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Tom tat

Nghién ctru nay nhim danh gia hidu qua cua 16p phu chitosan két hop CeO, Nhén 11/08/2025
(chitosan/Ce02) vao bao quan chudi Laba bang phwong phap phun. Céc chi tiéu duoc Pugc duyét 03/11/2025
thero d§i gom: chi s hoa nau, cudong d?(f) ho hfip, do6 ctng, t}”f 1€ hao hut khoi lugng, téng Cong bé 28/02/2026
chat ran hoa tan, va ham Iugng axit tong. Két qua cho thay lop phu chitosan/CeO, thé
hién hiéu qua vuot troi trong viée kéo dai thoi gian bao quan chudi so véi 16p phi
chitosan, thong qua kha ning 1am giam cudng do ho hap cua qua. Hiéu qua nay duoc
thé hién thong qua su thay d6i thap nhét cuia cac chi tiéu chat lugng, bao gom ty 18 hao
hut khoi lugng (16,23 %), tong ham lugng chét rén hoa tan (23,70 %) va ham luong Ty khoa
axit tong (0,223 % axit malic) sau 8 ngay luu trit & 20 °C va 64 % Relative Humidity )
(RH). Két qua cua dé tai co thé gop phan nang cao hiéu qua kinh té cta nganh cong bao quan chudi Laba,
nghiép chudi tuoi trong qua trinh kinh doanh va xuat khéu. Két qua nghién ctru cho thdy ~ chitosan, CeO tong hop
qua duoc phu bang phuong phap phun dung dich chitosan/CeO; ¢6 hidu qua rd rét trong  tir phuong phéap dung
viéc bao quan chudi sau thu hoach. nhiét, 16p pht phun
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1 Gidi thiéu v6i thanh phan hoa hoc thay doi theo timg giai doan

PO, B Y . ) chin [1]. Ngoai ra, thit chudi c6 chira ham luong am cao
Chuoi la loai trai cay nhiét doi pho bién thudc chi Musa, (70-80) % va c6 tinh axit nhe do chita céc axit hifu co
h(;)'Musaceae, co hguon ‘goc chi yeu tir hai loai ludng nhu axit malic va axit oxalic. Tuy nhién, tuong tu nhu
bdi Musa acuminata va Musa balbisiana [1]. Theo céc loai qua c6 dinh ho hép khéc, chuéi d& b hir hong
. ) R , X o , ct : - ) s
F:(?f lu’q‘ng tliu thy ,O.r Cha}l A chiém 24’;1 /lilja? luqulg do qua trinh ho6 hap dién ra lién tuc, thic day qua trinh
li 1/101 to/anv cag,h anl‘mucx tr;ni 4 1r~1 oans chin va lam giam chét lugng sau thu hoach. Céac ky
‘% niugl gar‘n. kllll?l elll?guon .m . uo}’gngcquz?n];rong? thuat sau thu hoach duoc 4p dung dé kéo dai thoi gian
glrau s irorng u, chat xo, Vlta,mm( T Ya ?’ Vo,l bao quan chudi, chang han nhu sir dung phwong phap
cac hop chat polyphenol, flavonoid, carotenoid va axit bio quan & nhict o thép, héa chét, khi irc ché ethylene
amin. V6 chuoi chiém (30-40) % trong luong qua, chira 1o b an duroe. Mac di, bao quan & nhiét do thép
nhicu chat xo, pectin, protein, lipid va khoang vi lugng, ’ ’ ’ o
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1am giam hd hap va su phat trién cua vi sinh vat, chudi
d& bi ton thuong lanh ¢ nhiét d6 dudi 13 °C, c6 thé lam
hong vo, dan dén d6i mau va mat huong vi [2]. Viéc st
dung cac hoa chat nhu nito oxit hodc axit salicylic co
thé lam cham qué trinh chin hiéu qua, nhung chung gay
ra mdi de doa vé doc tinh, va c6 kha nang anh huong
dén hé than kinh va sirc khoe ciia nguoi tiéu ding néu
tich tu trong thoi gian dai. Trong khi d6, cic chét diéu
hoa sinh truong thuc vat theo co ché tc ché ethylene
duoc xem la lya chon hi€u qua dé kéo dai thoi gian bao
quén, tiéu biéu 1a 1-Methylcyclopropene. Dit mang lai
hi€u qua 1o rét, 1-Methylcyclopropene van bi han ché
boi chi phi cao va tinh kha thi khi trién khai trén quy
moé 16n [2]. Trong nhimg nim gan ddy, 16p phu an
duoc ngay cang dugc quan tam nho kha nang tao 16p
mang bao vé trén bé mit qua, gitp diéu hoa trao doi
khi, han ché mit nudc va ho hép, déng thoi an toan,
khong gay ddc hai [3]. Cac vat liéu tao mang da duogc
nghién ctru va tng dung phd bién nhu chitosan, pectin,
alginate, tinh bot, cellulose va protein tw nhién [3].
L6p phit trén trai cdy c6 thé dugc hinh thanh bang hai
phuong phap phd bién 1 nhing (dip-coating) va phun
(spray-coating). Phuong phap nhung 1a qua trinh dua
tryc tiép trai cay vao dung dich phi trong mot khoang
thoi gian nhat dinh, sau d6 dé khé tu nhién nham hinh
thanh 16p mang ddng déu trén bé mat. Phuong phap nay
don gian, dé thyc hién va thich hop cho quy mé nhd,
nhung c6 nhuoc diém 1a tiéu ton nhiéu dung dich phi,
hiéu suét sir dung nguyén lidu thap va tiém an nguy co
lay nhiém chéo vi sinh vat [4]. Ngoai ra, qua trinh
nhiing c6 thé lam mét 16p phu tu nhién, nhu 16p sap trén
bé mit trai ciy va rau qua, lam giam chuc ning bao vé
ty nhién cia ching [4]. Trong khi d6, phuong phap
phun str dung thiét bi tao suong dé phan tan dung dich
phu 1én bé mat trai cdy mot cach min va déu [4]. Uu
diém noi bat ctia phuong phap phun 14 tiét kiém nguyén
lidu, d& kiém soat do day 16p phu, phi hop véi san xuat
quy md 16n va han ché lay nhiém chéo. Do d6, viéc lua
chon phuong phéap phu hop dé phu ché phim 1én trén
bé mat trai can duoc luu y vé mat kinh té, méi truong
va chat lwong san pham.

Chitosan 1a polysaccharide tu nhién thu dugc tir qua
trinh deacetyl héa chitin — thanh phan chinh cua vé giap
x4c va mot s loai nim [5]. Chitosan gém cac don vi
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D-glucosamine va N-acetyl-D-glucosamine lién két bai
lién két B-(1 — 4)-glycoside. Chitosan c6 kha ning tao
mang t6t, khang khuan, khang nim, chong oxy héa va
phéan huy sinh hoc cao, do d6 dugc ung dung rong rai
trong linh vuc bao quan thuc phém, dac bi¢t 1a lam 16p
phu sinh hoc gitp kéo dai thoi gian bao quén rau qua
[5]. Gan day, xu hudng két hop chitosan vé6i cac hat
nano nhu ZnO, graphene oxit, hodc bac nham tang
cuong tinh chat co 1y, kha niang khang khuén va can khi
cho 16p phu [5]. Tuy nhién, nhugc diém cua cac nghién
ctru ndy 1a mot s6 hat nano c6 thé gdy doc tinh (nhu bac
¢ ham lugng (1-10) pg/mL [6] va ZnO & ham lugng
(10-50) pg/mL [7]) néu xdm nhép vao thuc pham.
Trong nghién ctru nay, CeO, duoc lya chon dé két hop
vao chitosan boi kha nang hip phu ethylene [8], gitp cai
thién hiéu qua bao quan ciia mang. CeO, c¢6 do 6n dinh
cao, khong tan trong nudc va co tinh oxy hoa-khir manh,
dong thoi an toan vai stic khoe con nguoi [9]. Phuong
phéap str dung CeO, dé tich hop vao vét liéu bao gbi da
tang 1én dang ké vi CeO, duoc bao cdo 14 it giy doc hon
bac va ZnO. Theo bao céo, liéu lugng CeO; thap (< 88
ppm) dugc xem 13 an toan va khong gy doc té bao cho
con nguoi va dugc tng dung rong rai trong linh vyc y sinh
[10]. Trong sb cac phuong phép tong hop CeOs, phuong
phéap tong hop ¢ nhiét do thap thong qua k¥ thuét dung
nhiét cho thay do két tinh cao, hinh thdi 16 rang, kich
thudc hat nho, d6 tinh khiét cao va do phan tan tot, khién
chiing tré nén 1y tuong dé két hop vao polyme [11]. Vi
vy, viéc tich hop CeO, téng hop tir phuong phap dung
nhiét vao mang chitosan dwoc ky vong c6 thé ting kha
ning chdng oxy hoa, han ché sy bay hoi nudc, dong thoi
giam sy hinh thanh ethylene — tir 46 kéo dai déng ké thoi
gian bao quan chudi sau thu hoach ma van dam bao an
toan va than thién voi moi trudng.

Muc tiéu ciia nghién ciru nay 1 phat trién mang phu
sinh hoc chitosan/CeO, nhim kéo dai thoi gian luu trit
ctia chudi théng qua viéc han ché hao hut khdi lugng
do mat nudc, trc ché qua trinh ho hap, dong thoi duy tri
chét lugng cam quan va dinh dudng cia qua chubi.
Trong nghién ctru nay, phuong phap phun duoc lua
chon thay vi phuong phap nhing do wu thé vé kha ning
ung dung thuc tién, tiét kiém dung dich phu, dam bao
v¢€ sinh an toan thyuc phém, dé kiém soat do day 16p phu,
va phu hgp véi ing dung mo rong trong quy mo cong
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nghiép. Viéc tich hgp CeO: vao chitosan dugc ky vong
gop phan giam toc d6 trao doi khi va cuong d6 ho hap
clia qua, qua do lam cham qua trinh chin ctia chubi. Cu
thé, nghién ctru khao sat hiéu qua bao quan cia ché
pham chitosan két hop véi 1,5 % CeO, tong hop bang
phuong phap dung nhiét, thong qua cac chi tiéu nhu do
cung, ty 1€ hao hut khéi lugng, chi s6 hoa nau, téng ham
lugng chit ran hoa tan, ham lugng axit téng va tdc do
san sinh CO; trong sudt qua trinh luu tri.

2 Vat liéu va phuong phap nghién ctru

2.1 Hoa chit

Chitosan (DD (75-85) %, Mw 190-310 kDa, Sigma-
Aldrich), Ce(NO3)3:6H>O  (Shanghai
Chemical), va cac hoa chit khac (axit axetic, glycerol,
n-butanol, ethanol, va NaOH; Xilong) déu c6 do tinh
khiét phan tich.

2.2 Quy trinh tong hop CeO,

Phwong phép nhiét dung méi dugc st dung dé tong hop
CeO, do quy trinh don gian va nhiét d6 tong hop thap,
nhu trong nghién ctru [12]. Pau tién, 1,92 g Ce(NOs)
36H,0 dugc hoa tan trong 60 mL dung dich n-butanol
trong diéu kién khudy tir lién tuc trong 30 phiit & nhiét do
phong (25 °C). Sau do, dung dich thu dugc dugc dat trong
10 & 140 °C trong 12 gio va dugc dé ngudi tu nhién dén
nhiét d6 phong. Viéce tach cac két tiia mau vang thu duoc

Zhanyun

duoc thuc hién thong qua qua trinh ly tadm trudc khi dugc
rira k¥ bang ethanol va nuéc cét. Sau d6, san pham thu
duoc duoc siy kho ¢ 80 °C trong 12 gio.

2.3 Quy trinh chuan bi dung dich chitosan/CeO,

Dung dich chitosan 1% (w/v) dugc chuén bi bang cach
hoa tan hoan toan bdt chitosan trong dung dich axit
axetic 1% (v/v) voi ty 1€ dung dich chitosan:axit axetic
la 1:100 (g/mL). Sau do, 30 % (w/w) glycerol dugc
thém vao v6i vai tro 1a chat hoa déo va hdn hop dung
dich duoc khudy tiép tuc trong 1 gio. Tiép theo, 1,5 %
(w/w) CeO; dugc thém tur tir vao dung dich chitosan
déo hoa bang glycerol va khudy tir trong 60 phiit. Hon
hop duoc siéu 4m trong 1 gir d& dam bao CeO, duoc
phan tan hoan toan trong dung dich polyme.

2.4 Quy trinh bao quan chudi bang phuong phap phun
120 qua chudi Laba dugc thu mua tir cac thuong l4i tai
thanh phd Da Lat (trudc day), sau do dugc van chuyén
dén kho lanh trong dém dé han ché qué trinh chin sinh

1y. Méu duogc luu trit & 20 °C trong 2 ngay nham 6n
dinh trang thai truéc khi van chuyén dén phong thi
nghiém d¢é tién hanh danh gi4 phan tich. Chudi c6 tong
ham lugng chét ran hoa tan ban dau 1a 13,57 % va axit
tong 14 0,503 %), hinh dang, kich thudc dong déu, khbi
lwong (110-135) g/qua va duoc rira sach bang nude va
dé rao. Chudi dugc tach thanh timg qua riéng 1é va chia
thanh 3 nhom: nhém d6i chimg (control), nhém phu
chitosan, va nhém phu chitosan/CeQO,. Cac nhom dugc
phu ché pham bang phwong phap phun 4p suat & 3 bar
v6i khoang cach 25 cm tinh tir voi phun dén bé mit vo
chudi. Trong qué trinh phun, timg qua chudi dugc xoay
tron lién tuc dé dam bao tiép xuc dong déu, dong thoi
voi phun duge di chuyén theo chiéu 1én — xubng doc
theo bé mit qua. Sau do, cac qua duoc dé kho 30 phit
dé dam bao 16p phu kho hoan toan va qué trinh phun
duogc 1ap lai 3 1an dé tao ra 16p phi dong déu trén vo.
Céc méu chudi duge bao quan ¢ 20 °C va d6 4m tuong
dbi 64% (RH). Trong sudt thoi gian bao quan, cac chi
tiéu chat luong dwoc danh gia theo ngay, véi 5
qua/nhoém duge chon ngiu nhién dé phan tich cuong do
hé6 hip, do ctng, tong ham lugng chét rin hoa tan va
ham luong axit tong chudn do. Dbi vé6i chi tiéu danh
gia chi s6 hoa nau va ty 1¢ hao hut khéi lugng, mdi
nhom st dung 5 qua va dugc danh sé cd dinh dé can/do
lap lai hang ngay trong sudt thoi gian bao quan. Cac gia
tri mau sic va khdi lugng duoc ghi nhan dé xac dinh
gia tri theo phuong phap dudi day.
2.5 Phuong phap danh gia cac chi tiéu cht luong cua
chudi trong qua trinh bao quan
2.5.1 Chi s6 héa nau
Chi s6 hoéa nau duoc xac dinh thong qua su thay ddi
mau sic ctia vo qua trong sudt qua trinh bao quan bang
thiét bi do mau Konica Minolta CR-400 (Japan) v6i hé
khong gian mau CIE LAB. Chi sé hoa nau (BI) dugc
xac dinh theo cong thirc (1).

x— 0,31
Bl = o017 x 100 (D),

a+1,75L

5,645L+a—0,012b

Trong d6 gia tri L dai dién cho do tdi (—) — sang (+), a

voi X =

dai dién sic t6 xanh 14 (—) — d6 (+), va b dai dién séc t6
xanh duong (—) — vang (+).
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2.5.2 Ty 1& hao hut khdi luong
Céc qua duoc do ty 1& d6 mat khéi lugng bang can dién
tir Ohaus (Thailand) va dugc tinh theo cong thurc sau:
My — My
Am (%) = — x 100 (2)
my

Trong d6, mo 1 khdi luong ngay dau tién va m; 1a khbi
luong ngay tiép theo.
2.5.3 Cudng d6 ho hap
Cuong d6 ho hép cia chudi trong qua trinh bao quan
duoc xac dinh b?mg cach do su thay doi luong CO>
dugc tao ra (mgCOy/kgh). i voi mdi nhém, nim qua
duogc dat riéng biét trong thung kin (2 L) ¢ 20 °C trong
2 gio trudc khi duoc do bang may phan tich khi
Headspace GS6000 Systech Illinois (England).
2.5.4 B cung
D6 cimg ciia thit chubi duoc xac dinh bang thiét bi phan
tich cau tric thyc pham TA.XT plus (England). Thir
nghiém duoc thuc hién v6i dau do hinh cau bang thép

TA (% axit malic) =

VNaOH st dung X CN NaOH X 0,067 X Vdjch loc
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khéng gi dudng kinh 6 mm, do sdu 10 mm va toc do 5
mm/s. Phép do dugc thyc hién trén 5 qua chudi ¢ vi tr gilta
dé tinh d6 ctmg trung binh va két qua hién thi dugc ghi lai
duéi dang gf va duoc chuyén d6i thanh Newton (N).

2.5.5 Tong ham luong chat ran hoa tan

Thit qua dugc xac dinh téng ham luong chat rin hoa
tan bang khuc xa ké Atago PAL-1 (Japan).

2.5.65 Ham lugng axit tong chuan do

Ham luong axit tong (TA) duoc xac dinh bang phuong
phap chuan do. Theo d6, 10 g mau thit qua dugc xay
nhuy@n véi 100 mL nude ct trong 60 gidy. Sau do, dich
loc thu duoc béng cach loc qua h¢ théng loc chan khong.
Tiép theo, 10 mL dung loc dugc chuén d6 v&i NaOH 0,1
N (str dung phenolphthalein 1 % lam chat chi thi). Qua
trinh chuan d6 dimg lai khi dung dich chuyén tir khong
mau sang mau hong bén trong it nhét 30 gidy. Gia tri TA
duoc tinh bang cong thirc (3) v6i 0,067 1a hé s6 mili
duong luong cua axit malic trong chubi.

3 Két qua va thao luan

3.1 Anh huong cta cac phuong phéap bao quan dén cam
quan cua chudi

Sy thay d6i hinh thai cta chudi dbi chimg va chubi
dugc phu dung dich ché phim dugc trinh bay trong
Hinh 1. Cc nhém chudi chuyén sang mau vang vao
ngay thir 2 (ngoai trur trdi dugc phu chitosan/Ce0>).

x 100 (3)

Mhit chusi

Cac dém nu trén vo cia cidc nhom chudi xuét hién vao
ngay tht 4. Trong khi d6, mau phu chitosan/CeO, gitt
duoc mau vo tuoi sang va han ché rd rét hién tuong hoa
nau dén ngay cudi ciia qua trinh luu trir. Két thic thoi
gian bao quan, nhém ddi chimg va nhém phu chitosan
¢6 vé ngoai kém hip din, dap va phan thit mém nhiing
so v6i cac qua dugc phun ché pham chitosan/CeO, &

cung ngay luu tri.

Chudi bj hu

Hinh 1 Sy thay d6i mau sic va hinh thai ciia chudi tai cac thoi diém khac nhau trong qua trinh bao quan
(CS: méu chuéi phii dung dich chitosan, CS-CeQ,: mau chuéi phii dung dich CS-CeO,)
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3.2 Anh hudng cta cac phuong phap bao quan dén chi
s6 héa nau ciia chubi

Két qua phan tich chi s héa nau (Hinh 2) cho thay xu
hudng tuong dong véi nhiing thay ddi quan sat duoc
trén qua br:ing danh gia tryc quan. Cu thé, chi sd hoa
nau cua mau ddi ching ting nhanh tir 87,60 (ngay 0)
1én 148,59 (ngdy 5), trong khi mau duoc phii ting cham
hon. Cu thé, tir ngdy 0 dén ngay 5, nhom chudi phu
chitosan c6 chi s6 héa nau tang tur 81,40 1&€n 104,75,
trong khi nhém phu chitosan/CeO; ¢6 chi s6 héa nau
tang nhe tir 80,25 1&én 97,04. Nhin chung, qua trinh hoa
nau cta chudi co pht chitosan/CeO; cham hon g?m 3,5
1an so voi chudi khong phu. Didu nay cho thay hidu qua
ctia 16p phu chitosan/CeO; trong viéc han ché hoat
dong ctia enzyme polyphenol oxidase va lam cham qua
trinh oxy héa phenol — nguyén nhén chinh gay héa nau
trén vo qua [13].

160
—&— Control
Chitosan
= 140 Chitosan/CeO,
«T
c
S
2 120 4
“Q
7]
‘= 100 -+
&)
80 4
L] 1 L} 1 f L]
0 2 4 6 8
Ngay

Hinh 2 Chi s hoa nau cta chudi tai cac thdi diém

khac nhau trong qua trinh bao quan (Chitosan: mau

chudi phii dung dich chitosan, Chitosan/CeQ:: mau
chudi phii dung dich Chitosan/CeQ,)

3.3 Anh hudng cua cic phuong phap bao quan dén
cuong d6 ho hap cia chudi

Chudi thugc nhém qua cé dinh ho hap, dic trung boi
viéc van duy tri qué trinh ho hdp manh va tiép tuc chin
sau khi duogc thu hoach. Qua trinh ho hép st dung O,
tir moi trudng xung quanh dé tao ra nhiéu CO, hon.
Cuong d6 ho hap duge xac dinh thong qua lugng CO,

sinh ra (mgCOy/kg-h), 1a chi tiéu phan anh mrc do trao
d6i chét ctia qua theo phwong trinh sau CsH1,06 + 6 O,
+6 H,0 — 6 CO, + 12 H,O. Mau dbi ching c6 sy ting
cuong do ho hép nhanh hon so v&i cac nhoém con lai va
dat dinh vao ngay 3 (352,83 mgCO-/kg-h) (Hinh 3a),
cho thiy qua trinh chin dién ra sém hon. Trong khi do,
mau phu chitosan va chitosan/CeO, c6 su ting cuong
do ho hép cham hon, dat dinh vao ngay tha 3 (311,58
mgCOy/kg h), va trai phi chitosan/CeO; c6 dinh ho hap
vao ngay 5 (284,05 mgCOy/kgh).

Trong nhiing nghién cuu trude day, 16p phu chitosan
¢6 thé 1am thay d6i moi truong khong khi bén trong cua
trai cdy, hoat dong nhu mot 16p can trao ddi khi (Oa,
CO; va CoHy), 1am giam tc do ho hap va 1am cham qué
trinh chin, mat nude va théi riva & trai cdy c6 dinh ho
hap [14]. Su cham tré trong qua trinh dat dinh ho hap
cua trai phu chitosan/CeO, so v6i nhitng nhom khac
cho thiy 16p phu niy c6 thé tao méi trudng ban khi
quyén 6n dinh quanh qua, lam giam qua trinh ho hip
va han ché su kich hoat cua ethylene — hormone kich
thich chin nhanh [15]. Tém lai, 16p phu chitosan/CeO,
cho thay kha ning 1am cham cudng d6 ho hip hiéu qua
hon so v&i 16p phu chitosan, gbp phan lam cham quéa
trinh chin va mém ciia chudi.

3.4 Anh huong ciia cac phuong phap bao quan dén ty
1¢ hao hut khdi lugng cia chudi

Su giam khéi lwong dugc ghi nhan trong subt thoi gian
bao quan. Ty 1& hao hut khdi lugng cao hon cho thiy
qué trinh mét nude va bay hoi cac chat dé bay hoi dién
ra manh hon, din dén thoi gian chin ngin hon [14]. Ty
1¢ hao hut khéi luong tang khi thoi gian luu trit ting
(Hinh 3b), chii yéu do sy mit nudc qua vo va hod hip
ctia qua. Nhom ddi chig va chitosan cho thiy sy hao
hut khdi Iluwong ting nhanh hon nhém phi
chitosan/CeO,. Cu thé, miu d6i chimg hao hut 11,04 %
khéi lwong sau 5 ngay luu trit, trong khi d6 hao hut khdi
luong & cic mau phu chitosan va chitosan/CeO; 1an
luot 14 10,67 % va 9,44 %. Diéu nay ching minh 16p
phi tir ché pham chitosan/CeO, c6 kha ning can hoi
nuée hidu qua, gitp han ché su that thoat hoi nudc —
nguyén nhan chinh gay héo va giam khéi lugng.
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Hinh 3 Sy thay d6i cudng d6 ho hép (a), ty 1& hao hut khdi luong (b) va do cimg (c) cua chudi tai cac thoi diém

khac nhau trong qua trinh bao quan (Chitosan: mau chuéi phii dung dich chitosan, Chitosan/CeQ5: mau chuéi phii dung
dich Chitosan/CeQ;)

3.5 Anh hudng cua cac phuong phap bao quan dén do
clmg cta chudi

Do cimg 13 yéu td quan trong lién quan dén do twoi va
cam quan cia trdi cdy. DO cing cia tat ca cac nhom
chudi giam déan khi thoi gian bao quan ting (Hinh 3c),
phan anh qua trinh mém hoéa do su phan giai pectin va
cellulose trong thanh té bao [14]. Xu hudng nay tuong
ddng vé6i su gia ting ty 18 hao hut khdi lwong, trong d6
mau d6i chimg va mau phu chitosan thé hién téc do
giam d6 cung nhanh hon so v&i mau phu
chitosan/CeO,. Mau dbi chimg giam d6 ctng tir 43,04
N (ngay 0) xudng con 11,22 N (ngay 5), mau chitosan
va chitosan/CeO; c¢6 dd cimg la 11,55 N (ngay 5) va
17,23 N (ngay 5). Nhiing két qua thu dugc cho thiy
hiéu qua cta 16p phu chitoan két hop véi CeO, trong
viéc duy tri d6 ctng ciia chudi. Lop phu nay khong chi
lam cham qua trinh chin mém ma con duy tri két cdu
mé té bao tot hon, hd trg kha nang van chuyén va bao
quan sau thu hoach [14].

3.6 Anh hudng cua cac phuong phap bao quan dén tong
ham lugng chat ran hoa tan cta chudi

Tong ham lugng chét ran hoa tan (TSS) cua chubi ting
dan theo thoi gian bao quan (Hinh 4a). TSS cua tat ca
cac nhom c6 xu hudng ting dang ké trong sudt qua
trinh luu trit. Sy gia ting TSS ciia qua chii yéu dén tir
qué trinh chuyén hoa tinh bot va cic hop chat
carbohydrate thanh sucrose, glucose va fructose [14],
dan dén téng ham luong chat rin hoa tan ting. Mau
khong phu va phu chitosan c6 TSS ting nhanh, dat
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25,67 % va 23,73 % tuong tng vao ngay 5. Nguoc lai,
su gia taing TSS & mau phu chitosan/CeO, cham hon,
chi dat 21,90 % & cung thoi diém. Diéu nay cho thiy
tdc do chuyén héa tinh bot trong trai phii chitosan/CeO,
thanh duong cham hon mau dbi ching. Xu hudng giam
cham cua TSS phu hgp véi sy dich chuyén cham cua
dinh ho hip dugc trinh bay & Hinh 3a. Cudng do ho hap
bi rc ché 1am cham qua trinh tong hop va sir dung cac
chat chuyén hoa, din dén TSS thap hon do qué trinh
thiy phan cacbohydrate thanh duong cham hon [14].
3.6 Anh hudng cua cac phuong phap bao quan dén ham
luong axit tong cua chudi

Nguoc lai v6i TSS, ham lugng axit tong (TA) c6 xu
hudng giam dan theo thoi gian do tiéu hao axit hitu co
trong qua trinh ho hap [14]. TA cta chudi giam dan
theo thoi gian bao quan ¢ ca mau phu va khong phu
(Hinh 4b), do axit hitu co dwoc str dung lam co chét cho
qué trinh ho hip [14]. Tuy nhién, mirc giam TA ¢ miu
dugc phii cham hon, cho thay 16p phu gop phan han ché
cuong do hd hip va chuyén hoa co chit. Mau dbi chung
va miu chitosan c6 TA gidm nhanh hon miu
chitosan/CeQ,. Cu thé, mau dbi chig giam tir 0,503
(ngay 0) xudng con 0,212 % axit malic (ngay 5), trong
khi mAu chitosan va chitosan/CeO; ¢6 TA lan luot 1a
0,268 % axit malic (ngay 6) va 0,223 % axit malic
(ngay 8). Diéu nay cho thdy hiéu qua cta 16p phi
chitosan/CeO trén viéc tri hodn sy giam TA trong sudt
qua trinh Iuu trit.
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Hinh 4 Sy thay d6i tong ham luong chit rin hoa tan (a) va ham luong axit tong (b) ctia chudi tai cac thoi
diém khac nhau trong sudt qua trinh bao quan (Chitosan: mdu chudi phii dung dich chitosan, Chitosan/CeQ5: méu
chuéi phit dung dich Chitosan/CeQ;)

4 Két luan khong phu va phu chitosan, cho thdy tiém ning ting
dung thuc tién dang ké trong bio quan néng san.

Két qua nghién ctru cho thdy, qua dugc phu ban \
q g Y. 4 P & Nghién ctru nay gop phan xay dung giai phap bao quan

phuong phap phun dung dich chitosan két hop CeO; c6 N R ) . Lo o
néng san hi€u qua, an toan va than thién vdi moi

hiéu qua rd rét trong viéc bao quan chudi sau thu hoach. . . . \
- | gvie q ' truong, hudng deén thay theé hoa chat bao quan truyén

L6p phu nay gitp giam toc d6 hoa nau, han ché qua

. . .. thongt hudi mg no hiép bén viing.
trinh ho hép, duy tri do cimg, giam ty 16 hao hut khéi - o1& TONS CAUOL CUNE UNE nong NEAICp ben ving

Loi cam on

Nghién ctru dugc tai tro béi Truong Pai hoc Nguyén
Tat Thanh, Thanh phd H6 Chi Minh trong khuon khé
dé tai ma s6 2024.01.150/HD-KHCN.

lwong va 6n dinh cac chi tiéu hoa 1y (TSS va TA) trong
sudt qué trinh bao quan. Lép phu chitosan/CeO, cho
thdy hiéu qua tong thé vuot trdi hon so véi cac mau

Tai liéu tham khao

1. Khoozani, A. A, Birch, J., & Bekhit, A. E.-D. A. (2019). Production, application and health effects of banana
pulp and peel flour in the food industry. Journal of Food Science and Technology, 56(2), 548-559.
https://doi.org/10.1007/s13197-018-03562-z.

2. Jiang, Y., Joyce, D. C., Jiang, W., & Lu, W. (2004). Effects of chilling temperatures on ethylene binding by
banana fruit. Plant Growth Regulation, 43(2), 109-115. https://doi.org/10.1023/B:GROW.0000040112.19837.5f.
3. Lacroix, M., & Vu, K. D. (2014). Edible Coating and Film Materials: Proteins. In J. H. Han (Ed.), /nnovations
in Food Packaging (pp. 277-304). Elsevier. https://doi.org/10.1016/B978-0-12-394601-0.00011-4.

4. Gui, X, Shang, B, & Yu, Y. (2023). Applications of electrostatic spray technology in food preservation. LWT,
190, 115568. https://doi.org/10.1016/j.1wt.2023.115568.

5. Ashfaq, A., Khursheed, N., Fatima, S., Anjum, Z., & Younis, K. (2022). Application of nanotechnology in food packaging:
Pros and Cons. Journal of Agriculture and Food Research, 7, 100270. https://doi.org/10.1016/.jafr.2022.100270.

6. Zhang, J., Wang, F., Yalamarty, S. S. K., Filipczak, N., Jin, Y., & Li, X. (2022). Nano Silver-Induced Toxicity
and  Associated  Mechanisms. International ~ Journal  of  Nanomedicine, 17, 1851-1864.
https://doi.org/10.2147/1JIN.S355131.

7. Jin, M., Li, N., Sheng, W., Ji, X., Liang, X., Kong, B., ... Liu, K. (2021). Toxicity of different zinc oxide
nanomaterials and dose-dependent onset and development of Parkinson’s disease-like symptoms induced by zinc
oxide nanorods. Environment International, 146, 106179. https://doi.org/10.1016/j.envint.2020.106179.

w Dai hoc Nguyén T4t Thanh
T,

NGUYENTAT THANE



Tap chi Khoa hoc & Cong nghé Vol 9, No 2

8. Matussin, S. N., Harunsani, M. H., & Khan, M. M. (2023). CeO, and CeO,-based nanomaterials for
photocatalytic, antioxidant and antimicrobial activities. Journal of Rare Earths, 41(2), 167-181.
https://doi.org/10.1016/j.jre.2022.09.003.

9. Melchionna, M., Trovarelli, A., & Fornasiero, P. (2019). Synthesis and properties of cerium oxide-based
materials. In S. Sciré¢ & L. Palmisano (Eds.), Cerium Oxide (CeQ;): Synthesis, Properties and Applications.
Elsevier Inc. https://doi.org/10.1016/B978-0-12-815661-2.00002-5.

10. Chakraborty, S., Sahoo, K. R., Bera, D., Ghosh, C. K., & Roy, L. (2025). Mechanistic insights of free radical
scavenging-driven stabilization of edible oils and their shelf life extension using CeO, nanoparticles. Food Chemistry,
472, 142834. https://doi.org/https://doi.org/10.1016/j.foodchem.2025.142834.

11. Walton, R. I. (2011). Solvothermal synthesis of cerium oxides. Progress in Crystal Growth and
Characterization of Materials, 57(4), 93-108. https://doi.org/10.1016/j.pcrysgrow.2011.10.002.

12. Liu, B., Liu, B, Li, Q., Li, Z., Liu, R., Zou, X., Zou, G. (2010). Solvothermal synthesis of monodisperse self-
assembly CeO2 nanospheres and their enhanced blue-shifting in ultraviolet absorption. Journal of Alloys and
Compounds, 503(2), 519-524. https://doi.org/10.1016/j jallcom.2010.05.047.

13. Bico, S. L. S., Raposo, M. F. J., Morais, R. M. S. C., & Morais, A. M. M. B. (2009). Combined effects of
chemical dip and/or carrageenan coating and/or controlled atmosphere on quality of fresh-cut banana. Food
Control, 20(5), 508-514. https://doi.org/10.1016/j.foodcont.2008.07.017.

14. Madamba, L. (1977). Effect of maturity on some biochemical changes during ripening of banana (Musa sapientum L.
c. v. Lakatan). Food Chemistry, 2(3), 177-183. https://doi.org/10.1016/0308-8146(77)90031-0.

15. Keller, N., Ducamp, M. N., Robert, D., & Keller, V. (2013). Ethylene removal and fresh product storage: A
challenge at the frontiers of chemistry. Toward an approach by photocatalytic oxidation. Chemical Reviews, 113(7),
5029-5070. https://doi.org/10.1021/cr900398v.

Application of chitosan coating combined with CeO: synthesized from the solvothermal method
in Laba bananas preservation

Pham Tran Bao Tran'**, Nguyen Thi Thuong*

'NTT Institute of International Education, Nguyen Tat Thanh University, Ho Chi Minh City, Viet Nam

2 Institute of Technology Application and Sustainable Development, Nguyen Tat Thanh University, Ho Chi Minh
City, Viet Nam

3Faculty of Applied Sciences and Technology, Nguyen Tat Thanh University, Ho Chi Minh City, Viet Nam
“ptbtran@ntt.edu.vn

Abstract This study aims to evaluate the preservative effectiveness of chitosan/CeQO; coating on Laba bananas by
the spraying method during storage. The physicochemical changes in browning index, respiration rate, hardness,
weight loss, total soluble solids content, and titratable acidity of uncoated bananas and bananas coated with chitosan
and chitosan/CeO; solutions were evaluated. The results showed that the chitosan/CeQO, formulation exhibited a
better efficacy on enhancing the shelf-life of bananas than the chitosan coating solution by reducing the respiration
rate of bananas. The preservation efficiency of chitosan/CeQ, spray coating was demonstrated by the lowest change
in weight loss (16.23%), total soluble solids content (23.70%), and titratable acidity (0.223 % malic acid) after 8
days of storage at 20 °C and 64% RH. The findings of this study confirmed the effectiveness of spraying
chitosan/CeQ; solutions in post-harvest preservation of Laba banana, thereby contributing to improve the economic
efficiency of fresh banana industry during business and export activities.

Keywords Laba banana preservation, Chitosan, Sovolthermally prepared CeO,, Spray coating.
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