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TOM TAT

Muc tiéu cia nghién ciru nay la khao sat anh hiong ciia ty I¢ chat tro sdy p-

cyclodextrin (BCD) (2, 4, 6%) két ' hop voi 10% hon hop maltodextrin/gum
Arabic (85%/15%) va diéu kién sdy gom nhiét do dau vao (160, 170, 180°C)
va toc dg bom 378, 555, 750 mL/gior dén tinh chit cam quan va héa 1y (46
dam, hoat dg nuéc - av, thoi gian hoa tan, mau sdc, vitamin C, polyphenol —
TPC, flavonoid — TFC) ciia bjt budi. Két qud cho thdy, véi ty Ié 4% (w/v)
BCD dem lgi hiéu qua sdy 16t nhat véi hiéu sudt thu héi, ham heong TPC,
vitamin C, TFC va diém cam quan cao nhét. Bén canh dé, bt duge sdy o
nhiét dé 160°C va toc dg bom 750 mL/gio mdic dii cho hiéu sudt thu hoi thép
(51,82%) tuy nhién kha ndng heu giit cdc thanh phan TPC, vitamin C va
TFC la cao hon lan heot la 2,87 mgGAE/g CK, 204,36 mg/100g CK va 6,04
mgQE/g CK). San pham bét buci c6 dg am va hoat do nudce lan heot la
8,69% va 0,45 thich hop trong bdo quan va vin chuyén. Két qua nghién ciu
g0p phan néng cao gid tri sir dung va kinh té ciia qua bugi long Co Co tai
dia phuong.

Tir khod: Bueoi long Co Co, f-cyclodextrin, nhiét dé say, sdy phun,
toc dg bom

ABSTRACT

This study aimed to determine the impact of concentrations of -cyclodextrin
(BCD) (2, 4, 6%) combine with 10% mixture maltodextrin/gum Arabic
(85%/15%) and spray-drying conditions, inlet temperature (160 - 180°C)
and feed rate levels (375, 555, 750 mL/h) on the sensory and
physicochemical ~ (moisture content, water activity- aw, color, yield,
flavonoid content -TFC, total polyphenol content -TPC, and vitamin C
content) properties of pomelo juice powder. The results showed that
concentrations of 4% p-cyclodextrin obtained the best results for yield, TPC,
vitamin, and TFC content were the highest. Although the spray drying was
carried out of 160°C and a feed rate of 750 mL/h, the recovery efficiency
was low (51.82%), but the retention capacity of TPC, vitamin C and TFC
contents was higher (2.87 mgGAE/g, 204.36 mg/100g and 6.04 mgQF/g,
respectively). The pomelo powder had moisture and water activity of 8.69%
and 0.45, respectively, suitable for storage and transportation. The research
results contributed to improving the use and economic value of Co Co
pomelo locally.

Keywords: [-cyclodextrin, Co Co pomelo, feed flow rate, inlet
temperature, spray drying
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1. GIOI THIEU

Qua budi (Citrus maxima Merr., Burm. hodc
Citrus grandis (L.) Osbeck.) rat da dang vé ching
loai va phén b rong rai theo cac ving sinh thai nong
nghiép. Budi chira nhidu acid galacturonic, vitamin
C, pectin, phenol, flavoinoid (limonoid, hesperidin
va naringin),... ¢6 tic dung chdng oxy hoéa manh
(Hui Ni et al., 2014). Theo woc tinh nim 2024, dién
tich cay buoi ca nwoc ¢6 hon 110 nghin ha, riéng
dong bang song Ciru Long chiém khoang 32.000 ha
voi san luwong khoang 369.000 tan voi cac giéng
bwdi ndi tiéng nhw bwoi da xanh, bwoi Nam Roi
(Vietnam Industry and Trade Information Center,
2024). Trong d6, budi long C6 Co 1a gibng budi dic
san va duoc trong nhiéu chuyén canh ciia huyén Cai
B¢, tinh Tién Giang trudce day bén canh xoai cat Hoa
Loc, budi 1ong C6 Co va cdy c6 mii khac (Ministry
of Industry and Trade, 2020).

Bén canh cac hop chat c6 gia tri sinh hoc nhung
kém bén nhiét trong budi nhu vitamin C, polyphenol
thi vi ddng chii yéu 1a limonin va naringin (Shaw et
al., 1984). Vi déng 1a dac tinh huong vi khéng mong
mudn cia mot s6 san phdm nude ép cam va budi
thudc ho cam quyt, diéu nay lam giam gia tri cam
quan cua san pham (Nguyen et al., 2014). Hon nira,
cac hop chit nay rat nhay cam va co thé dé dang bi
anh huong boi nhiéu yéu td 1y hoa, diéu nay gy ra
tro ngai lon cho viéc st dung ching vao cac san
pham thue pham Theo Szejtli and Szente (2005) vi
ding cua thudc, thanh phan thuc pham hoa tan trong
nudce hodc trong nude bot khi vao miéng c6 thé giam
manh hoidc loai bo hoan toan néu thanh phﬁn déng
tao thanh phtrc hgp véi mot cyclodextrin (CD) thich
hop. Viée vi bao cac hop chét ¢ dic tinh nhay cam
v6i nhiét 1a mot phuong thirc hiéu quéa dé khic phuc
vén dé nay. Sdy phun la phuong phéap vi bao hiéu
qua trong viéc chuyén dbi chét 1ong thanh dang bot
va pht hgp dé xir 1y cac thanh phan nhay cam véi
nhiét nhu polyphenol, carotenoid, vitamin C
(VisakaAnantawat, 2015). Uu diém cia phuong
phap say phun la san pham tao ra ¢ kich thugc hat
dong déu va hinh cau, c6 thoi gian sdy tuong dbi
ngin va co thé st dung phuong phap nay trén cac
vat liéu khong bén nhiét (Pradana et al., 2021).
Nhiéu loai nudc ép trai cay sdy phun da duoc nghién
clru trong san xuét chit tao mau tir trai cdy va rau
qua nhu qua mong, qua lyu, qua géc, khoai lang tim,
ca rot den (Do & Nguyen, 2018). K§ thuét nay ciing
¢6 thé gitip che gidu mui hodc vi kho chiu, thay d6i
d6 hoa tan va ngan ngira su bay hoi cia cac chit
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hodc cac hién tuong khong twong thich khac
(Baysan, 2019). Viéc lya chon vét li¢u bao pha phu
hop 12 mot budc quan trong dé san xudt bot hiéu qua.
Mot trong nhing chat tro sdy thuong dugc sir dung
trong san xudt tinh thé nano bang phuong phép siy
phun la maltodextrin (MD). MD c6 dac tinh vi bao
tdt do do hoa tan, kha nang tao mang cao va do nhot
thap (Tatasciore et al., 2024) gilp tao ra bot roi,
tranh dinh, giam d¢ hat am ctia bot va ting kha ning
thu hdi bot (Akdeniz et al., 2017). Tuy nhién, MD
khong hoat dong bé mit va kha ning nhii héa kém.
Dé khic phuc nhuoc diém nay, carbohydrate ¢ thé
dugc sir dung két hop v6i cac thanh phan khéc co
kha niang nhii héa tét nhu gum Arabic (GA)
(Tatasciore et al., 2024). GA 1a mdt hydrocolloid véi
cac chudi polysaccharide chira mot phan nho protein
gitip khic phuc van dé dinh ciing nhu bao boc cac
thanh phan nhay cam chdng lai qué trinh oxy héa
(phenolic, vitamin, anthocyanin) do kha nang nhii
hoéa tot (Idris et al., 2013). Mot loai chat mang khac
1a B-cyclodextrin (BCD), mot oligosaccharide vong
c6 khoang khoéng phan cuc va bén ngoai ua nudc,
cho phép hinh thanh cac phuc hop véi cac phan tu
16i khong phan cuc (Jovié et al., 2023). BCD c6 thé
dugc s dung lam chét khir cac thanh phan ding
limonin va naringin trong nudc ép budi (Shaw et al.,
1984; Wagner et al., 1988) ciing nhu hiéu qua khur
vi déing cua thudc (Szejtli & Szente, 2005; Escobar-
Avello et al., 2021). Sy két hop cua MD véi BCD,
GA véi BCD hay MD véi BCD va GA c6 thé dong
thoi lam tang d¢ 6n dinh ctia hoat chat dugc bao phu
(Escobar-Avello et al., 2021; Pradana et al., 2021;
Tatasciore et al., 2024) bén canh cac s6 thong sb
khac nhu nhiét d6 dau vao, luu lugng cap lidu va luu
luong khi séy, loai va chat tro séy (Suhag et al.,
2016; Jovic et al., 2023).

Nghién ctru nay dugc thye hién nham déanh gia
anh huong cua ty 1¢ (BCD), nhiét do sdy phun va toc
do cap dich dén hiéu qua qua trinh vi bao dich chiét
va mot s6 thong sd chét luong ctia bot budi 1ong Co
Co.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén vit li¢u

Budi 16ng C6 Co: chin déu (7-8 thang sau khi trd
bong), vo c6 mau xanh vang dé 16t va mong, rudt
hf“)ng, thit qua c6 d6 brix > 9, dugc thu nhan tai nha
vuon huyén Céi Be, tinh Tién Giang, sir dung nhiing
budi nho (< 1 kg), con nguyén ven va khong hu
hong bén trong.



Tap chi Khoa hoc Dai hoc Cén Tho

Hinh 1. Buéi Long C6 Cd nguyén liéu va cic
buéc xir ly

a: budi sau 2 tudn bdo quan, b: budi tach mui, c: dich
budi xay, d: dich buoi sau thiy phdan va loc.

Maltodextrin 12 DE (xuét xit Trung Qudc), gum
Arabic (xuat xtt An b9), B-Cyclodextrin (xuat X
Trung Qudc), cac chat tro sdy duoc cung cip boi
cong ty CEMACO (Can Tho).

Ché phdm enzyme pectinex Ultra-SPL dugc
mua tr hing Novozymes (Pan Mach) c6 hoat d6
3300 don vi polygalacturonase/ml.

Hoéa chat:  2,6-dichlorophenol-indophenol,
Aceton, Folin — C@ocalteau, Na2§303, Acid gallic,
AICl3, Quercetin deu dat ti€u chuén phan tich c6 do
tinh khict cao dugc cung cap boi cong ty CEMACO
(Can Tho).

2.2. Quy trinh thi nghiém

Buoi
!
Xir 1y, bo vo

!

Tach mui

ol

Xay nhuyén (nudc:buoi=1:1)
1
Xt 1y enzyme (pectinex Ultra-SPL: 0,03%v/v,
40°C, 60 phut)
!
Loc
A
Phoi tron
10% (85% maltodextrin+15% gum Arabic)
VA
0 24 6%
o
Say phun
(160, 170, 180°C
378, 555, 750 mL/gio)
1
Bao gobi

BCD

2.3. Chun bi mAu va bb tri thi nghiém
2.3.1. Chudn bi mau

Budi sau khi thu hoach duge van chuyén dén
phong thi nghiém Cong ngh¢ thuc pham, trudng Dai
hoc Tién Giang. Buoi dugc ton trit & nhi¢t 46 phong,
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khong bao bi trong 2 tuan (Ung & Nguyen, 2025).
Budi chin duge bo vo, xo tring, tich mui, tién hanh
xay nhuyén véi nudc theo ty 1¢ nudc : buai la 1:1
trong 3 phut bang may Panasonic MJ M-176P. Hon
hop budi sau d6 duoc xir Iy voi enzyme pectinex
Ultra-SPL véi néng 0,03% w/w, nhiét d6 40°C,
trong 60 phtit. Viéc loc qua vai loc thong dung (kich
thude 16 200 micron) duoc tién hanh, thu dich budi
cho viée bd tri thi nghiém. Dich budi thu dugce véi
céc chi sb chét lugng hoa hoc nhu TPC, ham lugong
acid téng, TFC, vitamin C va ham luong chat kho
hoa tan lan luot 1a 16,44 mgGAE/100 mL, 0,30%,
23,49 mgQE/ mL, 186,27 mg/100 mL va 6,9 do
Brix.

2.3.2. B tri thi nghiém

Thi nghiém 1: Anh huong 1y 1é B-cyclodextrin
dén chat lwong san pham

Dich budi (dwoc chudn bi theo nhur mé ta & muc
2.3.1) dugc phdi tron voi 10%w/v chét trg siy (hdn
hop chira 85% maltodextrin 12 DE va 15% gum
arabic) (Ung & Nguyen, 2025) va f-cyclodextrin (O
- 6% w/v). Hon hop dugc siy phun véi thiét bi Lab
plant SD-basic (England) ¢ nhiét d6 dau vao/dau ra
12 150°C/80 - 82°C va toc d6 bom cép liéu 1a 3 RPM
(378 mL/gi0). Céc chi tiéu theo ddi: d6 am (%), hoat
d6 nudc (ay), hiéu suat thu hoi (%), thoi gian hoa tan
(gidy), mau sdc (L*, a*, b*), vitamin C (mg/100 g,
ham lugng flavonoid -TFC (mgQE/gck),
polyphenol téng -TPC (mgGAE/gck) va diém cam
quan.

. Thi nghiém 2: Khao sat anh huong cua nhiét do
dau vdo va toc do bom cap dich dén chat luwong va
hiéu suat thu hoi

Dich budi (dwoc chudn bi theo nhur mé ta & muc
2.3.1) dugc phdi tron voi 10% w/v hdn hop chét trg
sdy va p-cyclodextrin theo két qua thi nghiém 1.
Hén hop dugc sdy phun véi thiét bi Lab plant SD-
basic (England) & nhiét d6 diu vao/dau ra la
160°C/87 - 89°C, 170°C/93 - 95°C va 180°C/99 -
103°C va téc d6 bom cép lidu 1a 3, 4 va 5 RPM (378,
555 va 750 mL/gid). Céac chi tiéu theo ddi: do 4m
(%), hoat d6 nué6c (a,,), hiéu suat thu hdi (%), d6 hoa

tan (gidy), mau sic (L*, a*, b*), vitamin C
(mg/100gck), ham luong flavonoid -TFC
(mgQE/gck)  va  polyphenol  téng  -TPC
(mgGAE/gck).

2.4. Chi tiéu va phwong phap phan tich

2.4.1. Hiéu sudt thu hoi dugc xdc dinh theo mé
ta cua Le (2020):

H = (m1/m,).100%
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Trong d6: m; 1a tong chit rin hoa tan cua bot
(g), my 1a tong chat rin hoa tan cta dich trudc khi
say (g).

2.4.2. Thoi gian hoa tan (gidy) dwoc xdc dinh

theo mo ta cua Suhag et al. (2016):

Mu bot c¢6 khéi lwong 50 mg dugc cho vao éng
nghiém nho, thém 1 mL nudc cét, tién hanh tron
bang cach sur dung Vortex ¢ toc do trung binh (1.500
vong/phut) dén khi bot hoa tan hoan toan. Thoi gian
dé hoan nguyén hoan toan bot duoc ghi lai bang
ddng hd bam gio dién tir.

2.4.3. Xdc dinh dé am (%) dwoc xac dinh theo
mo ta cua Do & Nguyen (2018)

bo ém’ducyc xac dinh bang cach sdy kho cac m?}u
trong ti sdy (UF55 MEMMERT) ¢ 105°C cho dén
khi dat khoi lugng khong doi.

2.4.4. Xac dinh hoat do nuoc

Khoang 0,5 g mau duoc dit vao vi tri nhan mau
cua may do hoat d6 nudc (Novasina MS1-aw, Thuy
S1), khi dat dén trang thai can béng, gia tri hoat do
nude duge doc va ghi lai.

2.4.5. Ham luong vitamin C dwoc xdc dinh theo

mo ta cua Singh et al. (2022) c6 hiéu
chinh

Phan nay dugc tién hanh bang cach pha lodng 1
g bot v6i 20 ml acid oxalic 4%. Tiép theo, 5 ml dich
pha lodng dugc chuin d6 véi thudc thir 2,6-
dichlorophenol-indophenol (DCPIP). Piém ding
chuin do khi mot giot du 2,6-DIP xanh lam cho
dung dich chuyén thanh mau hong trong méi truong
acid va bén trong hon 15 gidy. Dung dich
indophenol dugc chuén do véi dung dich ascorbic
acid chuan. Ham luong vitamin C dugc biéu dién
bing mg trén gram chét kho (mg/g chit kho).

X=( ) (M

Trong do:

a—bxV%100%0,088
v*(100-W)m

a la s6 mL trung binh khi chuin do that.
b 1a s6 mL trung binh khi chuén d6 d6i chimg.

0,088 1a sb mg acid ascorbic twong duong voi 1 mL
dung dich chuan DCPIP 0,001N.

V la thé tich dich chiét ban dau (mL).
W: d6 am bot, %.
v: thé tich dich chiét ldy dé dinh chuan (mL).

m: khéi lvong mau vat can luc dau (g).
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2.4.6. Xac dinh ham luong cac chat chira
phenol (TPC) theo md ta cia Suhag et al.
(2016) co dieu chinh

Ham lugngduoc xac dinh bang cach pha lodng
0,25 g bot trong 10 ml aceton 60%. Luong dich chiét
1 mL duoc chuyén vao 6ng nghiém chira 0,5 mL
thudc thir Folin — Ciocalteau (1:9) va dé khoang 3
phut. Sau do, 2,5 mL dung dich Na,CO3; bao hoa
duoc thém vao, 150 déu, dé trong bong ti 30 phiit.
Do hip thu ¢ bude song 765 nm duge do bang may
do quang phd (Varian Cary® 50 UV- Vis). Acid
gallic (0 - 100 mg/L) dugc sir dung lam dudng chuén
va két qua duoc biéu thi bing mg gallic acid twong
duong (GAE)/gck.

Ham lugng phenolic tong (TPC) dugc tinh theo
cong thue: TPC = C.K.V/((100-W).m).

Trong d6: TPC: ham lugng phenolic tong (mg
GAE/g bot).

C: Gia tri x tir duong chuan véi acid Gallic
(mg/mL).

V: Thé tich dinh mtrc (mL).

W: d6 4m bot, %.

k: Hé s6 pha loang.

m: Khéi luong bot

2.4.7. Xac dinh ham Iuong flavonoid tong

(TFC) dwoc xdc dinh theo mé ta cua
Nguyen et al. (2023)

Ham luong duoc xac dinh biang cach ldy 1 mL
dich chict tron véi 0,5 mL AICl; 10% va 0,5 mL
nuge. Hon hop duogc U trong 10 phut ¢ nhi¢t do
phong sau d6 dem do ¢ budc song 428 nm, bang
mdy do quang phd (Varian Cary® 50 UV- Vis).
TFC dugc tinh toan dya trén dwudng chuan cua
quercetin (5 — 35 mg/mL) dugc biéu thi dudi dang
mg quercetin tuong duong (mg QE/gck).

TFC = C.K.V/((100-W).m)

Trong d6:

TFC: Ham lugng flavonoid tong (mg QE/gck).

C: Gia tri x tir duong chuan véi quercetin
(mg/mL).

k: Hé s6 pha loang.

V: Thé tich dinh mirc (mL).

W: d6 4m bot, %.

m: Khéi luong bot, g.
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2.4.8. Mau sdc (L* a* b*) theo mé td cia
Suhag et al. (2016)

May do mau Minolta CXR400 (Nhat Ban) da
duoc s dung: May do mau nay dua trén khong gian
mau L*a*b* cua CIE (Commission Internationale
de L’Eclairage). Hiéu chudn dugc thuc hién trén 6
mau tring trude khi phan tich mau (L* = 91,0, a* =
+0,3165, b* =+0,3326).

2.4.9. Danh gia cam quan theo mé ta cua Fegus

et al. (2015) va Azlan et al. (2020) va co
diéu chinh

Cac miu dung dé danh gia cam quan dugc
trinh bay duéi dang dd udng hoa tan c6 chia
1,5% chét kho, hoi dong gom 20 thanh vién (gi6i
tinh: 10 nit, 10 nam; nhom tudi: 20 — 40) bang
phuong phap cam quan thi hiéu, thang Hedonic 1 -
9 (1 = cuc ky khong thich va 9 = cuc ky thich).
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2.5. Phwong phap thu thip sb liéu va théng
ké

M&i thi nghiém duoc thye hién ldp lai 3 lan. Gia
tri trung binh va sai s6 ciia két qua s& duoc tinh bang
phin mém Microsoft Excel (Microsoft Inc.,
Redmond, WA, USA). Su khéc biét dang ké (p <
0,05) cta dir liéu dugc phan tich bang one-way
ANOVA bing phan mém Statgraphics XVII
(Statpoint Technologies Inc, US).

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cua ty 1¢ B-cyclodextrin dén
sy thay doi ham lweng polyphenol
(TPC), vitamin C, ham luwgng acid tong
va flavonoid (TFC)

Anh huong cua ty 16 PCD bd sung dén chat
lwong bot budi duge thé hién ¢ Bang 1.

Bang 1. Anh huéng cia ty 1¢ p-cyclodextrin sau khi phdi tron dén sw thay déi ham lwong polyphenol
(TPC), vitamin C, ham lwgng acid tong va flavonoeid (TFC)

B - cyclodextrin TPC (mgGAE/gck) Vitamin C (mg/100gck) Flavonoid (mgQE/gck)
0% 2,06+0,012 157,31+1,85° 4,38+0,01?
2% 2,86+0,01° 158,14+4,40° 5,31+£0,01°¢
4% 3,55+0,02¢ 184,62+1,47¢ 5,70+0,01¢
6% 3,54+0,01¢ 128,80+3,69? 4,46+0,01°

Ghi chii: s6 liéu trung binh cia 3 lan lap lai. Cackitwa, b, c, ...

Bang 1 cho thdy, ty 16 BCD sir dung c6 anh
hudng 1 rét (P < 0,05) dén cac thong sé chét luong
cua bot buai thu nhan. Ham lugng TPC, TFC va
vitamin C trong bot dugc ghi nhan twong tng tir 2,06
- 3,55 mgGAE/g, 4,38 - 5,70 mgQE/g va 128,80 -
184,62 mg/100 gu. D6i véi mau dbi chimg (khong
b6 sung PCD) thi ham lugng TPC, TFC 1a thap nhét
ngoai trir vitamin C. BCD cho thay tac dong tich cuc
dén kha nang luu gitt va ham luong cac hop chat
phenolic (P < 0,05) khi dwoc st dung két hop véi
MD va GA. Khi tang ty 1€ BCD str dung tir 2% lén
4% thi c6 su gia ting ham lugng cac chat TPC, TFC
va vitamin C va dat cao nhit & ty 1€ str dung 4%
BCD. Khi tang ty 1& st dung BCD 1én 6% cho thiy
cO sy sut giam vé ham lvong cua TPC, TFC va
vitamin C. B-cyclodextrin 14 vat liéu vi bao gitup hd
trg kha nang luu giir tot cac chét tan trong dung dich.
Pic trung quan trong cta B-cyclodextrin 1a co6 kha
ning tao phirc chét, cic thanh phan 10ng vao nhau &
trang thai dung dich. Tuy nhién, khi ty 1& chat nay
cao (6%) thi kha nang luu gitr cac hop chét giam do
dac tinh kho tan & nhiét 46 phong cua phu gia nay.
Theo Hedges (2009) thi d6 hoa tan ctia BCD trong
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theo cét thé hién su khdc nhau cé y nghia (P < 0,05).

nude ¢ 25°C 1a 1,8 g/100mL va 4,5 g/100mL ¢ 45°C
va thuc té thuc hién thi nghiém cho théy, khi luong
str dung BCD 6 ty 1€ 6% thi phan 16n chat nay khong
hoa tan trong dich budi. Két qua nay co thé duoc
quy cho viéc dua vao va bao vé mot sb flavonoid
duogc prenyl hoa vao khoang ky nudc cyclodextrin
(Pradana et al., 2021). Kha nang luu gitta cac hoat
chat trong dich budi bén canh vai trd ctia hdn hop
chat mang GA va MD dugc giai thich 14 cai thién
kha nang luu gilt cidc phan ti ky nudc (do thanh
phén protein ky nuéc ciia GA mang lai cho GA kha
nang nhii hoa dé gir lai cac phan tir ky nudc) thi vai
tro twong tu cua BCD la do sy hinh thanh cac phic
hop bao giita cac phan tor BCD va cac hop chét
phenolic, 1am ting d6 bén nhiét cia chung
(Akbarmehr et al., 2024). Mot ly giai khac cua
Tatasciore et al. (2024) cho cac déc tinh lién quan
den ham lugng phenolic (c6 chira nhiéu flavonoid)
t6t hon cua bot chita BCD va GA ¢6 thé nam ¢ céu
trac phang hoi ky nudc, cho phép ching tuong tac
v6i cac 16p mang lipid, nén c6 xu hudng dugc luu
giit tot hon trong cac khoang chira BCD va GA ky
nudac.
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Theo Jovic et al. (2023), hiéu suét thu hdi thu
duoc & quy mod phong thi nghiém phai dat it nhat
50% dé dat dugc hiéu suét siy phun mong mudn &
quy mo cong nghiép. Trong do, viéc lua chon vat
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liéu mang c6 thé anh huéng dén hiéu sudt sy phun.
Trong nghién cru nay, hiéu qua cua viéc st dung
MD+GA don 1¢ hodc két hop v6i BCD chét trg sy
dén hiéu suét séiy duoc thé hién trong Bang 2.

Bing 2. Anh huéng ciia ty 1§ p-cyclodextrin dén sy thay d6i ham hoat d9 nuwéc aw, Am d9, do khac mau

va hiéu suat say

B - cyclodextrin aw Am dd (%) Do khic mau (AE) Hiéu suit thu hdi (%)
0% 0,37+0,01?2 4,94+0,052 6,37+0,85% 44,85+1,15°
2% 0,37+0,01? 4,930,012 5,570,842 53,33+0,79°
4% 0,35+0,01? 4,87+0,012 7,741,422 58,31+0,75°
6% 0,46+0,02° 5,36+0,10° 5,83+0,02% 46,47+0,96?

Ghi chii: s6 liéu trung binh cia 3 lan Idp lai. Cdc ki ira, b, ¢, d, ...

Hiéu suat thu hdi ddi voi nghiém thic khong sir
dung BCD khoang 44,85%. Trong khi do, viéc su
dung phdi hop thém BCD lam chat trg say da lam
tang hiéu suat say Hiéu suét say cao nhat dat duoc
khoang 58% dbi v&i bot duge siy véi su két hop cua
MD+GA va 4% BCD. Ly giai cho su gia tang hiéu
suét sdy la do viéc hinh thanh nhanh 16p vo say bang
PCD co thé ngan bot bam dinh vao budng sy, dan
dén hiéu suit siy duoc cai thién (To et al., 2021;
Akbarmehr et al., 2024). Két qua nay phu hc;p voi
két qua dugc bao cao bdi Jovi¢ et al. (2023) va
Tatasciore et al. (2024) cho thdy hiéu qua tot hon
ctia BCD trong qué trinh sy phun vi bao cac hop
chét hoat tinh sinh hoc.

Do am rat quan trong ddi véi do 6n dinh cua bot,
kha nang chay, d6 dinh, sy phat trién cta vi sinh vt
va qua trinh oxy hoa cac hop chat hoat tinh sinh hoc.
Bot thu dugc c6 do am tir 4,87 dén 5,36% twong tng
voi sy thay ddi cua do hoat dong cua nudce (ay) tu
0,35 - 0,46 thich hop dé bao quan lau dai. Ham
luong Am va do hoat dong cua nudc cao nhét dugc
ghi nhan dbi véi mau dugc sdy voi 6% BCD (Bang
2), su khac biét gitra cac ty 1¢ BCD lién quan dén
ham luong 4m va do hoat dong cua nude la co ¥
nghia thng ké (p < 0,05). Diéu nay chi ra ring
cyclodextrin khién bot gitr nhiéu nuéc hon sau khi
sdy. Khi nong do PCD cao c6 thé nhiéu phan tir BCD
khong tao thanh phirc hop véi phan tir polyphenol,
do d6, nhiéu nudc hon van bi giit lai trong cac phan
tir BCD (Jovi¢ et al., 2023).
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theo ¢t thé hién su khdc nhau cé ¥y nghia (p<0.05).

Viéc theo ddi va kiém soat cac thong s6 mau
ctia bot siy phun khong chi anh huong dén tinh thim
m§ ma con anh huong dén kha ning tiép thi va so
thich ctia nguoi ti€u dung (Akbarmehr et al., 2024).

Céc chi s6 mau sic (L*, a*, b*) thay di theo cac
ty 1¢ BCD khac nhau (Hinh 2). Khi tang CD thi chi
sO thé hién sic vang (b* duong) giam. Nguyén nhan
1a do BCD ban du c6 mau tring sang va khi bd sung
nhiéu s& 1a cho bot thu dugc c¢6 mau tring hon va
giam di mau vang nga cua dich buoi. O cac ty 1¢ cao
(6%) cua BCD thi kha nang hoa tan giam do d6 dan
dén sic vang von co cua dich buoi dugc thé hién
trong bot san pham. Trong khi d6 chi sé do sang
(L*) va sic d6 (a*) ting nhung khong co sy khac
biét. Trong khi d6, gia tri biéu thi sy thay d6i mau
tong thé (AE) cua mau sau khi siy dao dong trong
khoang 5,57 - 7,7 va khac biét khong c6 y nghia (P
=0,17) v6i cac ty 1& BCD dugc sir dung (Bang 1).
Nhing phét hién nay cho thiy su thay do6i mau sac
xay ra dudi anh huéng cta ban chat va cau tric
chinh ciia cac chat mang véi ty 1é khac nhau boi bao
phu vat liéu 13i va che gidu mau sic cling nhu mui
vi. Su thay d6i mau sic sau khi say phun ciing ¢6 thé
1a do sy thay d6i ciia mot s6 séc to ctia ca vat liéu 16
va vt liu bao phu do xtr Iy nhiét hoac qua trinh hoa
nau khong dung enzyme (Akbarmehr et al., 2024).
Nhin chung, sy khac biét v& mau sdc cta bot bi anh
huong boi cac dac tinh mau khac nhau cta chinh
chét mang va ty 1 sir dung (Tatasciore et al., 2024).
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Gia tri a*, b*
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Hinh 4. Piém trung binh cim quan theo mirc d§ wa thich ciia dich ép bwéi sau khi hoan nguyén

1a cac miu duoc siy cho cam giac vi dang nhiéu hon
khi khong bd sung BCD. Nguogc lai, khi mau dugc
sdy voi luong nhiéu (6%) c6 thé dan dén do tan cua
cyclodextrin bi giam va lam cho vi déng xuét hién
tro lai khi d4nh gia cua nude budi va din dén két
qua diém cam quan thap hon.

Hinh 4 cho thy diém trung binh cam quan cua
dich budi hoan nguyén tir bt co sy khac nhau theo
ty 16 BCD. Trong do, cac nghiém thirc déu c6 diém
cam quan trung binh 16n hon 5 diém 1a mau bot sdy
v6i 4% 1a cao nhét (7,56). Pbi v6i mau 0% va 6%
BCD, diém cam quan thé hién thap diéu nay co thé
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Nhu vay, viéc bd sung B-cyclodextrin bén canh
gitip cai thién vi ddng, van gitr duoc cac chat dinh
dudng trong dich buoi. Vi viée danh gia cac chi
tiéu hoa ly va cadm quan cua bt budi hoan nguyén
cho thay, voi ty 18 sir dung 4% BCD 14 phu hop nhat.
Bot budi thu nhéan ¢6 hiéu suét séy cao va kha nang
luu giit t6t cac hop chit c¢6 hoat tinh sinh hoc. Bén
canh do, diém cam quan vé murc d6 wa thich dugc
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ghi nhan 1a t&t nhat cho dich budi sau khi hoan
nguyén 0 ty 1€ nay.
3.2. Anh huwéng cia diéu kién siy dén chat
lwgng bot buéi
Su thay ddi cac chi s6 vat 1y ctia bot budi va higu
suat thu hoi theo nhié¢t d6 va toc d§ bom cap li¢u
duoc the hién trong Bang 3.

Bang 3. Anh hwéng ciia nhiét dd sy va téc do bom dén sy thay ddi cia Am dd, aw, dd hoa tan va do

khac mau
Nhiét d¢ siy va aw Am dd Thoigian hoa tan Do khac mau  Hiéu suat thu hoi
toc do bom (%) (s) (AE) (%)
160-3 0,40+£0,01%  5,83+0,62° 29,19+0,21h 5,77+0,71° 61,05+1,432
160-4 0,42+0,01°  5,98+0,07° 24,16+0,97° 5,57+0,24* 57,33+1,23%
160-5 0,45+0,02¢  8,69+0,13¢ 17,76+0,33¢ 8,40+1,60° 51,82+1,11°
170-3 0,39+0,01%*  4,78+0,06 28,09+0,19¢ 5,71+0,43? 60,52+0,65?
170-4 0,40+0,01%  4,87+0,03? 22,66+0,39¢ 5,80+0,16° 55,73£1,13¢
170-5 0,42+0,02°  8,42+0,13¢ 13,80+0,48° 6,62+0,06% 52,13+1,01%
180-3 0,38+£0,01*  4,52+0,06* 22,22+0,49¢ 6,25+0,28? 54,24+1,234
180-4 0,38+0,01°®  4,80+0,05° 12,32+0,99° 5,32+0,75? 53,42+0,47°¢
180-5 0,400,012 7,46+0,21¢ 8,770,257 6,85+0,34% 53,01+0,66°

Ghi chii: s6 liéu trung binh cia 3 lan Idp lai. Cdc ki tira, b, ¢, d, ...

Bang 3 cho thay c6 su khac biét dang ké (p <
0,05) vé hiéu suat thu hoi d6i v6i ca nhiét do khong
khi dau vao va tdc do ce‘ip lidu. Hiéu suat thu hdi bot
giam khi ting toc do cip lidu tir 3 RPM lén 5 RPM
Xy ra & ca ba muc nhiét do dau vao. Hiéu suit bot
thay ddi tir 51,82 dén 61,05% va suit cao nhét dwoc
tim thdy & nhiét d6 khong khi dau vao 160°C va toc
d6 cap liéu 1a 3 RPM va thip nhat & nhiét do khong
khi vao 14 160°C, 5 RPM. Bén canh d6, hi¢u suét thu
hdi giam dan khi tang nhiét d6 dau vao. Su thay dbi
vé hidu sudt bot nay cé thé lién quan dén sy hinh
thanh cin ling trong buong sdy. Cac can ban udt
dugc quan sat thy & tat ca cac mue nhiét do 160°C
va 170°C & téc d6 bom cap lidu 5 RPM va giam di
khi ting nhiét d6 dén 180°C va & toc do cap licu 4
va 5 RPM. Tuy nhién, & nhiét do dau vao cao
(180°C) ciing dan dén sy tht thoat bot, diéu nay co
thé 12 do hiéu qua cua qua trinh ling xody trong viéc
thu giit cac hat kho khong du dan dén hiéu suat thu
hoi thép (Sallam et al., 2007). Tbc do nap cép liéu
cao hon lam ting khdi luong siy vi mau duogc hit
vao budng sdy va phun véi téc d6 nhanh hon. Do do,
luong dich cao hon khong dugc sdy kho do tich tu
trong budng say dan dén hiéu suat giam. Theo ludn
giai cua Maskat et al. (2014) nhiét do khong co hi¢u
qué nhiéu & toc do cap lidu thap hon do toc do sdy
thap. Do do, cong suit say du dé lam kho tat ca cac
hat. Tuy nhién, & toe do cép liéu cao hon, khi luong
sdy (tai trong sdy) ting 1én va nhiét d6 khong khi

186

theo ¢t thé hién su khdc nhau cé y nghia (P < 0,05).

dau vao thap tao ra cong suét say thap, dan dén ning
suat thap hon.

Béng 3 cho thdy nhiét d§ dau vao va téc do bom
nhép li¢u c6 anh hudng rod rét dén d6 4m va hoat do
nude cia bot (p < 0,05). Khi ting nhiét d6 thi do m,
ay va do hoa tan cta bdt c6 xu hudng giam va nguoc
lai. PO 4m cua bot thu hdi dao dong trong khoang tur
4,52 - 8,69% tuong (rng vai gia tri a, trung binh cua
bot san pham dao dong tir 0,31 dén 0,43. Pham vi
nay chi ra rang bot an toan vé mit vi sinh (Patil et
al., 2014). Nhiét do cang cao thi ham luong 4m c6
trong bot thu duoc cang thap trong cing mot téc do
cap lidu. Sy gia ting nhiét do déu vao din dén tbc
d6 bdc hoi nurée trong qua trinh sdy phun ngay cang
tang. Diéu nay c6 thé 1a do tdc do truyén nhiét vao
cac hat 16n hon & nhiét d6 dau vao cao hon cai thién
hiéu qua loai bo do 4m va lam giam do 4m trong bot
sdy phun (Quek et al., 2007). Két qua, bot say phun
¢ nhiét do 160°C c6 trung binh d6 am cao nhit, trong
khi d6 bot sdy & 180°C c6 gia tri trung binh do 4m
thip nhat. Két qua nay ciing pht hop véi béo cao
ctia Chang et al. (2020) vé d6 4m cua bot me va bot
dira giam (-17%) dwoc quan sat thy khi nhiét do
dau vao tang 1én. Két qua nay twong dong v6i nhidu
nghién ctru trude d6 khi tang nhiét do dau vao s& lam
giam a,, nhung c6 khéac so véi cong bd ctia (Quek et
al., 2007) d6i voi bot dua hau sdy phun 14 a,, khong
bi thay ddi déng ké bai nhiét do dau vao tir 145 dén
175°C.
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Bén canh do, khi tbc 6 bom ting, thoi gian hoa
tan cta bot (dugc tinh thong qua thoi gian hoan
nguyén, gidy) ciing s& nhanh dan. Bot duoc siy &
toc do bom 4 RPM c6 thoi gian hoa tan lau (22 —
29 gidy), thoi gian dugc rat ngén dang ké ¢ toc do
bom 5 (15 — 22 gidy) va nhanh nhat 14 khoang 10
gidy ¢ toc d6 bom 5 RPM va nhiét do 180°C. Khi
nhiét do va tdc do bom tang, thoi gian hoa tan cua
bét cling s€ nhanh dan. Khi nhiét do séy tang, toe
dd hoan nguyén bot thanh nude ting va do d6 thoi
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gian hoa tan giam. Bot duoc siy ¢ 160°C; toe do
bom 4 RPM c¢6 thoi gian hoa tan 1au nhat 29,95
gidy, nhiét d6 170°C; toc ¢ bom 5 RPM nhanh
hon 1a 22,45 gidy, nhanh nhat & nhiét do 180°C; toc
do 5 RPM 1a 10,42 giay. Theo Solval et al. (2012)
bot c6 do 4m cao hon ¢6 xu hudng két tu cao hon;
do d6 1am ting tdc d6 hoan nguyén ciia bot. Cac
luan giai nay ciing duoc thé hién dbi véi cong bd
cua (Quek et al., 2007).
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Hinh 6. San phim bt buéi véi cac nhiét d siy va tbc do bom nhip liéu

Hinh 5 cho thay cac gia tri L* ciia bot budi say
phun ¢ nhiét do va tdc do cép liéu khac nhau. B§
sang (L*) trong khoang 92,09 - 96,08 va thé hién su
khac biét khong co6 y nghia (p = 0,17). Gia tri do
sdng L* cua bot gidm khi ting nhiét d¢ khong khi
du vao. Piéu nay am chi ring bot tré nén sim mau
hon khi gia tang nhiét do say. Mot 1y gidi cho sy thay
d6i nay 1a do dich budi ¢ chira duong va 1a nguyén
nhan cua sy sim mau cia bot & nhiét do séy cao hon
(Quek et al., 2007). Trong khi do, chi s6 d6 sang L*
giam khi gia ting téc d6 bom nhép liéu. Co ché giai
thich cho hién tugng nay c6 thé lién quan dén kich
thude giot phun. O téc dd bom cao hon, cac giot
phun c6 xu huéng 16n hon, din dén qua trinh sdy
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khong ddng nhat. B& mat cia cac giot 16n nay co the
bi kho va qua nhiét trong khi phan 18i van con am,
tao diéu kién thuan lgi cho cic phan tg Maillard
va caramel hoa dién ra manh mé hon trén bé mit hat,
dan dén san pham sim mau hon (Shishir & Chen,
2017).

Do d6 (a*) trong khoang -0,12 dén 0,83 va khac
biét ¢6 y nghia (P < 0,05) va d6 vang (b*) tir 5,68
dén 8,75 nhung khac biét khong co y nghia (P =
0,27). Dbi vé6i chi sb a* va b*, khi nhiét 6 dau vao
tang 1én thi mau do (a*) cua bot giam di, trong khi
d6 d6 vang (b*) tang 1én ¢ nhiét do sdy cao (180°C).
Diéu nay duoc 1y giai 1a do sy phan huy dang ké cia
cac hop chit tao mau & nhiét do cao. Chiéu hudng
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tuong tu cling dugc ghi nhan bdi VisakaAnantawat
(2015) khi sdy phun bot gac. Ddi véi tac dong cua
tbc do bom cap lidu, khi ting téc do cip liu s& lam
tang gia tri a*, trong khi d6 chi s6 b* khong bi tac
dong bdi ba tde do cép liéu dugc st dung. Theo cong
bd cua Lee et al. (2017), sy bién dbi ciia a* va b*
lién quan dén ham lugng phenolic, d6 d6 va do vang
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¢6 twong quan véi tong ham luong phenol. Trong
d6, gia tri L* va b* c6 mbi twong quan cao vai tong
ham luong phenolic trong khi gia tri a* thi it hon.
Bén canh do, gia tri L* va b* cling bi anh huong boi
phan ung caramen hoéa va phan Gng Millard xay ra
khi c6 mit duong & nhiét d¢ cao trong qua trinh sdy
(Mudau et al., 2023).

Bang 4. Anh hwéng ciia nhiét do siy va tbc do bom dén su thay dbi cia TPC, vitamin C, ham lwong

acid tong va flavonoid

-Ntl(i)lftdggb?ri TPC (mgGAE/gck) Vitamin C (mg/100gck) Flavonoid (mgQE/gck)
160-3 1,83+0,01¢ 178,93+3,05¢ 5,11+0,01¢
170-3 1,44+0,01° 147,64+1,46° 4,51+0,01°
180-3 1,06+0,012 126,12+1,46* 4,33+0,012
160-4 2,44+0,01 181,86+0,84¢ 5,22+0,05¢
170-4 1,66+0,01¢ 149,58+1,47° 4,80+0,01¢
180-4 1,52+0,01°¢ 147,64+0,85¢ 4,30+0,012
160-5 2,87+0,02" 204,36+31,49¢ 6,04+0,01"
170-5 2,18+0,01¢ 162,31+2,24¢ 5,50+0,018
180-5 2,05+0,01F 160,43+2,93¢ 4,86+0,01¢

Ghi chii: 56 liéu trung binh ciia 3 lan Igp lai. Cackitwa, b, ¢, d, ..

Nhiét d6 say va toc d6 bom cip dich déu c6 anh
huong qua trinh sdy dich budi (Bang 4). Viéc ting
nhiét d6 sdy phun dan dén lam giam tong ham luong
flavonoid, vitamin va polyphenol cta bot san phim
(P < 0,05). Flavonoid dat dugc cao nhét 1a 6,04
mQE/gck ¢ nhiét do 160°C; toe do 5 va thap nhat dat
duogc 12 4,30 & 180°C; tbc d6 4 RPM. Cac két qua
tuong tu khi danh gia vé ham lugng flavonoid tong
sO trong bot 14 du du say phun khi nhiét do khong
khi vao tang lam tang sy mét di ham lugng flavonoid
tong sd. Trong cong bo cua Tran & Nguyen, (2018),
TFC cta bot chiét xuat 14 sa giam khi tang nhiét do
sdy phun. Do cic hop chét flavonoid 14 phan nhém
ctia cac hop chat phenolic, rat nhay cam v6i nhiét
nén viée tang nhiét d¢ say phun dan den su phan huy
cac hop chét flavonoid. Mic khac, ¢ téc do dong cap
liéu cao hon, qua trinh truyén nhi¢t kém hi¢u qua
hon va do d6 ham lugng flavonoid tong s s& nhiéu
hon ddi. Két qua nay twong ddng véi cong bd cia
Babu et al. (2018) ddi véi sira bot mat ong say phun.

Ham lugng vitamin C giam dang ké (P < 0,05)
khi nhiét ¢ khong khi dau vao tang 1én va khi ting
tdc d6 bom dich thi ham lugng vitamin C s& cao hon.
Ham luong vitamin C thap nhit 1a 126,31 mg/100g
(180°C, 3 RPM) va cao nhit 1a 204,36 mg/100g
(160°C, 5 RPM). Trong cing mdt nhiét do siy thi
ham luong vitamin C s& cao hon khi tang téc d6 bom
dich. Céc quan sat twong tu ciing duoc tim thdy boi
Pati et al. (2014) cho bot nude ép 6i sdy phun; boi
Muzaffar et al. (2016) cho bt nudce trai lyu do va
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theo cot thé hién su khdc nhau cé y nghia (P<0,05).

bot nudce ép 16 xwong rong siy phun. Nguyén nhan
ctia chidu huéng nay 1a do ban chit d& bi pha huy
boi nhiét 1am qu4 trinh oxy hoa dién ra manh hon,
lam hao hut chét dinh dudng san phim. Véi su gia
tang nhiét d6 khong khi dau vao, tbe do chuyén dbi
acid ascorbic thanh acid 2,3-diketogulonic tang 1én,
do d6 lam gidm ham Iugng vitamin C.

Dbi v6i TPC, ciing nhiét do siy ham luong TPC
tang dan theo téc d6 bom, & nhiét do 180°C véi 3
RPM thi ham Iuwong TPC dat thap nhit (1,06
mgGAE/g) va cao nhidt & 160°C-5RMP (2,87
mgGAE/g). Cac hop chét phenolic da duge bao céo
1a rét nhay cam v0i nhiét do, do d6 chung dé dang bi
phan huy khi tiép xtc véi xir ly nhiét. Viée ting
nhiét d6 siy phun dan dén lam giam tong ham luong
phenol cua bot san phdm. Silva et al. (2018) bao cao
rang tong ham lugng flavonoid va téng ham lugng
phenol giam trong qua trinh say phun. O toc do dong
nhap liéu cao hon, dan den sur tiép xtc ngin hon gilra
chat 1ong va khong khi sdy 1am cho viéc truyén nhiét
kém hiéu qua hon va do d6 tong ham luong TPC s&
nhiéu hon (Babu et al., 2018).

4. KET LUAN

Két qua thuc nghiém cho thdy sdy phun co thé
dugce su dyng thanh cong dé vi bao dich chiét buai,
v6i cac diéu kién say va ty 1€ BCD khac nhau anh
hudng dén thanh phan cua bot budi, tao ra cac san
pham bot budi hoa tan c6 cac tinh chét hoa ly khac
nhau. V6i ty 18 4% (w/v) BCD dem lai hiéu qua siy
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tét nhét voi hiéu suat thu hoi, ham luong polyphenol
tong (TPC), vitamin C, flavonoid téng (TF C) va
diém cam quan cao nhat Hon nita, bot dugc say &
nhiét 6 160-C va toc do bom 750 mL/gid mic du
cho hiéu suét thu hoi thap (51,82%) tuy nhién kha
nang luu giir cac thanh phan TPC, vitamin C va TFC
1a cao hon céc didu kién siy con lai. Két qua nghién
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