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TOM TAT

Nghién ciru nay dwoc thwe hién nham danh gid anh huong cia
nhiét dg sdy, do am va loai bao bi dén mét sé tinh chdt héa Iy ciia
bét chudi gia huwong (Musa sapientum L.). Nghién ciru dwoce bé tri
v6i bon mire nhiét @6 sdy (45 °C, 50°C, 55°C va 60°C) dé xdc dinh
gid tri phit hop, sau dé san pham dwoc sdy dén cdc mire dg dm muc
tiéu la 6%, 8%, 10% va 12% dé danh gid chdt hrong. Ba logi bao
bi (PE, PA va PA/Al) dwoc sir dung dé danh gid kha nang bdo qudn
bét chudi trong thoi gian 4 tuan. Két qua cho thdy nhiét d sdy ¢
55°C givip san pham dat @6 sang cao, dé hoa tan tot va gid tri do
hoat dong nuoc (ay) thdp. Khi chuéi dwoc séy dén do am 8%, bét
thu dwoc ¢6 mau sdc on dinh, voi gia tri L* dat 72,38, gia tri b*
dat 14,04, do hoa tan dat 3,847% va dé hoat dong cua nuoc la
0,537, gia tri du thcfp c6 thé han ché sy phat trién ciia vi sinh vat.
Trong dé, bao bi PA/Al cho hiéu qud bdo qudn tot hon so véi PA
va PE, gitip duy tri d¢ am va mau sdc on dinh.

Tir khoa: Bao bi, bao quan, chudi gia hwong, Musa sapientum,
nhiét do séy

ABSTRACT

This study aimed to evaluate the effects of drying temperature,
moisture content, and packaging type on certain physicochemical
properties of Gia Huong banana (Musa sapientum L.) powder. The
experiment was conducted at four drying temperatures (45°C,
50°C, 55°C, and 60°C) to determine the appropriate value, then the
products were dried to the target moisture levels of 6%, 8%, 10%,
and 12% for quality evaluation. Three types of packaging
materials (PE, PA, and PA/Al) were used to assess the storage
stability of banana powder over a four-week period. The results
indicate that drying at 55 °C produced powders with high lightness
(L*), good solubility, and low water activity (aw). When dried to
8% moisture content, the banana powder exhibited stable color (L*
value of 72.38 and b* value of 14.04), a solubility of 3.847%, and
a water activity of 0.537, low enough to inhibit microbial growth.
Among the tested packaging types, PA/Al demonstrated superior
storage performance compared to PA and PE, effectively
maintaining moisture content and color stability.

Keywords: Drying temperatures, Gia Huong banana, Musa
sapientum, packaging, physicochemical, storage
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1. GIOI THIEU

Chudi (Musa spp.) 1a mot trong nhing loai cay
an qua nhiét déi quan trong, dong vai trd thiét yéu
trong van hoa va sinh ké clia nguoi dan tai nhidu
quoc gia dang phat trlen (van der Waal, 2010).
Chudi 1a ngudn cung cdp ning luong doi dao nho
ham lugng carbohydrate cao va giau cac khoang
chat thiét yéu nhu kali, magié va vitamin B6 (Mota
et al., 2000). Tai Viét Nam, chu01 dugc trong phod
bién nho kha nang thich nghi tot voi didu kién sinh
thai va cho ning suét cao (Duong et al., 2022). Tuy
nhién, sau thu hoach, néu khong dugc xtr 1y kip thoi
va dung cach, chubi rat d& hu hong, dan dén ty 16
hao hut 16n, gy ton that kinh t& va tao ap luc 1én
moi trudng do lugng phé pham khéng duogc xir Iy
phu hop (Zhang et al., 2005).

Viéc ché bién chudi xanh thanh bot 1a mot hudng
di tiém ning nham giam thiéu ton that sau thu hoach,
ddng thoi tao ra san pham c6 gia tri gia tang cao, 1am
nguyén liéu cho nganh thuc pham va thuc pham
chuc nang (Juarez-Garcia et al., 2006). Bot chudi
xanh chtra ham lugng tinh bot cao (61,3 — 76,5 g/100
g chit kho) va chit xo (6,3 — 15,5 g/100 g chit kho)
(Mota et al., 2000; Juarez-Garcia et al., 2006), trong
d6 chu yéu la tinh bot khang, mot thanh phan c6 lgi
cho strc khoe duong rudt va chuyén hoa niang lwong
(George et al., 2023).

Trong quy trinh san xuat bot chudi, cong doan
sdy anh huong dang ké dén chit lugng cam quan,
gid tri dinh dudng cling nhu tinh 6n dinh cia san
pham. Nhiét do sdy khong chi tac dong dén cau trac
nguyén liéu va ham lugng nude con lai, ma con anh
huéng dén d6 hoa tan, hiéu suét thu hdi va dic tinh
mau séc cua bot (Khoozani et al., 2019). Jethva and
Chauhan (2016) cho r.%mg viéc lua chon nhiét do sﬁy
khong phit hop (qua cao hodc qua thip) co thé lam
giam hiéu suat thu hdi va lam mat di mot phan
dudng chat quan trong. Ngoai ra, nhiét d6 sdy qua
cao c6 thé gy hién twong chay canh, oxy hda manh,
lam suy giam chit luong san pham (Dhake et al,
2023). Song song d6, bao bi bao quan 1a yéu t6
khong thé thiéu nhém duy tri chét lugng san pham
sau ché bién. Viéc Iya chon loai bao bi phu hop gitp
han ché hién tuong hat 4m, mat mau, tir 4o kéo dai
thoi gian sir dung ciia san pham (Jaya et al., 2005;
Ramos et al., 2005). Két qua ¢ cac nghién ctru gan
day cho thay bao bi c¢6 kha nang ngén anh sang, khi
oxy va hoi 4m c6 thé lam cham qua trinh bién ddi
chat lwong va ngan ngira sy phat trién cua vi sinh vat
(Barooah et al., 2018; Mengozzi et al., 2025). Tu
nhitng co sO trén, nghién ctru nay duoc thyc hién
nham 1am rd anh hudng ctia nhiét d6 sdy, d6 am cudi
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va loai bao bi dén mot sb tinh chit hoa 1y cua bot
chuoi xanh tir giong chuoi gia huong trong qua trinh
bao quan.

2. PHUONG PHAP NGHIEN CUU
2.1. Déi twgng nghién ciru

Nguyén lidu chubi gia hwong (Musa sapientum
L.) dugc thu hoach tir nha vuon tai ép Phudc Hoa,
xa Dong Phude A, thanh phd Can Tho. Chudi duoc
thu hoach vao giai doan 110 — 115 ngay sau khi dau
trai. Khi qua dat d6 chin sinh 1y phu hop cho ché
bién, c6 hinh dang va kich thuéc dong déu (chiéu
dai trung binh 18 — 22 cm, duong kinh 3,5 — 4,0 cm
va khéi luong 110 — 130 g/qua), vo ngoai tuoi sang,
khong san sui hodc bi hu hong. Sau thu hoach, chubi
duoc xép trong cac sot nhya co6 16t xép dé han ché
xay x4t co hoc, sau d6 bdo quan ¢ nhi¢t d¢ phong
(28 + 2°C) trong khu vuc thong thoang, tranh anh
nang tryc tiép. Qua trinh van chuyén dén phong thi
nghiém dugc thyc hién trong vong 1 gio nham dam
bao do tuoi va chat lwong nguyén liéu.

Quy trinh tién xir Iy bao goém rira so bo dé loai
bo tap chit bam trén bé mat, sau d6 gotvo va cit qua
thanh cac lat c6 do day khoang 4 mm. Cac lat chudi
dugc chan & nhiét d6 90°C trong 90 gidy nham uc
ché hoat tinh enzyme gay oxy hoa va gilr mau sac tu
nhién cho san pham (Long et al., 2024).

2.2. Phuwong phap nghién ciru
2.2.1. Phwong phap phdn tich

Céc chi ti€u phan tich dugc xdc dinh trong
nghién ctu la:

— Su thay d6i mau sic dugc xac dinh hé mau L*,
a*, b* bang may Colorimeter NH300 (ShenZhen
Technology Co., Trung Qudc) v6i hé sé mau CIE
bang dén D65.

— Chét kh6 hoa tan (TSS, don vi °Brix) dugc xac
dinh bang khuc xa ké (thang do 0 — 32% Brix, model
N-1, Atago, Nhat Ban). Chudi gia huong mé ta &
muc 2.1, tién hanh got vo, 1y phan thit, cit nho va
nghién nhuyén. Mau nghién dugc loc qua vai loc
min dé thu dich chudi trong, sau d6 nhé vai giot dich
Ién lang kinh cta khic xa ké va doc truc tiép gia tri
°Brix hién thi trén thang do.

—D¢ hoa tan (WSI, %): 10 g bot duoe can bd
sung thém 100 mL nudc cit va u trong 60 phut trong
bé diéu nhiét 37°C va ly tim & 5.000 rpm trong 30
phiit. Phin ba dugc can va sdy & 105°C trong 24 gio.
Gia tri WSI duogc tinh toan dya theo cong thirc cua
Sarawong et al. (2014).

Kh&i lwgng cta bot sau khi sdy x 100%

WSI =

Khéi lwong cia bot ban dau
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—bDo hoat dong ctua nudc (ay) dugc xac dinh
bang thiét bi do chuyén dung AQUALAB TDL 2
(METER Group Inc., USA). Mau duoc can v6i khéi
luong 5 g va cho vao cbc chira mau, dam bao mau
phii déu day céc ma khong tiép xuc thanh trén. Mau
dugc thyc hién ¢ nhiét do phong 6n dinh
(25+0,5°C), thoi gian do dao dong 10 dén 15 phit
tlly vao muc on dinh. Thiét bi ty dong ghi nhan gia
tri d¢ hoat ddng cia nudc khi tin hi€u dat trang thai
6n dinh.

-bo am (%): Ham luong 4m ciia mau dugc xdc
dinh bang phwong phap say ¢ nhiét d6 105°C dén
khoi luwgng khong doi (AOAC 934.06).

2.2.2. Phwong phdp thu nhdn va xit Iy s6 liéu

Thi nghiém duoc bd tri hoan toan ngau nhién véi
ba l4n lip lai cho mdi nghiém thirc. Dit lidu thu dugc
dugc xir Iy thong ké bang phan tich phuong sai mot
nhan t5 (ANOVA) sir dung phan mém Statgraphics
Centurion 16.1 (Statgraphics Technologies, Inc.,
M¥) nham danh gia sy khac biét ¢6 y nghia giita cac
nghiém thuc. So sanh trung binh duoc thuc hién
bang phép thir LSD & mirc y nghia p < 0,05. Két qua
dugc trinh bay dudi dang gia tri trung binh + d¢ 1éch
chudn va biéu dién bang do thi st dung phan mém
Microsoft Excel 2019 (Microsoft Corporation, M¥).

2.2.3. B tri thi nghiém

Anh hwong cua nhiét do sdy dén mot 6 tinh chdt
hoa ly cua bot chuoi gia hwong

Thi nghiém duogc thye hién nham xac dinh nhiét
d6 sdy thich hop gitp cai thién cac tinh chit hoa Iy
ctia san pham bot chudi. Quy trinh xir Iy nguyén liéu
chudi dugc tién hanh theo mé ta trong muc 2.1. Sau
khi so ché nguyén liéu duoc sdy bang t siy ddi luu
(Shellab-CE3F-2, My; sai s6 £2°C) & cac muc nhiét
d6 1an lugt 1a 50°C, 55°C, 60°C va 65°C cho dén khi
mau dat d6 4m muc tiéu 1 10% (Chung et al., 2022).
Sau khi sdy, mau dugc dé on dinh ¢ diéu kién nhiét
d6 phong. Tiép theo, mau dugc nghién min va sang
qua rdy co kich thudc 15 0,25 mm dé thu dugc bot
chudi ddng nhat. Céc tinh chét hoa Iy dwoc danh gia
bao gém d% 4m, d6 hoa tan, do hoat dd ctia nude (aw)
va mau sic (L*, a*, b*).

Anh hudng ciia dg am cudi sau sdy dén cdc tinh
chat héa ly cua bot chuoi gia huong

Nghién ctru dugc thyc hién nham xac dinh do Am
sau sdy phu hop gitp 6n dinh cac tinh chét hoa ly
ctia bot chudi. Qua trinh xir Iy nguyén liéu dugc tién
hanh theo mé ta tai muc 2.1. Sau khi so ché, chudi
duoc sdy bang thiét bi ¢ nhiét d6 dwoc lya chon tai
muc 2.2.3.1 dén khi dat cac muc do 4m 1an luot 1a
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6%, 8%, 10% va 12% (Truc et al.,, 2021). Sau qua
trinh say, mau tiép tuc dugc xir Iy trong ty nhu trong
muc 2.2.3.1.

Anh hiong ciia bao bi dén sw bién doi tinh chat
hoa Iy cua bot chuoi gia hwong trong thoi gian bao
quan

Muc tiéu nham xac dinh loai bao bi phu hop gitp
bao quan 6n dinh tinh chat hoa 1y cia bot chudi.
Chudi dugc xir 1y theo quy trinh dd mo ta tai muc
2.1, sau d6 dugc say dén nhiét do va do 4m thich hop
d3 xac dinh. Bot chudi sau khi sdy dwoc nghién min
va sang qua ray c6 kich thuée 16 0,25 mm dé thu
duoc bot chudi déng nhét. Tiép theo, bot chudi duoc
dong goi trong ba loai bao bi bao gdm PE, PA va
PA/AI (Tang et al., 2024) dé theo ddi su thay do6i
chat luong trong quéa trinh bao quan ¢ diéu kién
nhiét d9 phong (28+2°C, d¢ 4m tuong ddi 60 — 65%
RH). Trong sudt 4 tuan bao quan, mau duoc lay dinh
ky hang tuan dé phan tich cac chi tiéu chét luong
g6m mau sic (L*, a*, b*), d0 am, d6 hoa tan va do
hoat dong cua nudc (aw).

3. KET QUA VA THAO LUAN
3.1. Thanh phin co ban céa nguyén li¢u
chuoi gia hwong

Céc thanh phan co ban ctia nguyén liéu nhu do
4m, mau sic, do hoat dong cua nudc (ay) 1a nhitng
yéu té s& anh huong 16n dén tinh chat hoa 1y bot
chudi gia hwong. Vi vdy, viéc xac dinh thanh phan
ctia nguyén liéu ban dau 1a viéc can thuc hién du
tién trude khi tién hanh nghién ctru tiép theo. Két
qua phén tich nguyén liéu ban dau duogc téng hop
trong Bang 1.

Bang 1. Thanh phén héa Iy ciia ciia chudi Gia

Huwong
Thanh phén Gia tri
D6 am (%) 73,85+0,08
D6 mau L* 73,46+0,75
Do mau a* 2,51+0,15
D6 mau b* 18,42+0,17
Ham lugng TSS (°Brix) 7,04+0,08

(*) Gid tri trung binh 3 lan do

Két qua trinh bay tai Bang 1 cho thdy d6 4m cua
nguyén liéu chudi gia hwong twong ddi cao, & mirc
73,85%, cho thay day 14 loai thuc pham kho bao
quéan do ham luong nudc 16n. Két qua nay phtt hop
v6i nghién ctru ciia Obiageli et al. (2016), khi tac gia
ghi nhén d6 4m cuia chudi gia vao khoang 71,37%.
Tuong tu, Abano and Livingstone (2011) cling bao
c4o rang d6 4m cua chudi chin twoi dao dong trong
khoang 75 — 77% (tinh theo can ban uét). Dicu nay
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cho thdy d6 4m nguyén liéu chubi sir dung trong
nghién ctru 12 pht hop va c6 thé chip nhan dugc
trong diéu kién thuc té. Mau sic 1a mot trong nhiing
chi tiéu cam quan quan trong nhét ciia nguyén ligu
thuc pham, c6 anh hudng tryc tiép dén sy danh gia
ban dau va mirc d6 chap nhéan ciia nguoi tiéu dung
(Pathare et al., 2013). Trong nghién ctru nay, chudi
gia huong tuoi & do chin twong tng véi d6 Brix 7,04
va c6 cac gia tri mau ban dau gdom L* = 73,46 (d0
sang), a* = 2,51 (muc d¢ thién do) va b* = 18,42
(mtrc d6 vang). Theo nghién ctru cua Wall (2006),
mau sic co thé gian tiép phan anh muc do bién d6i
hoa hoc xay ra trong qu4 trinh sdy va bao quan.

Do vy, viéc nghién ctru anh hudng cua nhiét do
sdy, 6 4m cudi cung va loai bao bi bao quan dén
tinh chit hoa 1y (bao gom mau sic, dd 4m, do hoat
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dong cuia nudc va d6 hoa tan) cua bot chudi 1a déu
can thiét.
3.2. Tac dong ciia nhiét do siy dén tinh chét
hoa ly ciia bot chuoi ga hwong
3.2.1. A:nh hieong ciia nhiét @ sdy dén sw giam
am cua bot chuoi

Chubi nguyén liéu dugc rira sach sau d6 got sach
VO va cit thanh cac 1at c6 d6 day 4 mm. Chudi sau
khi cit sau d6 chan & 90°C trong 90 gidy (Long et
al., 2024). Chubi sau khi chan duoc sdy ¢ cac nhiét
d6 50°C, 55°C, 60°C va 65°C dén khi d6 4m dat 10%.
Két qua dugc thé hién & Hinh 1 cho thiy xu huéng
giam cua do 4m theo thoi gian sdy & cac mirc nhiét
d6 khac nhau. C6 thé thdy rang, khi nhiét do siy
tang, tde do bay hoi nudc cang cao, dan dén 46 4m
giam nhanh hon.

= 500 HM50°C AS55°C @60°C #65°C
[T
— -0,169x

§ 400 ys0 = 613.55:

gb R?=0,9953

© 300 yS5 =626, 080201

~d =10,9932

-
% Y60 = 626,342+

% 200 R2=0.9977

9} ¥65 = 656,80¢ 027
& 100 R?=0,9957
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Thoi gian say (phit)

Hinh 1. Anh huéng ciia nhiét do sy dén thoi gian siy bt chudi

Két qua Hinh 1 cho thdy qua trinh giam 4m (tinh
theo phan tram chit kho nguyén liéu) cta bot chudi
trong qua trinh sdy & 4 muc nhiét do khac nhau
(50°C, 55°C, 60°C va 65°C). D6 4m clia mau giam
nhanh theo thoi gian siy va phit hop tot véi mo hinh
ham mil, véi hé s xac dinh (R?) cao, dao dong tir
0,9932 dén 0,9957. Piéu nay cho thiy cic mé hinh
hoi quy mo ta chinh xac moi quan h¢ gitta thoi gian
va d§ am trong suot qua trinh say. Téc do thoat am
tang theo nhiét d6 say, duoc thé hién qua hé $6 trong
phuong trinh mé hinh. Cuy thé, hing s6 tang tir 0,169
(¢ 50°C) 1én 0,275 (¢ 65°C), cho thiy su gia ting
qua trinh truyén 4m do chénh léch nhiét do va ap
sudt hoi nudc gitta bé mat nguyén liéu va moi trudng
sdy (Pangavhane et al., 2002). Phuong trinh siy cho
thiy chudi siy & 65°C c6 toc do thoat am nhanh nhat
v6i phuong trinh y = 656,89 %275x, ké dén 1a 60°C,
55°C va thap nhét 1a 50°C. Nhitng két qua nay phu
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hop v6i nghién ciru ciia Amer et al. (2023), trong d6
tbc do sdy tang dang ké khi nhiét do ting tir 50°C
dén 70°C, dic biét voi cac lat mong. Chigbo et al.
(2024) ciing x4c nhan hidu qua say ti wu khi két hop
lat méng va&i nhiét do cao, thong qua mé hinh hoa
dong hoc séy chubi. Tuy nhién, viéc nang cao nhiét
do séy can duoc can nhic do séy 0 nhi¢t do qua cao
¢6 thé dan dén hién twong nit bé mit do chénh léch
co rat 4m giira 16p ngoai va bén trong, lam giam gia
tri cam quan, dong thoi ¢6 thé 1am thay di tinh chat
hoéa 1y cua san pham (Doymaz, 2017). Do d6, viéc
lya chon nhiét do sdy thich hop khong chi duya trén
hiéu qua thoat a 4m ma can danh gia dong thoi dén
mot s6 tinh chét hoa 1y cia san pham sau sdy.

3.2.2. Anh hiong cua nhiét do sdy dén mau sdc
cua bot chuoi

Mau séc ctia bot chudi gia huong duoc xac dinh
thong qua cac gia tri L* (d0 sang), a* (mac do
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chuyén dé/luc) va b* (mic do chuyén vang/xanh
duong), phan anh sy thay ddi cam quan quan trong
cua san phém duéi tac dong cua nhiét do sa?iy. Két
qué thé hién trong Bang 2 cho thiy su bién dong
dang ké vé mau sic khi thay d6i nhiét d¢ say.

Bang 2. Sy thay d6i mau sic cia bot chudi khi
say & cac nhiét do say

Nhiét . o .
dg (°C)
50  72,8740,17° 0,83+0,0058* 12,1640,04°
55 72,72+40,14° 0,85+0,0084* 12,38+0,07°
60  72,37+0,12% 1,48+0,0058" 13,70+0,03¢
65  70,02+0,12% 1,8140,0252¢ 14,31+0,09¢

Cac gid tri trung binh c6 cung chit cai di kem trong cung
mot cot thi khong khac biét co y nghia thong ké ¢ mirc
5%.

Két qua cho thay sy bién d6i mau sac thong qua
cac gia tri L*, a* va b*. Khi nhiét do sdy tang, gia
tri L* giam dan tir 72,87 xudng con 70,02, trong khi
gia tri a* va b* tang lan luot tir 0,83 1én 1,81 va tir
12,16 Ién 14,31. Su khac biét nay co ¥ nghia thong
ké ¢ mirc 5%, cho thay nhiét do sy 1a yeu t6 anh
huong dang ké dén mau sic cua san pham Gia tri
L* giam cho thay dd sang cua bot chudi giam, bot
chudi tré nén sim mau hon khi sy & nhiét do cao.
Nguyén nhan c6 thé do phan tng Maillard va
caramel hoa dién ra manh hon & nhiét d6 cao, dan

4.0

3914

3.85¢

39 3.83°

3.8

P§ hoa tan (%)

65

55 60
Nhiét 49 (°C)

Hinh 2. Anh huéng ciia nhiét d9 siy dén
d6 hoa tan cia bot chuoi

Két qua thé hién trong Hinh 2 cho thay nhiét do
séy c6 anh huong ro rét dén do hoa tan caa bot chudi
gia huong. D¢ hoa tan ¢6 xu hudng ting dan theo su
gia tang cua nhiét do sﬁy. Cu thé, khi tang nhiét do
séy tr 50°C 1én 65°C, @6 hoa tan tang tir 3,76% lén
3,91%. Piéu nay cho thay ring nhiét d¢ siy cang cao
thi kha ning hoa tan cia bot chudi cang dwoc cai
thién trong khoang nhiét d6 khao sat. Su gia ting do
hoa tan c6 thé duge giai thich do tac dong cua nhiét
lam phé v& céu tric tinh bot va protein, tir d6 lam
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dén hinh thanh cic hop chit mau nau khong do
enzyme, lam t6i mau san phdm (Krokida &
Maroulis, 2007). Chi sb a* ting dan tir 0,83 1én 1,81
phan anh xu huéng chuyén mau do rd rét hon. Day
6 thé 1a két qua cua sy bién tinh sic t& do nhiét, co
thé 1a do sy phéan hity anthocyanin hodc cc hop chat
chdng oxy héa ty nhién (Maskan, 2001). Tuong ty,
chi s6 b* tang tir 12,16 1én 14,31 biéu hién xu huéng
vang hoa rd hon, ¢ thé 1a hé qua cta qua trinh ¢
dic chat rin hoa tan va cac phan tng hoa nau phi
enzyme. Cac két qua trén phu hop voi nghién ctru
cua Dhake et al. (2023), trong do6 vo chu01 xanh sdy
& 65°C ¢ mau nau dam hon so v6i mau siy & nhiét
do thap hon. Meng et al. (2022) clng ghi nhan khi
sdy 14t chudi ¢ nhiét do cao, mau sic san pham trg
nén nau hon, véi gia tri L* giam, trong khi a* va b*
tang. Nhin chung, su thay doi cac chi s mau sic L*,
a* va b* cho thay nhiét do sdy co anh huong truc
tiép dén mau séc cua bot chudi. Viéc lua chon muc
nhiét sdy pht hop gitp kiém soat mau sic trong d6
khoang nhiét d6 50 — 55°C dugc dé xuat nham duy
tri mau séc sang tu nhién va han ché cac phan img
hoéa nau khéng mong mudn.

3.2.3. Tdc ddng cua nhiét @ sdy dén chi sé kha

nang hoa tan va d hoat dong cua nuéc

Su thay d6i nhiét do sdy ciing dan dén sy thay
ddi vé chi s6 hoa tan va do hoat dong cua nudc trong
san phdm bot chudi gia huong dugc thé hién & Hinh
2 va Hinh 3.

0.603¢

0,584°

0,5543

Do hoat dong ciia nwé'c

55 60 65

Nhi¢t d9 (°C)

Hinh 3. Anh huéng ciia nhiét d9 say dén
do hoat dong ciia nwéc

giam lién két gitra cac phan tir, gitip chung d& dang
phan tan trong nuéc hon. Ngoai ra, qua trinh sdy &
nhiét d6 cao co thé thuc day hién tuong gelatin hoa
mot phan va phan cat chudi tinh bot, gop phan lam
tang d6 hoa tan ciia san pham (Asif-Ul-Alam et al.,
2014). Két qua nay phu hop voi nghién ctru cua
Savlak et al. (2016), khi c4c tac gia ghi nhan ring
nhiét do séy cao giup cai thi¢én d6 hoa tan va kha
nang tai hydrat hoa cia bot do anh hudng dén céu
trac vat liéu. Bén canh do, két qué nghién ctru cta
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Dhake et al. (2023) cho thdy & nhiét d6 siy cao, cau
trac té bao ctia nguyén liéu bi pha vd manh hon, 1am
giai phong cac thanh phan tan dwoc nhu duong,
pectin va mot s6 polysaccharide hoa tan, tir d6 gop
phan lam tang d6 hoa tan ctia san pham. Ngoai ra,
viéc sdy ¢ nhiét d6 cao con gitip giam nhanh d¢ 4m
tu do, han ché hién twong caramel hoa va phan umg
Maillard khéng mong mudn gay cimg bé mat, tir d6
gitip bot d& tham nudc hon khi ‘hoan nguyén. Tuy
nhién, viéc lya chon nhiét d6 sdy téi wu cn duoc
can nhic k¥ ludng giita muc tiéu ning cao do hoa
tan va viéc bdo toan cac chi tiéu cam quan, chét
lugng dinh dudng cling nhu hiéu qua nang lwong.
Du nhiét d6 65°C cho do hoa tan cao nhét, nhung
néu khong kiém soat tot, nhiét do cao ciing c6 thé
gy anh huong tiéu cuc dén mau sic, hoat tinh sinh
hoc va cac dac tinh cam quan cua bot chubi.

Két qua trinh bay trong Hinh 3 cho thy ring
nhiét do S'Qiy c6 anh huong dang ké dén do hoat dong
clia nude (ay) ciia bot chudi gia hwong. Két qua cho
thiy khi sdy & mtrc nhiét thap (50°C va 55°C), a,, dao
dong trong khoang 0,552 — 0,554 va khong cé su
khac biét co ¥ nghia thong ké (p > 0,05). Tuy nhién,
khi nhiét do sdy ting 1én 60°C va 65°C, gia tri ay
tang 14n luot 18n 0,584 va 0,603, v&i su khac biét co
¥ nghia thdng ké & muc 5% so véi cac muc nhiét
con lai (p < 0,05). Xu hudng tang a, theo nhiét do
sdy co thé lién quan den hién tugng tai hap thu a am
sau say, dac biét khi say & nhiét do cao dan dén ciu
triic bé mat Xép, tao diéu kién cho hoi 4m xam nhép
tro lai trong giai doan on dinh. Hién twong nay phu
hop v6i nghién ctru cua Kabeer et al. (2022), khi say
nguyén liéu giau tinh bot ¢ nhiét do cao co thé 1am
thay ddi cau trac bé mat san pham diéu nay l1am ting
kha nang gitr nudc hoac hap phu nudc tre lai sau
sdy. Tuong tu, Xie et al. (2023) cling cho rang &
nhi¢t do sdy cao, sy hinh thanh 16p vo kh6 bén ngoai
¢6 thé can tro thoat am bén trong, dan dén tich tuém
noi tai va lam tang a, cudi cing. Ngoai ra, néu toc
d6 khuéch tan hoi am ra ngoai khong dugc kiém soat
hiéu qua, sy giit 4m bén trong c6 thé ting lén, lam
suy giam cht lugng bao quan ciia bot. Xét vé mirc
an toan thuc phém va bao quan, mirc a, dudi 0,6
duoc xem 14 giéi han an toan cho phan 16n vi sinh
vét gay hu hong thuc phdm (Fontana et al., 2000).
Trong nghién ctru nay, chi c6 cac mau duoc say O

50°C va 55°C c6 gié tri a,, nam trong khoang an toan.
Nguoc lai, mau duoc sﬁy séy 0 65°C dat ay, = 0,603,
vuot ngudng an toan nay, diéu nay cho thiy rang
viéc st dung nhiét do sdy qua cao khong nhing
khong mang lai 1oi ich rd rét ma con c6 thé lam giam
tinh 6n dinh trong bao quan cuia bot chudi.
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Qua két qua duogc phén tich cia sy anh hudng
dén sy thoat am, mau sdc, do hoa tan cua bot chudi,
¢6 thé nhan dinh ring nhiét do sy thich hop cho
chudi gia huong 1a 55°C gilp gilr dugc mau sac ty
nhién, d6 hoat dong nude thap (ay < 0,6) ma khong
lam suy giam chét luong hoa ly clia san pham.

3.3. Anh hwéng ciia dd 4m cudi cia bot chudi
sau khi say den mau sac, hoat d§ nwéc
va chi s0 hoa tan ctia san pham

3.3.1. Anh huong cia do am cuoi déen mau sdac

cua bot chuoi

Mau sdc 12 mét trong nhimng chi tiéu cam quan
¢6 thé anh huéng dén mirc do chip nhan cua ngudi
tiéu dung ddi v6i san pham bot. Sy thay dbi vé do
sang (L*) va gia tri b* (lién quan dén sic vang) phan
anh anh hudng cua do 4m cubi sau sdy cam quan cia
bot chudi, dugc the hién trong Hinh 4 va Hinh 5. Két
qua cho thay d6 4m cubi cua bot chudi sau siy anh
huong dén d6 sang (L*) va gia tri b* (vang). Khi do
am tang tr 6% lén 12%, gia tri L* tang tur 72,01 1én
72,61, cho thay su cai thién d6 sang cua san pham
Diéu nay c6 thé do & do a 4m cao hon, sy thoat am
cham hon gitip han ché ton thit cau trac té bao, dong
thoi giam tdc d6 xay ra cac phan tmg hoa nau khong
enzyme va qua trinh oxy hoa céc hop chit phenolic,
hai co ché chinh 1am sim mau san phdm trong qué
trinh sdy (Karam et al., 2016). Hon nita, két qua
nghién ciru cia Sarpong et al. (2018) ciing cho rang
kiém soat d6 am trong qua trinh sdy 1at chudi c6 thé
gitp diéu chinh cudng d¢ cac phan tng tao mau. O
d6 am thép (6%), san phém 6 gia tri L* thép nhat,
cho thdy mau t6i hon, co thé bit ngudn tir hién twong
mét nudc qua mic va kéo dai thoi gian sdy, 1am gia
tang sy hinh thanh melanoidin va sy phan hity manh
mé& cia chlorophyll, carotenoid va cac sic t& tu
nhién khac (Cardoso & Pena, 2014).

Nguoc lai, gia tri b* ¢6 xu hudng giam dan khi
d6 am cuodi tang tir 6% (15,06) dén 12% (11,66). Gia
tri b* cao hon tai ¢ am thap cho thay su gia tang
mau vang dam, ¢6 thé do cac san pham trung gian
nhu furfural va hydroxymethylfurfural (HMF), déc
trung trong phan mg Maillard & giai doan dau va
gitra (Nicoli et al., 1999). Bén canh do, su gidm gia
tri b* ciing co thé lién quan dén viéc giir lai tot hon
céc sic to tu nhién nhu lutein va beta-carotene trong
didu kién sdy nhe nhang hon (Hosry et al., 2025).
Nhin chung, viéc kiém soat d6 4m cudi phu hop
khong chi gitip cai thién va duy tri mau sac mong
mubn ma con c6 thé 6n dinh chat lugng cam quan
va gia tri thi gidc cta bot chudi trong qua trinh bao
quan, tir d6 nang cao gia tri cam quan va kha nang
chép nhan cia ngudi tiéu ding.
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Hinh 4. P sang L* ctia bot chuoi & cac
d§ Am sau say

3.3.2. Anh hwéng ciia do dm cudi dén chi sé hoa
tan va d¢ hoat dong ciia nudc

Do am cudi cia san pham sau say c¢6 anh huong
dén d¢ hoat dong cua nudc (ay) va chi so hoa tan,
hai thong so c6 thé phan anh kha nang bao quan va

0.60
0,581¢

0.56

Do hoat dfng cia nwéc (ay)

Do 4m cubi ciia bt chudi (%)

Hinh 6. Anh huéng ciia 39 Am dén d9 hoat dong
cia nwéc (aw) cia bt chuoi

Két qua cho thiy, khi do 4m cudi cta bot chudi
tang tir 6% 1én 12% thi d6 hoat dong cta nudce (aw)
¢6 xu huéng ting dang ké tir 0,521 1én 0,575 (Hinh
6). Su bién dong nay co thé dugc giai thich dya trén
co s 1y thuyét vé trang thai nudc va méi lién hé giira
nudc véi cac chat ran trong hé thyc pham. Khi do
4m san phim & mirc thap (6 — 8%), phan 16n nuéc
ton tai dudi dang nude lién két manh vai cac thanh
phan nhu tinh bdt, protein va pectin trong chudi. Khi
d6 4m tang 1én (10 — 12%) luong nuée ty do gia
tang, dan dén ap sudt hoi nuéc cao hon, 1am ting a,
trong san pham (Fellows, 2009). Mat khac, d6 am
anh hudng dén chi s6 hoa tan cua bot, két qua 6 Hinh
7 cho thdy d6 4m cudi cuia bot chudi sau siy c6 anh
huéng va ¢ ¥ nghia thong ké (p < 0,05) dén chi sb
hoa tan. O murc 6% va 8% d6 am, chi sé hoa tan dat
gia tri cao hon (3,861% va 3,847%) va khong khac
biét y nghia thong ké (p < 0,05), diéu nay cho thdy
rang co thé ciu triic bot & trang thai kho xbp, tinh

Gia tri b*
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15,064

14,04¢

12.73b

11.66*

10
D6 Am cudi ciia bot chudi (%)

8

Hinh 5. Gia tri b* ctia bot chuoi
6 cac do am sau say

chét lugng st dung cua bot chudi. Trong do, ay la
chi tiéu lién quan truc tiép dén muc do an toan vi
sinh, con chi sd hoa tan phan 4nh muc do hoan
nguyén va ing dung cua san phdm trong thyc phdm
ché bién. Két qua duogc thé hién & Hinh 6 va Hinh 7.

3.90
3.88
3.86
3.84
3.82

3.861¢
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3.847¢
3.820°

3.80 3,7592
3.78
3.76

3.74

D6 hoa tan (%)

3,72
3.70

3.68
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D6 Am cubi ciia bt chudi (%)

Hinh 7. Anh huéng ciia d9 4m dén
do hoa tan (WSI) cia bt chuoi

bot dd gelatin hoa nhe trong qua trinh say, dé dang
phan tan khi hoan nguyén trong nudc. Khi d¢ 4m
tang 1én 10% va 12%, chi s hoa tan giam 1an luot
xudng 3,820% va 3,759%, trong d6 & do 4m 10% va

12% thap va khéc biét c6 ¥ nghia thong ké (p < 0,05)
v6i d6 4m 6% va 8%. Xu huéng giam nay phu hop
v6i co ché & do 4m cao hon, bot ¢ xu huéng két ty
va von cuc, lam giam dién tich tiép xuc voi nudc,
ddng thoi co thé xay ra mot sb bién ddi bé mit do
oxy hoa nhe, tir d6 han ché kha ning hoa tan
(Onwulata et al., 2006). Diéu nay cho thiy viéc duy
tri d6 4m ¢ muc thap (khoang 6 — 8%) la can thiét
gitip kha ning hoa tan cua bot chudi tot.

Két qua nghién ciru cho thiy d6 am cudi ctia bot
chudi sau sy anh huong dén mau sic, d6 hoat dong
clia nudc va chi sb hoa tan ciia san pham. O mirc
8%, bot chudi duy tri dugc mau sang hai hoa, han
ché hién tugng hoa nau, co thé giit a, & murc an toan
vi sinh (= 0,55) va dam béo céu triic x6p, d& hoa tan
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khi hoan nguyén. D6 4m thap hon (6%) 1am bot sim
mau, trong khi d9 am cao hon (10 — 12%) lam ting
aw, gay két tu va giam kha nang hoa tan. Do do, do
am cudi thich hop ctia bot chudi nén duy tri khoang
8% dé can bang cam quan va d6 6n dinh tinh chét
hoéa 1y trong bao quan.

3.4. Anh hwéng ciia cac loai bao bi dén tinh
chit héa Iy ciia bot chudi trong thoi gian
bdo quin

3.4.1. Tac dong cua loai bao bi dén mau sdc ciia

bét chuoi
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Mau sic 1a chi tiéu héa Iy c6 thé phan anh chat
lwong cam quan va mirc do bién dbi hoa hoc trong
qua trinh bao quan bot chudi. Bao bi anh huong dén
viéc kiém soat muac do tiép xtc cua bdt chubdi voi
oxy, d6 am va anh sang c6 thé gay bién ddi mau dbi
v6i san pham. Trong nghién ctru ndy, bot chudi dugc
dong goi trong 3 loai bao bi (PE, PA va PA/AL) va
theo doi su thay ddi gia tri mau sdc (L*, a*, b*) theo
thoi gian bao quan trong 4 tuan dé danh gia tac dong
cua tung loai bao bi.

8.5
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Hinh 8. Anh huéng cia
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Théi gian bio quan (tufin)

Hinh 9. Sy thay dbi ciia gia tri b* khi bt chudi
dugc bao géi & ba loai bao bi

Két qua ¢ Hinh 8 cho thay do sang L* ctia bot
chudi giam dan theo thoi gian bao quan trong ca 3
loai bao bi, cho théy do sang cua bot bi giam dan
dén t6i mau. Su thay d6i do sang L* 16n duoc ghi
nhan khi bot chudi st dung bao bi PE trong 4 tuan
bao quan (tir 70,49 xubng 69,33), diéu nay cho thiy
su bién ddi sdc t6 xay ra trong diéu kién bao quan
(Maskan, 2001). Nguoc lai, bot chudi duoc bao
quan bang bao bi PA/Al duy tri d6 sang tot nhat (tir
70,49 xuéng 69,92), nho 16p mang nhom co6 kha
ning chdng 4m, can sang va oxy hoa hiéu qua, gitp
lam cham céc phan tmg gay bién d6i mau nhu phan
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Hinh 10. Tac djng cia loai bao bi dén gia tri a*
trong 4 tuan bao quan

ung Maillard va enzyme hdéa mau (Robert et al.,
2010). Két qua nay phu hop v6i cac nghién ctru
trude d6 vé san pham bot trai cay hodc bot giau tinh
b6t bao quan trong diéu kién d6 4m moi trudng cao,
noi L* thuong duogc sit dung nhu mot chi thi cho
hién twong nau hoa (Zori¢ et al., 2016).

Déi vai chi s6 b*, gia tri ting nhe trong sudt qua
trinh bao quan ¢ ca ba loai bao bi, phan anh xu
huong gia ting mau vang cua bot chudi. Trong 4
tun, mau st dung bao PE ¢ mtc ting cao (tir 13,35
1én 13,49), so voi PA (13,35 1én 13,44) va PA/AI
(13,35 1én 13,41). Didu nay c6 thé thiy rang kha
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nang can khi va can 4m kém cua bao bi PE dan dén
bot chudi tiép xtic v6i oxy nhidu hon, tir d6 thuc ddy
cac phan ung oxy hoa hodc phan tng Maillard nhe
(Maskan, 2001). Trong khi do, bao PA/Al gitp duy
tri sy 6n dinh do sang t6t nho tinh chét ngin can sy
tiép xtic v6i yéu té moi truong. Gid tri d6 mau b*
cling c6 xu huéng ting 1én (Hinh 9), két qua nay
cling dugc nghién cuu cia Korese et al. (2022) ghi
nhan vé bot trai cay sy khi bao quan trong diéu kién
khong kiém soat d6 4m va oxy. Gia tri a* (Hinh 10)
ciing cho thdy xu huéng ting dan theo thoi gian bao
quan 4 tuan. Sy thay d6i va ting nhanh khi bot sir
dung bao bi PE (1,54 — 2,02), tiép theo 1a bao bi
PA (1,54 — 1,95) va thdp & bao bi PA/Al (1,54 —
1,88). Két qua nay cho thay rang bao bi ¢6 kha néng
ngan can anh sang va khong khi tot (nhu PA/AI) s&
gitip han ché dang ké bién doi mau sic trong sudt
qua trinh bao quan (Korese et al., 2022). Nhin
chung, sy bién d6i mau sic theo th(n gian bao quan
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phan 4nh tinh chat d& bj oxy hoa cta bot chubi. Viéc
sir dung bao bi c6 kha ning can sang va khi tét nhu
PA/Al 1a giai phap hiéu qua nhim duy tri mau séc
clia san pham trong thoi gian bao quan 4 tuan.
3.4.2. Sw thay déi do am, d¢ hoat dong ciia
nuoc, do hoa tan cua bot chudi trong thoi
gian bao quan
Do 4m c6 thé anh huong 16n dén ca gia tri va thoi
han str dung cta san phém do d6 anh huong dén
tinh an toan ctia san pham. DO 4m xam nhdp vao bao
bi va kha nang hap thu nuGe cua san pham mat nudce
6 thé dan dén su mét tinh 6n dinh 1y hoa nhu 6 hoa
tan ctia pham, cudi ciing dan dén sy giam chat luong
san pham (Jaime et al., 2022). Tac dong cua timg
loai bao bi dén su tang 4m va do hoat dong cua nude
lam thay d6i do hoa tan cua bot chudi dugc thé hién
o Hinh 11, Hinh 12 va Hinh 13.
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Hinh 11. Sy thay ddi ciia dd hoat dong ciia nwéc
khi bdo quan é 3 loai bao bi khac nhau

Két qua 6 Hinh 11 cho théy rang do ting 4m cua
bot chubi co xu hudng tang dan, tuy nhién mirc do
tang khac nhau dang ké gitra cac loai bao bi. Sau 4
tudn, bao bi PE cho thay muc tang 4m cao (7,23%),
tiép theo 12 PA (6,67%) va thap 1a PA/Al (6,04%).
Su khac biét nay dugc giai thich 1a do déc tinh ngan
can 4m cua ting loai vat liéu bao bi (Shashikumar et
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Hinh 12. Tac ddng ciia loai bao bi dén d9 hoa tan
cia bot chuoi trong 4 tuan bao quan

al., 2023). Piéu nay l1a do 16p nhom c6 dic tinh
chéng thdm hoi nudc va chdng khi cao, gitp han ché
sy trao d6i 4m véi moi truong. Két qua nay phi hop
v6i nghién ctru ciia Korese et al. (2022) cho thay vat
liéu nhiéu 16p c6 chtra 14 nhom gitp duy tri d6 6n
dinh d6 4m va hoat d6 nudc trong thuc phém kho,
dac biét 1a dang bot. Sau 4 tudn, bot duge bao quan
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trong bao bi PE c¢6 d6 hoat dong ctia nude 1a 0,596;
tang hon so vdi hai loai bao bi con lai, twong tng 1a
PA (0,585) va PA/A1(0,532) (Hinh 11). Sy gia tang
d6 hoat dong ctia nude cod mbi tuong quan thuan véi
do tang 4m cua mau. Su gia tang d¢ hoat dong cua
nude con ¢ thé anh huong dén cac chi tidu hoa ly
khéc nhu d6 hoa tan. Bot c6 d¢ hoat dong cua nude
cao dé bi von cuc, giam d9 toi, tao diéu kién thuan
loi cho nAm mdc phat trién, tir d6 rat ngén thoi han
st dung va lam gidm gia tri thuong mai cta san
phém (Shashikumar et al., 2023). Bén canh d6 Hinh
12 cho théy bot chudi sau 4 tudn bao quan, do hoa
tan giam tir 3,847 xudng con 3,693 dbi voi mau
PA/AL tir 3,846 xudng 3,475 d6i v6i mau PA, va tir
3,848 xudng chi con 3,324 & mau PE. Piéu nay cho
thdy bao bi PE c6 hi¢u qua kém nhét trong viéc duy
tri tinh chat hoa tan, trong khi bao bi PA/Al giit dugc
dd hoa tan cao. Sy suy giam do hoa tan co thé do
qué trinh hut a am clia san pham trong diéu kién bao
quan. Khi d¢ a am va a, tang, cac phan ung hoa hoc
khong mong mubn nhu oxy hoa, phan timg Maillard
hoic twong tac giira polysaccharide va protein c6 thé
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