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TOM TAT

Nghién curu nay dwoc thyc hién voi muc dich danh gia anh huong
cua nhi¢t do say va thoi gian bao quan dén ham hrong polyphenol
téng s6 (TPC), Slavonoid tong 56 (TFC) va hoat tinh chong oxy hoa
(TEA C) ciia bot dé nam dong trung ha thao. Nguyén liéu duwoc sdy
ba mirc nhiét 50°C, 60°C va 65°C, bét dé nam duwoc theo déi trong
8 tuan dé danh gid su blén doi vé TPC, TFC, TEAC, dj am, hoat
do nudc (aw) va mau sdc (L%, a* b¥). Két qua cho thay nhiét do
say anh hwong ding ké dén chat lwong bét. O 60°C, TPC
(2,25+0,14 mg GAE/g CKNL), TFC (22,91+0,08 mg QFE/100 g
CKNL) va TEAC (31,33 umol TE/g CKNL) dat gid tri cao nhat.
Trong thoi gian bao quan, TPC, TFC va TEAC giam dan, trong khi
dé am va aw tang. Mau sdc thay doi theo hudéng giam do sing va
tdng sdc do, vang — phan anh tac dong ciia qud trinh oxy héa.

Tir khod: Bao gudn, bot dé nam, flavonoid, hoat tinh ché'ng oxy
hoa, nhiét do say, polyphenol

ABSTRACT

This study evaluated the effects of drying temperature and storage
duration on the total polyphenol content (TPC), total flavonoid
content (TFC), and antioxidant activity (TEAC) of Cordyceps
militaris substrate powder. The substrate was dried at 50°C, 60°C,
and 65°C, and the resulting powders were stored for eight weeks.
TPC, TFC, TEAC, moisture content, water activity (aw), and color
parameters (L* a* b*) were monitored throughout storage.
Results showed that drying temperature had a significant impact
on the quality of the powder. Drying at 60°C yielded the highest
values of TPC (2.25+0.14mg GAE/g dry weight), TFC
(22.91+0.08 mg QFE/100g dry weight), and TEAC (31.33 umol
TE/g dry weight). During storage, TPC, TFC, and TEAC declined,
whereas moisture content and aw increased. Color changes
indicated a reduction in lightness and an increase in redness and
yellowness, likely due to oxidative reactions.

Keywords: Antioxidant activity, drying, flavonoid, polyphenol,
powder, storage
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1. GIOI THIEU

Nam déng tring ha thao (DTHT) (Cordyceps
militaris) 1a mot loai nAm duogc lidu, c6 kha nang ky
sinh trén con trung va dugc sir dung rong rai trong 'y
hoc cb truyén, dic biét 1a ¢ cac nudc Pong A
(Kontogiannatos et al., 2021). Do Cordyceps
militaris chira nhiéu th chat sinh hoc nhu
adenosine, polysaccharides va mannitol (Wang et
al., 2013; Smiderle et al., 2013). Adenosine c6 nhiéu
tac dung dugc ly trong viéc bao vé tim va diéu tri
suy tim mén tinh va ciing c6 thé trc ché sy giai phong
cac chit dan truyén than kinh trong hé than kinh
trung wong (Ling et al., 2002). Polysaccharides co
tac dung chdng viém, chdng oxy hoa, chéng khéi u,
ha dudng huyét, sinh steroid va ha lipid mau (Wen
etal., 2013). Mannitol (acid cordycepic) c6 hoat tinh
loi tiéu, chéng géc tu do va giam ho,... (Li et al.,
2006) Bén canh do, loai nam cling duoc biét dén véi
nhiéu tac dung sinh hoc c6 loi khac, nhu tang cudng
hé mién dich, hd tro didu hoa chuyén héa nang
luong (Bai et al., 2020; Rawat et al., 2024). Trong
cac nghién ctru, Cordyceps militaris da dugc xac
dinh réng chtra nhiéu hop chét c¢6 hoat tinh sinh hoc
tbt cho stc khoe, bao gdm polysaccharide,
nucleoside, acid y-aminobutyric = (GABA),
ergothioneine,  glycolipid, glycoprotein, D-
mannitol, xanthophyll va nhiéu hop chat
polyophenol (Chou et al., 2024; Sharma et al.,
2023). Trong do, polyphenol va flavonoid la hai
nhom hop c6 tac dung chéng oxy hoa, gilip bao vé
té bao khoi tac dong clia cac gde tu do (Phull et al.,
2022). Sau qua trinh thu hoach, phan dé nam — la
phan soi nAm phat trién va bam vao gia thé — thuong
bi loai bo nhu mot phé pham. Trong khi d6 ¢ cac
nghién ctru, dé ndm dugc chi ra rang van chira mot
lwong dang ké cac hop chit c6 hoat tinh sinh hoc,
mic di ham luong c6 thé thip hon so véi qua thé
(Ontawong et al., 2024). Viéc tan dung dé ndm dé
ché bién thanh san phém co gia tri gia tang khong
chi gitp tdi vu héa ngudn nguyén liéu ma con gop
phan giam thiéu lang phi trong qué trinh san xuat.
Say kho 1a mot trong nhitng phwong phap bao quan
pho bién ddi véi nong san, gitp kéo dai thoi gian sir
dung va han ché su phat trién cua vi sinh vét (Kaveh
et al., 2024). Nhiét d6 sdy c6 thé anh huéng dang ké
dén thanh ph?ln hoéa hoc va hoat tinh sinh hoc cua
nguyén li¢u. Dudi tac dong cua nhiét do, mot s6 hop
chat polyphenol ¢ thé bi oxy hoa hodc phan huy,
dan dén sy suy giam ham luong va kha nang chdng
oxy hoa cua nguyén liéu (Truong et al., 2021; Nhi et
al., 2021) Nguoc lai, trong mot s6 dleu kién sy
thich hop, ham lugng polyphenol, flavonoid va hoat
tinh chong oxy héa c6 thé ting 1én do qué trinh bién
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dbi céu tric hoa hoc cia cac hop chat nay hodc do
su giai phong cac hop chit lién két (Manalu et al.,
2025), diéu nay da duoc chi ra & mot s6 nghién ciru.
Su anh huong ctia nhiét 6 sdy dén ham lugng hop
chat polyphenol va hoat tinh sinh hoc di duoc
nghién ctru trén nhiéu loai nguyén liéu thyc vat khac
nhau. Vi du, nghién ctru cua Nguyen et al. (2022) vé
anh hudng cua diéu kién sy 14 6i rimg bang phuong
phap phoi ning va say nhiét, két qua cho thay co su
thay ddi dang ké vé& ham luong polyphenol,
flavonoid va saponin tong s, ciing nhu hoat tinh
sinh hoc ctia nguyén liéu sau khi sdy. Két qua o cac
nghién ciru khéc cling chi ra rang nhiét d sdy c6 anh
hudng rd rét dén thanh phan hoa hoc cta nhiéu loai
duoc liéu va thuc phém chirc nang, bao gém sy suy
giam hodc tang cuong ham luong polyphenol va kha
nang chong oxy hoa (Nguyen & Chuyen, 2020). Tur
nhimg van dé trén c6 thé thay rang, nhi¢t o say la
mot yéu t6 quan trong quyét dinh chit luong cia
nguyén liéu sau khi siy. Do d6, nghién ciru nay dugc
thuc hién nham danh gia anh huéng cua nhiét do say
dén thanh phén hoéa hoc va hoat tinh chdng oxy hoa
cua bot de nam DTHT (Cordyceps militaris), tir
nhiing vén dé da néu, co the thdy rang viéc tan dung
dé nam DTHT — mot nguon nguyen liéu con tiém
nang nhung thudng bi bo phi — két hop vai viée lua
chon nhiét do sdy va thoi gian bao quan phi hop dé
giit lai tdi da cac hop chét co hoat tinh sinh hoc 14
déu can thiét.

2. PHUONG PHAP NGHIEN CUU
2.1. Déi twong, héa chit va thiét bi

Pé ndm dong trung ha thao dugc thu nhén tr
Cong ty TNHH MTV Sinh hoc Phu Si (Thi xa Binh
Minh, tinh Vinh Long, Viét Nam). Sau khi thu nhén,
nguyén li€u duoc bao quan & nhiét do lanh 4+1°C.
Trude khi tién hanh thi nghiém, dé ndm duoc rira
sach, sau d6 cat thanh 1at c6 d¢ day khoang 2 cm.
Céc lat ndm dwoc giit trong thi polyethylene kin, dat
trong diéu kién lanh (4 + 1°C) cho dén khi tién hanh
cac xt Iy tiép theo trong nghién ctru.

Céc hoa chat str dung trong nghién ctru déu c6
d6 tinh khiét phu hop cho phan tich. Thubc thu
Folin—Ciocalteu (Merck, Btrc, >99,5%), thudc tha
DPPH (2,2-diphenyl-1-picrylhydrazyl, Merck, D,
>99,5%), axit gallic (Merck, Puc), dung moi
ethanol (>99,7%), methanol (Trung Qudc, >99,5%).
Aluminum chloride (Trung Quéc, >97%), sodium
acetate (Trung Qudc, >99%) (Trung Qudc) va cac
hoéa chat lién quan khac bao gom acid acetic
(>99,5%), nudc cét hai lan,...
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Céc thiét bi chinh dugc sir dung trong nghién
chu bao gdm: May do quang phd UV-Vis
(Shimadzu UV-1900i, Nhat Ban) dwoc ding dé xac
dinh ham lugng polyphenol, flavonoid va kha nang
chéng oxy hoa; ti siy ddi luu (Shellab-CE3F-2, Hoa
Ky, sai s6 +2°C) dung trong qua trinh siy. Khoi
luong mau va thude thir duge can bang can phan tich
4 chir s6 thap phan (PR224, Ohaus, Hoa Ky) va can
phan tich 2 chir s6 thap phan (PX2202, Ohaus, Hoa
Ky) tuy theo yéu cau d6 chinh xac. Mau sdc san
pham duoc do bang may do mau sic (NH300, Trung
Quoc) d6 hoat do cia nudc (ay) dugce xac dinh bang
thiét bi do hoat do nuéc (TLD, Meter Group, Hoa
Ky).

2.2. Phwong phap nghién ctru

2.2.1. Phwong phap phan tich

Céc chi tiéu phan tich dugc xac dinh trong
nghién ctu la:

—Ham luong polyphenol tong sé TPC (mg
GAE/g chit kho nguyén liéu-CKNL) dugc x4c dinh
bang phuong phap so mau véi acid gallic lam chat
chuén, thudc thir Folin-Ciocalteu nhu chat oxy héa,

xac dinh mau tai budc song 765 nm (Molole et al.,
2022).

— Ham luong flavonoid tong TFC (mg QE/100 g
CKNL) duoc xac dinh bang viéc st dung phuwong
phap do quang phd ¢ budc song 415 nm, dya trén
phan tng hinh thanh hop chét phirc hop flavonoid-
nhom (Shraim et al., 2021).

—Hoat tinh khang oxy hoa TEAC (pmol TE/g
CKNL) str dyng phuong phap xac dinh goc tw do voi
chat chudn la  DPPH (2,2-Diphenyl-
11picrylhyderazyl) va so sanh voi Trolox, do su
bién d6i mau tir tim sang vang nhat & budc soéng 517
nm (Baliyan et al., 2022).

— Sy thay ddi mau sic dugc xac dinh hé mau
L*a*b* bang may Colorimeter NH300 (ShenZhen
Technology Co., Trung Quéc) voi hé sé mau CIE
bang dén D65.

— Do hoat dong ctia nudc (ay) ciia mau dugc xac
dinh bang thiét bi do chuyén dung AQUALAB TDL
(Model: AQUALAB TDL 2, METER Group Inc.,
USA). Tiép theo, 5 g mau duoc can va cho vao cdc
chira mau, ¢dam bao miu phu déu day cdc ma khong
tiép xtc thanh trén. Mau dugc thyc hién ¢ nhiét do
phong 6n dinh (25 + 0,5°C), thoi gian do dao dong
10 dén 15 phit tiy vao muc 6n dinh. Thiét bi s& tu
dong ghi nhan gia tri 6 hoat dong cua nudc khi tin
hiéu dat trang thai 6n dinh.
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— D% am (%): Ham lugng am ciia mau dugc xdc
dinh bang phuong phép sdy ¢ nhiét d6 105°C dén
khoi lugng khong d6i (AOAC 934.06).

Khdo sat nhiét do sdy dén  ham luwong
polyphenol, flavonoid va kha nang khang oxy hoa
hoat cua bot dé nam DTHT

Pé nam PTHT tuoi sau khi duoc xir Iy nhu &
muc 2.1 s& tién hanh séy b.'?mg vO1 4 mirc nhiét do
50°C, 55°C, 60°C va 65°C dén d6 am = 10%. Dé ndm
sau khi sdy dé 6n dinh duoc sau do xay nhuyén va
dugc ray (duong kinh 16  rdy 0,5 mm) thu nhén bot
nidm va xac dinh mau sdc, hoat do ciia nuéc. Bén
canh d6, bot dé ndm duogc trich ly véi dung moi
ethanol 70%, ty 1¢ nguyén li€u va dung méi la 1/15
& nhiét d6 50°C, thoi gian 60 phut (Vy et al., 2020),
sau d6 xac dinh ham lugng polyphenol, flavonoid va
kha nang khang oxy hoa.

Pdnh gia s bién doi ham lwong polyphenol,
Slavonoid va kha nang khang oxy hoa hoat va tinh
chat hoa ly cua bot de nam DTHTtheo thoi gian bao
quan

Pé ndm PTHT dugc séy 6 nhiét d§ duoc lua
chon cho dén khi dat d6 4m khoang 10%. Sau qué
trinh sdy, nguyén liéu dwoc 6n dinh, xay nhuyén va
ray qua ludi c6 duong kinh 16 0,5 mm. Bot thu duoc
duogc dong goi trong bao bi PE (100 g/tai) va bao
quan & nhiét do 28 + 2°C (do am tuwong ddi khong
khi, 60 - 65%RH). Cac chi tiéu phan tich bao gdm
ham luong polyphenol téng s6 (TPC), flavonoid
tong s0 (TFC), hoat tinh chéng oxy hoa, thong sO
mau sic va hoat d6 nudc cua bot dé nam DTHT.

2.2.2. Phwong phdp thu nhdn va xit Iy s6 liéu

Thi nghiém duoc bd tri v6i ba 1an lap lai. S6 liéu
dugc thu nhan va xir Iy thong ké thong qua phan tich
phuong sai ANOVA tir chuong trinh Statgraphics
Centurion 16.1 dé kiém tra sy khac biét y nghia giita
cac nghiém thtc thong qua LSD (Least Significant
Difference) & muc xac sudt p < 0,05; sb liéu duge
tinh todn, trinh bay dudi dang trung binh + do léch
chuédn va v& dd thi tir chuong trinh Microsoft Excel
2019.

3. KET QUA VA THAO LUAN

Thanh phin co ban cia nguyén liéu dé ndm
PTHT:

Céc thanh phan co ban ciia nguyén liéu nhu: do
am, mau sic, do hoat dong cua nudc (ay), cac hoat
tinh sinh hoc, 14 nhiing yéu t6 s& anh hudng 1on dén
chat lugng san pham bot dé nAm DTHT (DTHT). Vi
véy viéc x4c dinh thanh phan cta nguyén liéu ban
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dau 1a viéc quan trong va can thuc hién diu tién
truée khi tién hanh nghién ctu tiép theo. Két qua
phan tich nguyén liéu ban du dugc téng hop trong
Béang 1.

Bang 1. Thanh phén co ban ciia @& nAm PTHT twoi

Thanh phin Gia tri
Do am (%) 74,8540,70
Do hoat dong cua nudc (aw) 0,984+0,003
Mau sdc

Do sang L* 63,56+0,76
Do mau a* 6,91+0,73
Do mau b* 20,07+0,34
Ham luwong TPC (mg GAE/g CKNL)  3,4340,28
Ham luong TFC (mg QE/100 g

CKNL) 36,23£0,80

Hoat tinh TEAC (umol TE/g CKNL) 34,98+0,89
(*) Gid tri trung binh 3 lan do

Két qua dugc trinh bay & Bang 1 cho thdy dé DTHT
tuoi co do 4m va do hoat dong cia nudce kha cao, cu
thé 74,85% am va a,, = 0,984. Do d6, viéc bao quan
dé nim twoi gap nhiéu kho khin. Dé kéo dai thoi
gian bao quan, dé ndm thuong duogc sdy dén do 4m
an toan. Nguyén liéu d& DTHT tuoi ban ddu c6 mau
vang dic trung v6i cac thong s danh gia sy bién dbi
mau sdc: do sang L* 1a 63,56, dd mau a* va b* ¢
giatri 1an luot 14 6,91 va 20,07. Bén canh d6, dé ndm
PTHT c¢6 chita nhiéu hop chét sinh hoc ¢6 lgi. Cu
thé, ham luong polyphenol tong 1a 3,43 (mg GAE/g
CKNL), ham luong flavonoid tong 1a 36,23 (mg
QE/100 g CKNL) va hoat tinh khang oxy hoa la
34,98 (umol TE/g CKNL). Dua trén cac dac diém
vé d6 am va do hoat do clia nude 16n, mau sic dic
trung va ham lugng dang ke cac hop chét sinh hoc
¢6 loi, c6 thé khing dinh ring day la co so va nén
tang cho viéc nghién ciru nhiét d6 siy pht hop nhdm

300

Say 60°C: Y

(=]

D6 im (% chit khé nguyén liéu)

Siy 55°C: Y =-0.5225X3 +12.627X2 -
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giam do 4m vé murc an toan, giup 6n dinh mau sic
va cac hop chit hoat tinh sinh hoc trong qua trinh
ché bién va bao quan dé nAm DTHT.

3.1. Anh hwéng cia nhiét d§ sy dén chat

lwong ciia bot dé PTHT
3.1.1. Su thay d6i mau sdc, do hoat dong ciia
niede ciia bt dé PTHT trong qud trinh
say

Su thay d6i nhiét d6 sdy c6 anh huong dén thoi
gian sdy ciing nhu chat luong cua bot dé PTHT.
Nhiét d6 sdy tac dong dang ké dén qué trinh thoat
am (Hinh 1). Khi nhiét d¢ sdy tang tir 50°C 1én 65°C,
thoi gian sdy dugc rat ngin dang ké. Cu thé, & 50°C,
qua trinh say mat 9,5 gior dé dat d6 4m mong mubn,
trong khi khi sdy & 55°C 14 8,5 gi, & 60°C 12 6,5 gid
va & 65°C thi thoi gian sdy chi con 5 gio. Xu huéng
nay phil hop véi cac nghién ctru trude d6 vé anh
huodng ctia nhiét 4o séy dén tdc do mét nude va hidu
suét qua trinh say (Zhang et al., 2022; Chaiya et al.,
2021). Trong qua trinh say, su chénh 1éch ap suat
hoi riéng phan giita bé mat nguyén liéu va moi
truong xung quanh tao diéu kién cho cic phén tir
nudce trén bé mat nguyén lidu boe hoi. Khi nhiét do
tang, kha nang truyén nhiét cia tac nhan khong khi
néng vao nguyén liéu ciing tang, thic diy qua trinh
bay hoi 4m dién ra nhanh hon (Delfiya et al., 2022).
Tuy nhién, viéc siy ¢ nhiét d6 cao c6 thé anh hudng
dang ké dén su bién d6i mau sic va do hoat dong
clia nudc trong bot dé DPTHT. Nhiing tac dong nay
da duoc ghi nhan ¢ Hinh 2, Hinh 3, Hinh 4 va Hinh
5, phu hop véi cac nghién ctru vé anh hudng cia
nhiét d6 say dén chét lwong san phdm thyc phdm
(Jedrejko et al., 2021; Chaiya et al., 2021; Zhang et
al., 2022).

+5040C m55d0C A60doC X65doC

Sdy 50°C: y =-0.1871X° + 6.3165X2 - 73.047X +286.03
R* =10.9996

105.31X + 308,01
R?=0.9993

=-0.8994X3 + 17.672X2 -
R?=10.9997

118.97X +275.32

¥ Shy65°C: Y =-1.3755X° +25.154X? - 151.87X + 304.54
100 S R2=0,9973
o
RV N N
50 XA R T
KA Mg g
XA e, t
0 . . . R o S, L "—I—f—O—
0 1 2 3 4 5 6 7 8 10

Thai gian (gio)

Hinh 1. Anh ciia nhiét d sy dén su thoat 4m va thoi gian sy dé nAm PTHT

51



Tap chi Khoa hoc Dai hoc Cén Tho

Do hoat dong cua nudc (aw) 1a mot trong nhiing
yéu t6 quan trong quyet dinh d6 6n dinh vi sinh va
hoéa 1y cta thuc pham trong qua trinh bao quan. Gia
tri ay cang thp giup han ché su phat trién ctia vi sinh
vat, giam tc do phan tng oxy hoa lipid va cic phan
{mg hoa hoc khong mong mubn (Tapia et al, 2020;
Rifna et al, 2022). Hau hét vi khuan gay hai khong
thé phat trién khi ay, dudi 0,6, trong khi ndm men va
ndm méc c6 thé sinh truéng trong khoang a,, tir 0,6
- 0,8. Két qua nghién ctru (Hinh 2) cho thiy diéu
kién sy c6 anh huong déang ké dén a, cua bot dé
DPTHT. Khi séy & 50°C, gia tri a,, dat 0,608, sau d6
giam xudng con 0,571 khi nhiét do tang 1én 60°C.
Tuy nhién, khi tiép tuc ting nhiét 6 sdy 1én 65°C,
ay tang nhe 1én 0,575. Mac du sy khac biét nay
khong c6 y nghia thdng ké, nhung c6 thé lién quan
dén hién tuong tai hép thu 4m hodc su thay ddi chu
trac nguyén liéu trong qué trinh sdy (Guiné, 2018).

0.62 1

0.608°
~§ =]
£o060 [
=
=
S 0.58 - 0.571° 0,575
-1} B B
= —I—
@
< 0,56 -
=
<
2
= 0.54
=]
0.52

50 55 60 65
Nhiét d§ (°C)
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Sy thay dbi a, theo nhiét do sdy co thé duoc giai
thich bai dong hoc thoat am. Khi nhiét do sy tang,
tbc d6 bay hoi nudc ty do dién ra nhanh hon, dan
dén giam gia tri d6 hoat dong clia nudc (Nyangena
etal, 2019). Xu hudng ndy ciing dugc ghi nhén trong
nhiéu nghién ctru vé qua trinh siy thuc pham khac.
Talik va & Hubicka (2014) qua trinh hydrat hoa va
sdy anh huong dén cau tric polysaccharide va thay
doi trang thai nude trong vat liu, va dan dén thay
d6i hoat d6 nudc. Ampah et al. (2022) nghién ctru
trén xoai cho thay khi nhiét do ting tir 55°C lén
75°C, mau sac, kich thude va chat lugng cam quan
bi anh huong dang ké. Nhin chung, xu huéng giam
aw khi ting nhiét do sy 1a két qua phé blen trong
nhiéu nghién ctru. Déi voi bot dé DTHT, say 0 60°C
gitip dat gid tri ay thap so vai cac nhiét dg say khac.
Su bién d6i mau séc ciing 1a diém dang luu ¥, dugc
theo ddi va thé hién trong Hinh 2; Hinh 3 va Hinh 4.
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Hinh 4. Gia tri dd mau a* & cac nhiét do siy

Mau séc dong vai trd quan trong trong viéc anh
huong dén cac thudc tinh cam quan cua san phém
Két qua nghién ctru (Hinh 3) cho thay didu kién say
¢6 tac dong dang ké dén su bién d6i mau sic, déc
biét 1a do sang (L*) ctia san pham. Khi nhiét d¢ say
tang tir 50°C 1én 55°C, d6 sang cua bot dé nam
DTHT tang c6 xu huéng tang. Tuy nhién, xu huéng
nay thay d6i khi nhiét do tiép tuc tang Ién 65°C. Cy
thé, tai 50°C, gié tri L* dat 58,36, thap hon dang ké
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khi sdy 6 cac nhiét dd siy khac nhau

25 T 24,25
24 4 2337 _I_

23 22400

21,744

Do mau b*
[
i8]
;

50 55 60 65
Nhiét d (°C)

Hinh 5. Gia tri dd mau b* & cac nhiét d sy

s0 voi mau ban dau. Khi nhiét d6 ting 1én 55°C, d6
sang ciling ting dang ké 1én 62,22. Tuy nhién, khi
sdy O 60°C, gia tri nay giam nhe con 61,15 (su khac
biét khong c6 ¥ nghia thong ké). Khi ting nhiét do
1én 65°C, d6 sang tiép tuc ‘giam con 60,01, va su
khac biét nay c6 y nghia thong ké. Nguyén nhan co
thé do thoi gian sdy kéo dai, khién nguyén liéu tiép
xtc v6i khong khi 1au hon, thuc day hoat dong cia
enzyme hoa nau, dan dén giam gia tri L* (El-
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Wahhab et al., 2023). Viéc ting nhiét do siy gitip
han ché hién twong sdm mau, nhung chi dén mot
mure nhiét d6 nhat dinh. Trong nghién ctru nay, nhiét
d6 sy thich hop ndm trong khoang 55 — 60°C véi
gia tri L* cao 1a 62,22+0,74. Két qua nghién ctru
(Hinh 4) cho thay gia tri a* thay doi theo nhiét do
sdy, voi xu hudng tang khi nhiét d6 tang tir 50°C 1én
60°C, nhung giam khi tiép tuc ting nhiét do lén
65°C. Cu thé, khi sy & 50°C, gié tri a dat 10,02, ting
1én mirc cao nhat 1a 11,04 & 60°C, sau d6 giam
xudng con 9,78 tai 65°C. Két qua nghién ciru (Hinh
5) cho thdy gié tri b thay ddi theo nhiét d6 sdy, véi
xu hudng tuong tu a* ting khi nhiét d6 tang tir 50°C
1én 60°C, nhung giam khi tiép tuc tang 1én 65°C. Cu
thé, gia tri b & 50°C 1a 22,49, ting 1én mirc cao nhat
1a 24,25 & 60°C, sau d6 giam xuéng con 21,74 khi
sdy 0 65°C.

O nhiét d6 say 60°C, thoi gian siy dugc riit ngan
dang ké so vai 50°C, gitip giam tiép xtc voi oxy, han
ché sy phan hily cac sdc to ty nhién, dong thoi lam
giam sy hinh thanh cic sic té nau do phan tng
enzyme va khong enzyme, tir d6 giup tri dugc céac
gia tri L*, a* va b* (Zhang et al., 2024). Xie et al.
(2023) ciing ghi nhan rang gia tri L* cao hon ¢ 60°C
s0 v6i 65°C, trong khi ¢ 65°C, du thoi gian sdy ngan
hon, mau sic san pham tré nén t6i hon ¢6 thé do
phan (g Maillard va sy suy thodi cta sic t6 dién ra
manh hon. Tuong ty, Lohinova va Petrusha (2023)
cho rang & nhiét do cao, phan img Maillard ting
cuong lam giam gié tri a* do hinh thanh cac hop chat
mau nau. Két qua nghién ctru ctia Nguyen et al.
(2020) vé siy xoai ciing chi ra rang & 60°C, séc t6
vang do dugc bao toan tdt nhét, trong khi & 70°C,
mau sic bi sam di do su thoai hoa séc td tu nhién.

3.1.2. Anh huong cua nhiét do sdy dén ham

lwong polyphenol, flavonoid, kha nang
khdng oxy héa ciia bt dé nam PTHT

Nhiét d6 say anh huong dang ké dén ham luong
polyphenol, flavonoid va kha nang khang oxy héa
cua bot d¢ PTHT duoc thé hién ¢ Hinh 6.

3 -

1,76°

N
}

—
}

TPC (mg GAE/gCKNL)
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50 55 60 65
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Hinh 6. Ham lwrgng TPC & cac nhiét df say
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Két qua tir Hinh 6 cho thdy gia trj trung binh va
d6 léch chuan cuia ham lwong polyphenol tong
(TPC) trong bot dé DTHT sdy & cac nhiét do khac
nhau. Nhin chung, ham luong TPC c6 sy thay ddi
dang ké khi nhiét do sdy thay doi. Cu thé, khi ting
nhiét do tir 50°C 1én 60°C, ham lugng TPC c6 xu
hudng gia ting. Tuy nhién, khi tiép tuc ting nhiét do
1én 65°C, gia tri nay giam. O nhiét d6 50°C, ham
luong TPC dat 1,57 mg GAE/g CKNL. Khi tang
nhiét dd 1én 55°C va 60°C, gia tri nay lan luot tang
1én 2,18 va 2,25 mg GAE/g CKNL (sy khac biét
giita hai mirc nhiét nay khong c6 ¥ nghia thong ké).
Tuy nhién, khi nhiét d6 sdy dat 65°C, ham luong
TPC giam xubng con 1,76 mg GAE/g CKNL. Sy
blen dong cua ham lugng polyphenol theo nhiét do
sdy c6 thé dugc 1y giai bang cac co che hoa hoc va
sinh hoa. Nhiéu nghién ctru da chi ra rang nhiét do
séy anh huong dang ké dén su on dinh cta cac hop
chat polyophenol trong nguyén liu thyc vét. O nhiét
d cao, cac hop chat t polyphenol va flavonoid co thé
bi phan huy hodc bién doi cu tric do tac dong nhiét
hodc qua trinh oxy hda, lam suy giam hoat tinh sinh
hoc va kha nang chéng oxy hoa cta san phim
(Belwal et al., 2022; Antony & Farid, 2022). Tuy
nhién, néu nhiét d6 thich hop, qua trinh xtr 1y nhiét
c6 thé thic ddy su giai phong cac hop chét
polyophenol lién két, chuyén doi cac dang khong tan
thanh dang hoa tan, hodc phan hily lignin dé giai
phong cac dan xut acid polyophenol va hinh thanh
cac hop chat méi c6 hoat tinh sinh hoc cao hon
(Cagalj etal., 2021; Esmaeilzadeh & Razavi, 2022).
Do do, siy kho khong chi gy mat mat ma con co
thé lam gia tang ham luong polyphenol va tang
cuong kha ning chéng oxy hoa trong mot s truong
hop (Roslan et al., 2020). Mac du vay, néu nhiét do
qua cao, cac bién déi hoa hoc bat loi nhu phan hay
hoic thoai hoa polyophenol van c6 thé xay ra. Vi du,
nghién ctru ciia Nguyen et al. (2022) trén 14 6i rimg
cho thiy hoat tinh sinh hoc giam dan khi nhiét do
sdy tang tir 50°C dén 80°C, trong d6 50°C 1a nhiét do
gitip bao toan cac hop chét chirc ning. Nguoc lai,
Hoang et al. (2021) ghi nhan rang nhiét d6 60°C 1a
mirc thich hop nhét dé giir lai ham lugng polyphenol
va anthocyanin trong co qué cdy chan danh, cho thiy
nhiét do siy c6 thé khac nhau tuy thudc vao dic tinh
nguyén liéu. Nhu vay, co thé thay rang nhiét do sdy
& 55°C va 60°C gitip duy tri ham lugng TPC tét hon
$0 vOi cac mure nhiét d6 khac, véi gia tri cao nhét dat
2,2540,16 mg GAE/g CKNL.



Tap chi Khoa hoc Dai hoc Cén Tho

= 24 4 23,65°
E 23270
< 22,840 291
s 2
S
=
o
o
gy
@)
=
=)
2
55 60 65
Nhiét d5 (°C)

Hinh 7. Ham lwgng TFC & cac nhiét d say

Hinh 7 thé hién gi4 tri trung binh va do léch
chuén ctia ham luong flavonoid tong s6 (TFC) trong
bot dé DTHT sau khi sdy ¢ cac murc nhiét do khac
nhau. Két qua cho thiy ham luong TFC ciing bi dnh
huong dang ké boi nhiét d6 say. Khi nhiét do siy
tang tur 50°C 1én 60°C, ham luong TFC c6 xu hudéng
tang, tuy nhién, khi tiép tuc ting lén 65°C, gi4 trj nay
lai c6 xu huéng giam. Cu thé, & 50°C, ham luong
TFC dat 22,84 mg QE/100 g CKNL; khi tdng nhiét
d6 siy lén 60°C, gia tri nay ting lén 23,65 mg
QE/100 g¢ CKNL. Tuy nhién, khi tiép tuc nang nhiét
d6 1én 65°C, ham luong TFC giam xudng con 22,91
mg QE/100 g CKNL. Sy thay dbi nay ¢ thé dugce
ly giai boi hai yéu t6 chinh. Thir nhat, qué trinh say
c6 thé thiic day sw giai phong flavonoid tir cac cau
trac lién két, din dén sy gia ting ham luong
flavonoid téng s trong giai doan dau cua qua trinh
sdy (Zhang et al, 2022). Ket qua ¢ mot sO nghién
ctru ciing chi ra rang, viéc say & nhiét do phu hop co
thé lam tang hoat tinh sinh hoc do sy phé v& cau tric
té bao, gitip cac hop chét polyphenol va flavonoid
d& dang hoa tan va hap thu hon (Vega-Galvez et al,
2009). Tuy nhién, ¢ nhiét do cao hon, cac phan ing
oxy hoa va thoai hoa nhiét co thé xay ra, lam pha
hay ciu trac flavonoid, din dén sy suy giam ham
luong hoat chét sinh hoc (ElGamal et al, 2023). Két
qua nay cling phu hop véi nghién ctru cia Hoang et
al. (2021) khi khao sat anh huong ctia nhiét do sdy
1én ham luong flavonoid tong sd trong 14 va vo cay
chan danh, cho thdy sy suy giam ham luong
flavonoid khi nhiét d6 siy cao. Nhu vay c6 thé két
ludn ring, nhiét do sy 60°C 1a murc nhiét duy tri
ham luong flavonoid tong sb trong bot dé DTHT,
v6i gia tri cao nhit dat 23,65+0,20 mg QE/100 g
CKNL.

Hinh 8 thé hién gi4 tri trung binh va do léch
chuén ctia hoat tinh khang oxy hoa (TEAC) trong
bot & DTHT sau qué trinh sdy & cac mirc nhiét do
khac nhau. Két qua cho thiy ham lwong TEAC ciing
bi anh huong dang ké boi nhiét do sdy. Khi nhiét do
tang tr 50°C 1én 60°C, hoat tinh khang oxy hoa c6
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xu hudng ting, tuy nhién, khi tiép tuc ting nhiét do
Ién 65°C, gia tri nay lai ¢6 xu hudng suy giam. Cu
thé, tai 50°C, ham lugng TEAC dat 29,09 umol TE/g
CKNL; khi tang nhiét do 1én 60°C, gia tri nay tang
1én 31,33 pmol TE/g CKNL. Tuy nhién, khi tiép tuc
nang nhi¢t do lén 65°C, ham lugng TEAC giam
xudng con 29,49 pmol TE/g CKNL.
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Hinh 8. Ham hrgng TEAC & cac nhiét d9 siy
khac nhau

Su bién dong nay c6 thé dwoc giai thich boi mbi
turong quan chit ché giira hoat tinh chong oxy hoa
va su thay d6i ham lugng polyphenol tong s (TPC)
cling nhu flavonoid téng s6 (TFC). Theo cac nghién
chu truée ddy, cac hop chéat polyophenol va
flavonoid dong vai trd quan trong trong kha nang
khang oxy hoa cua thuc vat (Vega-Galvez et al,
2009). Khi nhiét do siy ting trong mot gigi han nhét
dinh, sy phd v ciu tric té bao c6 thé 1am giai phong
cac hop chat polyphenol va flavonoid lién két, giup
tang cuong hoat tinh chéng oxy hoa (ElGamal et al,
2023). Tuy nhién, khi nhiét d6 qua cao hoac thoi
gian sdy kéo dai, cac hop chét nay c6 thé bi phan
hay hodc oxy hoa, dan dén sy suy giam ham luong
va hoat tinh sinh hoc. Hon nira, sy tiép xuc lau dai
vOi oxy trong qua trinh say c6 thé thuc day phan ing
oxy hoa khong mong mudn, lam giam déng ké hiéu
qua chéng oxy hoa cia san pham (ElGamal et al,
2023). Mic du viée xtr Iy nhiét c6 thé kich thich hinh
thanh cac hop chét c6 hoat tinh sinh hoc méi da duoc
chi ra & mot sb nghién ctru, chéng han nhu
melanoidins tr phan Gng Maillard, giap cai thién
kha nang khang oxy hoa (Vhangani & Van Wyk,
2021), nhung néu nhiét do sy cao, cdu trac
polyphenol co thé bi pha huy, lam glam ham lugng
hoat chit sinh hoc trong san pham cubi cting (Hoang
et al., 2021). Két qua nghién ciru nay cho thdy ring
nhiét do sdy 60°C 1a murc c6 thé can bang gitra viéc
duy tri ham lugng polyphenol, flavonoid va hoat
tinh chdng oxy hoa, véi cac gia tri TPC, TFC va
TEAC lan luot dat 2,25+0,14 mg GAE/g CKNL,
22,91+0,08 mg QE/100 g CKNL va 31,33+0,13
umol TE/g CKNL.
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3.2, An,h hwong cia thoi gian bao quén dén
chat lwong bt dé nam DPTHT
3.2.1. Sy thay doi mau sdc, do dm, a ciia bt
dée PDTHT theo thoi gian bao quan

Nuge dong vai tro quan trong trong viée duy tri
sw 6n dinh cua thyc phdm trong sudt qua trinh bao
quan. Ham lugng nude c6 moi lién hé mat thiét v6i
su phat trién cta vi sinh vat, cac bién d6i hoa hoc
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cling nhu nhiing phan Gng sinh hoa xay ra bén trong
san pham (Maria et al., 2020). Két qua duogc trinh
bay trong Hinh 9 cho thdy d6 4m cua bot dé DTHT
¢6 xu hudng tang trong thoi gian bao quan 8 tuan do
qua trinh can bang 4m gitra bot dé nam va diéu kién
moi trudng bao quan. Cuy thé, ban dau bot dé DPTHT
c6 d6 am 8,37% (CBU), nhung sau 8 tuan bao quan,
gia tri nay tang 1én 10,62% (CBU).

10.49+0.12
10.11+0.12 U b
----- 10,62=0,09
Sw 7 10,27+0,10
= 9,39:£0.20 E'/
= 005000 __-@===""
@ [ memme—T
540,
& 9 /,i 9,54+0,21
g 9.11£0.11
s §8.3720.12
- .
0 1 2 3 4 5 6 7 8 9

Théi gian bdo quén (tuéin)

Hinh 9. Sy thay ddi d9 4m theo thoi gian bio quan

Nguyén nhén chinh cia sy gia ting nay 1a do qua
trinh hap thy 4m tir méi trudng khong khi ¢ d6 am
twong ddi cao, din dén hién tugng cén bang 4m giita
thuc pham va khong khi xung quanh. Mic di bot da
duoc séy dén do6 Am an toan ban du, nhung bao bi
khong c6 kha nang chéng thdm 4m tét va moi truong
bao quan ¢6 d6 4m tuong dbi cao (60 - 65 %RH),
san pham van c6 nguy co hip thy am tré lai trong

sudt thoi gian luu trit (Cheng et al., 2022; Maria et
al., 2020. Qua trinh hp thy 4m nay khong chi lam
thay doi chat lwong vét liéu ma con anh hudng dang
ké dén céc chi tiéu hoa Iy va vi sinh khac cta bot dé
DTHT theo thdi gian bao quan. Su bién ddi nay
dugc thé hién rd qua cac chi s6 dugc trinh bay trong
Bang 2 va Bang 3.

Bang 2. Su thay dbi ciia hoat d9 nwéc (aw) va mau sic theo thoi gian bio quén

Théi gian (tudn) Do hoat dong cia Mau sic
g nuéc (av) P sang L* Po mau a* Po mau b*
0 0,572+40,007 61,834+0,09* 10,1610,04* 24,0740,27*
1 0,57740,004 61,5040,27% 10,1940,13% 24,2140,01%
2 0,610+0,001 61,4040,18% 10,24+0,16% 24,2740,13%¢
3 0,621+0,001 61,35+0,31% 10,3040,05%¢ 24,3140,26%¢
4 0,633+0,002 61,3140,25%® 10,3610,11° 24,3240,25%%¢
5 0,640+0,001 61,3040,15%® 10,4440,15 24,4540,092d
6 0,65240,003 61,17+0,60° 10,49+0,134 24,58+0,34bcd
7 0,65540,003 60,4740,40¢ 10,6240,09¢ 24,6240,28
8 0,662+0,004 59,530,464 10,8740,01° 24,7640,28¢

Cdc gid tri trung binh c6 cimg chit cdi di kém a, b, ¢ trong ciing mét cot thi khéng khdc biét c6 y nghia thong ké & mikc

5%.

Mau séc 1a mot trong nhiing yeu t6 cam quan
quan trong, anh huong tryc tiép dén mirc do chip
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nhan cua ngudi tiéu dung déi véi san pham thue
phim (Muniz et al., 2023). Ngoai ra, sy hdp thy 4m
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trong qua trinh bao quan c6 thé lam ting ham luong
nude trong san pham, kéo theo su gia ting hoat do
nude (ay), didu nay dong nghia v6i viée rat ngan
thoi gian bao quan do sy phat trién cua vi sinh vat
va cac bién doi hoa 1y khong mong mudn (Aslan &
Ertas, 2020). Két qua dugc trinh bay trong Bang 2
cho thay gia tri a,, ciia bot d& DTHT c6 xu hudng
tang theo thoi gian bao quan, tir 0,572 lac ban dau
1én 0,692 sau 8 tuan, voi sw khac biét co y nghia
thong ké. Mic du trong 8 tuan bao quan, a,, van nam
trong ngudng an toan, nhung néu thoi gian bao quan
kéo dai hon, nguy co phat trién vi sinh vét va cac
bién ddi hoa 1y s& ting cao, 1am anh hudng dén chat
lwong san pham (Aslan & Ertas, 2020).

Vé chi tiéu mau sic, két qua cho thay do sang
(L*) ctia bot c¢6 xu hudng giam theo thoi gian bao
quéan va co sy khac biét c6 ¥ nghia thong ké so véi
thoi diém ban dau. Tuy nhién, trong 5 tuan dau tién,
gi4 tri nay khong thay doi dang ké, tir 61,83+0,09
xuéng 61,30+0,15. Diéu nay co thé do diéu kién bao
quéan han ché tiép xtic v6i anh sang, gitip giam thiéu
su bién d6i mau sic do qué trinh oxy hoa hodc phan
huy sic t6 ty nhién (Rodriguez-Mena et al., 2023).

Chi s6 mau do6 (a*) caa bot khong 6 su thay doi
dang ké trong 3 tuan dau tién, nhung sau dé c6 xu
huéng ting dan, tir 10,16+0,04 1én 10,87+0,01 sau 8
tuan bao quan. Tuy nhién, trong khoang thoi gian tir
tuan tht 3 dén tuan tht 6, sy thay ddi nay khong co
¥ nghia théng ké. Twong tu, chi s6 mau vang (b*)
cling c6 xu hudéng tang tu 24,07+0,27 lén
24,76+0,28 sau 8 tuan, véi su khac biét khong dang
ké trong khoang thodi gian tir tudn thir 5 dén tuan
thir 8.

Tir nhitng két qua trén, c6 thé két luan ring bot
dé DTHT c6 xu hudng thay ddi mau séc sau 8 tudn
bao quan. Trong 5 tudn dau tién, san pham van gt
dugc cac gia tri L*, a*, b* 6n dinh 14n luot 1a
61,30+0,15, 10,44+0,15 va 24,31+0,26. Didu nay
cho thay thoi gian bao quan dé duy tri chit luong
cam quan cua bot dé DTHT la khoang 5 tudn, sau dé
can co bién phap kiém soat do am va diéu kién bao
quéan phti hop dé han ché sy suy giam chat luong san
pham.

3.2.2. Sw thay dséi ham lwong polyphenol,
flavonoid, kha nang khang oxy hoa cua
bét dé nam DPTHT theo thoi gian bdo
quan

Error! Reference source not found. trinh bay s
v thay doi ciia ham luong polyphenol tong (TPC),
flavonoid téng (TFC) va hoat tinh chong oxy hoa
(TEAC) ciia bot dé DTHT trong 8 tuan bao quan.
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Két qua cho thiy, ham lugng TPC c6 xu hudng
giam dan theo thoi gian bao quan. Cu thé, tai thoi
diém ban dau (tuan 0), TPC dat gié trj 2,14+0,02 mg
GAE/g CKNL, nhung sau 8 tuan, gia tri ndy giam
con 1,91+0,08 mg GAE/g CKNL. Sy suy giam nay
¢6 ¥ nghia théng ké (p < 0,05), dic biét sau tuan thi
6. Nguyén nhan c6 thé 1a do su oxy hoa polyphenol
hodc sy twong tac véi cac thanh phan khac trong
diéu kién bao quan (Nguyen et al., 2022). Hién
tuong tuong tu ciing da dugc ghi nhéan trong nghién
ctru cua Zhang et al. (2021) khi bao quan bt mi &
cac didu kién nhiét d6 khac nhau. Két qua cho thay
TPC giam dang ké khi thoi gian bao quan kéo dai,
dic biét ¢ didu kién c6 do am cao.

Bang 2. S thay doi hoat tinh sinh hoc trong bt
dé DPTHT theo thoi gian bao quan

Thoi TPC (mg TFC (mg
gian GAE/g QE/100 g
(tudin) CKNL) CKNL)
0 2,1440,02* 23,6340,39°
1 2,1140,03*® 23,59+0,24°
2 2,1140,03® 23,5440,43%
3 2,1140,02%° 23,48+0,38%¢
4 2,11£0,01% 23,44+40,13%¢
5 2,1040,03%® 23,29+0,11%¢
6
7
8

TEAC (nmol
TE/g CKNL)

32,6440,88°
31,87+0,63%
31,3440,77%¢
31,2140,97%
31,18+0,85%
31,1340,42bed
30,860,800

2,06+0,02° 23,2240,172%¢
1,9440,07° 23,10£0,26> 30,074+0,97¢¢
1,91+0,08° 23,01+0,21° 29,85+0,44¢

Cac gia tri trung binh c6 cung chit cai dikém a, b, ¢
trong cung mot cot thi khong khac biét co y nghia thong
ké o mirc 5%.

Tuong ty, ham luong TFC ciling giam nhe theo
thoi gian bao quan. Mac du trong 6 tuan dau, sy thay
d6i khong co ¥ nghia thong ké 16n (p > 0,05), nhung
dén tuan thi 8, TFC giam tir 23,63+0,39 xudng con
23,01+0,21 mg QE/100 g CKNL. Su suy giam nay
¢6 thé do qua trinh oxy hoa flavonoid khi tiép xiic
v6i oxy hodc do am ting trong qua trinh bao quan
(Al-Dabbas et al., 2023). Theo nghién ctru cua Cao
et al. (2021), flavonoid c6 thé bi bién ddi ciu trac
trong diéu kién bao quan kéo dai, dac bict khi c6 su
hién dién ctia 4nh sang hodc oxy. Diéu nay lam giam
hoat tinh sinh hoc cia hgp chét nay theo thoi gian.

Hoat tinh chéng oxy hoéa (TEAC) ciing ¢6 xu
huéng giam theo thoi gian. Gia tri TEAC ban déu 1a
32,64+0,88 umol TE/g CKNL, nhung giam con
29,85+0,44 pmol TE/g CKNL sau 8 tuan. Sy suy
giam nay c6 y nghia thong ké tir tuan thtr 3 tré di (p
<0,05). Diéu nay c6 thé 1a do su suy thoai ctia cac
hop chit chdng oxy hoa, dic biét 1a polyphenol va
flavonoid, trong didu kién bao quan kéo dai
(Ongprasert et al., 2021). Zhang et al. (2019) cling
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cho thay rang anh hudng cua thoi gian bao quan 1én
hoat tinh chéng oxy hoa cta bdt tra xanh, véi mirc
d6 suy giam dang ké sau 6 tuan do cac phan tmg oxy
hoéa va polymer hoa hop chét polyophenol.

Nhin chung, su suy giam TPC, TFC va TEAC
trong qué trinh bao quan la khong thé tranh khoi,
nhung mirc d6 suy giam khong qua 16n trong 6 tuén
dau. Diéu nay cho thiy, thoi gian bao quan thich hop
trong nghién ctru nay 14 6 tuan. Sau thoi gian nay,
sy mat mat vé& polyphenol, flavonoid va kha ning
chéng oxy héa tré nén déng ké. Két qua nay phu hop
v6i nghién ctru cua Lavefve et al. (2020), trong d6
khuyén nghi thoi gian bao quan tdi wu cho cac san
pham bot gidu polyphenol 1a dudi 8 tuan dé tranh su
suy giam hoat tinh sinh hoc qua muec.
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4. KET LUAN
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