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TOM TAT

Nghién ciru duwogc thuc hién nhdam xdc dinh mé hinh dong hoc va sw bién doi
chat lwong bt rau ma sdy chan khong (96+0,5 kPa) ¢ 40, 45 va 50°C. Két
qud cho thay nhiét dj tang thiic ddy toc do qud trinh sdy. M6 hinh Lewis
diroe xdc dinh la phit hop dé mé ta dong hoc say chan khéng rau ma, dic
biét tai 45°C, véi gia tri R% y? va RMSE lan heot la 0,9978; 0,0002 va
0,0141. Tai 45°C, hé s6 khuéch tan am (Deg) dat 7,72 %102 m%.s™ va ning
luong hoat hoa (Eo) la 40,89 kJ.mol™. Bén canh do, bot rau ma sd'y chan
khéng & 45°C duy tri tot vé chat lwong véi mau sdc on dinh (L* =
62,9140,38; a* = -6,19+0,17; b* = 27,05+0,80), do hoat dong ciia nucc o
cudi qud trinh say (aw) la 0,457+0,02. Ham heong hop chat chong oxy hoa,
kha néng trung hoa goc tw do cao (TPC = 67,33+0,69 mg GAE/g, TFC =
36,86+0,87 mg QE/g, DPPH = 8,86+0,21 mg TE/g). Ngodi ra, két qud ciing
ghi nhdn sy tuong quan cao gia tri L*, a* b* TPC, TFC, DPPH va aw (r =
-0,8179; 0,9505; 0,9824; 0,7631; 0,5698 va 0,5919; twong ing).

Tir khod: Pong hoc say, flavonoid, hoat d¢ nwdc, mau sdc,
phenolic, rau md, say chdn khong

ABSTRACT

A study aimed to determine the drying kinetics model and quality changes of
vacuum-dried Centella asiatica powder under a vacuum pressure of 96 +
0.5 kPa at temperatures of 40, 45, and 50°C. The results showed that
increasing the temperature accelerated the drying process. The Lewis model
was identified as the most suitable for describing the vacuum drying kinetics
of Centella asiatica, particularly at 45°C, with R? y? and RMSE values of
0.9978, 0.0002, and 0.0141, respectively. At 45°C, the effective moisture
diffusivity (Deg) reached 7.72%1072 m*s™, and the activation energy (Eq)
was 40.89 kJmol™. Moreover, the vacuum-dried powder at 45°C
maintained good quality, exhibiting stable color parameters (L* =
62.9140.38; a* = -6.19+0.17; b* = 27.05+0.80) and a final water activity
(aw) of 0.457+0.02. The powder also retained high levels of antioxidant
compounds and radical scavenging capacity (TPC = 67.33 = 0.69 mg
GAE/g, TFC = 36.86+0.87 mg QF/g, DPPH = 8.86+0.21 mg TE/g).
Additionally, a strong correlation was observed between L*, a* b*, TPC,
TFC, DPPH, and aw values, with correlation coefficients (r) of -0.8179;
0.9505, 0.9824, 0.7631; 0.5698; and 0.5919, respectively.

Keywords: Centella asiatica, color, drying kinetics, flavonoid,
phenolic content, vacuum drying, water activity
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1. GIOI THIEU

Trong nhing ndm gan day, v6i nhan thirc vé tim
quan trong cua ché d6 an udng can bang, hd trg sirc
khoe da thay ddi thoi quen tiéu ding nong san chat
lugng (gia tri dinh dudng cao, thudc tinh cam quan
t6t) va an toan. Trong do, cac san pham bot trai cay
va rau qua ché bién san dang trg thanh Iya chon uu
tién do sy tién loi va gia tri dinh dudng duoc duy tri,
dap umg yéu cau ctia 16i song hién dai (Santos et al.,
2014).

Rau mé (Centella asiatica (L.) Urb.) thudc loai
thyc vat than thao va phan bd rong kha'ip Viét Nam,
dac biét 1a & khu vuc déng béng song Ctru Long.
Rau ma chira nhiéu hop chat chong oxy hoa manh
nhu saponin triterpenoid, flavonoid, vitamin C,
beta-carotene va polyphenol gitp bao vé co thé khoi
tac hai cua gbe tu do, hd tro chéng viém va lam
cham qua trinh 130 héa (Hashim et al., 2011). Mac
du rau mé dugc thu hoach véi san lugng 16n; tuy
nhién, hiu nhu duoc tiéu thu dudi dang tuoi hoac
ubng nhu tra hang ngay. Do d6, rau ma dwgc canh
tac chu yéu Ia tu phat va tiéu thy tai chd; tir d6, tiém
nang thuong mai cua loai rau nay chua dugc khai
thac hiéu qua, cic san pham ché bién tir rau ma trén
thi truong chua da dang.

Ngay nay, cic san pham bot sdy tir nong san nhu
rau, qua,... dang ngay cang phd bién, gia tri kinh té
tir ngudn nguyén liéu nay dwoc nang cao. ‘Tuy nhién,
viéc danh gia chat luong cua céac san pham sdy kho
thuong dua trén sy bién ddi ctia mau sic, kha ning
phuc hoi nuge va sy co ngot cua san pham. Trong
qué trinh séy, su co ngot vé thé tich, dién tich bé mit
giam do sy mat 4m da tac dong dang ké dén dong
hoc qua trinh sdy va cac thudc tinh chat luong cudi
cung nhu kha nang phuc hdi nuéc, cu trac, do am,
d6 hoat dong ctia nudce, kha ning bao quan san pham
(Koua et al., 2017). Bén canh d6, mau sdc, ham
lugng cac hop chat chbng oxy hoa cting bi tac dong
tiéu cyc trong sudt qua trinh sdy; tir d6 anh huong
truc tiép dén chat luong cua san pham sdy. Do do,
céc gia tri mau sac va ham lugng cac hop chét sinh
hoc c6 thé 1a mot chi tiéu danh gia mirc d6 nghiém
trong cua qua trinh xtr ly nhiét, giip dy doan sy suy
giam chét lugng tuong ng (Pathare et al., 2013).

Dé khic phuc nhitng han ché cua cac phuong
phap sy truyén thng, siy chan khong ngay cang
duoc sir dung rong rai nhu moét cong nghé say kho
tién tién. Phuong phép nay dugc tién hanh bang cach
sir dung su thay d6i ap suét chan khong lién tuc
trong buong sdy, nhdm ting cuong qua trinh truyén
4m trong diéu kién nhiét do thip. Moi trudng chan
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khong, nhiét d6 sdy thip c6 kha nang han ché sy oxy
hoa, giam thiéu cic phan tng hoa nau, tir d6 cai
thién déng ké chit lwong san pham siy kho (Xie et
al., 2017). Nho nhimg wu diém vuot trdi nay,
phuong phéap sdy chan khong di dugc tng dung
thanh cong cho nhiéu loai nguyén liéu nhu qua ky
th (Xie et al., 2017), 14 tia t6 (Tran et al., 2024), 14
xa den (Tran et al., 2023) va nho khong hat (Bai,
2014). Viéc ng dung phuong phap sdy chan khong
vao san xuat bot rau ma 1a mot hudng di can thiét dé
xay dung quy trinh hi¢u qud va c6 kha nang ap dung
vao thyc tién. Do d6, nghién ctru nay khi dugc thuc
hién da tap trung vao viéc danh gia anh hudng cua
séy chan khéng dén dong hoc cua qua trinh sdy
nham xdy dung m6 hinh say pht hop; dong thoi, duy
tri tdi da mau séc va kha niang chong oxy héa cia
bot rau ma.

2. PHUONG PHAP NGHIEN CUU
2.1. Chuén bj nguyén liéu

Rau ma thia dugc thu mua tir Hop tac xa Na Thai
(xa Truong Thing, huyén Théi Lai, thanh phd Can
Tho) ¢6 d6 tudi thu hoach trung binh 30 - 35 ngay
trong. Sau khi thu hoach, viéc loai bo 14 bi dap nat,
hu hong, c6 dau hidu sau bénh di duoc tién hanh va
rau ma dugc dong goi cin than trong tui
polyethylene (PE) voi khéi luong 1 kg/tai va nhanh
chong van chuyén vé phong thi nghiém trong vong
1 gio dé dam bao do tuoi. Sau d6, rau méa dugc rira
sach béng nudée dé loai bo bui b?in va tap chét sau do
dugc 1am rdo. Phan gbc va r& sau d6 ciing dugc loai
b6 trude khi tién hanh thyc hién thi nghiém.

2.2. B6 tri thi nghiém

Rau ma (100 g) dugc cho vao hop thiy tinh co
nip diy (500 mL) va gia nhiét bang 1o vi song
(Model R-G52XVN-ST, Sharp, Nhat Ban) ¢ cong
sudt 500 W trong 60 gidy. Sau d6, mau dugc lam
lanh nhanh chong béng nude da ¢ nhiét o 0 - 4°C
trong 60 gidy, qua trinh dwoc 13p lai nham dam bao
du nguyén liéu cho cong doan sdy. Qua trinh siy
dugc thyc hién trong may say chan khong (Model
VORD-800W-CL-057, Thermoline, Uc). Rau ma
(200 g) duoc trai vao khay sdy véi do day khoang 2
mm. Rau ma duoc se‘iy & nhiét do tu 40, 45 va 50
(°C) 1a nhan t6 khao sat. Trong d6, mau di chimng
1a mAu khong trai qua qué trinh siy. Ddng thoi, ap
suét chan khong dwoc ¢ dinh & 96+0,5 kPa. Khbi
lugng mau rau mé dugce ghi nhan dinh ky sau moi
15 phut va qué trinh sdy dung lai khi ¢ 4m cua rau
ma dat mirc 3 - 6% (Tran et al., 2024). Sau do,
nguyén liéu dugc nghién thanh bot bang may nghién
kho (Yamafuji 2500, Nhat Ban). Bot sau khi xay s€
duogc rdy qua thiét bi ray bot co kich thudce 18 ludi 1a
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100 mesh. Tiép theo, cac hé s6 va tham s ctia mod
hinh dong hoc séy dugc xac dinh va trinh bay chi
tiét trong Bang 1. Song song d6, nhdm tim ra nhiét
d6 siy phi hop cho nguyén liéu nay, cac chi tiéu
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chat luong quan trong cia bot rau ma ciing duoc
phan tich, bao gdm hoat d6 nuéc (ay), gia tri mau
sdc, ham luong polyphenol tong s6 (TPC), flavonoid
tong s6 (TFC) va kha nang khir gbc ty do DPPH.

Bang 1. Cac mé hinh toan hoc dwoc 4p dung trong qua trinh siy chan khong rau ma

STT M6 hinh Phwong trinh

Tai li€u tham khio

Henderson va Pabis

Hai giai doan

Hai giai doan hi€u chinh
Verma

Wang va Singh

N B R % SNl SR

MR = 1+at+bt?

MR = a*exp(-kt)

MR = a*exp(-kt)+b*exp(-kot)
MR = a*exp(-kt)+(1-a)*exp(-kat)
MR = a*exp(-kt)+(1-a)*exp(-gt)

Henderson and Pabis (1961)

Logarithmic MR = a*exp(-kt)+c Togrul and Pehlivan (2002)
Midilli MR = a*exp(-kt")+bt Sacilik and Elicin (2006)
Page hiéu chinh MR = exp(-kt)" White et al. (1981)

Lewis MR = exp(-kt) Ayensu (1997)

Page MR = exp(-kt") Page (1949)

Sharaf-Elden et al. (1980)
Alara et al. (2019)
Verma et al. (1985)
Wang and Singh (1978)

2.3. Phuwong phap phan tich

Ham lugng am, % (AOAC 950.46). Hoat d6
nudée (ay) ciia mau duge do bang Meter Group TDL
(Aqualab, Hoa Ky). Gia tri mau sic dwoc ap dung
theo hé thong CIELAB (L*, a* va b*) va duoc xac
dinh biang may do mau ky thuit sb cim tay
(WR10QC, FRU®, Trung Qudc) véi khau d6 4 mm
va dén chiéu sang D65 dé xac dinh toa do khong
gian mau CIE. Trong do, gia tri L* chi d sang c6
gid tri tir 0 dén 100, twong tng véi mau tir den dén
tréng; gia tri a* di tr -a dén +a, tuong Gng véi mau
tir xanh 14 dén do; gia tri b* di tir -b dén +b, twong
Ung voi mau tir xanh duong dén vang. Phuong phap
do mau dugc thuc hién bang cach dat dau cam bién
clia may tiép xtc v6i bé mat 1a rau ma. O mdi lan
do, gia tri mau sdc duoc xéc dinh ngau nhién tai 3 vi
tri khac nhau cua 14 rau ma. Ham lugng polyphenol
tong s6 (TPC) duoc biéu thi bing mg GAE/g, cing
v6i kha ning - khir gbe ty do DPPH (mg TE/g), dugc
phén tich theo phuong phap da dugc md ta boi
Nguyen et al. (2019). i v6i ham lwong flavonoid
tong s6 (TFC), két qua duoc thé hién bang mg QE/g
va dugc xac dinh dua trén quy trinh dugc trinh bay
bdi Pham et al. (2020).

2.4. Phuwong phap thu thip va xir Iy s6 liéu

2.4.1. Phwong phdp xdc dinh déng hoc sdy

Ty 1& 46 4m (MR) ctia rau mé trong qué trinh say
duoc tinh toan theo cong thire (1):

M, — M,

MR= ——= (1
M, — M, (M

Trong d6: M, M, 1a 6 am tai thoi diém t va ban
dau trén can ban kho, M, 1a d6 am can bang, vi M,
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tuong ddi nho so véi M, va M,. Do d6, cong thire (1)
duoc don gian hoa thanh MR = My/M,.

Puong cong sdy dugc kiém tra sy phi hop véi
10 mé hinh siy dugc sir dung rong réi trong hau hét
cac vét li€u tur rau qua. Cac md hinh toan hoc dugc
st dung trong nghién ctru nay duoc liét ké trong
Bang 1. Viéc phén tich hdi quy tuyen tinh va phi
tuyén tinh dwoc thwc hién bing phin mém
Statgraphics Centurion (19.1, Statgraphics Tech.,
Inc., Virginia) d& u6c tinh he s0 cua cac md hinh.
Mo hmh phil hop nhét dwoc kiém tra bang cach tinh
toan cac tham s6 thong ké nhu hé s6 xac dinh (R2),
chi binh phuong () va sai s6 trung binh (RMSE)
gifta dit liéu mo hinh va thuc nghiém. Gi tri R? cao
nhét, x? va RMSE thép nhat 14 nhitng tham s6 quyét
dinh m6 hinh phut hop. Cac tham sé nay c6 thé dugc
tinh toan bang cach sir dung cac phuwong trinh sau:

F:I(MRpre,i - MRexp,i)2

R? = 5
Zil(MRpre - MRexp,i)

2

2
2 {\I:I(MRpre,i - MRexp,i) (3)
X N—n

1N 2
e \/[NZ 1(MRpre,i - MReXP'i) @)
i=

Trong d6: MRyrei, MRexpi, MRpre 1an luot 1a ty
1¢ 6 4m duy doan tht i, ty 18 d6 4m thuc nghiém thir
i, ty 16 46 am du doan trung binh, N va n tuong g
1a s6 dir liéu va s hang s6 ciia mé hinh.
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2.4.2. Phwong phdp xdc dinh hé s6 khuéch tan
am

Qua trinh sdy xdy ra chu yéu trong giai doan sdy
giam tdc va su truyén 4m trong qua trinh say duoc
kiém soat bang sy khuéch tan bén trong chat rin. Hé
s6 d6 am khuéch tan am ctia rau mé trong qué trinh
sdy chan khong duogc giai thich bang cach sir dung
mo hinh khuéch tan Fick don gian. Phuong trinh
tong quat ctia dinh luat Fick thi hai véi cac gia dinh
vé sy di chuyén d6 4m bang khuéch tan, co rat khong
dang ké, hé s6 khuéch tan 4m va nhiét d6 khong doi
duogc thé hién & phuong trinh (5) (Tran et al., 2024).

8 o 1
= FZFO T 1 exp (— t) (5)

Trong d6: Defr 12 hé s6 khuéch tan d6 4m (m2.s”
1, L 1a phan nira chiéu day ciia cac mau (m) chiéu
day cia miu dugc do bang thudc panme
(micrometer), la gid tri trung binh cua 30 lan lap lai,
n: 86 nguyén duong, t 1a thoi gian sdy (gidy). Dbi
V@i qua trinh say kéo dai, chudi vo han trong c6ng
thirc trén co6 thé dugc xdp xi bang s6 hang dau tién
(tirc 1a 14y n = 0) ma khong anh huéng dang ké dén
dd chinh xac cua du dodn, dac biét cong thirc nay
gitp tinh toan nhanh hon va van dam bao mo ta tot
su suy giam ham luong 4m trong vit lidu (phuong
trinh (6)). Phuong trinh trén c6 thé duoc chuyén
thanh dang logarit ty nhién nhu phuong trinh (7); tir
d6, Degr duoc ude tinh dua trén hé sé goc thu duge
bang phan tich hdi quy tuyén tinh.

(ZH + 1)21T2Deff
412

MR

8 T[ZDefft
MR = ) exp (— a2 (6)
8 T[ZDefft
]I’l(MR) =In (F) — 4-L2 (7)

2.4.3. Phwong phap xac dinh nang lwong hoat
hoa
Su Rhu thudc vao nhiét dd cua Degr 6 thé duge
mod ta bang phuong trinh Arrhenius (8).

®)

E,
Dot = D . B
eff "eXp< R(T + 273,15))

Trong d6: D, 13 hing sb trudc mi (m2.s™), E.:
nang luong hoat hoa (kJ .mol!), T la nhiét 6 (°C) va
R 13 hing s6 khi li tuong (8,314x10° kJ.mol K™).

Logarit hai vé cta phuong trinh (8) ta dugc
phuong trinh (9).
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Eq

R(T + 273,15) ©)

In(Defr) = In (Do) —

Phuong trinh (9) ¢6 dang phuong trinh ham s6
mi v6i nhi€t d¢ voi do doc bang (-Ea/R). Tur do, Ea
duoc gdc tinh dqa trén hé s6 géc thu dugc bang phan
tich hoi quy tuyén tinh phuwong trinh (9).

2.5. Phwong phap phén tich thong ké s6 liéu

S liéu dwoc thu nhan, xtr Iy théng ké théng qua
phéan tich phuong sai ANOVA va tinh todn cac tham
s6 cia mé hinh tir chwong trinh Statgraphics
Centurion 19.1. Phdn mém ciing dugc st dung dé
kiém tra sy khac biét ¥ nghia gitra cic nghiém thirc
thong qua LSD (Least Significant Difference); s6
liéu duogc trinh bay dudi dang trung binh + d¢ 1éch
chudn (n = 3) va d6 thi dugc vé bang chuong trinh
Microsoft Excel 2016.

3. KET QUA VA THAO LUAN
3.1. })Qng hoc clia qua trinh siy rau ma trong
dieu kién chan khong
3.1.1. Xay dung duong cong sdy va xdc dinh mé
hinh say

Biéu d6 (Hinh 1) duoc trinh bay thé hién su bién
dbi cuia ty 16 4m theo thoi gian say dudi cac diéu kién
nhiét do khac nhau cua phuong phap sdy chan
khong. Hinh 1 cho thay qua trinh thoat am dién ra
mot cach lién tuc & ca ba mirc nhiét dd khao sat l1a
40°C, 45°C va 50°C. Trong d6, dudng cong biéu
dién ¢ nhiét d6 50°C co d6 dbc cao nhat, cho thay
toc do bay hoi nuéc dién ra nhanh nhat. Didu nay
nhit quan voi nguyén ly vat 1y, khi nhiét do ting,
d6ng nang cuia cac phan tir nudc ting 1én, thuc day
qué trinh khuéch tan va bay hoi manh m& hon
(Nguyen et al., 2015).

Trong diéu kién sdy chan khong, gradient 4p suét
riéng phan ctia hoi nudc ting, thuc ddy qué trinh bay
hoi ctia nue. Bén canh d6, yéu t6 nhiét do ciing
dong vai tro quan trong trong vi¢c xac dinh thoi gian
can thiét dé dat duoc do 4m mong muén. Khi nhiét
do tang, tbc do bay hoi nude ting dan dén ting dong
lyc cua qua trinh séy. Cu thé, dé rau ma dat d6 am
tir 3 dén 6%, mau dugc siy & 50°C chi mét khoéng
2,5 gio. Tuy nhién, néu giam xudng 45°C, thoi gian
sdy kéo dai 1én 3 gio va & 40°C, qua trinh nay cin
t6i 3,75 gio (Hinh 1). Su chénh Iéch dang ké vé thoi
gian nay khong chi anh huong dén chét lugng san
phim ma con tac dong truc tiép dén ning suit siy.
Do d6, viéc diéu chinh nhiét d6 ciing gop phan can
bang giita toc do sdy va bao toan chat lwong san
pham.
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0,0 . . . Bl TS S dalat G T,
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Thoi gian (gio)

Hinh 1. Sy thay d6i MR ciia rau ma theo thoi gian siy chan khong & cac nhiét d9 khao sat

Viée dp dung cac m6 hinh toan hoc mang lai lgi
ich déng ké trong viéc xdy dung quy trinh ché bién
cling nhu bao quan san pham thuc pham Dbi voi
nghién ctru hién tai, sy bién ddi ciia ¢ 4m rau ma
theo tirmg murc nhiét d¢ da dugc danh gia thong qua
phén tich thong ké dya trén cac m6 hinh sdy phu
hop, voi chi tiét cac thong s6 dugc tong hop trong
Béng 2.

Viéc danh gia cac tham s6 nay 1a can thiét dé xac
dinh m6 hinh phii hop nhét trong viéc md ta dong
hoc qua trinh sdy thuc nghiém. Khi xem xét hing s6
tbc do sdy (k), cac mo6 hinh khac nhau cho thiy xu
huéng da dang. Chiang han, cic mé hinh nhu
Henderson va Pabis (k tang tir 1,1115 1én 2,4795)
hay Logarithmic (k tang tir 1,1397 1én 1,8185) thé
hién sy gia ting ctia hing sb toc do sdy (k) khi nhiét
d6 sdy tang tir 40 1én 50°C, diéu nay phu hop véi
viéc nhiét do cao hon lam tang toc do truyén nhiét
va khuéch tan am. Tran et al. (2024) da khang dinh
mdi lién hé nay khi dé cap dén nhiét do sdy va kha
nang truyén nhiét ciia khong khi néng. Tuy nhién,
mot s6 mé hinh phtee tap hon ¢ thé c6 sy bién dong
khac trong gia tri k, phu thudc vao tuong tac gitra
c4c tham sb riéng biét cia mo hinh.

Quan trong hon, dé xac dinh mé hinh phu hop
nhét, cac tham sb thong ké nhu R? (hé s6 xéac dinh),
x*> (chi-squared) va RMSE (Root Mean Square
Error) can dugc xem xét ky ludng. Két qua O Bang
2 chi ra rang tat c4 cac m hinh khao sat déu dat gia
tri R? cao, dao dong trong khoang tir 0,8787 dén
0,9982, thé hién kha ning giai thich tt sw bién thién
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cua dit liéu thyc nghiém. Cac gia tri y* (ttr 0,0002
dén 0,0028) va RMSE (tir 0,0141 dén 0,1178) ciing
cho thay muc d sai s6 thap giira dir liéu du doan va
thuc nghiém. Pay 1a nhing chi s6 tiéu chuan duoc
sir dung rong rai dé danh gia do chinh xac cia mod
hinh trong céc nghién ciru dong hoc sy (Alara et al.,
2019, Doymaz, 2004).

Dic biét, dua trén cac tiéu chi vé R? cao nhit,
cung voi x? va RMSE thip nhét, mé hinh Lewis nbi
bat va duoc lya chon 1a mo hinh phu hop dé mo ta
qua trinh sdy rau ma trong diéu kién chan khong. Cu
thé, tai nhiét d6 45°C, mo hinh nay dat R 14 0,9978,
kém theo gia tri * rat thip 1a 0,0002 va RMSE la
0,0141. G md hinh hai giai doan, hé s6 xac dinh R2
6 gia tri cao hon (0,9982) khi so véi mo hinh Lewis
(0,9978), tuy nhién lai khong khac biét qua 16n chi
0,04% khi so sanh giira 2 mo6 hinh. Mat khac, hai gia
tri 2 va RMSE ciia m6 hinh Lewis lai thdp nhét so
Vi tat ca cac md hinh dugc khao sat. Két qua con
cho thay hing sé k ciia mo hinh Lewis ciing c6 xu
huéng ting 1én khi tang nhiét do siy tir 40 1én 50°C
(1,1272 - 2,4334). Theo Tran et al. (2024), két qua
nghién ctru trén 14 tia to sdy chan khong ciing cho
thdy hing s6 k tang khi ting nhiét do sy tir 35°C
(1,2692) 1én 55°C (2,5739). Nhing chi sé nay chimg
td mo hinh Lewis c6 kha nang du doan va mo ta
dong hoc qua trinh sdy voi d6 chinh x4c cao nhét
trong s6 cac md hinh duoc khao sat. M6 hinh Lewis
cling duoc ap dung trén nhidu cac nguyén liéu khac
nhau véi d6 tin cdy cao nhu trén hat nho Concord,
dau nanh (Roberts et al., 2008; Matias et al., 2019).
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Bang 2. Hing s toc d9 sdy, h¢ s6 va tham s6 thong ké ciia cAc mé hinh sy chan khong rau ma

Mb hinh Nhiét d9 (°C) Hing s6 mé hinh R? x> RMSE
Handerson 40 k=1,1115; a=0,98624 0,9953  0,0005 0,0206
o5 Pabie 45 k =1,7760; a = 1,00348 0,9978  0,0003 0,0147
50 k = 2,4795; a = 1,02206 0,9878  0,0017 0,0373
40 k=1,1397; a=0,9825; c = 0,0074 0,9955  0,0005 0,0211
Logarithmic 45 k = 1,4208; a = 0,9989; ¢ = 0,0075 0,9981  0,0003 0,0146
50 k=1,8185; a=2,5148; ¢ = 0,0047 0,9879  0,0021 0,0394

40 k=1,1166; a= 1,0083
n = 0,8866; b = 0,0053 0,9969  0,0004 0,0180

o k= 1,7998; a = 1,0050
Midilli 45 n =1,0039: b = 0,0025 0.9980  0,0004 0,0157

5 k=3,1962; a=1,0061
n=13136:b=0,0107 0,9936  0,0015 0,0307
40 k=3,3573;n=0,3357 0,9951  0,0005 0,0211
Ef‘éguechinh 45 k=4,2071; n = 0,4207 0,9978  0,0003 0,0147
; 50 k =4,9332: n = 0,4933 09873  0,0018 0,0381
40 k=1,1272 0,9951  0,0004 0,0203
Lewis 45 k=1,7701 0,9978  0,0002 0,0141
50 k=2,4334 09873  0,0014 0,0361
40 k=1,1360;n = 0,9321 0,9964  0,0004 0,0179
Page 45 k = 1,7639; n = 0,9900 0,9978  0,0003 0,0147
50 k=2,9116:n= 12410 0,9914  0,0012 0,0314

40 k= 1,853; ko = 0,9280
a=0,8331;b=0,1749 0,9968  0,0004 0,0183

Hai giai doan 45 k=1,9592; ko = 0,9301
: a=0,8961;b=0,1124 0,9982  0,0003 0,0150
5 k =2,4478; k, = 1,4812

a=0,5110;b=0,5110 0,9878  0,0028 0,0423
. 40 k = 1,6630; a = 0,4943 0,9964  0,0004 0,0181
E}iﬁﬁinﬁ’aﬂ 45 k =2,7900; a = 0,4623 0,9972  0,0003 0,0168
; 50 k=3,6791;a=1,9374 0,9928  0,0010 0,0286
40 k=0,9856;a=0,8317; g = 2.8796 0,9968  0,0004 0,0177
Verma 45 k =1,9009; a = 0,9227; g = 0,8407 0,9981  0,0003 0,0145
50 k =2,0426; a = 7,0055; g = 1,9854 0,9875  0,0022 0,0401
40 a=-0,7201; b =0,1280 09343  0,0068 0,0771
Wang va Singh 45 a=-0,9958; b = 0,2334 0,9065  0,0094 0,0967
50 a=-1,2598:b=0,3652 0,8787 0,0139 0,178

Ghi chii: k, ko la hang 6 téc dé sdy (gio™!) va a, b, ¢, g n la hé s6 ciia mé hinh.

3.1.2. H¢ s6 khuéch tan am va nang luwong hoat
hoa

Béng 3 trinh bay céc gié tri ctia hé s6 khuéch tan
4m (Degy) va nang lugng hoat hoa (E,) cuia rau ma khi
dugc sdy chan khong & ba mue nhiét do: 40, 45 va
50°C. bay 1a nhirng tham s6 quan trong gitp hleu rd
co ché va téc do di Chuyen am trong vat liéu sdy.
Céc gia tri D, ¢6 thé thiy 6 mot xu hudng ting ty
16 thuan vé6i nhiét do sdy. Cu thé, D ting tir
5,51x10"2 m2s' & 40°C, 1én 7,72x10"2 m>s™ &
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45°C, va dat muc cao nhat 1a 8 ,96x107"2 m2s™! &
50°C. Su gia tang nay phan anh mdi quan hé truc
tiép giita nhiét do va kha nang khuéch tan cua nudce
bén trong rau ma. Nhiét d cao hon cung cip ning
lugng nhiét 16n hon, gitp cac phan tr nudc di
chuyén linh hoat va dé dang hon qua cac mao quan
va cau truc te bao cua vat lidu, tir d6 ddy nhanh qué
trinh thoat am. Dleu nay la dic trung co ban ciia hiu
hét cac qua trinh say, nhiét d6 dong vai tro chu dao
trong viéc ting dong luc truyén dm. Gia tri Degr trén
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cac nguyén li¢u khac nhau ciing c6 xu hudng tang
1én khi ting nhiét d6 sdy tuong ty. Alara etal. (2019)
da nghién ciru trén cay 1a déng vé hé sb khuéch tan
am hiéu dung (Def) ciing c6 xu huéng ting 1én khi
tang nhiét do say 40 - 60°C dugc tim thiy trong
khoang tir 4,55x107'2 dén 5,48x10"'2 m2s'. Tuong
tu, Doymaz (2004) da nghién ciru trén 14 nguyét qué
sdy chan khong voi hé sé khuéch tan am hiéu dung
(Defr) ting theo nhiét do tir 50 dén 65°C, dao dong
tlr 1,304x107 dén 2,072x10 m?.s”!. Su khéc biét vé
Derr gilta cac nguyén liéu nay cho thay mobi loai vat
liéu c6 cau trac va tinh chit riéng, dan den kha ning
truyen 4m khac nhau. Rau ma 6 hé s6 khuéch tan
am nho hon so vdi 14 nguyét qué, tuy nhién lai cao
hon so v6i cy la dang, diéu nay co thé lién quan dén
cAu trac vat Iy va hoa hoc cua timg loai nguyén liéu
khéc nhau dan dén su khac biét nay.

Bang 3. Hé s6 khuéch tan va ning lwong hoat héa
6 cac nhiét do say chan khong khac nhau

Nhiét d9 sdy (°C) Derr(mZs')  Ea (kJ.mol")
40 5,51x10712
45 7,72x10712 40,89
50 8,96x1012

Vé ning lugng hoat hoa (E.), gia tri dugc ghi
nhan khi siy rau mé trong diéu kién chan khong 14
40,89 kJ.mol™". Nang luong hoat héa la nang luong
t6i thiéu can thiét dé cac phan tir nude bén trong vat
lidu c6 thé vuot qua cac rao can nang luong va di
chuyén ra khoi vat liéu. Gia tri E, nay cho thdy mirc
d6 kho khan ciia qué trinh khuéch tan am. O nghién
clru nay gia tri E, twong d6i thip hon so v6i mot sb
vét liéu khac nhu nang luong hoat hoa (E,) udc tinh
1a 64,56 kJ.mol™! d6i véi 1a nguyét qué say chan
khong (Doymaz, 2004) va 57,98 kJ.mol™! dbi véi 14
bac ha (Guo et al., 2022), c6 thé thay réng rau ma
khong yéu cau qua nhiéu nang luong dé nudc thoat
ra ngoai trong diéu kién siy chén khong, gop phan
vao hiéu qua cta qua trinh sdy. Tuy nhién, & mot
nghién ctru khic vé qua trinh sy cac loai thuc vat
tuong tu cling da bao cédo cac gia tri nang luong hoat
hoa thép hon. Cu thé, cac gia tri dugc ghi nhéan ¢ hat
cdm quy 1a 33,53 kl.mol! (Correa et al., 2011),
35,82 kJ.mol ™ d6i voi md mém cua dua chudt (Pala
& Ergin, 2021). Pong thoi, gia tri nang lugng hoat
hoa ctia nghién ciru nay twong dong véi cac nghién
ctru khac sir dung vat li€u tuong tu. Cuy thé, Tran et
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al. (2024) da bao cao gia tri E, 1a 39,44 kJ.mol™! cho
1a tia t6 sy chan khong, 40,55 kJ.mol™ déi véi 14
cay dao chau Phi (Adeyi et al., 2018) va 40,80
kJ.mol™ dbi v&i ot chudng do (Vega-géalvez et al.,
2008).

1,0
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=4 -
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g 0,4 .
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0,2 .
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..'.
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Hinh 2. Su tuwong thich giira MR thwe nghiém va
ly thuyet theo mé hinh Lewis & 45°C

Pé khang dinh do tin cdy va kha nang (mg dung
cua mo6 hinh Lewis trong viéc biéu dién dong hoc
sdy rau ma trong diéu kién chan khéng, viéc danh
gia két qua thuc nghiém théng qua mé hinh du doan
ly thuyét da dugc tién hanh trong nghién ctru. Két
qua ndy, bao gdm viéc so sanh ty 1& 4m thu duoc tir
thuc nghiém véi cac gia tri ty 1¢ am dugc tinh toan
dya trén mo hinh Lewis. Viéc so sanh nay duoc thuc
hién cu thé tai nhi¢t do 45°C, nhiét do dwoc xac dinh
1a phit hop cho qua trinh sdy rau mé trong diéu kién
chan khong.

Két qua cua phan tich cho thdy su tuong dong
cao gilra dit li¢u thyc nghiém va du doan cia md
hinh. Céc diém dit liéu thuc nghiém phan b rit gan
v6i mot dudng thing 1y tuong c6 do dc 45 do, cho
thiy mbi quan hé tuyén tinh manh va sy phu hop
giita két qua thuc nghiém voi mo hinh Lewis du
doan. Hé sb xac dinh R? dat mirc rat cao 1a 0,9979,
diéu nay chirng minh ring mé hinh Lewis c6 kha
ning Gmg dung gan nhu hoan toan sy bién thién cua
d6 am theo thoi gian trong qua trinh say chan khong
rau mé & 45°C, két qua da khang dinh tinh chinh xac
va hi¢u qua cta nghién ctru.
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3.2. Anh huwéng ciia nhiét d9 siy chan khong
dén hoat d9 nwéc, mau sic, cac hop chit
sinh hoc ciia bt rau ma va kha ning khir
gbc tw do DPPH ciia bot rau ma

3.2.1. Anh hwéng cua nhiét do say chan khong

dén hoat do nie6e va mau sdc ciia bot rau
ma

Két qua Bang 4 cho thay anh hudng cua sdy chan
khong dén hoat d6 nudc ctia bot rau mé, nhiét do séy
1a mot yéu t6 quan trong anh huéng dén do hoat
dong ctia nudc (ay) ciia san pham cudi ciing. Cu thé,
khi tang nhiét d6 S'Qiy tr 40 1én 50°C, gia tri ay, cua
bot rau mé giam dang ké (p<0,05). Két qua cho thay,
tai nhiét d 40°C, a,, ctia bt rau ma 1a 0,476, trong
khi & 50°C, a,, giam xudng 0,440.
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Do hoat dong ciia nude (ay) 14 mot thong sb
quan trong trong viéc thiét ké va kiém soét cac qua
trinh say kho, chiu anh huong boi nhiét do va moi
truong xu ly (Ozdemir et al., 2004). Su giam ay
dugc ghi nhan 1a do hiéu qua loai bo 4m cao hon &
nhiét d6 sdy cao trong diéu kién chan khong, giup
trc ché hoat dong cua nudce tu do va kéo dai thoi gian
bao quan ciia bot rau ma. Két qua nay phu hop voi
nghién ctru ctia Tripathy and Srivastav (2023) vé
anh hudng cta nhiét do séy chan khong dén rau ma,
két qua nghién ctru cho thiy xu huong giam a,, cua
rau ma sau say, ay giam tir 0, 381 xuong 0,332 khi
nhiét d6 sdy ting (40 - 50°C) do tc do bay hoi nude
tu do tang 1én trong qua trinh sdy.

Bang 4. Anh hwéng ciia nhiét do siy chin khong dén hoat dd nwéc va mau siic ciia bt rau ma

Gia tri mau sac

Nhiét d9 siy (°C) aw I " e
Rau mé sau chan - 64,02:0,12° -6,86+0,12¢ 27,48+0,05
40 0,476+0,01° 63,29+0,44% -6,65+0,11% 27,12+1,42°
45 0,457£0,02 62,91+0,38 -6,46+0,17° 27,05+0,80°
50 0,440+0,02 59,98+0,67° -5,560,34° 19,32+0,33°

Ghi chu: (-) Khéng xac dinh, Cdc gid tri trung binh cé cung chii cdi di kem trong cung mét cét thi khdc biét khong co y

nghia thong ké & mirc 5%.

Két qua nghién ciru (Bang 4) cho thiy céc gié tri
mau sic L*, a*, b* cua rau ma dugc sdy bing
phuong phap sdy chan khong khéc bi€t c6 y nghia
thong ké ¢ cac nhiét do say (p <0,05). Hau hét cac
mAu sau sy & cac mure nhiét d khac nhau déu cho
thiy cac gid tri mau sac 6 xu huéng giam kém hon
$0 v6i mau trude khi sdy (rau mé sau chan) muc tiéu
chinh 1a duy tri tdi da cac dic tinh mau sic ctia san
pham dic biét 1a 6 sang (L*) va do xanh ciia mau
(a*) sau khi siy & cac mirc nhiét d6 khac nhau. Két
quéa nghién ctru cho thiy cac gia tri mau sic duoc
duy tri t6t nhat & muc nhiét d6 40°C va khac biét
khéng c6 y nghia thong ké so véi mau ddi ching, do
sang (L*) cao nhéit voi (63,294+0,44), a* dat -
6,65+0,11 va b* dat 27,12+1,42. Tuy nhién, mau
duogc sdy & 45°C cho thay su khéc biét khong co ¥
nghia thdng ké so v&i mau 40°C (p > 0,05). Theo
b4o c4o cua Tran et al. (2024), 14 tia to dugc siy
trong diéu kién chan khong & 45°C, hau hét cac gia
tri mau sic déu kém hon so véi nghién ctru nay véi
d6 sang L* 1a 48,41+0,91, a* 1a 0,75+0,05 va b* 1a
8,89+0,54. Dong thoi, két qua bao cdo nay ciing cho
thay khi ting nhiét do trong mdi truong chan khong
tir 35 dén 55°C lam giam dang ké cac gid tri mau
sdc. Khi ting cac muc nhiét d6 siy dan dén gia tri
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d6 sang L* giam, a* tang 1én (kém xanh 14 hon) va
b* giam, nguyén nhan co thé dwoc giai thich thoi
gian sdy kéo dai dan dén sy thay ddi mau sic c6 thé
1a do sy phan hay cac sic t6 nhu chlorophyll va
carotenoids, ciing nhu sy hinh thanh cac hop chat
mau nau do phan trng Maillard hodc oxy hoda & nhiét
d6 cao hon (Senevirathna et al., 2021). Két qua tir
cac nghién ctru khac cling chi ra xu huéng tuong ty,
Widjaja and Wijayapala (2020) da bao cdo rang cac
phuong phap sdy anh hudng dén mau sic cia bot
rau m4, v6i xu hudng mat mau xanh 14 va ting do
sam mau khi nhiét d6 sy ting. Tuong tu, Das and
Singh (2018) da sdy chan khong rau bina (spinach)
cling nhan thiy su giam L* va thay doi a*, b* khi
nhiét d6 siy ting.

3.2.2. Anh hwéng ciia nhiét dg sdy chan khéng
dén ham lwong cdc hoat chat sinh hoc va
kha nang khir goc tw do DPPH ciia bot
rau md

Két qua tir Bang 5 cho thiy sdy chan khong & cac
nhiét d6 khao sat c6 anh hudng dang ké dén cac ham
lwong cac chat chong oxy hoa va kha ning khir goc
tu do DPPH cua san pham (p < 0,05).
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Bang 5. TPC, TFC va kha niing khir géc tw do DPPH ciia bot rau ma & cac nhiét do sdy khac nhau

Nhiét d sfiy (°C) TPC (mg GAE/g) TFC (mg QE/g) DPPH (mg TE/g)

Rau ma sau chan 118,10+2,85% 110,10+0,442 10,20+0,61?
40 69,21+2,28Y 37,01+1,41° 9,01+0,02°
45 67,33+0,69° 36,86+0,87° 8,86+0,21°
50 57,72+1,03¢ 35,04+0,34°¢ 8,55+0,28°

Ghi chit: Cdc gid tri trung binh cé ciing chit cdi di kém trong cing mot c¢ét thi khdc biét khong cé ¥ nghia thong ké ¢

muc 5%

Béng 5 cho thay, TPC trong bot rau mé giam dan
khi nhiét d6 siy chan khong ting 1én. Cu thé, & 40°C
TPC dat 69,21+£2,28 mg GAE/g, trong khi ¢ 45°C 1a
67,33+0,69 mg GAE/g, va giam xudng con
57,72+1,03 mg GAE/g khi nhiét d6 dat 50°C, khac
biét c6 y nghia thong ké (p < 0,05). TPC ciia bot rau
ma duy tri trong khoang 48,87 - 58,60% khi so voi
mau ddi chimg qua cac muc nhi€t do say Két qua
nay tuong dong vdi bao céo trén qua héc mai bién
cta Li et al. (2021) khi cho rang hau hét cac hoat
tinh sinh hoc rét nhay cam v6i nhiét do trong thoi
gian dai, din dén sy pha hily cac hoat tinh sinh hoc.
Viéc séy chéan khong dugc thuc hién trong diéu kién
han ché oxy, gitip ngin chin qua trinh oxy hoa cua
phenolic, do d6 say chan khong giit lai TPC cao hon
sdy ddi luu dwoc bao céo trén 14 tia t6 (TPC duy tri
trong khoang 40,60 - 44,16%) (Tran et al., 2024).
Tuy nhién, viéc ting nhiét o van co thé thic day
qué trinh phan hity cac hop chat phenolic, 1am giam
ham luong tong sd cac hop chat nay.

Tuong tu nhu TPC, TFC trong bt rau ma ciing
¢6 xu huéng giam khi nhiét do say chan khong tang.
Cu thé, TFC dat 37,01+1,41 mg QE/g & 40°C, giam
nhe xubng 36,86+0,87 mg QE/g & 45°C, va c6 su
giam dang ké hon & 50°C véi 35,04+0,34 mg QFE/g.
Su khéc biét giita 40°C va 50°C 1a ¢6 ¥ nghia thong
ké (p < 0,05). Theo nghién clru cta Tran et al.
(2024), két qua cho thay khi ting nhiét d6 say chan
khong tir 35 1én 55°C, TFC ciing ¢6 xu hudng giam
tr 55,84+0,50 xuéng con 50,43+1,62 mg QE/g,
ddng thoi TFC cua bao céo nay dbi véi 14 tia to cao
hon so v&i nghién ciru hién tai. Két qua nghién ctru
ctia Xu et al. (2022) trén hoa ctic cho thiy TFC ciing
cao hon so voi nghién ctru hién tai véi TFC dao dong
trong khoang tir 38,67+0,85 dén 53,75+011 mg
QE/g. Két qué bao céo cua Arabshahi et al. (2007)
trén 14 chum ngay cho thiy qué trinh xtr 1y nhiét co
thé tao ra sy hinh thanh céc hop cht voi dic tinh
chéng oxy hoa hodc cai thién kha ning chéng oxy
hoa cua cac chat chdng oxy hoa tw nhién; tuy nhién
trong truong hop ndy, viée ting nhiét d6 da dan dén
su suy giam dang ké. Mic du méi trudng it oxy cia
sdy chan khong c6 lgi san phdm trong qua trinh siy,
nhung khi nhiét do tang, du chi trong pham vi hep
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tir 40 dén 50°C, van c6 thé gdy ra sy suy giam cac
hop chat flavonoid, anh hudng dén chat lwgng tong
thé cta rau ma.

Kha nang khir gbc ty do DPPH cua bot rau méa
cling giam theo nhiét do siy chan khong. O 40°C,
kha nang khtr gbc tu do DPPH 1a 9,01£0,02 mg
TE/g, giam xudng 8,86+0,21 mg TE/g & 45°C va dat
mirc thap nhit 1a 8,55+0,28 mg TE/g ¢ 50°C va khac
biét c6 y nghia thong ké so véi mau ddi ching (p <
0,05), dong thoi kha nang khir gbe ty do DPPH ciing
dugc duy tri khoang 83,82 - 88,33% so voi mau ddi
chimg. Két qua nay cao hon so v6i nghién ctru trén
hoa ctic dugc bdo cdo bdi Xu et al. (2022) voi kha
nang khir gbc tu do khi sdy trong diéu kién chan
khong tir 35 dén 55°C trong 3 - 4 gid sdy, kha ning
khir gc tw do DPPH dat tir 7,02+0,31 dén 7,370,30
mg TE/g. Piéu nay phan anh sy suy giam cua TPC
va TFC, vi cac hop chit phenolic va flavonoid 1a
nhiing chit chong oxy hoa chinh déng gop vao kha
nang khir goc ty do (Xu et al., 2022). Két qua nghién
ctru ciia How and Siow (2020) trén bot dau doi vé
anh hudng ciia nhiét d¢ say dén kha ning trung hoa
DPPH ciing chi ra rang viéc ting nhiét d6 qua mirc
¢6 thé 1am suy giam kha nang khir gbe tw do va kha
ning chbng oxy héa ciia san phim.

Tom lai, mic du nhiét d6 siy ¢ 40°C da ghi nhan
ham luong TPC, TFC cao va kha nang khu gbe tur
do DPPH tbt, nhung su khac biét ndy lai khong c6 ¥
nghia théng ké (p > 0 ,05) so voi mau duoc say o

45°C. Mat khac, viéc sdy ¢ 45°C ¢ thé rit ngin
dang ké 1a thoi gian sdy, cu thé 1a chi mat 3 gio,
trong khi sdy 6 40°C can t613,75 gio. Viéc giam thoi
gian say khong chi gitip tiét kiém nang lwong ma con
¢6 thé han ché nguy co phat sinh cac phan tmg phén
hay khéng mong mubn kéo dai. Nguoc lai, khi nhiét
d6 tang 1én 50°C trong qua trinh sdy chan khong,
cac hop chat chéng oxy hoa da bi phan hity dang ké,
din dén hiéu qua loai bo géc tu do giam di ro rét,
v6i sy khac biét ¢ ¥ nghia thdng ké (p < 0,05). Vi
vay, dua trén sy can bﬁng gitra hi€u qua bao toan
hoat chét va rat ngén thoi gian sdy, nhiét do 45°C
dugc xem 1a nhi¢t do phu hop cho qua trinh sdy chan
khong rau ma, giup 6n dinh mau sic, duy tri cic hop
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chat chéng oxy hoa va kha ning khir gbc ty do
DPPH cua b6t rau ma.
3.3. Méi twong quan giira cic gia tri mau sic,
dd hoat dong cita nuérc, cac hop chit sinh
hoc va khi ning khir gbc tw do DPPH
ciia bt rau ma say chan khong

Két qua Bang 6 trinh bay cac hé s6 twong quan
Pearson (r) giita cac chi tiéu mau sic (L*, a*, b*),
TPC, TEC, kha nang khtr gbc tu do DPPH va d¢ hoat
dong cua nudc (ay) trong rau ma say chan khong.
Céc chi tiéu mau sac c6 mdi tvong quan manh mé
v6i nhau va véi ham lugng cac hop chat chong oxy
héa: d6 sang (L*) va do vang (b*) coé tuong quan
thuan véi TPC va TFC (L*, TPC: r = 0,9824; b*,
TPC: r = 0,9676), trong khi d§ xanh cua 14 (a*)
tuong quan nghich v6i TPC (r = -0,8379). Diéu nay
the hién rang su thay d6i vé mau séc trong qua trinh
sdy c6 thé phan anh su bién déi cua TPC va TFC.
Vé kha nang khir gbc tw do DPPH, chi tiéu a* (r = -
0,7783) va b* (r=0,7329) cho thiy mbi twong quan
1 rang voi DPPH, cy thé rau mé cang xanh (a* am
hon) hodc cang vang (b* ting) co xu hudng thé hién
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kha nang khir gbc ty do DPPH t6t hon. TPC va TFC
¢6 xu huéng twong quan thugn véi DPPH. Doi voi
dd hoat dong cua nudce (aw), cac hé sd tuong quan
cho thay a,, c6 mbi lién hé véi cac chi tiéu mau sic
nhu L* (r = 0,5939), a* (r = -0,4536), va b* (r =
0,5728). Ngoai ra, a, ciing ¢ mbi lién hé voi TPC
(r = 0,6023), TFC (r = 0,5821) va DPPH (r =
0,5442). Theo bao cdo trén mot sd nguyén li¢u nhu
vo budi da xanh, 14 rau sam va vé ba nho do, sy gia
tang nhiét d6 say lam suy giam cac hoat chat sinh
hoc, tir d6 dén dén giam suy giam kha nang khu géc
ty do DPPH, dong thoi sy suy giam cua céc hop chat
nay thuong dan dén sy thay d6i vé mau sic lam mau
sdc nguyén liéu giam di, dong thoi thé hién tuong
gitta cac chi tiéu nay (Tran et al., 2021; Youssef and
Mokhtar, 2014; Larraurl et al. 1997) Cac mdi lién
hé nay cho thay rang céc thay d01 vé mau sic va ham
luong hop chat sinh hoc ¢6 thé di kém voi su blen
dbi cua do a am tu do trong san pham say Viéc nim
13 cac mbi twong quan nay la can thiét dé diéu chinh
qué trinh sdy, nham dat dugc san pham rau ma siy
¢6 chét lwong mong mubn vé mau sac, ham luong
cac hoat chit cua vat liéu sau say.

b*

Chi tiéu L* a*® TPC TFC DPPH Aw
L* 1 -0,8179%%* 0,9505%** 0,9824*%* 0,7631* 0,5698 0,5939
a* 1 -0,8085%*  _(0,8379** -0,6379 -0,7783* -0,4536
b* 1 0,9676** 0,7575% 0,7329% 0,5728
TPC 1 0,8185%* 0,6632 0,6023
TFC 1 0,6188 0,5821
DPPH 1 0,5442
aw 1

Ghi chii: N = 9; (*) két qua biéu thi su twong quan & mirc Y nghia 5%, (**) 1% va DPPH: Kha nding khir goc tw do

DPPH.
4. KET LUAN

Két qua nghién ciru d3 xac dinh dugc mo hinh
Lewis phong doan 1a phu hop dé mo ta qua trinh sdy
chén khong rau ma, véi dleu kién say ¢ 45°C khong
chi day nhanh tdc d thoat am, rit ngén thoi gian sdy
ma con duy tri dwoc mau sac, ham luong cac hop
chat chéng oxy héa (TPC, TFC) va kha nang khir
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