.1864 -16.4403
120 -26.98667°| 3.50943 [ .000 -34.3597 -19.6136
30 1 33.33000" [ 3.50943| .000 25.9570 40.7030
2 17.46333" 3.50943 | .000 10.0903 24.8364
5 17.46333" 3.50943 | .000 10.0903 24.8364
10 14.28333" | 3.50943 | .001 6.9103 21.6564
15 9.52000"| 3.50943 | .014 2.1470 16.8930
20 9.52333"| 3.50943( .014 2.1503 16.8964
60 -14.29000" | 3.50943 | .001 -21.6630 -6.9170
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120 -17.46333"| 3.50943 [ .000 -24.8364 -10.0903

60 1 47.62000" | 3.50943 | .000 40.2470 54.9930
2 31.75333"| 3.50943 | .000 24.3803 39.1264

5 31.75333"| 3.50943| .000 24.3803 39.1264

10 28.57333"| 3.50943| .000 21.2003 35.9464

15 23.81000" [ 3.50943 [ .000 16.4370 31.1830

20 23.81333" | 3.50943 | .000 16.4403 31.1864

30 14.29000" | 3.50943 [ .001 6.9170 21.6630

120 -3.17333 | 3.50943| .378 -10.5464 4.1997

120 1 50.79333" [ 3.50943| .000 43.4203 58.1664
2 3492667 3.50943 | .000 27.5536 42.2997

5 34.92667" 3.50943| .000 27.5536 42.2997

10 31.74667" | 3.50943| .000 24.3736 39.1197

15 26.98333" | 3.50943 | .000 19.6103 34.3564

20 2698667 3.50943 [ .000 19.6136 34.3597

30 17.46333" 3.50943 | .000 10.0903 24.8364

60 3.17333 | 3.50943| .378 -4.1997 10.5464

VItC_E LSD 1 2 -1.53333% .61300 | .022 -2.8212 -.2455
5 -8.01333" .61300 | .000 -9.3012 -6.7255

10 -9.71333% .61300 | .000 -11.0012 -8.4255

15 -10.36667" .61300| .000 -11.6545 -9.0788

20 -12.91667" .61300| .000 -14.2045 -11.6288

30 -11.78000" .61300 | .000 -13.0679 -10.4921

60 -12.59000" .61300 | .000 -13.8779 -11.3021

120 -12.51333" .61300| .000 -13.8012 -11.2255

2 1 1.53333" .61300| .022 .2455 2.8212
5 -6.48000" .61300| .000 -7.7679 -5.1921

10 -8.18000" .61300 | .000 -9.4679 -6.8921

15 -8.83333" .61300| .000 -10.1212 -7.5455

20 -11.38333" .61300| .000 -12.6712 -10.0955

30 -10.24667" .61300 | .000 -11.5345 -8.9588

60 -11.05667" .61300 | .000 -12.3445 -9.7688

120 -10.98000" .61300| .000 -12.2679 -9.6921

5 1 8.01333" .61300| .000 6.7255 9.3012
2 6.48000" .61300 | .000 5.1921 7.7679

10 -1.70000* .61300| .013 -2.9879 -4121

15 -2.35333" .61300 | .001 -3.6412 -1.0655

20 -4.90333" .61300| .000 -6.1912 -3.6155

30 -3.76667* .61300 | .000 -5.0545 -2.4788

60 -4.57667* .61300 | .000 -5.8645 -3.2888

120 -4.50000" .61300| .000 -5.7879 -3.2121

10 1 9.71333" .61300| .000 8.4255 11.0012
2 8.18000" .61300 | .000 6.8921 9.4679

5 1.70000* .61300| .013 4121 2.9879

15 -.65333 .61300  .301 -1.9412 .6345

20 -3.20333" .61300 | .000 -4.4912 -1.9155

30 -2.06667" .61300 | .003 -3.3545 -.7788

60 -2.87667" .61300 | .000 -4.1645 -1.5888

120 -2.80000" .61300 | .000 -4.0879 -1.5121

15 1 10.36667" .61300 | .000 9.0788 11.6545
2 8.83333" .61300 | .000 7.5455 10.1212

5 2.35333" .61300 | .001 1.0655 3.6412
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10 65333 61300 .301 -.6345 1.9412

20 2.55000" | .61300 | .001 -3.8379 -1.2621

30 -1.41333°| 61300 .033 2.7012 -.1255

60 2.22333* 61300 .002 35112 -9355

120 2.14667* | .61300| .003 -3.4345 -.8588

20 1 12.91667° | 61300 .000 11.6288 14.2045
2 11.38333"|  .61300| .000 10.0955 12.6712

5 4.90333"|  .61300| .000 3.6155 6.1912

10 3.20333*|  .61300| .000 1.9155 4.4912

15 2.55000"| .61300| .001 1.2621 3.8379

30 1.13667| .61300| .080 -1512 2.4245

60 32667 .61300( .601 -9612 1.6145

120 40333 | 61300 519 -.8845 1.6912

30 1 11.78000° | .61300| .000 10.4921 13.0679
2 10.24667°| 61300 | .000 8.9588 11.5345

5 3.76667* | 61300 .000 2.4788 5.0545

10 2.06667"|  .61300| .003 7788 3.3545

15 1.41333"|  .61300| .033 1255 2.7012

20 -1.13667| .61300| .080 -2.4245 1512

60 -81000 [ 61300 .203 -2.0979 4779

120 73333 | 61300 247 2.0212 5545

60 1 12.59000" | .61300| .000 11.3021 13.8779
2 11.05667* | .61300| .000 9.7688 12.3445

5 4.57667° | .61300| .000 3.2888 5.8645

10 2.87667°|  .61300| .000 1.5888 4.1645

15 2.22333"|  .61300| .002 9355 3.5112

20 -32667| .61300| .601 -1.6145 9612

30 81000 | .61300 .203 -4779 2.0979

120 07667 | 61300 .902 12112 1.3645

120 1 12.51333" 61300 .000 11.2255 13.8012
2 10.98000 | .61300| .000 9.6921 12.2679

5 4.50000" | .61300| .000 3.2121 5.7879

10 2.80000°| .61300| .000 1.5121 4.0879

15 2.14667"|  .61300| .003 8588 3.4345

20 -40333| .61300| 519 -1.6912 8845

30 73333 61300 247 -5545 2.0212

60 07667 | .61300| .902 -1.3645 1.2112

DPPH E LSD | 2 100000 [ 2.56889 [ 1.000 -5.3970 5.3970
5 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

10 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

15 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

20 -19.26667° | 2.56889 | .000 24.6637 -13.8696

30 -34.58000" | 2.56889 | .000 -39.9770 -29.1830

60 -42.28667" | 2.56889 | .000 -47.6837 -36.8896

120 -46.14000" | 2.56889 | .000 -51.5370 -40.7430

2 1 .00000 [ 2.56889 [ 1.000 -5.3970 5.3970
5 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

10 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

15 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

20 -19.26667° | 2.56889 | 000 24.6637 -13.8696
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30 -34.58000" | 2.56889 [ .000 -39.9770 -29.1830
60 -42.28667"| 2.56889 [ .000 -47.6837 -36.8896
120 -46.14000" [ 2.56889 | .000 -51.5370 -40.7430
5 1 11.56000" | 2.56889 | .000 6.1630 16.9570
2 11.56000" | 2.56889 | .000 6.1630 16.9570
10 .00000 | 2.56889 [ 1.000 -5.3970 5.3970
15 .00000 | 2.56889 [ 1.000 -5.3970 5.3970
20 -7.70667" | 2.56889 | .008 -13.1037 -2.3096
30 -23.02000" [ 2.56889 | .000 -28.4170 -17.6230
60 -30.72667| 2.56889 [ .000 -36.1237 -25.3296
120 -34.58000" | 2.56889 [ .000 -39.9770 -29.1830
10 1 11.56000" | 2.56889  .000 6.1630 16.9570
2 11.56000" | 2.56889  .000 6.1630 16.9570
5 .00000 | 2.56889 [ 1.000 -5.3970 5.3970
15 .00000 | 2.56889 [ 1.000 -5.3970 5.3970
20 -7.70667°| 2.56889| .008 -13.1037 -2.3096
30 -23.02000" | 2.56889  .000 -28.4170 -17.6230
60 -30.72667| 2.56889 [ .000 -36.1237 -25.3296
120 -34.58000" | 2.56889 [ .000 -39.9770 -29.1830
15 1 11.56000" [ 2.56889 | .000 6.1630 16.9570
2 11.56000" [ 2.56889 | .000 6.1630 16.9570
5 .00000 | 2.56889 [ 1.000 -5.3970 5.3970
10 .00000 | 2.56889 [ 1.000 -5.3970 5.3970
20 -7.70667° | 2.56889| .008 -13.1037 -2.3096
30 -23.02000" | 2.56889  .000 -28.4170 -17.6230
60 -30.72667| 2.56889 [ .000 -36.1237 -25.3296
120 -34.58000" | 2.56889 | .000 -39.9770 -29.1830
20 1 19.26667| 2.56889 [ .000 13.8696 24.6637
2 19.26667" | 2.56889 | .000 13.8696 24.6637
5 7.70667°| 2.56889 | .008 2.3096 13.1037
10 7.70667| 2.56889 | .008 2.3096 13.1037
15 7.70667 | 2.56889 | .008 2.3096 13.1037
30 -15.31333"| 2.56889 | .000 -20.7104 -9.9163
60 -23.02000" | 2.56889 [ .000 -28.4170 -17.6230
120 -26.87333"| 2.56889 [ .000 -32.2704 -21.4763
30 1 34.58000" [ 2.56889| .000 29.1830 39.9770
2 34.58000" [ 2.56889| .000 29.1830 39.9770
5 23.02000" [ 2.56889| .000 17.6230 28.4170
10 23.02000" [ 2.56889| .000 17.6230 28.4170
15 23.02000" [ 2.56889| .000 17.6230 28.4170
20 15.31333"| 2.56889 | .000 9.9163 20.7104
60 -7.70667°| 2.56889| .008 -13.1037 -2.3096
120 -11.56000" | 2.56889 [ .000 -16.9570 -6.1630
60 1 42.28667"| 2.56889 | .000 36.8896 47.6837
2 42.28667"| 2.56889 | .000 36.8896 47.6837
5 30.72667" | 2.56889| .000 25.3296 36.1237
10 30.72667° | 2.56889 | .000 25.3296 36.1237
15 30.72667° | 2.56889 | .000 25.3296 36.1237
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20 23.02000" [ 2.56889| .000 17.6230 28.4170
30 7.70667°| 2.56889 | .008 2.3096 13.1037
120 -3.85333 | 2.56889| .151 -9.2504 1.5437
120 1 46.14000" | 2.56889  .000 40.7430 51.5370
2 46.14000" | 2.56889  .000 40.7430 51.5370
34.58000" [ 2.56889 | .000 29.1830 39.9770

10 34.58000" [ 2.56889 .000 29.1830 39.9770
15 34.58000" [ 2.56889 .000 29.1830 39.9770
20 26.87333" 2.56889 | .000 21.4763 32.2704
30 11.56000" | 2.56889  .000 6.1630 16.9570
60 3.85333 | 2.56889] .151 -1.5437 9.2504

*. The mean difference is significant at the 0.05 level.

4.7.3 Ham lwong cac hop chit giai phéng trong moi triromg Axit Axetic 3% theo
thoi gian
Thoi gian
(phut)

1 2 5 10 15 20 30 60 120

Lan
1 60,87 60,87 69,57 6522 69,57 73,91 7826 82,61 7826
TPC Lan

(%) 2 56,52 60,87 65,22 69,57 69,57 82,61 78,26 82,61 82,61
Lan
3 60,87 56,52 69,57 65,22 69,57 78,26 82,61 82,61 82,61
Lan

1 4762 47,62 61,90 76,19 76,19 85,71 85,71 90,48 9524
TFC Lan

(%) 2 47,62 47,62 66,67 76,19 80,95 85,71 85,71 90,48 95,24
Lan
3 47,62 47,62 61,90 76,19 80,95 76,19 76,19 95,24 95,24
Lan

1 46,15 46,15 57,71 69,27 69,27 69,27 80,73 80,73 92,29
Vitamin Lén
C (%) 2 34,59 46,15 57,71 69,27 69,27 69,27 80,73 92,29 92,29
Lan
3 34,59 46,15 57,71 69,27 69,27 69,27 80,73 92,29 92,29
Lan
1 74,12 81,17 78,61 85,05 83,84 8590 87,24 91,98 103,27
DPPH  Lan
(%) 2 75,33 80,92 80,80 84,93 85,05 86,75 86,15 91,37 90,39
Lan
3 76,55 81,04 80,56 81,29 83,60 86,02 85,78 91,25 90,64
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ANOVA
Sum of Squares df Mean Square F Sig.
TPC_AA Between Groups 1979.850 8 247.481 39.236 .000
Within Groups 113.535 18 6.307
Total 2093.385 26
TFC _AA Between Groups 7565.207 8 945.651 160.887 .000
Within Groups 105.799 18 5.878
Total 7671.006 26
VitC_AA Between Groups 832.760 8 104.095 14.802 .000
Within Groups 126.584 18 7.032
Total 959.344 26
DPPH_AA  Between Groups 7894.307 8 986.788 99.688 .000
Within Groups 178.178 18 9.899
Total 8072.485 26
Multiple Comparisons
95% Confidence Interval
Dependent @ J) Mean Difference (I- Std. Lower Upper
Variable Thoigian Thoigian )] Error Sig. Bound Bound
TPC_AA LSD 1 2 .00000 | 2.05061 | 1.000 -4.3082 4.3082
5 -8.70000" [ 2.05061 | .000 -13.0082 -4.3918
10 -7.25000"| 2.05061 [ .002 -11.5582 -2.9418
15 -10.15000" | 2.05061 [ .000 -14.4582 -5.8418
20 -18.84000" | 2.05061 [ .000 -23.1482 -14.5318
30 -20.29000" | 2.05061 [ .000 -24.5982 -15.9818
60 -23.19000" | 2.05061 [ .000 -27.4982 -18.8818
120 -21.74000" | 2.05061 [ .000 -26.0482 -17.4318
2 1 .00000 | 2.05061 | 1.000 -4.3082 4.3082
5 -8.70000" [ 2.05061 | .000 -13.0082 -4.3918
10 -7.25000" [ 2.05061| .002 -11.5582 -2.9418
15 -10.15000" | 2.05061 | .000 -14.4582 -5.8418
20 -18.84000" | 2.05061 | .000 -23.1482 -14.5318
30 -20.29000" [ 2.05061 | .000 -24.5982 -15.9818
60 -23.19000" [ 2.05061 | .000 -27.4982 -18.8818
120 -21.74000" | 2.05061 [ .000 -26.0482 -17.4318
5 1 8.70000" [ 2.05061| .000 43918 13.0082
2 8.70000" [ 2.05061| .000 43918 13.0082
10 1.45000| 2.05061| .489 -2.8582 5.7582
15 -1.45000 | 2.05061| .489 -5.7582 2.8582
20 -10.14000" | 2.05061 | .000 -14.4482 -5.8318
30 -11.59000" | 2.05061 | .000 -15.8982 -7.2818
60 -14.49000" | 2.05061 | .000 -18.7982 -10.1818
120 -13.04000" | 2.05061 | .000 -17.3482 -8.7318
10 1 7.25000" | 2.05061| .002 2.9418 11.5582
2 7.25000" | 2.05061| .002 2.9418 11.5582
-1.45000| 2.05061 | .489 -5.7582 2.8582
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15 -2.90000 | 2.05061| .174 -7.2082 1.4082

20 -11.59000" | 2.05061 [ .000 -15.8982 -7.2818

30 -13.04000" | 2.05061 [ .000 -17.3482 -8.7318

60 -15.94000" | 2.05061 [ .000 -20.2482 -11.6318

120 -14.49000" | 2.05061 [ .000 -18.7982 -10.1818

15 10.15000" [ 2.05061 | .000 5.8418 14.4582
10.15000" [ 2.05061 [ .000 5.8418 14.4582

1.45000 ] 2.05061| .489 -2.8582 5.7582

10 2.90000| 2.05061| .174 -1.4082 7.2082

20 -8.69000" | 2.05061 | .000 -12.9982 -4.3818

30 -10.14000" | 2.05061 | .000 -14.4482 -5.8318

60 -13.04000" [ 2.05061 | .000 -17.3482 -8.7318

120 -11.59000" [ 2.05061 | .000 -15.8982 -7.2818

20 1 18.84000" [ 2.05061 | .000 14.5318 23.1482
2 18.84000" [ 2.05061 | .000 14.5318 23.1482

5 10.14000" [ 2.05061 | .000 5.8318 14.4482

10 11.59000" [ 2.05061| .000 7.2818 15.8982

15 8.69000" [ 2.05061| .000 4.3818 12.9982

30 -1.45000 | 2.05061 | .489 -5.7582 2.8582

60 -4.35000"| 2.05061 [ .048 -8.6582 -.0418

120 -2.90000 | 2.05061| .174 -7.2082 1.4082

30 1 20.29000 [ 2.05061 [ .000 15.9818 24.5982
2 20.29000 [ 2.05061 [ .000 15.9818 24.5982

11.59000" [ 2.05061 [ .000 7.2818 15.8982

10 13.04000" [ 2.05061 [ .000 8.7318 17.3482

15 10.14000" [ 2.05061 [ .000 5.8318 14.4482

20 1.45000 | 2.05061| .489 -2.8582 5.7582

60 -2.90000 | 2.05061| .174 -7.2082 1.4082

120 -1.45000 2.05061 | .489 -5.7582 2.8582

60 1 23.19000" [ 2.05061| .000 18.8818 27.4982
2 23.19000" [ 2.05061| .000 18.8818 27.4982

5 14.49000" [ 2.05061 | .000 10.1818 18.7982

10 15.94000" [ 2.05061 | .000 11.6318 20.2482

15 13.04000" | 2.05061 [ .000 8.7318 17.3482

20 4.35000" | 2.05061| .048 .0418 8.6582

30 2.90000| 2.05061| .174 -1.4082 7.2082

120 1.45000 ] 2.05061| .489 -2.8582 5.7582

120 1 21.74000" | 2.05061 [ .000 17.4318 26.0482
2 21.74000" | 2.05061 [ .000 17.4318 26.0482

13.04000" [ 2.05061 | .000 8.7318 17.3482

10 14.49000" [ 2.05061 | .000 10.1818 18.7982

15 11.59000" [ 2.05061 | .000 7.2818 15.8982

20 2.90000| 2.05061| .174 -1.4082 7.2082

30 1.45000 | 2.05061| .489 -2.8582 5.7582

60 -1.45000 | 2.05061 | .489 -5.7582 2.8582

TFC_AA LSD 1 2 .00000 | 1.9795211.000 -4.1588 4.1588
5 -15.87000" | 1.97952 | .000 -20.0288 -11.7112

10 -28.57000" | 1.97952 | .000 -32.7288 -24.4112
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15 -31.74333"| 1.97952| .000 -35.9021 -27.5845
20 -34.91667° 1.97952| .000 -39.0755 -30.7579
30 -38.09000" [ 1.97952| .000 -42.2488 -33.9312
60 -44.44667°| 1.97952 .000 -48.6055 -40.2879
120 -47.62000" | 1.97952 .000 -51.7788 -43.4612
2 1 .00000 | 1.9795211.000 -4.1588 4.1588
5 -15.87000" [ 1.97952| .000 -20.0288 -11.7112
10 -28.57000" | 1.97952 | .000 -32.7288 -24.4112
15 -31.74333"| 1.97952| .000 -35.9021 -27.5845
20 -34.91667° 1.97952| .000 -39.0755 -30.7579
30 -38.09000" [ 1.97952| .000 -42.2488 -33.9312
60 -44.44667°| 1.97952 .000 -48.6055 -40.2879
120 -47.62000" | 1.97952 | .000 -51.7788 -43.4612
5 1 15.87000" [ 1.97952 | .000 11.7112 20.0288
2 15.87000" [ 1.97952| .000 11.7112 20.0288
10 -12.70000" | 1.97952 | .000 -16.8588 -8.5412
15 -15.87333"| 1.97952| .000 -20.0321 -11.7145
20 -19.04667°| 1.97952| .000 -23.2055 -14.8879
30 -22.22000" [ 1.97952| .000 -26.3788 -18.0612
60 -28.57667° 1.97952| .000 -32.7355 -24.4179
120 -31.75000" | 1.97952 | .000 -35.9088 -27.5912
10 1 28.57000" [ 1.97952| .000 244112 32.7288
2 28.57000" [ 1.97952 | .000 244112 32.7288
5 12.70000" [ 1.97952 .000 8.5412 16.8588
15 -3.17333 1.97952| .126 -7.3321 9855
20 -6.34667°| 1.97952 .005 -10.5055 -2.1879
30 -9.52000" | 1.97952| .000 -13.6788 -5.3612
60 -15.87667" 1.97952| .000 -20.0355 -11.7179
120 -19.05000" | 1.97952 | .000 -23.2088 -14.8912
15 1 31.74333*| 1.97952| .000 27.5845 35.9021
2 31.74333" 1.97952| .000 27.5845 35.9021
5 15.87333" 1.97952| .000 11.7145 20.0321
10 3.17333 | 1.97952| .126 -.9855 7.3321
20 -3.17333 1.97952| .126 -7.3321 9855
30 -6.34667°| 1.97952( .005 -10.5055 -2.1879
60 -12.70333" 1.97952| .000 -16.8621 -8.5445
120 -15.87667°| 1.97952 .000 -20.0355 -11.7179
20 1 34.91667 1.97952| .000 30.7579 39.0755
2 3491667 1.97952 .000 30.7579 39.0755
5 19.04667° | 1.97952| .000 14.8879 23.2055
10 6.34667°| 1.97952| .005 2.1879 10.5055
15 3.17333 | 1.97952| .126 -.9855 7.3321
30 -3.17333 1.97952| .126 -7.3321 9855
60 -9.53000" | 1.97952( .000 -13.6888 -5.3712
120 -12.70333"| 1.97952| .000 -16.8621 -8.5445
30 1 38.09000" [ 1.97952| .000 33.9312 42.2488
2 38.09000% [ 1.97952| .000 33.9312 42.2488
5 22.22000" [ 1.97952| .000 18.0612 26.3788
10 9.52000"| 1.97952 | .000 5.3612 13.6788
15 6.34667°| 1.97952| .005 2.1879 10.5055
20 3.17333 | 1.97952| .126 -.9855 7.3321
60 -6.35667°| 1.97952| .005 -10.5155 -2.1979
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120 -9.53000"| 1.97952( .000 -13.6888 -5.3712

60 1 44.44667° | 197952 .000 40.2879 48.6055
2 44.44667° | 197952 .000 40.2879 48.6055

5 28.57667° 1.97952| .000 24.4179 32.7355

10 15.87667" 1.97952| .000 11.7179 20.0355

15 12.70333" 1.97952| .000 8.5445 16.8621

20 9.53000° | 1.97952( .000 5.3712 13.6888

30 6.35667°| 1.97952| .005 2.1979 10.5155

120 -3.17333 | 1.97952| .126 -7.3321 9855

120 1 47.62000" [ 1.97952 .000 43.4612 51.7788
2 47.62000" [ 1.97952 .000 43.4612 51.7788

5 31.75000% [ 1.97952| .000 27.5912 35.9088

10 19.05000" [ 1.97952| .000 14.8912 23.2088

15 15.87667° 1.97952| .000 11.7179 20.0355

20 12.70333" 1.97952| .000 8.5445 16.8621

30 9.53000"| 1.97952( .000 5.3712 13.6888

60 3.17333 | 1.97952| .126 -.9855 7.3321

VitC_AA LSD 1 2 -5.710007 | 2.16525| .017 -10.2590 -1.1610
5 -4.65667° | 2.16525| .045 -9.2057 -.1076

10 -8.42333"| 2.16525( .001 -12.9724 -3.8743

15 -8.83000" | 2.16525( .001 -13.3790 -4.2810

20 -10.89000" | 2.16525| .000 -15.4390 -6.3410

30 -11.05667° 2.16525| .000 -15.6057 -6.5076

60 -16.20000" | 2.16525| .000 -20.7490 -11.6510

120 -19.43333"| 2.16525| .000 -23.9824 -14.8843

2 1 5.71000" [ 2.16525| .017 1.1610 10.2590
5 1.05333 ] 2.16525| .633 -3.4957 5.6024

10 -2.71333 | 2.16525| .226 -7.2624 1.8357

15 -3.12000 | 2.16525| .167 -7.6690 1.4290

20 -5.18000" | 2.16525( .028 -9.7290 -.6310

30 -5.34667°| 2.16525| .024 -9.8957 -.7976

60 -10.49000" [ 2.16525| .000 -15.0390 -5.9410

120 -13.72333"| 2.16525| .000 -18.2724 -9.1743

5 1 4.65667°| 2.16525| .045 .1076 9.2057
2 -1.05333 | 2.16525| .633 -5.6024 3.4957

10 -3.76667 2.16525| .099 -8.3157 1824

15 -4.17333 2.16525| .070 -8.7224 3757

20 -6.23333"| 2.16525( .010 -10.7824 -1.6843

30 -6.40000" | 2.16525( .008 -10.9490 -1.8510

60 -11.54333" 2.16525| .000 -16.0924 -6.9943

120 -14.77667*| 2.16525| .000 -19.3257 -10.2276

10 1 8.42333"[ 2.16525| .001 3.8743 12.9724
2 2.71333 | 2.16525| .226 -1.8357 7.2624

5 3.76667 | 2.16525| .099 -.7824 8.3157

15 -40667 | 2.16525] .853 -4.9557 4.1424

20 -2.46667 2.16525| .270 -7.0157 2.0824

30 -2.63333 | 2.16525| .240 -7.1824 1.9157

60 -7.77667°| 2.16525( .002 -12.3257 -3.2276

120 -11.01000" | 2.16525| .000 -15.5590 -6.4610

15 1 8.83000" [ 2.16525| .001 4.2810 13.3790
2 3.12000 | 2.16525| .167 -1.4290 7.6690

5 4.17333 | 2.16525| .070 -.3757 8.7224
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10 40667 | 2.16525| .853 -4.1424 4.9557

20 22.06000 | 2.16525| 354 -6.6090 2.4890

30 222667 2.16525| 317 -6.7757 2.3224

60 -7.37000" | 2.16525| .003 -11.9190 -2.8210

120 -10.60333* | 2.16525| .000 -15.1524 -6.0543

20 1 10.89000° | 2.16525[ .000 6.3410 15.4390
2 5.180007 [ 2.16525| .028 6310 9.7290

5 6.23333*| 2.16525| .010 1.6843 10.7824

10 2.46667| 2.16525| 270 -2.0824 7.0157

15 2.06000 | 2.16525| .354 -2.4890 6.6090

30 16667 | 2.16525[ .939 -4.7157 43824

60 -5.31000° | 2.16525| .025 -9.8590 -7610

120 -8.54333" | 2.16525| .001 -13.0924 -3.9943

30 1 11.05667° | 2.16525[ .000 6.5076 15.6057
2 5.34667° | 2.16525| .024 7976 9.8957

5 6.40000" | 2.16525| .008 1.8510 10.9490

10 2.63333| 2.16525| .240 -1.9157 7.1824

15 2.22667| 2.16525| 317 2.3224 6.7757

20 16667 2.16525| .939 -4.3824 4.7157

60 -5.14333" | 2.16525| .029 9.6924 -5943

120 -8.37667" | 2.16525| .001 -12.9257 -3.8276

60 1 16.20000" | 2.16525[ .000 11.6510 20.7490
2 10.49000 | 2.16525| .000 5.9410 15.0390

5 11.54333"| 2.16525| .000 6.9943 16.0924

10 7.77667* | 2.16525| .002 3.2276 12.3257

15 7.37000% | 2.16525| .003 2.8210 11.9190

20 5310007 | 2.16525| .025 7610 9.8590

30 5143337 2.16525| .029 5943 9.6924

120 -3.23333| 2.16525| .153 -7.7824 1.3157

120 1 19.43333"| 2.16525| .000 14.8843 23.9824
2 13.72333"| 2.16525| .000 9.1743 18.2724

5 14.77667° | 2.16525| .000 10.2276 19.3257

10 11.01000" | 2.16525| .000 6.4610 15.5590

15 10.60333"| 2.16525| .000 6.0543 15.1524

20 8.54333"| 2.16525| .001 3.9943 13.0924

30 8.37667" | 2.16525| .001 3.8276 12.9257

60 3.23333| 2.16525| .153 -1.3157 7.7824

DPPH AA LSD | 2 -7.70667° | 2.56889 [ .008 -13.1037 -2.3096
5 -19.26667* | 2.56889 | .000 24.6637 -13.8696

10 -30.82667" | 2.56889 | .000 -36.2237 -25.4296

15 -30.82667" | 2.56889 | .000 -36.2237 -25.4296

20 -30.82667" | 2.56889 | .000 -36.2237 -25.4296

30 -42.28667" | 2.56889 | .000 -47.6837 -36.8896

60 -49.99333" | 2.56889 | .000 -55.3904 -44.5963

120 -53.84667" | 2.56889 | .000 -59.2437 -48.4496

2 1 7.70667* | 2.56889 | .008 2.3096 13.1037
5 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

10 -23.12000* | 2.56889 | .000 -28.5170 -17.7230

15 -23.12000" | 2.56889 | .000 -28.5170 -17.7230

20 -23.12000" | 2.56889 | .000 -28.5170 -17.7230
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30 -34.58000" | 2.56889 [ .000 -39.9770 -29.1830

60 -42.28667°| 2.56889 [ .000 -47.6837 -36.8896

120 -46.14000" | 2.56889 | .000 -51.5370 -40.7430

5 1 19.26667° | 2.56889 | .000 13.8696 24.6637
2 11.56000" [ 2.56889 | .000 6.1630 16.9570

10 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

15 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

20 -11.56000" | 2.56889 | .000 -16.9570 -6.1630

30 -23.02000" [ 2.56889 | .000 -28.4170 -17.6230

60 -30.72667| 2.56889  .000 -36.1237 -25.3296

120 -34.58000" | 2.56889 [ .000 -39.9770 -29.1830

10 1 30.82667°| 2.56889 | .000 25.4296 36.2237
2 23.12000" [ 2.56889 | .000 17.7230 28.5170

5 11.56000" [ 2.56889 | .000 6.1630 16.9570

15 .00000 | 2.56889 1 1.000 -5.3970 5.3970

20 .00000 | 2.56889 | 1.000 -5.3970 5.3970

30 -11.46000" | 2.56889 | .000 -16.8570 -6.0630

60 -19.16667° | 2.56889 | .000 -24.5637 -13.7696

120 -23.02000" | 2.56889 | .000 -28.4170 -17.6230

15 1 30.82667" [ 2.56889| .000 25.4296 36.2237
2 23.12000" [ 2.56889 [ .000 17.7230 28.5170

5 11.56000" [ 2.56889 | .000 6.1630 16.9570

10 .00000 | 2.56889 | 1.000 -5.3970 5.3970

20 .00000 | 2.56889 | 1.000 -5.3970 5.3970

30 -11.46000" | 2.56889 | .000 -16.8570 -6.0630

60 -19.16667| 2.56889 [ .000 -24.5637 -13.7696

120 -23.02000" | 2.56889  .000 -28.4170 -17.6230

20 30.82667° | 2.56889 | .000 25.4296 36.2237
23.12000" [ 2.56889 [ .000 17.7230 28.5170

11.56000" | 2.56889 | .000 6.1630 16.9570

10 .00000 | 2.56889 | 1.000 -5.3970 5.3970

15 .00000 | 2.5688911.000 -5.3970 5.3970

30 -11.46000" | 2.56889 | .000 -16.8570 -6.0630

60 -19.16667°| 2.56889 | .000 -24.5637 -13.7696

120 -23.02000" | 2.56889 | .000 -28.4170 -17.6230

30 1 42.28667" 2.56889| .000 36.8896 47.6837
2 34.58000" [ 2.56889 | .000 29.1830 39.9770

5 23.02000" [ 2.56889| .000 17.6230 28.4170

10 11.46000" [ 2.56889 | .000 6.0630 16.8570

15 11.46000" [ 2.56889 | .000 6.0630 16.8570

20 11.46000" [ 2.56889 | .000 6.0630 16.8570

60 -7.70667°| 2.56889 [ .008 -13.1037 -2.3096

120 -11.56000" | 2.56889  .000 -16.9570 -6.1630

60 1 49.99333" [ 2.56889| .000 44.5963 55.3904
2 42.28667" 2.56889| .000 36.8896 47.6837

5 30.72667° | 2.56889 | .000 25.3296 36.1237

10 19.16667°| 2.56889 | .000 13.7696 24.5637

15 19.16667° | 2.56889 | .000 13.7696 24.5637
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20 19.16667" | 2.56889 | .000 13.7696 24.5637
30 7.70667 | 2.56889 | .008 2.3096 13.1037
120 -3.85333| 2.56889| .151 -9.2504 1.5437
120 1 53.84667" [ 2.56889| .000 48.4496 59.2437
2 46.14000" [ 2.56889 [ .000 40.7430 51.5370
34.58000" [ 2.56889| .000 29.1830 39.9770

10 23.02000" [ 2.56889 [ .000 17.6230 28.4170
15 23.02000" [ 2.56889 [ .000 17.6230 28.4170
20 23.02000" [ 2.56889 [ .000 17.6230 28.4170
30 11.56000" [ 2.56889 | .000 6.1630 16.9570
60 3.85333| 2.56889( .151 -1.5437 9.2504

*. The mean difference is significant at the 0.05 level.

Phu luc 4.8 Panh gia dd 6n dinh ciia san pham bdt & cac nhiét dd bao quan
4.8.1 Ham lwong cdc hop chit con lai trong bot dwoc bio qudn 6 10 °C trong 30
ngay
Thoi gian bao quan
(ngay)

0 1 2 5 10 20 30

Lan 1 100,00 101,41 99,30 98,03 92,54 88,73 90,85
TPC (%) Lan2 100,00 99,30 100,14 100,99 97,61 96,76 90,00
Lan3 100,00 97,18 96,76 96,76 97,18 9296 9423
Lan 1 100,00 99,37 96,06 97,00 96,06 93,22 90,38
TFC (%) Lan2 100,00 98,90 99,37 96,53 97,95 91,32 91,80
Lan3 100,00 98,90 97,00 97,00 96,06 9511 91,32
Lan 1 100,00 101,04 95,66 97,30 94,17 92,22 88,24
Lan2 100,00 96,36 100,10 96,51 93,47 91,52 87,70

Vitamin C

[
(%) Lan 3 100,00 97,92 95,73 93,39 94,02 91,83 88,56
ANOVA
Sum of Squares df Mean Square F Sig.

TPC10  Between Groups 199.054 6 33.176 5.619 .004
Within Groups 82.654 14 5.904
Total 281.708 20

TFC10  Between Groups 176.885 6 29.481 24.684 .000
Within Groups 16.720 14 1.194
Total 193.605 20

VitC10  Between Groups 299.572 6 49.929 20.717 .000
Within Groups 33.740 14 2.410
Total 333311 20
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Multiple Comparisons

Mean 95% Confidence Interval
Difference (I-

Dependent Variable (I) Ngay (J) Ngay )] Std. Error Sig. Lower Bound | Upper Bound
TPC10 LSD 0 1 70333 1.98391 728 -3.5517 4.9584
2 1.26667 1.98391 .533 -2.9884 5.5217
5 1.40667 1.98391 490 -2.8484 5.6617
10 4.22333 1.98391 .052 -.0317 8.4784
20 7.18333" 1.98391 .003 2.9283 11.4384
30 8.30667" 1.98391 .001 4.0516 12.5617
1 -.70333 1.98391 728 -4.9584 3.5517
.56333 1.98391 781 -3.6917 4.8184
70333 1.98391 728 -3.5517 4.9584
10 3.52000 1.98391 .098 -7351 7.7751
20 6.48000" 1.98391 .006 2.2249 10.7351
30 7.60333" 1.98391 .002 3.3483 11.8584
2 0 -1.26667 1.98391 .533 -5.5217 2.9884
1 -.56333 1.98391 781 -4.8184 3.6917
5 .14000 1.98391 .945 -4.1151 4.3951
10 2.95667 1.98391 .158 -1.2984 72117
20 5.91667" 1.98391 .010 1.6616 10.1717
30 7.04000" 1.98391 .003 2.7849 11.2951
5 0 -1.40667 1.98391 490 -5.6617 2.8484
1 -.70333 1.98391 728 -4.9584 3.5517
2 -.14000 1.98391 .945 -4.3951 4.1151
10 2.81667 1.98391 178 -1.4384 7.0717
20 5.77667" 1.98391 .011 1.5216 10.0317
30 6.90000" 1.98391 .004 2.6449 11.1551
10 0 -4.22333 1.98391 .052 -8.4784 .0317
1 -3.52000 1.98391 .098 -71.7751 7351
2 -2.95667 1.98391 .158 -7.2117 1.2984
5 -2.81667 1.98391 178 -7.0717 1.4384
20 2.96000 1.98391 .158 -1.2951 7.2151
30 4.08333 1.98391 .059 -1717 8.3384
20 0 -7.18333" 1.98391 .003 -11.4384 -2.9283
1 -6.48000" 1.98391 .006 -10.7351 -2.2249
-5.91667" 1.98391 .010 -10.1717 -1.6616
-5.77667" 1.98391 .011 -10.0317 -1.5216
10 -2.96000 1.98391 158 -7.2151 1.2951
30 1.12333 1.98391 .580 -3.1317 5.3784
30 0 -8.30667" 1.98391 .001 -12.5617 -4.0516
1 -7.60333" 1.98391 .002 -11.8584 -3.3483
-7.04000" 1.98391 .003 -11.2951 -2.7849
-6.90000" 1.98391 .004 -11.1551 -2.6449
10 -4.08333 1.98391 .059 -8.3384 1717
20 -1.12333 1.98391 .580 -5.3784 3.1317
TFC10  LSD 0 1 94333 .89230 308 -.9705 2.8571
2 2.52333" .89230 .013 .6095 4.4371
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5 3.15667°|  .89230 .003 1.2429 5.0705

10 3.31000°|  .89230 002 1.3962 5.2238

20 6.78333°|  .89230 .000 4.8695 8.6971

30 8.83333°|  .89230 .000 6.9195 10.7471

1 0 94333 89230 308 2.8571 9705
2 1.58000 [  .89230 .098 -3338 3.4938

5 221333 89230 026 2995 4.1271

10 2.36667°| 89230 019 4529 4.2805

20 5.84000°|  .89230 .000 3.9262 7.7538

30 7.89000°|  .89230 .000 5.9762 9.8038

2 0 252333 | 89230 013 44371 -.6095
1 -1.58000|  .89230 098 -3.4938 3338

5 63333 89230 489 -1.2805 2.5471

10 78667 89230 393 -1.1271 2.7005

20 426000 | 89230 .000 2.3462 6.1738

30 6.31000°|  .89230 .000 4.3962 8.2238

5 0 3.15667° | .89230 1003 -5.0705 1.2429
1 221333 .89230 026 -4.1271 -2995

2 -63333|  .89230 489 2.5471 1.2805

10 15333 .89230 866 -1.7605 2.0671

20 3.62667°|  .89230 .001 1.7129 5.5405

30 5.67667°|  .89230 .000 3.7629 7.5905

10 0 3310007 |  .89230 002 -5.2238 -1.3962
1 2.36667"|  .89230 019 -4.2805 -4529

2 -78667|  .89230 393 -2.7005 1.1271

5 -15333|  .89230 866 -2.0671 1.7605

20 3.47333°| 89230 002 1.5595 5.3871

30 5.52333°|  .89230 .000 3.6095 7.4371

20 0 6.78333"| 89230 1000 -8.6971 -4.8695
1 -5.84000 | .89230 .000 -7.7538 -3.9262

2 -426000" | .89230 .000 -6.1738 -2.3462

5 3.62667"|  .89230 .001 -5.5405 -1.7129

10 347333 .89230 002 -5.3871 -1.5595

30 2.05000"|  .89230 038 1362 3.9638

30 0 -8.833337| 89230 1000 -10.7471 ~6.9195
1 -7.89000" | .89230 .000 -9.8038 -5.9762

2 -6.31000*|  .89230 .000 -8.2238 -4.3962

5 5.67667°|  .89230 .000 -7.5905 -3.7629

10 -5.52333"|  .89230 .000 -7.4371 -3.6095

20 -2.05000"|  .89230 038 -3.9638 -1362

VitC10  LSD 0 1 1.56000 | 1.26754 239 -1.1586 4.2786
2 2.83667"| 1.26754 042 1181 5.5553

5 426667"| 1.26754 .005 1.5481 6.9853

10 6.11333°|  1.26754 .000 3.3947 8.8319

20 8.14333°|  1.26754 .000 5.4247 10.8619

30 11.83333°|  1.26754 .000 9.1147 14.5519

1 156000 | 126754 239 -4.2786 1.1586
1.27667|  1.26754 331 -1.4419 3.9953

2.70667| 1.26754 051 -0119 5.4253

10 4.55333*|  1.26754 003 1.8347 7.2719

20 6.58333°|  1.26754 .000 3.8647 9.3019
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30 10.27333" 1.26754 .000 7.5547 12.9919

2 0 -2.83667" 1.26754 .042 -5.5553 -.1181
-1.27667 1.26754 331 -3.9953 1.4419

5 1.43000 1.26754 278 -1.2886 4.1486

10 3.27667" 1.26754 .022 5581 5.9953

20 5.30667" 1.26754 .001 2.5881 8.0253

30 8.99667" 1.26754 .000 6.2781 11.7153

5 0 -4.26667" 1.26754 .005 -6.9853 -1.5481
-2.70667 1.26754 .051 -5.4253 .0119

2 -1.43000 1.26754 278 -4.1486 1.2886

10 1.84667 1.26754 167 -.8719 4.5653

20 3.87667" 1.26754 .009 1.1581 6.5953

30 7.56667" 1.26754 .000 4.8481 10.2853

10 0 -6.11333" 1.26754 .000 -8.8319 -3.3947
-4.55333" 1.26754 .003 -7.2719 -1.8347

-3.27667" 1.26754 .022 -5.9953 -.5581

-1.84667 1.26754 167 -4.5653 8719

20 2.03000 1.26754 132 -.6886 4.7486

30 5.72000" 1.26754 .000 3.0014 8.4386

20 0 -8.14333" 1.26754 .000 -10.8619 -5.4247
-6.58333" 1.26754 .000 -9.3019 -3.8647

-5.30667" 1.26754 .001 -8.0253 -2.5881

-3.87667" 1.26754 .009 -6.5953 -1.1581

10 -2.03000 1.26754 132 -4.7486 .6886

30 3.69000" 1.26754 .011 9714 6.4086

30 0 -11.83333" 1.26754 .000 -14.5519 -9.1147
-10.27333" 1.26754 .000 -12.9919 -7.5547

-8.99667" 1.26754 .000 -11.7153 -6.2781

-7.56667" 1.26754 .000 -10.2853 -4.8481

10 -5.72000" 1.26754 .000 -8.4386 -3.0014

20 -3.69000° 1.26754 .011 -6.4086 -.9714

*. The mean difference is significant at the 0.05 level.

4.8.2 Ham lwong cac hop chit con lai trong bot dwoc bao quan & 35 °C trong 30

ngay
Thoi gian bio quén 0 1 2 5 10 20 30
(ngay) ‘

Lan1 100,00 101,41 9845 97,61 9592 90,00 82,39
TPC (%) Lin2 100,00 99,30 98,45 9507 93,08 88,73 80,28

Lan 3 100,00 95,92 100,56 97,23 94,23 90,85 85,35

Lan 1 100,00 99,37 95,11 93,22 86,59 86,59 81,86
TFC (%) Lan 2 100,00 94,64 91,32 90,38 88,01 85,65 80,91
Lan 3 100,00 96,06 92,74 90,38 89,43 84,70 84,70
Lan 1 100,00 99,25 99,48 93,39 88,63 87,85 89,49
Lan 2 100,00 99,25 94,02 95,03 88,32 84,50 80,75
Lan 3 100,00 97,69 96,36 96,36 92,46 87,93 82,70

Vitamin C
(%)
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ANOVA
Sum of Squares df Mean Square F Sig.
TPC35 Between Groups 711.090 6 118.515 40.086 .000
Within Groups 41392 14 2.957
Total 752.482 20
TFC35 Between Groups 683.172 6 113.862 41.853 .000
Within Groups 38.088 14 2.721
Total 721.260 20
VitC35 Between Groups 669.781 6 111.630 19.187 .000
Within Groups 81.454 14 5.818
Total 751.235 20
Multiple Comparisons
Mean 95% Confidence Interval
Difference (I-
Dependent Variable (I) Ngay (J) Ngay )] Std. Error Sig. Lower Bound | Upper Bound
TPC35 LSD 0 1 1.12333 1.40393 A37 -1.8878 4.1345
2 .84667 1.40393 .556 -2.1645 3.8578
5 3.36333" 1.40393 .031 3522 6.3745
10 5.59000" 1.40393 .001 2.5789 8.6011
20 10.14000" 1.40393 .000 7.1289 13.1511
30 17.32667" 1.40393 .000 14.3155 20.3378
1 -1.12333 1.40393 437 -4.1345 1.8878
-.27667 1.40393 .847 -3.2878 2.7345
2.24000 1.40393 133 -7711 5.2511
10 4.46667" 1.40393 .007 1.4555 7.4778
20 9.01667" 1.40393 .000 6.0055 12.0278
30 16.20333" 1.40393 .000 13.1922 19.2145
2 0 -.84667 1.40393 .556 -3.8578 2.1645
1 27667 1.40393 .847 -2.7345 3.2878
5 2.51667 1.40393 .095 -.4945 5.5278
10 4.74333" 1.40393 .005 1.7322 7.7545
20 9.29333" 1.40393 .000 6.2822 12.3045
30 16.48000" 1.40393 .000 13.4689 19.4911
5 0 -3.36333" 1.40393 .031 -6.3745 -.3522
1 -2.24000 1.40393 133 -5.2511 711
2 -2.51667 1.40393 .095 -5.5278 4945
10 2.22667 1.40393 135 -.7845 5.2378
20 6.77667" 1.40393 .000 3.7655 9.7878
30 13.96333" 1.40393 .000 10.9522 16.9745
10 0 -5.59000" 1.40393 .001 -8.6011 -2.5789
1 -4.46667" 1.40393 .007 -1.4778 -1.4555
2 -4.74333" 1.40393 .005 -7.7545 -1.7322
5 -2.22667 1.40393 135 -5.2378 7845
20 4.55000" 1.40393 .006 1.5389 7.5611
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30 11.73667" 1.40393 .000 8.7255 14.7478

20 0 -10.14000" 1.40393 .000 -13.1511 -7.1289
1 -9.01667" 1.40393 .000 -12.0278 -6.0055

2 -9.29333" 1.40393 .000 -12.3045 -6.2822

5 -6.77667" 1.40393 .000 -9.7878 -3.7655

10 -4.55000" 1.40393 .006 -7.5611 -1.5389

30 7.18667" 1.40393 .000 4.1755 10.1978

30 0 -17.32667" 1.40393 .000 -20.3378 -14.3155
1 -16.20333" 1.40393 .000 -19.2145 -13.1922
-16.48000" 1.40393 .000 -19.4911 -13.4689

-13.96333" 1.40393 .000 -16.9745 -10.9522

10 -11.73667" 1.40393 .000 -14.7478 -8.7255

20 -7.18667" 1.40393 .000 -10.1978 -4.1755

TFC35  LSD 0 1 3.31000" 1.34674 .028 4215 6.1985
2 6.94333" 1.34674 .000 4.0549 9.8318

5 8.67333" 1.34674 .000 5.7849 11.5618

10 11.99000* 1.34674 .000 9.1015 14.8785

20 14.35333" 1.34674 .000 11.4649 17.2418

30 17.51000" 1.34674 .000 14.6215 20.3985

1 0 -3.31000° 1.34674 .028 -6.1985 -4215
2 3.63333" 1.34674 .017 .7449 6.5218

5 5.36333" 1.34674 .001 2.4749 8.2518

10 8.68000" 1.34674 .000 5.7915 11.5685

20 11.04333" 1.34674 .000 8.1549 13.9318

30 14.20000" 1.34674 .000 11.3115 17.0885

2 0 -6.94333" 1.34674 .000 -9.8318 -4.0549
1 -3.63333" 1.34674 .017 -6.5218 -.7449

5 1.73000 1.34674 220 -1.1585 4.6185

10 5.04667" 1.34674 .002 2.1582 7.9351

20 7.41000" 1.34674 .000 4.5215 10.2985

30 10.56667" 1.34674 .000 7.6782 13.4551

5 0 -8.67333" 1.34674 .000 -11.5618 -5.7849
1 -5.36333" 1.34674 .001 -8.2518 -2.4749

2 -1.73000 1.34674 220 -4.6185 1.1585

10 3.31667" 1.34674 .027 4282 6.2051

20 5.68000" 1.34674 .001 2.7915 8.5685

30 8.83667" 1.34674 .000 5.9482 11.7251

10 0 -11.99000" 1.34674 .000 -14.8785 -9.1015
1 -8.68000" 1.34674 .000 -11.5685 -5.7915

2 -5.04667" 1.34674 .002 -7.9351 -2.1582

5 -3.31667" 1.34674 .027 -6.2051 -.4282

20 2.36333 1.34674 .101 -.5251 5.2518

30 5.52000" 1.34674 .001 2.6315 8.4085

20 0 -14.35333" 1.34674 .000 -17.2418 -11.4649
1 -11.04333" 1.34674 .000 -13.9318 -8.1549

2 -7.41000 1.34674 .000 -10.2985 -4.5215

5 -5.68000" 1.34674 .001 -8.5685 -2.7915

10 -2.36333 1.34674 .101 -5.2518 5251

30 3.15667" 1.34674 .034 .2682 6.0451

30 0 -17.51000" 1.34674 .000 -20.3985 -14.6215
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1 -14.20000" |  1.34674 .000 -17.0885 -11.3115

2 -10.56667" | 1.34674 .000 -13.4551 -7.6782

5 -8.83667"|  1.34674 .000 -11.7251 -5.9482

10 -5.52000" | 1.34674 .001 -8.4085 2.6315

20 -3.15667" | 1.34674 034 -6.0451 -2682

VitC35  LSD 0 1 1.27000 | 1.96945 529 2.9541 5.4941
2 3.38000 | 1.96945 108 -.8441 7.6041

5 5.07333°|  1.96945 022 8493 9.2974

10 10.19667° | 1.96945 .000 5.9726 14.4207

20 13.24000° | 1.96945 .000 9.0159 17.4641

30 15.68667° |  1.96945 .000 11.4626 19.9107

1 -1.27000|  1.96945 529 -5.4941 2.9541
2.11000 | 1.96945 302 2.1141 6.3341

3.80333| 1.96945 074 -4207 8.0274

10 8.92667°|  1.96945 .000 4.7026 13.1507

20 11.97000" | 1.96945 .000 7.7459 16.1941

30 14.41667"|  1.96945 .000 10.1926 18.6407

2 0 -3.38000| 1.96945 108 -7.6041 8441
1 2.11000 | 1.96945 302 -6.3341 2.1141

5 1.69333 |  1.96945 404 -2.5307 5.9174

10 6.81667" |  1.96945 004 2.5926 11.0407

20 9.86000° |  1.96945 .000 5.6359 14.0841

30 12.30667° | 1.96945 .000 8.0826 16.5307

5 0 5.07333"|  1.96945 022 -9.2974 -.8493
1 -3.80333|  1.96945 074 -8.0274 4207

2 -1.69333|  1.96945 404 -5.9174 2.5307

10 5.12333°|  1.96945 021 8993 9.3474

20 8.16667°|  1.96945 .001 3.9426 12.3907

30 10.61333* | 1.96945 .000 6.3893 14.8374

10 0 -10.19667* | 1.96945 .000 -14.4207 -5.9726
-8.92667"|  1.96945 .000 -13.1507 -4.7026

-6.81667"|  1.96945 004 -11.0407 2.5926

-5.12333" | 1.96945 021 -9.3474 -.8993

20 3.04333|  1.96945 145 -1.1807 7.2674

30 5.49000°|  1.96945 015 1.2659 9.7141

20 0 -13.24000" | 1.96945 .000 -17.4641 -9.0159
-11.97000" | 1.96945 .000 -16.1941 -7.7459

-9.86000" | 1.96945 .000 -14.0841 -5.6359

-8.16667"|  1.96945 .001 -12.3907 -3.9426

10 -3.04333|  1.96945 145 72674 1.1807

30 2.44667| 1.96945 235 -1.7774 6.6707

30 0 -15.68667° | 1.96945 .000 -19.9107 -11.4626
1 1441667 | 1.96945 .000 -18.6407 -10.1926

2 -12.30667° | 1.96945 .000 -16.5307 -8.0826
-10.61333" | 1.96945 .000 -14.8374 -6.3893

10 -5.49000" | 1.96945 015 -9.7141 -1.2659

20 244667  1.96945 235 -6.6707 1.7774

*. The mean difference is significant at the 0.05 level.
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4.8.3 Ham lwong cdc hop chit con lai trong bot dwoc bio quén 6 45 °C trong 30
ngay
Thoi gian bao quan
(ngay)

0 1 2 5 10 20 30

Lan 1 100,00 97,18 95,07 93,38 87,46 81,55 79,01
TPC (%) Lan 2 100,00 99,30 97,18 90,00 85,77 84,08 77,32
Lan 3 100,00 97,18 93,38 90,85 84,51 84,51 80,70
Lan 1 100,00 89,91 91,32 90,38 86,12 78,55 77,13
TFC (%) Lan 2 100,00 94,64 89,91 86,59 84,70 81,39 75,24
Lan 3 100,00 94,64 94,64 85,17 81,86 84,23 75,24
Lan 1 100,00 99,25 99,48 93,39 86,22 83,95 77,40
Vitamin C (%) Lan2 100,00 91,44 94,02 91,13 88,32 83,72 77,09
Lan 3 100,00 97,69 96,36 838,56 85,44 83,72 76,38

ANOVA
Sum of Squares df Mean Square F Sig.
TPC45 Between Groups 1114.527 6 185.755 82.197 .000
Within Groups 31.638 14 2.260
Total 1146.165 20
TFC45  Between Groups 1170.318 6 195.053 39.496 .000
Within Groups 69.140 14 4.939
Total 1239.458 20
VitC45  Between Groups 1205.936 6 200.989 42.717 .000
Within Groups 65.871 14 4705
Total 1271.808 20

Multiple Comparisons

Mean 95% Confidence Interval
Difference (I-

Dependent Variable (I) Ngay (J) Ngay )] Std. Error Sig. Lower Bound | Upper Bound
TPC45 LSD 0 1 2.11333 1.22743 .107 -.5192 4.7459
2 4.79000" 1.22743 .002 2.1574 7.4226
5 8.59000" 1.22743 .000 5.9574 11.2226
10 14.08667" 1.22743 .000 11.4541 16.7192
20 16.62000" 1.22743 .000 13.9874 19.2526
30 20.99000" 1.22743 .000 18.3574 23.6226
1 0 -2.11333 1.22743 107 -4.7459 5192
2.67667" 1.22743 .047 .0441 5.3092
6.47667" 1.22743 .000 3.8441 9.1092
10 11.97333" 1.22743 .000 9.3408 14.6059
20 14.50667" 1.22743 .000 11.8741 17.1392
30 18.87667" 1.22743 .000 16.2441 21.5092
2 0 -4.79000" 1.22743 .002 -7.4226 -2.1574
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1 -2.67667" 1.22743 .047 -5.3092 -.0441

5 3.80000" 1.22743 .008 1.1674 6.4326

10 9.29667" 1.22743 .000 6.6641 11.9292

20 11.83000" 1.22743 .000 9.1974 14.4626

30 16.20000" 1.22743 .000 13.5674 18.8326

5 0 -8.59000" 1.22743 .000 -11.2226 -5.9574
1 -6.47667" 1.22743 .000 -9.1092 -3.8441

2 -3.80000" 1.22743 .008 -6.4326 -1.1674

10 5.49667" 1.22743 .001 2.8641 8.1292

20 8.03000" 1.22743 .000 5.3974 10.6626

30 12.40000" 1.22743 .000 9.7674 15.0326

10 0 -14.08667" 1.22743 .000 -16.7192 -11.4541
1 -11.97333" 1.22743 .000 -14.6059 -9.3408

2 -9.29667" 1.22743 .000 -11.9292 -6.6641

5 -5.49667" 1.22743 .001 -8.1292 -2.8641

20 2.53333 1.22743 .058 -.0992 5.1659

30 6.90333" 1.22743 .000 4.2708 9.5359

20 0 -16.62000" 1.22743 .000 -19.2526 -13.9874
1 -14.50667" 1.22743 .000 -17.1392 -11.8741
-11.83000" 1.22743 .000 -14.4626 -9.1974

-8.03000° 1.22743 .000 -10.6626 -5.3974

10 -2.53333 1.22743 .058 -5.1659 .0992

30 437000 1.22743 .003 1.7374 7.0026

30 0 -20.99000" 1.22743 .000 -23.6226 -18.3574
1 -18.87667" 1.22743 .000 -21.5092 -16.2441
-16.20000" 1.22743 .000 -18.8326 -13.5674

-12.40000" 1.22743 .000 -15.0326 -9.7674

10 -6.90333" 1.22743 .000 -9.5359 -4.2708

20 -4.37000" 1.22743 .003 -7.0026 -1.7374

TFC45  LSD 0 1 6.93667" 1.81450 .002 3.0450 10.8284
2 8.04333" 1.81450 .001 4.1516 11.9350

5 12.62000" 1.81450 .000 8.7283 16.5117

10 15.77333" 1.81450 .000 11.8816 19.6650

20 18.61000" 1.81450 .000 14.7183 22.5017

30 24.13000" 1.81450 .000 20.2383 28.0217

1 0 -6.93667" 1.81450 .002 -10.8284 -3.0450
2 1.10667 1.81450 .552 -2.7850 4.9984

5 5.68333" 1.81450 .007 1.7916 9.5750

10 8.83667" 1.81450 .000 4.9450 12.7284

20 11.67333" 1.81450 .000 7.7816 15.5650

30 17.19333" 1.81450 .000 13.3016 21.0850

2 0 -8.04333" 1.81450 .001 -11.9350 -4.1516
1 -1.10667 1.81450 .552 -4.9984 2.7850

5 4.57667 1.81450 .024 .6850 8.4684

10 7.73000" 1.81450 .001 3.8383 11.6217

20 10.56667" 1.81450 .000 6.6750 14.4584

30 16.08667" 1.81450 .000 12.1950 19.9784

5 0 -12.62000" 1.81450 .000 -16.5117 -8.7283
1 -5.68333" 1.81450 .007 -9.5750 -1.7916
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2 -4.57667"|  1.81450 024 -8.4684 -.6850

10 3.15333|  1.81450 104 -7384 7.0450

20 5.99000°|  1.81450 .005 2.0983 9.8817

30 11.51000° |  1.81450 .000 7.6183 15.4017

10 0 -15.77333° | 1.81450 .000 -19.6650 -11.8816
1 -8.83667"|  1.81450 .000 -12.7284 -4.9450

2 -7.73000" | 1.81450 001 -11.6217 -3.8383

5 -3.15333|  1.81450 104 -7.0450 7384

20 2.83667 | 1.81450 140 -1.0550 6.7284

30 8.35667°| 1.81450 .000 4.4650 12.2484

20 0 -18.61000° | 1.81450 1000 225017 147183
1 -11.67333"|  1.81450 .000 -15.5650 -7.7816

2 -10.56667° | 1.81450 .000 -14.4584 -6.6750

5 -5.99000" |  1.81450 .005 9.8817 -2.0983

10 2.83667 | 1.81450 140 -6.7284 1.0550

30 5.52000°|  1.81450 .009 1.6283 9.4117

30 0 24.13000° | 1.81450 1000 28.0217 20.2383
1 -17.19333"|  1.81450 .000 -21.0850 -13.3016

2 -16.08667"|  1.81450 .000 -19.9784 -12.1950

5 -11.51000"|  1.81450 .000 -15.4017 -7.6183

10 -8.35667"|  1.81450 .000 -12.2484 -4.4650

20 -5.52000" |  1.81450 .009 9.4117 -1.6283

VitC45  LSD 0 1 3.87333° | 1.77108 046 0747 7.6719
2 3.38000 1.77108 077 -4186 7.1786

8.97333°|  1.77108 .000 5.1747 12.7719

10 13.34000° |  1.77108 .000 9.5414 17.1386

20 16.20333*|  1.77108 .000 12.4047 20.0019

30 23.04333°|  1.77108 .000 19.2447 26.8419

1 -3.87333"|  1.77108 046 -7.6719 -.0747
-49333|  1.77108 785 42919 3.3053

5.10000°|  1.77108 012 1.3014 8.8986

10 9.46667°|  1.77108 .000 5.6681 13.2653

20 12.33000° |  1.77108 .000 8.5314 16.1286

30 19.17000" |  1.77108 .000 15.3714 22.9686

2 0 -3.38000| 1.77108 077 -7.1786 4186
1 49333 1.77108 785 -3.3053 4.2919

5 5.59333°|  1.77108 .007 1.7947 9.3919

10 9.96000°|  1.77108 .000 6.1614 13.7586

20 12.82333*| 177108 .000 9.0247 16.6219

30 19.66333* | 1.77108 .000 15.8647 23.4619

5 0 -8.97333"|  1.77108 .000 -12.7719 -5.1747
1 -5.10000*|  1.77108 012 -8.8986 13014

2 -5.59333"|  1.77108 007 9.3919 -1.7947

10 436667°| 1.77108 027 5681 8.1653

20 7.23000°|  1.77108 001 3.4314 11.0286

30 14.07000° |  1.77108 .000 102714 17.8686

10 0 -13.34000° | 1.77108 .000 -17.1386 9.5414
1 -9.46667° | 1.77108 .000 -13.2653 -5.6681

2 -9.96000" |  1.77108 .000 -13.7586 -6.1614
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5 -4.36667" 1.77108 .027 -8.1653 -.5681

20 2.86333 1.77108 128 -.9353 6.6619

30 9.70333" 1.77108 .000 5.9047 13.5019

20 0 -16.20333" 1.77108 .000 -20.0019 -12.4047
-12.33000" 1.77108 .000 -16.1286 -8.5314

-12.82333" 1.77108 .000 -16.6219 -9.0247

-7.23000" 1.77108 .001 -11.0286 -3.4314

10 -2.86333 1.77108 128 -6.6619 9353

30 6.84000" 1.77108 .002 3.0414 10.6386

30 0 -23.04333" 1.77108 .000 -26.8419 -19.2447
-19.17000" 1.77108 .000 -22.9686 -15.3714

-19.66333" 1.77108 .000 -23.4619 -15.8647

-14.07000" 1.77108 .000 -17.8686 -10.2714

10 -9.70333" 1.77108 .000 -13.5019 -5.9047

20 -6.84000" 1.77108 .002 -10.6386 -3.0414

* . The mean difference is significant at the 0.05 level.
Phu luc 4.9 Anh hwéng ciia do am khong khi Ién mot so tinh chat hoéa ly ciia bt
so' ri say phun

Chi tié Lan d ERH
I ticu e g 22 43 75 84
Lanl 299 535 6.69 1204 19,52
Ambot (%) Lin2 2,98 533 6,68 12,04 1947
Lin3 2,96 5.32 6,63 12,03 1947
Lan1 5681  57.66 43,73 3504  22.63
TPC (%) Lin2 5682  57.67 4592  37.10 2453

Lin3 54,57 57,68 4594 37,10 2642
Lin1 3555 3036 27,79 20,15 22,13

TFC (%) Lan2 3542 2643 2606 20,78 20,76
Lan3 3335 2871 2454 1956 19,53
o Lan1 2085 2477 11,12 278 2.78
2;:;‘“““ C Lan2 1974 2344 1316 263 2,63
Lan3 2085 2751 11,2 278 2,78

Lan 1 83,04 81,84 80,54 59,58 55,99
DPPH (%) Lan 2 83,43 82,24 80,04 60,07 56,19
Lan 3 82,04 82,14 81,04 59,68 55,79
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ANOVA
Sum of Squares df Mean Square F Sig.
Am Between Groups 521.606 4 130.402 267948.507 .000
Within Groups 005 10 000
Total 521.611 14
TPC Between Groups 2312.011 4 578.003 348.231 .000
Within Groups 16.598 10 1.660
Total 2328.609 14
TFC Between Groups 432.743 4 108.186 53.419 .000
Within Groups 20.252 10 2.025
Total 452.996 14
VitC Between Groups 1252.013 4 313.003 255.730 .000
Within Groups 12.240 10 1.224
Total 1264.253 14
DPPH Between Groups 2091.813 4 522.953 2859.543 .000
Within Groups 1.829 10 183
Total 2093.642 14
Multiple Comparisons
95% Confidence Interval
Dependent Variable (I) ERH (J) ERH | Mean Difference (I-J) | Std. Error | Sig. | Lower Bound | Upper Bound
Am LSD 8 22 -2.35333" .01801 | .000 -2.3935 -2.3132
43 -3.68667" .01801 | .000 -3.7268 -3.6465
75 -9.05667" .01801 | .000 -9.0968 -9.0165
84 -16.50667" .01801 | .000 -16.5468 -16.4665
22 8 2.35333" .01801 | .000 2.3132 2.3935
43 -1.33333" .01801 [ .000 -1.3735 -1.2932
75 -6.70333" .01801 | .000 -6.7435 -6.6632
84 -14.15333" .01801 | .000 -14.1935 -14.1132
43 8 3.68667" .01801 | .000 3.6465 3.7268
22 1.33333" .01801 | .000 1.2932 1.3735
75 -5.37000" .01801 [ .000 -5.4101 -5.3299
84 -12.82000" .01801 | .000 -12.8601 -12.7799
75 8 9.05667" .01801 | .000 9.0165 9.0968
22 6.70333" .01801 | .000 6.6632 6.7435
43 5.37000" .01801 | .000 5.3299 5.4101
84 -7.45000" .01801 | .000 -7.4901 -7.4099
84 8 16.50667" .01801 | .000 16.4665 16.5468
22 14.15333" .01801 | .000 14.1132 14.1935
43 12.82000" .01801 | .000 12.7799 12.8601
75 7.45000" .01801 | .000 7.4099 7.4901
TPC LSD 8 22 -1.60333 1.05193] .158 -3.9472 7405
43 10.87000" [ 1.05193 | .000 8.5262 13.2138
75 19.65333* 1.05193| .000 17.3095 21.9972
84 31.54000" 1.05193] .000 29.1962 33.8838
22 8 1.60333 1.05193] .158 -.7405 3.9472
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43 12.47333"| 1.05193| .000 10.1295 14.8172

75 21.25667° 1.05193| .000 18.9128 23.6005

84 33.14333" 1.05193| .000 30.7995 35.4872

43 8 -10.87000" | 1.05193| .000 -13.2138 -8.5262
22 -12.47333"  1.05193| .000 -14.8172 -10.1295

75 8.78333"| 1.05193 | .000 6.4395 11.1272

84 20.67000" [ 1.05193| .000 18.3262 23.0138

75 8 -19.65333"  1.05193| .000 -21.9972 -17.3095
22 -21.25667° 1.05193| .000 -23.6005 -18.9128

43 -8.78333"| 1.05193| .000 -11.1272 -6.4395

84 11.88667°| 1.05193| .000 9.5428 14.2305

84 8 -31.54000" | 1.05193| .000 -33.8838 -29.1962
22 -33.14333"  1.05193| .000 -35.4872 -30.7995

43 -20.67000" [  1.05193| .000 -23.0138 -18.3262

75 -11.88667° 1.05193| .000 -14.2305 -9.5428

TFC LSD 8 22 6.27333"| 1.16196| .000 3.6843 8.8623
43 8.64333"| 1.16196| .000 6.0543 11.2323

75 14.61000" [ 1.16196 | .000 12.0210 17.1990

84 13.96667 1.16196| .000 11.3777 16.5557

22 8 -6.27333"| 1.16196  .000 -8.8623 -3.6843
43 2.37000| 1.16196| .069 -.2190 4.9590

75 8.33667°| 1.16196| .000 5.7477 10.9257

84 7.69333"|  1.16196 | .000 5.1043 10.2823

43 8 -8.64333"| 1.16196  .000 -11.2323 -6.0543
22 -2.37000 | 1.16196| .069 -4.9590 2190

75 5.96667°| 1.16196| .000 3.3777 8.5557

84 5.32333"| 1.16196| .001 2.7343 7.9123

75 8 -14.61000"| 1.16196 | .000 -17.1990 -12.0210
22 -8.33667°| 1.16196( .000 -10.9257 -5.7477

43 -5.96667°| 1.16196 [ .000 -8.5557 -3.3777

84 -.64333 1.16196 | .592 -3.2323 1.9457

84 8 -13.96667°| 1.16196 | .000 -16.5557 -11.3777
22 -7.69333"| 1.16196 .000 -10.2823 -5.1043

43 -5.32333"|  1.16196( .001 -7.9123 -2.7343

75 .64333 1.16196 | .592 -1.9457 3.2323

VitC LSD 8 22 -4.76000" 90331 | .000 -6.7727 -2.7473
43 8.68000" 90331 | .000 6.6673 10.6927

75 17.75000" 90331 | .000 15.7373 19.7627

84 17.75000" 90331 | .000 15.7373 19.7627

22 8 4.76000" 90331 | .000 2.7473 6.7727
43 13.44000" 90331 | .000 11.4273 15.4527

75 22.51000" 90331 | .000 20.4973 24.5227

84 22.51000" 90331 | .000 20.4973 24.5227

43 8 -8.68000" 90331 | .000 -10.6927 -6.6673
22 -13.44000" 90331 | .000 -15.4527 -11.4273

75 9.07000" 90331 | .000 7.0573 11.0827

84 9.07000" 90331 | .000 7.0573 11.0827

75 8 -17.75000" 90331 | .000 -19.7627 -15.7373
22 -22.51000" 90331 | .000 -24.5227 -20.4973

43 -9.07000" 90331 .000 -11.0827 -7.0573

84 .00000 90331 | 1.000 -2.0127 2.0127

84 8 -17.75000" 90331 | .000 -19.7627 -15.7373
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22 -22.51000"| 90331 .000 245227 -20.4973

43 -9.07000"| 90331 | .000 -11.0827 -7.0573

75 .00000| 90331 | 1.000 2.0127 2.0127

DPPH LSD 8 22 76333 34917 .054 -0147 1.5413
43 2.29667°|  .34917| .000 1.5187 3.0747

75 23.06000" | .34917| .000 22.2820 23.8380

84 26.84667°|  .34917| .000 26.0687 27.6247

22 8 -76333| 34917 .054 -1.5413 0147
43 1.53333"| 34917 .001 7553 23113

75 2229667 | .34917| .000 21.5187 23.0747

84 26.08333*|  .34917| .000 25.3053 26.8613

43 8 229667" | 34917| .000 -3.0747 -1.5187
22 -1.53333° | .34917| .001 23113 -7553

75 20.76333* | .34917| .000 19.9853 21.5413

84 24.55000" | .34917| .000 23.7720 25.3280

75 8 -23.06000"| 34917 000 -23.8380 222820
22 2229667°| 34917 .000 -23.0747 21.5187

43 20.76333*| 34917 000 21.5413 -19.9853

84 3.78667°| 34917 000 3.0087 4.5647

84 8 26.84667° | 34917 000 27.6247 -26.0687
22 26.08333"| 34917 000 -26.8613 -25.3053

43 24.55000"| 34917 000 -25.3280 -23.7720

75 3.78667°| 34917 000 -4.5647 -3.0087




