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TOM TAT

Nghlen ctru nham muc dich t6i wu hoa cac thong sd sdy bot xop dé san xuat bot tir khoai lang rudt
trang (WFSP). Albumin trimg (EA) (5 - 15%), xanthan gum (XG) (0,1 - 0,5%) va nhiét d say (50 -
70°C) dugc st dung lam cac bién doc lap dé tbi uu hoa thong qua phuong phap bé mit dap tmg véi
thiét ké Box-Behnken (BBD). Cac blen dap g (téc do say va ham lugng polyphenol) duoc danh gia
bang 18 phuong phap xur 1y, bao gom 6 diém trung tim va 3 lan lap lai. Phan tich phuong sai cho
thay, hé so xac dinh cao (> 93%) gilia cac gia tri du doan va thyc nghiém trén tat ca cac mé hinh.
Diéu kién séy bot x6p toi wu 12 12,4% EA; 0,31% XG va nhiét do say 62,4°C. Nhimg diéu kién nay
dat duoc toc do sdy cao nhat (2,359 g nudc/g chat kho/phut) va ham lugng polyphenol cao nhéat (2,07
mg gallic axit equivalent (GAE)/g). Cac thong s toi wu da duoc xac nhén, vo1i sai sO giilta gia tri thyc
nghiém va dy doan dudi 5%. Sau 3,5 gio sdy ¢ 62,4°C, bot WESP sy bot xdp ¢6 ham luong am thap
(4,38%) va do hoat dong ciia nudc (0,27). Chi s6 hép thu nudc, chi s6 hoa tan trong nudce, 1an luot 1a
4,60 g/g: 54,75%.

Tir khéa: Ham heong polyphenol, toc do sdy, sdy bot xop, t6i wu héa, phwong phap bé mat ddp iing.

1. DAT VAN BE

Khoai lang la mdt trong nhitng loai cay
luong thuc quan trong sau lua, lda mi va bap
[1]. Khoai lang chta ham lugng tinh bt cao
(58 - 76% cin ban khd) va nhiéu thanh phan
dinh dudng quan trong nhu: Ascorbic axit,
niacin, riboflavin, thiamin va khoang chit [2].
Trong s6 d6, gibng WFSP ndi bat nhu mét loai
cdy luong thyuc thiét yéu, duoc trong rong rii
trén nhiéu ving nong nghiép khac nhau nhd kha
nang thich nghi thuan loi, ning suat 6n dinh va
gia tri dinh dudng cao. So véi khoai lang cam,
vang va tim, WFSP thuong c6 giad tri thuong
mai thip hon do mau sic kém hap dan va han
ché ung dung trong cac san pham ché bién co
gia tri cao. Tuy nhién, WFSP ndi troi voi ham
lugng tinh bét cao, ciu trac phu hop cho ché
bién bot, cung kha nang it lam thay d6i mau sic
san pham cudi, giup dé dang g dung trong
nhiéu loai thyc pham.

Say kho 1a mot ky thuat giup giam thiéu tac
hai ctua vi sinh vat va kéo dai thoi han sir dung
cua san phém. Bot khoai c6 thé dugc tao ra tir ky
thuat say, trong d6 ky thuat siy bot x6p co thé
pht hop voi cac san pham chira cac thanh phan
nhay cam véi nhiét, nh6t va dinh khong thé siy
bang cac phuong phap sdy khac. Sdy bot xdp
cling di dwoc quan tim nhiéu hon vi tinh don
gian, hiéu qua vé chi phi, tdc do sdy cao va chat
lugng san phém duoc cai thién do ndé mang lai.
Quy trinh nay sir dung cac ndong do khac nhau ciia
chat tao bot va chit on dinh bot, sau d6 duoc siy
& nhiét d6 50 - 80°C [3]. Qua trinh sdy tao bot
lam giam d6 4m nhanh chéng va hiéu qua, dong
thoi giam tiéu thu nang luong va nang cao hi¢u
sudt san xuét. Bén canh d6, k¥ thuat nay tao ra
san pham c6 chat lugng vuot troi so voi sdy
truyén théng hodc sdy phun. Nghién ciu cua
Dhara va cs (2023) [4] d& danh gia phuong phap
sdy anh huong dén ca téc do sdy va ham luong
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chat chéng oxy hoa. Theo Loh va cs (2018) [5],
nhiét 6 va moi trudng trong qua trinh sdy kho c6
thé 1am suy giam cac hop chat phenolic. Ngoai ra,
phuong phap bé mat dap ung cling duoc su dung
dé t6i uu hoa cac thong sb cong nghé dé bao toan
ham lugng polyphenol. Tuy nhién, cac nghién
ctru nay chu yéu tap trung vao danh gia hoic tdi
uu hoa tirng muc tiéu riéng 1€, ma chua danh gia
dong thoi mdi quan hé giita toc do sdy va bao
toan polyphenol. Do d6, két hop toc do siy va
ham lugng polyphenol trong mdt mé hinh cho
phép x4c dinh cac diéu kién t6i wu nhdm can bang
giita hiéu qua ciia qué trinh sdy va chat c6 hoat
tinh sinh hoc, diéu nay ¢ cac nghién ctu trudc
chua dé cap day du. Trén co s& do, nghién ciu
nay duogc thuc hién nhiam t6i wvu héa nong do chat
tao bot, chat 6n dinh bot va nhiét do siy dé ché
tao bot WFSP c6 ham lugng hop chat hoat tinh
sinh hoc cao véi toc do say cao va thoi gian ngan.

2. NGUYEN LIEU VA PHUONG PHAP
2.1. Nguyén li¢u

WESP duoc thu hoach tir ving trong tai tinh
Vinh Long. Sau khi thu hoach, nguyén liéu duoc
lam sach va got v6. Ham luong 4m va ham lugng
polyphenol tong s6 (Total polyphenol content -
TPC) cua WFSP dugc thuc hién phan tich ban
dau, lan luot 1a 68,89% va 1,58 mg GAE/g (tinh
theo co s uot (fresh weight — FW).

2.2. Thiét ké thi nghiém cho qua trinh tao
bot va siy kho

Trong nghién ctru nay, thiét ké BBD két hop
v6i phuong phap bé mit dap tng (Response
Surface methodology - RSM) dugc ap dung de tb1
wu hoa quy trinh. Céc yéu td dau vao bao gom
Nong do EA, XG va nhiét do say, Vol gia tri lan
lugt 1a 5 - 15%, 0,1 - 0,5% va 50 - 70°C. Muc
thdp va cao ciia mdi yéu té duoc ma héa tuwong
ung 1a -1 va +1, véi 0 thé hién gia tri trung tam
(Bang 1). Téc d sdy va TPC duogc chon lam céc
bién phu thudc. Phuong phiap RSM duoc thuc
hién trong 18 lan thir nghiém nham danh gia su
tuong tac gitra EA, XG va nhiét do sdy, vé6i 6 lan
dién ra tai diém trung tam.

Bang 1. Cac nhan to va cac mirc d§ khio sat

Nhan té Ky hiéu 1 Muc do ké‘ao sat 1
Albumin trang (%) X 5 10 15
Xanthan gum (%) X2 0,1 0,3 0,5
Nhiét do say (°C) X; 50 60 70

2.3. Chuén bi miu va siy bot xop

WESP (200 g) duoc phdi hop véi nudc theo ty
18 1: 2 (w/v) va dugc nghién trong 2 phut bang may
xay (Panasonic, Nhat Ban). Sau d6, mau dugc
chuyén vao cbc thity tinh 1.000 mL, dong thoi, EA
va XG duogc bo sung theo ty 1& nhu di duoc bo tri.
Hon hop duoc danh bong bing may tron (Philips
HR3705, 300 W, Trung Qudc) & téc do cao nhét
trong 5,8 phut [6]. Sau do, hén “hop bot duge dan
déu trén khay thép khong gi (mau 100 g/khay) voi
do day bot 1a 4 mm. Méu duoc sdy trong ti siy dbi
luu (Memmert, UN260, Ptc) ¢ cac nhiét do thay
déi tir 50 - 70°C cho dén khi d6 am cubi cung dat
khodng 4 - 5% (< 10%) [7]. Cac mau da séy kho
duogc nghién nho va sang qua rdy 100 mesh dé thu
duogc bot min dung cho phan tich tiép theo.

2.4. Phén tich cac tinh chit vat Iy va héa hoc

Ham luong am (%) duoc xac dinh theo
phuong phap cua AOAC (2005) [8]. Toc do say
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duoc tinh theo cong thic dugc trinh bay trong
nghién ctru cua Thuy va cs (2021) [9]. Hoat do
nudc (water activity - a,) duoc do bang thiét bi
AQUALAB 4 TE (My). Ty 1& taii hap nudc
(Rehydration ratio - RR) dugc ghi nhan theo
phuong phap cia Kadam va cs (2010) [10]. Chi
s6 hoa tan trong nudc (Water solubility index -
WSI) va chi s6 hap thu nuéc (Water absorption
index - WAI) duogc tinh toan theo phuong phap
ctia Grabowski va cs (2006) [11]. Po tring duogc
ghi nhén theo phuong phap cua Wang va cs
(2013) [12]. C4u triic vi mo cua cac mau bot say
bot xdp dugc quan sat bang kinh hién vi dién tir
quét (Scanning Electron Microscope - SEM)
(Hitachi S - 4800, Nhat Ban). TPC duoc xac dinh
theo phuong phéap Folin - Ciocalteu [13].

2.5. Phwong phap xir Iy so liéu

Céc thi nghiém duogc 1ap lai 3 lan va két qua
dugc trinh bay dudi dang gié tri trung binh + do
léch chuin (Santdard deviation - STD). Cac
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phuong trinh hdi quy duoc thiét 1ap bang cach
phu hop dit liéu trung binh thuc nghiém véi mo
hinh da thuc bac hai st dung phin mém
Statgraphics XV.I. Phan tich phuong sai dugc ap
dung dé xac dinh muc ¥ nghia thong ké cua cac
hé s6 trong mo hinh & mirc xac suat 5%. Cac gia
tri hé s6 xac dinh (R?) dugc st dung dé danh gia

kha ning mé ta chinh xac cac bién phan hoi cua
mo hinh.
3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh hwéng cia albumin trimg,
xanthan gum va nhlet do say den toc do say va
TPC ciia bot WFSP siy bot xép

Bing 2. Két qua phan tich phwong sai (ANOVA) cho toc d9 say va TPC

Toc d6 sdy TPC
Neuon 4 Tl‘;’ﬁﬁfégh Tysé F | Gidtrj P TSEﬁggh TyséF | GidtriP
X;: EA 1| 1,1619 | 131,56 | 0,0000% | 0,2446 38,06 0,0000%*
Xo: XG 1| 0,0468 5,30 0,0264* | 0,0566 8,82 0,0050%*
Xs: Nhiétdosdy | 1 | 4,1728 | 472,48 | 0,0000* | 0,0968 15,07 0,0004*
XX, 1| 0,1424 16,12 | 0,0002% | 0,4954 77,10 0,0000%*
X1 Xo 1| 0,0015 0,17 0,6785 0,0359 5,60 0,0228%*
X, X3 1| 0,0843 9,54 0,0036* | 0,0159 2,48 0,1233
XX 1| 0,1457 16,50 | 0,0002* | 02228 34,68 0,0000%*
XX 1| 0,0083 0,94 0,3373 0,0001 0,02 0,8944
X5X3 1| 0,2566 29,05 | 0,0000% 5,9853 931,54 | 0,0000*
S‘I(E;lcel‘;g}f“%g“p 3| 00571 | 216 | 0,1080™ | 0,0505 2,62 | 0,0635™
Sai s6 thuan 41| 03621 0,2634
Total (corr.) 53| 6,55724 8,24525
R’ 93,60% 96,19%
R’ (adj. for d.f) 92,30% 95.41%
Sai s6 chuin 0,093 0,08

Ghi chu:
(albumin trung) va XG (xanthan gum).

Bang 2 cho thiy, cac m6 hinh xay dung cho
ca toc do sy va TPC déu c6 ¥ nghia théng ké cao
(P < 0,05) voi hé sé xéac dinh twong quan R? 1an
luot 13 93,60% va 96,19%, cung voi R* hiéu
chinh cao, chimg t6 mé hinh giai thich tét sy bién
thién cua dir liéu thyc nghiém. Béng thoi, kiém
dinh sy thiéu phu hop (Lack-of-fit) khong co ¥
nghia [P > 0,05 = 0,1080 (téc do sdy) va 0,0635
(TPC)], da khang dinh sy phu hop cua mé hinh.
Déi voi toe do sdy, nhiét do say (X;) 1a yéu td anh
huong manh nhéat (F = 472.48), tiép theo 1a EA
(X)) va XG (Xy). Trong khi d6, d6i v6i TPC thi
EA (X)) thé hién anh huong 16n nhat (F = 38,06),
sau d6 1a nhiét do sdy (X3) va XG (Xz). Céc hé sd
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*: Co y nghia thong ké ¢ mirc 5%,

ns: Khong cé y nghia théng ké ¢ mirc 5%, EA

bac hai (XX, X5Xs, X3X3) déu co thé biéu hlen
su tac dong c6 y nghia théng ké, cho thidy mbi
quan hé phi tuyén giira cac bién doc lap va dap
mg, dong thoi co sy ton tai cua dlem t01 uu.
Ngoai ra, mot sb tuong tac gilta cac yeu t6 cling
co y nghia, cu thé 1a X; X5 d6i voi toe do say va
XX, d6i voi TPC, trong khi cac twong tac khac
khong c6 y nghia théng ké (P > 0,05), cho thay
mirc d6 anh huong khac nhau giira cac yéu to.
Cac hé sé khong c6 v nghia théng ké (P >
0 05) bao gom cac tuong tac X X, va X2X3 doi
vGi toe do say, ciing nhu X;X3 va X2X3 doi voi
TPC, d3 duogc loai bo khoi moé hinh nham nang
cao do phu hop va tinh chinh xéac. Trén co s& do,
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cdc mo hinh hoi quy rat gon dugc thiét 1ap dé du
doan toc do say (Y1, Phuong trinh 1) va TPC (Y,
Phuong trinh 2) dugc thé hién nhu sau:

Y, = ~7,518 + 0,228X, + 1803K, + 0,226X, - 0,004X + 0,002%,X; - 2,637X2
-0,001x%

(1)

Téc 46 sy (g nude/g chat
khé/phut)
1,14-1,26
. 1,26-1,38
1,38-1,50
1,50-1,62
. 1,62-174
1,74-1,86
. 1,86-1,98
mE 1,98-2,10
2,10-2,22
. 224-2.34
Bl 2.34-246

=2 27
ZZ 7Y
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4

Tée @9 sdy (g nude/g chit

a.

C.

Tée db sdy (g nude/g chit

Y, = ~23,666 + 0,159%, + 1,167%, + 818K, - 0,008 + 005K, X, - 326242
~ 00074

(2)

Trong d6: Y, 1a téc do sdy (g nudc/g chét

kho/phut), Y, 1a TPC (mg GAE/g), X, 1a nong d6

EA (%), X, 1a ndng d6 XG (%) va X; 1a nhiét do
say (°C).

3.1.1. Téc d¢ sdy

Téc 6 siy (g nudc/g chét
khé/phut)

1,14-1,26

- 126-138
1,38-1,50

1,50-1,62

162174

1,74-1,86

= 1,86-1,98
- 198-210

05 210-2,22
T04 7 mm 222234
& - 234-2,46

kho/phut)

T Ao
Albumin trimg (%)

b.

+° e

Toce d¢ say (g nude/g chat
khé/phut)
1,14-1,26
. 1,26-138
1,38-1,50
1,50-1,62
1,62-1,74
1,74-1,86
= 1,96-1,98
= 1,98-2,10
2,10-2,22
. 2,22-234

Hinh 1. Biéu d6 bé mit dap ing va dudng dong mirc cho toc df siy; (a) XG & mikc 0,3%, (b)
nhiét do say ¢ 60°C va (c¢) EA ¢ mirc 10%

Hinh 1 cho thiy, nong do cua chit tao bot
(EA), chat 6n dinh bot (XG) va nhiét 6 siy déu
anh huong dén téc do sdy. Nhin chung, téc do
sdy dao dong trong khoang tir 1,3 - 2,62 g
nudc/g chat kho/phut va cac bé mit c6 dang
cong, diéu nay cho thiy mdi quan hé phi tuyén
giita cac bién phu hop vi mé hinh hoi quy béc
hai d3 xay dung. O hinh la, khi khao sat dong
thoi anh hudng cua EA (5 - 15%) va nhiét do say
(50 - 70°C), toc do say tang rd rét tir khoang 1,3
-1,51én dén 2,5 - 2,62 g nudc/g chat kho/phut khi
ca hai yéu t cung ting. O ving ndng d6 EA duoc
su dung khoang 5 - 7% va nhiét do séy 50 - 53°C,
tbc d sdy co gia tri thip nhat (khoang 1,3 - 1,5 g
nuéc/g chat kho/phat). Nguoc lai, tai ving c6
noéng do EA st dung (> 11%) va nhiét do siy (>
65°C) cao hon thi toc do séy dat gia tri cuc dai
(khoang 2,5 - 2,62 g nudc/g chat kho/phut). Pidu
nay cho thay, khi nhiét d¢ sdy twong quan thuan
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voi toc do sdy, nhiét do siy ting thi tbc do sdy
cang ting. Hién tuong nay xay ra do toc do
khuéch tan va bay hoi 4m trén bé mat san pham
tang 1én do nhiét do cao. Nhiét do séy cang cao
lam kha niang thoat am cua nguyén lidu cang
nhanh do thac diy su di chuyén cia cac phan tir
nudc trong thuc pham, din dén thoi gian sdy
duoc rat ngin khi ting nhiét 4o say. Két qua
nghién ctru cia Dehghannya va cs (2019) [14] cho
thdy, khi nhiét do sdy ting tir 50 - 70°C thi toc do
sdy ting 20,23%. Nghién ciru ctia Sritongtae va
cs (2017) [15] cling cho rang, & cung mot ty 18
do am, tdc do séy ¢ 70°C cua ca dich thuy phan
dau gao duoc nay mam va khéng mam déu cao
hon ¢ 60°C.

O hinh 1b, khi xét anh huong cia EA (5 -
15%) va XG (0 - 0,5%) tai nhiét do siy cb dinh &
60°C, téc do siy tang tir khoang 1,54 1én 2,38 g
nudce/g chat kho/phat khi ting EA va XG. Chat
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tao bot (EA) tao cAu tric xép v6i nhiéu 15 rSng,
lam ting thé tich va dién tich bé mat tiép xic cua
vat lidu, tir d6 tao diéu kién thuan loi cho qua
trinh truyén nhiét va khuéch tan am, lam ting tdc
d6 siy, dan dén rat ngan thoi gian sdy. Két qua
nghién ctru cia Susanti va cs (2021) [16] va
Rajkumar va Kailappan (2006) [17] cling xac
dinh xu hudéng tuong tu cua EA khi st dung
phuong phap sdy bot xdp cho chiét xuét cua laa
mién d6 va xoai.

O hinh 1c, khi khao sat XG (0 - 0,5%) va
nhiét do sy (50 - 70°C), toc do siy ting manh
theo nhiét 4o, tir khoang 1,3 - 1,5 g nuéc/g chat
kho/phut (50°C) 1én khoang 2,1 - 2,5 g nudc/g
chat kho/phat (70°C). Tuy nhién, khi XG sir dung
cao hon khoang 0,3% thi toc do sdy c6 xu hudng
can béng hodc giam nhe, déc biét rd & vung nhiét
dd cao. XG dong vai tro nhu mot chat 6n dinh,
gitip han ché sy pha v& va duy tri cau tric bot, tir
d6 tao diéu kién thuan loi cho qua trinh di chuyén
cta nudc tw do vao moi trudng khong khi kho va
gop phan lam ting toc do say. Tuy nhién, khi
nodng d6 XG ting cao, toc dd sdy c6 xu hudng can

Ham lugng polyphenol tdng
(GAE/g)

1.1-1.3
- 1315
1517
1,7-19
- 1921
2123
2,323
- 2527
2,729
- 2931

Ham lugng polyphenol
téng (GAE/g)

5
Albumin trim g (%) ‘\\;\'a‘

a.

Ham lugng polyphenol
tong (GAE/g)

Xantham gum (%)

C.

—_—
01 02 03 04 o5 ¥

bang hoidc giam 13 do sy gia ting d6 nhdt cua hé
bot, lam can trd qué trinh khuéch tan am. Ngoai
ra, XG c6 kha nang hinh thanh m¢t 16p mang bao
phu trén bé mat vat lidu. Khi & néng do su dung
cao, 10p mang nay tré nén day dic hon, han ché
su bay hoi nuéc va 1am tang tro luc dbi voi qua
trinh di chuyén am, tir d6 1am chdm qua trinh sy,
dan dén thoi gian say kéo dai. Viéc t6i wu hoa cac
dap mg dugc thyc hién dya trén dir liéu thyuc
nghiém bang phan mém Statgraphics. Két qua
cho thiy, toc do sdy dat gia tri cuc dai 1a 2,52 g
nuéc/g chat kho/phut & didu kién tdi vu gdom nong
do EA va XG 1a 13,27% va 0,34% & nhiét do say
70°C.

3.1.2. Ham heong polyphenol tong sé (TPC)

Céc biéu do bé mit dap tng va duong dong
mirc (Hinh 2) thé hién anh huong cua noéng do
EA, XG va nhiét do say dén TPC. Nhin chung,
TPC dao dong trong khoang 1,0 - 2,2 mg GAE/g
va cac bé mit c6 dang cong (parabol up nguoc) o
rét, cho thiy m01 quan hé phi tuyén tinh va su ton
tai ctia vung tdi uu.

Ham lugng polyphenol tong
(GAE/g)

11413
- 1315
15-1.7
1,719
1921
2123
- 2325
- 2527

Ham luong polyphenol
ong (GAE/g)

b.

Ham lugng polyphenol tong
(GAE/g)

1113

- 1315
1517

1719

- 1921
2123

- 2325
- 2527

2 2729
- 2931

Hinh 2. Biéu d6 bé mit dap ing va dudng dong mitc cho TPC; (a) XG & mikc 0,3%, (b) nhiét do
say ¢ 60°C va (c) EA ¢ mirc 10%

Khi xem xét anh hudng cua EA (5 - 15%) va
nhiét do sdy (50 - 70°C) tai XG cd dinh (0,3%)
(Hinh 2a), TPC duy tri & muc cao (khoang 2,0 -
2,2 mg GAE/g) tai vung EA 10 -13% va nhiét do
sy khoang 58 - 62°C, so voi muc noéng do EA va
nhiét d6 thip ban dau (1,0 - 1,2 mg GAE/g). Tuy
nhién, khi tiép tuc tdng nhi¢t do 1én 65 - 70°C,
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TPC c6 xu hudng giam (con khoang 1,4 - 1,8 mg
GAE/g), cho thay su phan huy nhiét cua cac hop
chat phenolic khi ¢ nhiét do cao. Pong thoi, khi
EA vugt qua 13%, TPC ciing giam nhe, ¢6 thé do
hi¢u tmg pha loang hoac bién tinh protein anh
huong dén kha ning bao vé hop chat phenolic
trong ma tran bot. Nghién clru ctia Shaari va cs
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(2018) [18] cho rang, viéc ting nong do EA gitp
nang cao kha niang luu giit cac hop chét phenolic
trong ma tran. Albumin trung (khi dugc st dung
lam chét tao bot) thé hién kha nang duy tri hoat
tinh sinh hoc. EA 1a protein c6 tinh hoat dong bé
mit cao, giam strc cing bé mit, tao bot khi va
phan bd déu. Sau khi tién hanh danh bot, EA tao
mang ludi protein bao quanh bot khi va hinh
thanh céu tric x6p 6n dinh hon, tao phtc véi
phenolic. Do EA thtc déy qué trinh tao bot, [am
tang dién tich bé mat va rat ngan thoi gian siy,
tir 6 han ché sy phan huy phenolic do nhiét do
va oxy khong khi. Tuy nhién, & ndng do qua cao,
EA c6 thé lam giam ham lugng phenolic, nhur bao
cdo cua Vasudevan va cs (2020) [19], do hiéu Gng
pha lodng. Do d6, nong do EA can dugc toi wu
trong mot khoang thich hop, di dé hinh thanh
ciu tric bot 6n dinh nhung khong qua cao dé
tranh hiéu ung pha loang.

O hinh 2b, v6i nhiét d6 ¢6 dinh (60°C), TPC
duy tri & murc cao khi EA ting tir 5% dén khoang
11 - 13%, dat cuc dai khoang 2,0 - 2,2 mg
GAE/g, sau d6 gidm nhe & muc EA cao hon.
Nguoc lai, khi XG tang cao hon 0,3% thi TPC c6
xu hudéng giam (khoang 1,6 - 1,8 mg GAE/g).
Diéu nay cho thay, XG anh huéng dén TPC theo
2 xu hudng trai chiéu tuy theo nong do. O mic
thip, XG dong vai trdo nhu mot polysaccharide tu
nhién c6 kha nang 6n dinh ciu trac bot, khong khi
noéng dé dang len 13i dé 1ay 4m khoi hé bot, lam
rit ngan thoi gian tiép xac cia TPC véi oxy
khong khi. Mat khac, XG con gitp bao boc cac
hop chat hoat tinh sinh hoc, tir 46 gop phfm han
ché su suy giam TPC trong qua trinh say. Cau
tric bot duoc 6n dinh di cai thién téc do truyén
nhiét, gitp bot khdé nhanh hon va hiéu qua hon,
d@)ng thodi han ché sy mit mat ham luong
polyphenol. Tuy nhién, khi ndng d6 XG ting cao,
dd nhot cia hé tang 1€n, lam can tré qué trinh
khuéch tan 4m va truyén nhiét, dong thoi co thé
hinh thanh 16p mang trén bé mit vat liéu, han ché
su giai phong hodc chiét xudt cac hop chit
phenolic. Ngoai ra, ham lugng XG cao con gy
hiéu tng pha lodng, din dén su giam TPC trong
san pham. Do d6, ndong d6 XG can duoc kiém
soat & muc thich hgp dé vira dam bao 6n dinh cau
tric bot vira han ché nhiing tic dong bét loi dén
TPC. Su két hop cua hai tadc nhan EA va XG tao
hi€u trng bao toan TPC duoc cai thién 10 rét.

O hinh 2¢, khi EA ¢ dinh & mirc 10%, nong
d6 XG va nhiét do sdy thay doi, TPC dat gia tri
cao nhit (~2,0 - 2,2 mg GAE/g) & ving nhiét do
va XG trung binh khoang 58 - 62°C va 0,2 -
0,3%, twong tng. Khi nhiét d¢ ting cao hon hoac
nong d6 XG st dung nhiéu hon, TPC c6 xu
huéng giam xudng con khoang 1,3 - 1,7 mg
GAE/g. Piéu nay tiép tuc khang dinh rang, nhiét
dd cao gay phan huy polyphenol, trong khi XG &
nong do cao lam can trd qua trinh bao toan hodc
giai phong cac hop chat nay. Garau va cs (2007)
[20] da bao cdo su suy giam ham lugng phenolic
khi sdy ¢ 50°C, nguyén nhan chu yéu 1a do thoi
gian sdy kéo dai, lam gia ting su phan huy cic
hop chat phenolic. Pong thoi, tac dong pha huy
clia qua trinh sdy dbi voi cac hop chat nay c6 xu
hudng tang theo thoi gian xir Iy nhiét. Nguoc lai,
viéc tang nhiét do séy 6 thé 1am duy tri hoac lam
taing TPC cao trong mot sd trudng hop, do qua
trinh x(r 1y nhiét 1am pha v& cau tric t& bao, tir d6
tao diéu kién thuén loi cho viéc gidi phong va
chiét xuét cac hgp chit phenolic. Bén canh do, ky
thuét sdy bot x0p giup gia tang dang ké toc do
sdy, rat ngan thoi gian xu 1y va han ché qua trinh
oxy hoa ciling nhu tac dong bat loi cua nhiét 1én
cac hop chét phenolic. Tuy nhién, khi nhiét do sdy
tang qua cao (tir 60 1én 70°C), sy suy giam cua cac
hop chéat phenolic lai gia ting do tinh nhay cam
nhiét ctia cac hop chat nay, dan dén phan hiiy manh
hon. Nghién clru cua Sritongtae va cs (2017) [15]
da bao céo rang, sdy & 60°C gitp duy tri dang ké
cac hop chat c6 hoat tinh sinh hoc va hoat tinh
chdng oxy hoa t6t hon so véi 70°C. Trong khi d(’)
Jakkranuhwat va Kunchansombat (2021) [21] d
béo céo rang, qua trinh sdy bot xop khoai lang t1rn
& nhiét do 70°C van duy tri tdt cac hop chét c6
hoat tinh sinh hoc.

Két qua t61 wu hoa cho thiy, TPC dat gia tri
cuc dai 2,11 mg GAE/g tai diéu kién gom ndng
d6 EA 11,20%, XG 0,27% va nhiét do say 60°C.
O diéu kién nay, su két hop gitta mirc EA va XG
trung binh gitp hinh thanh cAu trac bot 6n dinh,
ddng thoi han ché hién tuong ting do nhét qua
mirc, tao diéu kién thuén loi cho qua trinh truyén
nhiét va khuéch tan 4m. Bén canh d6, nhiét do
say 60°C dugc xem la nhiét d6 phu hop, vira du
dé rat ngan thoi gian sdy, han ché qua trinh oxy
héa do thoi gian say kéo dai, vira khong qua cao
dé gay phan hily nhiét cac hop chit phenolic.
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3.1.3. T6i wu héa dé‘ng thoi

Cac bién dap tng (toc d6 siy va TPC) ban
dau duoc phan tich va t6i wu hoa riéng biét, do do
két qua cho thdy, mdi bién c6 diéu kién tbi wu
khac nhau do chiu anh hudéng khac nhau tir cac
bién doc lap (EA, XG va nhiét do siy). Tuy
nhién, trong thuc té, viéc t6i vu riéng 1¢ timg bién
khong dam bao dat dugc hiéu qua téng thé cua
qua trinh. Do d6, can tién hanh t6i wu héa dong
thoi cac dap ing nham xéac dinh diéu kién téi vu
chung. Vi vay, phuong phap ham mong mudn
(Desirability function) két hop véi thiét ké thuc
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nghiém dd dugc st dung dé t6i wu hoa dong thoi
toc do séy va TPC.

Bleu dd chéng lap (overlay plot) thé hién
ving toi wu chung cia cac yéu t6 duoc trinh bay
trong hinh 3, trong do diém t6i wu dugc ky hiéu
bang ddu (*). Két qua tur cong cu Optimize
Response (st dung phan mém  Statgraphics
Centurion XV.I) cho thay, diéu kién t6i wu dat
duoc tai ndng do EA 12,4%, XG 0,31% va nhiét
do séy 62,4°C. O diéu kién nay, tbe do séy dat
2,359 g nuée/g chat kho/phat va TPC duy tri &
muc cao 2,07 mg GAE/g.
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Hinh 3. Biéu d6 chong lip thé hién dnh hwdng cia Qiéu kién siy bot xop dén toc dd sé:ly va TPC
cia bot WFSP; (a) XG 6 mirc 0,3%, (b) nhiét dg say 60°C va (c) EA ¢ mirc 10%; diém toi wu
dwoc ky hi€u bang dau (*)

bé danh gia dg tin cdy cia md hinh, thi
nghiém kiém ching d3 duoc thuc hién o diéu
kién t6i wu cua EA, XG va nhiét do sdy lan luot
1a 12,4%, 0,31% va 62,4°C. Két qua cho thiy sy
phu hop tot gitta gia tri dy doédn va thuc nghiém,
v6i sai s6 nho hon 5%, cu thé 1a 3,65% (2,273 +
0,146) ddi véi tbe do say va 4,35% (1,98 = 0,05)
d6i véi TPC.

3.2. Céu tric vi mé va dic tinh 1y héa hoc
ciia bot WFSP siy bot xop

3.2.1. Bac diém vi cau tric

DPic diém hinh thai ctia bot WESP siy bot
x0p ¢ diéu kién t6i wu duoc quan sat bang kinh
hién vi dién tir quét (SEM) va so sanh véi phuong
phép siy d6i luu (khong tao bot) & cing d6 phong
dai x 1.000 (Hinh 4). O mau say dbi luu (Hinh
4a), cac hat bot co kich thude tuong ddi nho va

44

phan b6 kha dong déu, chi yéu c6 dang da giac
hodc bau duc. B&é mat hat twong ddi nhin nhung
c6 hién tuong két tu va mot sd vét nat nho. Cau
tric nay hinh thanh do qua trinh mét nuéc cham,
dan dén co rut t& bao va lam vat liéu tré nén dic
hon, it 16 rong.

Hinh 4. Ciu triic vi md ciia bt WFSP dwoe
siy bing phwong phap siy ddi luu (a) va siy
bot xop (b) 6 do phong dai x 1. 000

Nguoc lai, mau bot WF SP sdy bot xop (Hinh
4b) duoc quan sat thdy c6 cdu tric dang manh,
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vay 16n véi hinh dang khong dong nhét va bé mat
th6 rap hon. bBac biét, co thé quan sat thdy cac
khoang rong va khe ho 16n, cho thdy vat lidu co
d6 xdp cao. Cau trac nay dugc hinh thanh do su
tao bot ban dau va qua trinh thoat am nhanh
chong trong qué trinh sdy bot xdp, 1am hinh thanh
mang ludi 16 rong lién thong. Sy hién dién cua
EA va XG giup tao bot va 6n dinh hé bot, duy tri
ciu trac x0p trong sudt qua trinh sdy. Nhung dac
diém cdu trac x6p va hinh thai khong dong nhat
nay cting da duoc phat hién trong cac nghién ctru
trudc day trén cac san pham say bot x5p.

3.2.2. Pac tinh ly héa hoc

T -,Y‘!.

Qua trinh say bot xp dién ra trong thoi gian
ngin (3,5 gid), gitp san pham duy tri mau tring
sang dac trung, voi gid tri do tréng la 91,01 +
0,16. Bén canh d6, bot thu duoc c6 do 4m va hoat
do6 nudc (a,) thap lan luot 1a 4,38 + 0,21% va
0,27, cho thiy kha ning bao quan tét & nhiét 4o
thudng. Bén canh d6, chi sé hap thu nude (WAI)
va chi s6 hoa tan trong nudc (WSI) lan luot 1a
4,60 + 0,02 g/g; 54,75 + 0,37%, cho thiy bot co
kha nang hat nude va hoa tan tét. Nhiing dic tinh
nay c6 lién quan dén cdu trac x6p cua san pham
bot WFSP thu duge tir phuong phap say bot xdp
(Hinh 5), gitp ting dién tich bé mat va kha ning
tuong tac véi nuoc.

#rahe,
T gt MO
4 irgs.
¥ £ & o

Hinh 5. Bot WFSP siy bot xp

4. KET LUAN

Thiét ké thi nghiém thdng ké BBD két hop
v01 RSM dé dugce ap dung thanh cong dé mo hinh
hoa va t6i wu hoa cac théng sb cua qua trinh siy
bot xp WFSP. Két qua nghién ctru cho thay, viéc
bd sung EA va XG, cting nhu nhiét d¢ say, da anh
huong 16 rét dén tbc d6 sdy va nong do
polyphenol trong bot WFSP thu dugc bang
phuong phép siy bot xdp. Pé san xuat bot WFSP
véi tée d6 sdy cao va ham luong polyphenol cao
trong san pham thanh pham voi EA (12,4%), XG
(0,31%) va nhiét do say (62,4°C). Bot WFSP giir
duoc mau tre"mg tu nhién v6i cac dac tinh vat 1y -
hoa hoc tbt, co thé duoc tmg dung tiép trong
nhiéu cong thirc ché bién thyc pham dinh _dudng
va co hoat tinh chdng oxy hoa cao, gop phén ting
cuong hé mién dich va cai thién chat luong cudc
séng cong dong khi bd sung thuong xuyén vao
khau phan #n hang ngay. Kha ning mé rong va
thuong mai hoa cao, cong nghé st dung sy bot
x0p khoai lang c6 thé (mg dung & cac quy md
doanh nghiép vtra va nho, tan dung thiét bi san co
va chuyén giao cong ngh¢ thuan loi.
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STUDY ON THE EFFECTS OF FOAM-MAT DRYING CONDITIONS ON DRYING RATE
AND POLYPHENOL CONTENT IN WHITE-FRESH SWEET POTATO POWDER USING

RESPONSE SURFACE METHODOLOGY
Nguyen Chi Dung ! Nguyen Minh Thuy ! Tran Ngoc Giau !
Hong Van Hao ', Pham Thi Kim Quyen"?
"Institute of Food and Biotechnology, Can Tho University
’Faculty of Food Science and Health, Kien Giang University
Abstract

The study aimed to optimize foam-mat drying parameters for producing white-fleshed sweet potato
(WFSP) powder. Egg albumin (EA) (5 - 15%), xanthan gum (XG) (0.1 - 0.5%) and drying
temperature (50 - 70°C) were used as independent variables, optimized via the response surface
methodology with a Box-Behnken design (BBD). Response variables (drying rate and polyphenol
content) were evaluated across 18 treatments, including 6 center points and three replicates. Analysis
of variance revealed high coefficients of determination (> 93%) between predicted and experimental
values across all models. The optimal foam-mat drying conditions were 12.4% EA, 0.31% XG and a
drying temperature of 62.4°C. These conditions achieved the highest drying rate (2.359 g water/g dry
matter/min) and polyphenol content (2.07 mg GAE/g). The optimal parameters were validated, with
experimental values deviating from predictions by less than 5%. After 3.5 hours of drying at 62.4°C,
the foam-mat dried WFSP powder exhibited low moisture content (4.38%) and water activity (0.27).
Water absorption index and water solubility index were 4.60 g/g and 54.75%, respectively.

Keywords: Polyphenol content, drying rate, foam drying, optimization, response surface method.
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