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SUMMARY

CHARACTERIZATION AND FRUIT PRESERVATION ABILITY OF FOOD
PACKAGING MADE BY PECTIN/CARBOXYMETHYL CELLULOSE DERIVED
FROM GRAPEFRUIT PEELS

In response to the growing need for sustainable food packaging, this study explores using nature-based
materials, specifically Pectin and Carboxymethyl Cellulose (CMC) derived from grapefruit peels, as
alternatives to petroleum-based packaging films. These materials function as effective barriers, creating
modified atmospheres that reduce respiration rates, minimize moisture exchange, and delay deterioration.
Characterization of the fabricated Pectin/CMC films was determined through scanning electron microscope
(SEM), reflection infrared spectrum (ATR-FTIR), water contact angle (WCA), and mechanical properties.
The preservation ability of green grapes was compared with the preservation ability of commercial
Pectin/CMC films during 10 days of preservation. Experimental results showed that the Pectin/CMC film
made from grapefruit peels and the Pectin/CMC film made from commercial Pectin, CMC are suitable for
food preservation. However, the food preservation ability of Pectin/CMC films formed by Pectin, CMC
isolated from grapefruit peels showed higher retention of fruit weight and decreased organic acid content.
This demonstrates the potential of the Pectin/CMC film as a superior alternative for sustainable and
efficient grape preservation.

Keywords: grapefruit peel, Pectin, Carboxymethyl Cellulose, food packaging, preservation.

1. GIOI THIEU nguon g(‘?c tir dau mo. Tuy nhién, van dé nghiém

trong nhat trong viéc sir dung cac loai vat liéu nay
Mang bao quan qua dang ngdy cang dugc st dung dé bao quan qua la sy phat sinh lugng chét thai lon
rong rdi dé ngén ngura va giam thiéu su hu hong, sau st dung [4-5]. Chinh vi vay, nhidu giai phap
qua d6, kéo dai thoi gian su dung cua qua [1-3]. duoc st dung dé giam ngudn chat thai nay bao
Hién nay, cic loai mang bao quan qua chu yeu gdm chon lap, tai ché hay s dung mang bao quan
dugc san xuat tr cac loai polyme tong hop co ¢6 ngudn gdc tu nhién [6].
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Trong céc giai phap do, viéc st dung mang bao
quan ¢ ngudn gbc tu nhién duoc cho 1a mot giai
phap thay thé c6 hiéu qua. Céc loai mang nay dugc
ché tao tir cac polyme than thién véi méi truong
nhu polysaccharide, protein hay cac polyester
thuong c6 tinh chat ua nudc, khong doc hai va sin
cé trong ty nhién [7]. Trong d6, Pectin va
Carboxymethyl Cellulose (CMC) Ia hai loai vt
liéu duoc st dung nhiéu [8-9]. Mang Pectin ¢ kha
ning can khi oxy xam nhap vao qua, bao quan
huong thom, ngin dau, nhung lai c6 d6 bén co hoc
thip. Trong khi d¢6, CMC thuong duoc st dung
lam chat don, ting d6 bén mang [7]. Su phéi tron
cac polyme sinh hoc khac nhau gilp cai thién cac
nhuoce diém ty nhién caa ching [9]. Do do, viéc
phdi tron Pectin va CMC ché tao mang Pectin/CMC
c6 thé gilp ting cuong tinh chit co hoc, ciing nhu
tang kha nang can khi oxy cho mang. That vay, da
c6 mot vai nghién ciu ché tao mang Pectin/CMC
nhim ting cudng tinh chit cua mang hinh thanh.
Sanja Seslija va cong su [7], cling nhu Ngo Thi
Minh Phuong va cong su [10] di ché tao mang
Pectin/CMC c6 do bén kéo dut va do gidn dai cao
hon nhiéu so véi mang Pectin thuan. Nhu vay,
Pectin va CMC da duoc sir dung thanh cong khi két
hop vé6i nhau dé ché tao mang boc.

Thanh phan chinh cua mang Pectin/CMC 1a Pectin,
Carboxymethyl Cellulose va mot sé carbohydrate
khéc. Trong do, Cellulose (nguyén liéu dé tng hop
CMC) va Pectin tn tai nhiéu & cac loai thuc vat
bac cao nhu cam, chanh day..., dac biét ¢ cli buoi
[11-12]. Do d6, viéc tan dung cui budgi trong ché
tao mang boc Pectin/CMC khéng nhitng dua ra
mot giai phdp mai trong linh vyc bao quan hoa
qua, ma con gilp giai quyét cac vin dé vé moi
truong [13]. Tuy nhién, viéc st dung cac phy pham
ndng nghiép dé phat trién mang bao quan gay nén
mot thach thic 16n do tinh chét phic tap cia phu
phdm néng nghiép thuc té, do do, dé co cai nhin
toan dién vé kha ning tao mang cua Pectin, CMC
tach tir cui budi, can thiét so sanh tinh chat, danh
gia tiém nang ché tao vat lieu mang boc va kha
ning bao quan qua khi so sa&nh v&i mang
Pectin/CMC ché tao tir Pectin, CMC thwong mai
hién c6 trén thi truong.

Do d6, nghién ciru ndy tap trung ché tao mang bao
quan Pectin/CMC tir ngudn nguyeén liéu ty nhién 1a
cli budi, so sénh mot s6 dac trung tinh chit co ban
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gitra mang bao quan ché tao tir nguon Pectin, CMC
tir cui budi va Pectin, CMC thuong mai. Phuong
phap duoc sir dung 1a phuong phap phdi tron dung
dich Pectin/CMC c¢6 bd sung thém sorbitol lam
chat hoa déo. Piac trung tinh chat cua mang duoc
xac dinh théng qua anh kinh hién vi dién tir quét
(SEM), ph6 hdng ngoai phan xa (ATR-FTIR), goc
thim w6t (WCA) va tinh chit co 1y. Kha ning bao
guan qua (nho xanh) cua mang dugc so sanh vai
kha nang bao quan cua mang Pectin/CMC thuong
mai sau 10 ngay.

2. THUC NGHIEM
2.1. Vatliéu thi nghiém

Budi su dung trong nghién ctu la loai buoi da
xanh Viét Nam, tén khoa hoc la Citrus Maxima,
mua tai Cong ty Hoang Quy, Bén Tre, Viét Nam.

Hoa chat sir dung bao gom: Acid citric (Trung
Quédc, 99,5%), sodium hydroxide (Trung Qudc,
96%), ethanol (Viét Nam, 96%), acid
monochloroacetic (Trung Quéc, 99,5%), acid
acetic (Trung Qudc, 99,5%), acid nitric (Trung
Quéc, 63-68%), calcium chloride (Trung Quéc,
98%), acid chlorhydric (Viét Nam, 35%), sodium
chloride (Viét Nam, 99,5%), phenolphthalein (Viét
Nam), Sorbitol (Putc, 98%), Pectin thuong mai
(Himedia, An Pg) va CMC thuong mai (Shanghai
Zhanyun Chemical Co., Ltd, Trung Qudc)

2.2. Tach Pectin va téng hop CMC tir cuii buéi

Qué trinh tach Pectin dwoc thuc hién bang phuong
phép dé xuat cua nhém tac gia Kulkarni va cong su
[13]. Trong khi do, Cellulose dugc phén tach tur cui
budi theo quy trinh ctia Rahman va cong su (2021)
[14]. Hiéu suét tach Pectin va tong hop CMC tir cuii
budi cling cac tinh chat ddc trung cua Pectin, CMC
tr cui buoi da dugc nhém nghién ctu thé hién
trong cong bé nam 2023 [15]. Theo d6, trong
lugng phan tir Pectin tch tir cui buai va Pectin
thuong mai lAn luot 1a 29.427 g/mol va 17.266
g/mol; trong lugng phéan tir CMC téng hop tir cui
busi va CMC thwong mai lan luot 13 156.070
g/mol va 82.226 g/mol. Su khac nhau vé trong
luong phén tir gitra hai loai Pectin, CMC tach duoc
va Pectin, CMC thuong mai (do sy khéc nhau vé
d6 nhét dung dich) s& anh huong dén do bén co 1y,
cling nhu tinh chat bao quan ciia mang hinh thanh.
Mau Pectin tach tir cui budi va Pectin thuong mai



c6 do ester hod lan lugt dat 86,40% va 83,33%.
Nhu vay, hai loai Pectin nay déu la loai Pectin c6
chi s6 methoxyl hoa cao (DE > 50%). D¢ tinh khiét
ctia mau Pectin tach tir cui budi va Pectin thuong
mai lan luot 12 84,02% va 40,74%.

2.3. Phwong phap ché tao mang Pectin/CMC

Chuén bi dung dich Pectin/CMC ndong d6 1%
Vi ty 1¢ phéi tron 1a 50/50. Thém sorbitol (50%
khéi lwong so véi hdn hop Pectin/CMC) vao dung
dich Pectin/CMC, khudy tron nhe nhang dén khi
dung dich ddng nhat duoc hinh thanh, dé yén trong
24 gio, sau d6, lay 15 mL dung dich tao mang do
vao dia petri duong kinh 9 cm va siy ¢ 40°C. Sau
18 gio, mot 16p mang mong sé dwoc hinh thanh
trén bé mit dia Petri.

2.4. Pic trung tinh chit cia mang Pectin/CMC

Mau mang Pectin/CMC ché tao tir Pectin va CMC
tach tir cui budi (goi 13 mau mang Pectin/CMC ché
tao) va mau mang Pectin/CMC ché tao tir Pectin va
CMC thuong mai (goi la mau mang Pectin/CMC
thuong mai) s€ duoc phén tich va danh gia cac dac
trung tinh chat théng qua:

Bdc trung hinh thai va cdu tric cia mang

DPic trung hinh thai va cau tric cia mang
Pectin/CMC ché tao va mang Pectin/CMC thuong
mai duoc xac dinh théng qua anh kinh hién vi dién
to quét (Hitachi S-4800, Nhat Ban).

Mau mang Pectin/CMC ché tao va mang
Pectin/CMC thuong mai dugc phan tich qua phd
hong ngoai phan xa (ATR-FTIR) (Shimazu
Afinity-1S) nhiam xac dinh cac lién két dic trung
cua Pectin va CMC.

G6c thdm wét cia mang

Goc tham wot cia mang déng vai trd quan trong
trong viéc danh gia cic dac tinh cua mang boc vi
né anh huong tryc tiép dén kha nang thim nudc
ctia mang. G6c thim wét cia mang duoce xac dinh
trén thiét bi do goc tiép xuc tu dong (KSV
Instruments Ltd.) ¢ nhiét do 25°C.

D¢ day mang

Do day trung binh cia mang duoc xac dinh bing
cach su dung may do d6 day total meter CM-
8826FN, Trung Quéc.
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D ben kéo diit va dé gian dai khi dit ciia mang

Do bén kéo dit va do gian dai khi dut coa mang
dugc danh gia trén thiét bi kéo da nang Zwick 72.5
(CHLB brc).

Xir Iy s6 ligu

Phuong phap phan tich phuong sai (ANOVA)
duoc str dung dé danh gia anh huong cua ting yéu
t6 bao gom: do day mang, do bén kéo dut va do
gian dai khi dut, 1én tinh chat co hoc cua bdn loai
mang hinh thanh (mang Pectin ché tao, mang CMC
ché tao, mang Pectin/CMC ché tao va mang
Pectin/CMC thwong mai). Tir d6, két luan sy khac
biét gira bon loai mang trén 1a ¢6 ¥ nghia thong ké
(Pyaige < 0,05) hay khéng.

2.5. Panh gia kha ning biao quan qua (nho
xanh) biang mang Pectin/CMC ché tao va mang
Pectin/CMC thwong mai

Nho xanh thu mua qua cong ty Linh Pan Group,
Ninh Thuan, Viét Nam dugc rira sach, dé rao trudc
khi boc kin bang cac mang Pectin/CMC ché tao va
mang Pectin/CMC thuong mai. Sau 10 ngay, kha
ning bao quan cua mang Pectin/CMC ché tao va
mang Pectin/CMC thuong mai s& dugc danh gia
bing viéc so sanh céc tinh chat cua qua dugc boc
va qua khong dugc boc (con goi 1a mau dbi ching
- PC). Tat ca cac mau thi nghiém déu duoc bao
quan & nhiét do phong (27 - 28°C), d6 am 80%. Thi
nghiém dugc bd tri ngau nhién, lap lai 3 1an cho
mdi thi nghiém khi boc mang Pectin/CMC ché tao,
mang Pectin/CMC thuong mai va qua ddi chimg.

Pé duy tri khéi lwong qud trong thoi gian bdo
quan

Trong qua trinh bao quan, cac loai qua c6 xu
huéng bi mit nudc do bay hoi nuéc va chin nho
qué trinh hé hép, 1am giam khéi lugng qua. Do duy
tri khéi lwong qua sau 10 ngay bao quan duoc xac

dinh boi cong thuc: G = % x 100 (%), G, la
1

khdi lwong qua ban dau (g); G, 1a khéi lugng qua
sau 10 ngay bao quan (g)

Ham lieong acid hitu co tong so

Trong qué trinh chin, ham lwong acid hiru co tu
nhién s& dugc s dung 1am nguyén lidu dé tong
hop céc amino acid trong qua, tao vi ngot dic trung
[16]. Chinh vi vay, ham lugng acid hitu co tong sb



¢6 xu hudng giam di trong qua trinh bao quan. Do
d6, viéc lam cham qua trinh nay sé gilp qua duoc
bao quan tét hon.

Ham lwong acid hiru co tdng sb dugc xac dinh
bang phwong phap chuin d6 acid — base véi base
dugc sir dung la NaOH. Cong thirc xac dinh ham
lvong acid hitu co téng sé nhu sau [17]: A =

a0 Vmiu » 100 (%), V 1a thé tich sodium
Vaagm

hydroxide 0,1 N (mL); Vyq la thé tich dung dich da
hat dé chuan (ML); Vi 12 dung tich binh dinh
muc (mL); K 1 hé s6 acid twong ung, K = 0,07 véi
acid citric; m 1a lwong can mau (g).

Trang thai cua qud sau thoi gian bdo quan

Kha ning bao quan qua thuc t& cua mang
Pectin/CMC ché tao va mang Pectin/CMC thuong
mai duoc so véi qua khong boc (mau PC) duoc
danh gia thong qua trang thai bén ngoai cua qua
nho xanh nhu mau sic, hinh thai vo qua sau 10
ngay bao quan.

3. KET QUA VA THAO LUAN

3.1. Pic trung tinh chit caa mang Pectin/CMC
ché tao va mang Pectin/CMC thwong mai

Pectin, CMC tur cui budi va Pectin, CMC thuong
mai duoc sir dung dé ché tao mang boc.

Pdc tring hinh thdi va cdu tric cia mang

Hinh 1. Anh SEM bé mat mang Pectin/CMC ché tao
(b1, by) va mang Pectin/CMC thuong mai (a,, ay)

Dic trung hinh thai va cdu tric cia mang
Pectin/CMC ché tao va mang Pectin/CMC thuong
mai dwoc danh gia qua anh chup SEM bé mat. Két
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qua thé hién trong hinh 1 cho thay cau tric xp min
ctia cac mang hinh thanh tir Pectin, CMC ché tao
(by, by) va Pectin, CMC thwong mai (a5, ap). Tuy
nhién, cu tric x4p, min duoc thé hién 16 hon &
mang Pectin/CMC ché tao. Céu triic xép, min cho
kha ning truyén hoi nudc/ khi qua mang cao, ting
hiéu qua bao quan.

Cac nhém chie diac trung ctia mang Pectin/CMC
ché tao va mang Pectin/CMC thwong mai dwoc Xac
dinh théng qua phd hdng ngoai phan xa (ATR-
FTIR) (hinh 2) cho thdy cc mang Pectin/lCMC déu
c6 su xuat hién peak & sb song 1741 cm™ dic trung
cho lién két C=0 cua Pectin, va s6 séng 1584 cm™
dac trung cho nhém carboxyl COO™ cua CMC.
Diéu nay chung to su tach/ tng hop thanh cong
cua Pectin, CMC tir cui buéi. Cudng d6 peak C=0
trong phd mang Pectin/CMC thuong mai twong dbi
thip phd hop voi két qua danh gia dic trung do
ester hda mau Pectin thwong mai thap hon mau
Pectin ché tao.
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Hinh 2. Phé hong ngoai ciia mang Pectin/CMC
ché tao (Pectin/CMC) va mang Pectin/CMC
thuong mai (Pectin/fCMC TM)

Goc tham wét cia mang

Goc thAm u6t cua mang Pectin/CMC ché tao va
mang Pectin/CMC thuong mai thé hién trén hinh 3
cho thay ca hai mang déu c6 dac tinh ky nuéc nhe.
Trong qua trinh tao mang, su két hop giira Pectin
va CMC dén dén sy hinh thanh lién két hydrogen
gitra c&c nhdm —OH va —COO cua pectin va CMC.
Do d6, cac nhém chirc wra nudce ¢6 xu hugng bi an
trong cau trdc ma tran polyme, do d6, 1am giam sé
lwong nhém wa nuée trén bé mat mang, khién goc
tiép xUc véi nude ting 1én va mang trd nén ky



nuéc. Bé mat ky nudc s& tao diéu kién thuan loi
cho viéc cai thién dic tinh ngan hoi nude, ting kha
nang bao quan cho mang.

o —

e

Pectin/CMC chétao Pectin/CMC thwong mai

Hinh 3. Goc thdm w6t ciia mang Pectin/CMC
ché tao va mang Pectin/CMC thwong mai

Tinh chdt co Iy ciia mang

Tinh chat co 1y ciia mang duoc xac dinh théng qua
d6 day mang, do bén kéo dut va do gian dai khi dut.
Do day mang, do bén kéo dut va do gidn dai khi
dut cia mang duoc thé hién trén bang 1.

Bang 1. Tinh chdt co Iy ciia mang Pectin/CMC ché
tao va mang Pectin/CMC thuong mai

- oy D Bl
Tén mang mar{g (um) kéo dut dai khi dut
(MPa) (%)
. x 45,55 + 11,73 +
Pectin ché tao 1,82 156 518 +1,01
. 17,70+ 19,21+ 1592+
CMCehétao ) 16 1,80 1,85
Pectin/CMC 20,12 + 19,74 13,61
ché tao 1,95 1,92 1,18
Pectin/CMC 24,40+ 16,11+ 11,38%
thuong mai 1,86 1,89 1,14
Paive 0,018 0,015 0,016

Két qua thuc nghiém cho thdy mang Pectin/CMC
ché tao c6 do day mong hon, trong khi d6 bén kéo
dut, @6 gidn dai khi dat cai thién hon so véi mang
don Pectin hay mang don CMC va mang
Pectin/CMC thuong mai. Trong qua trinh bao
quan, mang bao quan can c6 d6 day vira phai, trong
khi d6 bén kéo dut Ién. Phan tich phuong sai tir cac
két qua thuc nghiém cho thiy Pyae < 0,05, do do,
c6 su khac biét vé mat théng ké giira cac tinh chat
co 1y ciia bon loai mang. Chinh vi vay, c6 thé nhan
thdy, véi ung dung bao quan qua, mang
Pectin/CMC ché tao hay mang Pectin/CMC thuong
mai déu cho cac tinh chat pha hop.
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3.3. Panh gia kha nang bao quan nho xanh caa
cac mang hinh thanh tir Pectin, CMC ché tao va
Pectin, CMC thwong mai

Mang Pectin/CMC duoc tao ra tr hai ngudn
nguyén liéu khac nhau la Pectin, CMC tach/ tong
hop tir cui budi va Pectin, CMC thuong mai Vi ty
1é nguyén liéu dugc chon la 50/50. Kha ning bao
guan nho xanh cda hai loai mang Pectin/CMC
duoc danh gia thong qua do duy tri khéi lugng qua,
ham lugng acid hitu co tong s6 va trang thai cua
qua. Nhitng thong sé nay s& duoc so sanh Véi
thong so tuong (g cia mau ddi chimg (PC) 1a qua
khong boc.

Sy thay ddi khdi lwong qua va ham lwong acid hiru
co téng s6 sau 10 ngay bao quan cua cac qua boc
va khong boc duoc thé hién trén hinh 4.
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Hinh 4. Kha nang bdo qudan nho xanh ciia mang

Két qua thyc nghiém cho thdy, khéi lugng qua nho
xanh déu bi giam di sau 10 ngay bao quan. Piéu
nay xay ra voi ca qua ddi chimg, ciing nhu cac qua
duoc boc trong mang. Tuy nhién, khi bao quan, cac
mang Pectin/CMC déu cho thay kha ning bao quan
qua nho khoi sy hao hut vé& khéi lugng t6t hon so
v6i qua khong dugc boc; trong khi d6, qua dugc
bao quan bang mang Pectin/CMC ché tao cho kha



ning duy tri khéi lwong qua tét hon hin (dén
84,86% sau 10 ngay).

Tuong ty nhu vay, viéc sir dung mang boc da gidp
qua trinh chin cham lai do sy han ché kha ning ho
hip ciia mang dbi voi qua, ham lugng acid hitu co
duy tri cua cac qua dugc boc biang mang
Pectin/CMC ché tao cao hon nhiéu so véi qua duoc
boc bing mang Pectin/CMC thwong mai, va qua
dbi chung.

Két qua trén cho thiy, mang Pectin/CMC ché tao
tir cui budi thé hién rat tét kha nang bao quan. Hiéu
qua bao quan cao hon cua mang Pectin/CMC ché
tao phu hop voi cac két qua danh gia dic trung
hinh théi va d6 bén co Iy ciia mang.

Viéc sir dung mang Pectin/CMC ché tao da cho
thdy su thay doi rat rd vé trang thai cua qua. Két
qua thé hién trén hinh 5 cho thay cac qua nho xanh
khong bao quan bang mang, sau 10 ngiy di bi
hong, vo bi tham den.

Nhu vay, cd thé thiy rang, mau mang Pectin/CMC
ché tao va mang Pectin/CMC thuong mai déu cé
kha ning giir trang thai qua tt hon nhiéu so véi mau
qua déi ching khéng boc, trong d6, mau mang
Pectin/CMC ché tao cho hiéu qua bao quan cao hon.

Ngay 0

S XN
v d 6
"

Hinh 5. Trang thdi ciia qud nho xanh sau 10 ngay
bao quan

Ngay 2 Ngay 5 Ngay 10

BC

Mang Pectin/CMC
ché tao

Mang Pectin/CMC
thwong mai

4. KET LUAN

Két qua cua nghién ctu nay cho thay mang
Pectin/CMC ché tao tr cli busi va mang
Pectin/CMC thuong mai déu c6 hiéu qua trong viéc
bao quan qua. Tuy nhién, mang Pectin/CMC ché
tao di thé hién d6 bén co hoc cao hon mang
Pectin/CMC thuong mai, dac biét, kha nang bao
quan qua nho xanh sau 10 ngay vuot troi hon, kha
ning giit trong lwong qua tét hon va giam ham
lugng axit hiru co nho hon. Pay 1a lya chon phu
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hop dé thay thé cho céc loai mang khong phan hay
6 trén thi trudng hién nay.
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