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CHE TAO MANG BQC THU'C PHAM PA NANG THAY THE TUI NILON TU
VAT LIEU 3D-NANO-CELLULOSE VA BERBERIN

Nguyén Xuén Thanh®", Tran Thi Lan Dung’, Pham Thity Dung’, Nguyén Hai Ping?
Yvign Nghién ciu Khoa hoc va Unhg dung, Truong qu hoc Su pham Ha Ngi 2
2Truong THPT Nguyén Khuyén, Thanh phd Nam Dinh

TOM TAT

Nghién ciu str dung vat lidu tir polyme va chat khang khuan sinh hoc dé tao ra san pham bao bi
thuc phém Ia giai phap than thién véi méi truong va Ia lya chon cho sy phét trién bén viing. Ché
tao ra mang 3DNC-B da néng va than thi¢n v6i mdi truong tir vat lieu 3D-nano-cellulose (3DNC)
va berberin (B) dung dé boc va bao quan thyc pham 1a huéng nghién ciru méi can duge uu tién
dau tu va thuc hién. 3DNC tao ra boi Acetobacter xylinum trong méi trudng chuan (MTC), nude
dira (MTD) va nudc vo gao (MTG). 3DNC dugc hap phu berberin cho cac dic tinh phu hop ding
lam mang boc va bao quan thyc phim. Do bén kéo dut va do gian dai cua mang 3DNC-MTC va
mang 3DNC-MTD cao hon mang 3DNC-MTG. Hinh anh FE-SEM cho thay hé soi ciia mang
3DNC-MTC va 3DNC-MTD dan xen day hon so véi mang 3DNC-MTG. Thir nghiém ding mang
3DNC-B boc thuc pham (thit lon) cho két qua 1a mang 3DNC-MTC-B va 3DNC-MTD-B c6 gi4 tri
pH thap hon so vdi 3DNC-MTG-B. Céc mang 3DNC c¢6 tiém nang ng dung trong bao géi va bao
quan thuc pham thay thé tai nilon.

Tir khoa: Berberin; boc thuc pham, da ndng; vt liéu; 3D-nano-cellulose (3DNC)
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FABRICATION OF MULTIFUNCTIONAL MEMBRANES FOR FOOD
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ABSTRACT

Study on the use of biopolymers and antimicrobial agents to fabricate the food packaging films is
an eco-friendly solution and an option for sustainable development. Fabrication of multifunctional
and eco-friendly 3DNC-B films from 3D-nano-cellulose material (3DNC) and berberin (B) for
used to preserve food is a new research subject to prioritize investment and implementation. 3DNC
is produced by Acetobacter xylinum in the standard medium (SM), coconut medium (CM) and rice
medium (RM). 3DNC is adsorbed berberin having suitable properties for covering and protecting
food. The tensile strength and elongation of 3DNC-SM and 3DNC-CM membranes are higher than
the 3DNC-RM membranes. FE-SEM images showed that the fiber system of 3DNC-SM and
3DNC-CM membranes interleaves thicker than the fiber system of 3DNC-RM membranes.
Testing using 3DNC-B covered the pork results in 3DNC-SM-B and 3DNC-CM-B membranes
with pH values were lower than 3DNC-RM-B membranes. 3DNC membranes have potential
applications in food packaging and preservation to replace the nylon bags.
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MO PAU

An toan vé€ sinh thuc phém & Viét Nam 1a vin
dé cip bach, dang gay nhiéu birc xuc cho xi
hoi. Cac loai thuc phim duoc ché bién, bao
quan va van chuyén hau hét trong diéu kién
khong an toan. Thuc phdm chi yéu chi duoc
dung va bao goi bang cic mang polyme co
ngudn gbc dau mo. Cac loai mang nay cod
nhuoc diém 1a gay ton that chat dinh dudng
trong qua trinh bao quan va khoéng tiéu diét
céc vi sinh vat gay hai trong thuc phiam hay
xam nhap tor bén ngoai. Hon nita, cac mang
nay thuong chira cac chat doc va khong c6
kha nang tu phan huy, nén lai 1a nguyén nhan
gdy 0 nhiém moi truong. Ngoai ra, viéc bao
quan thuc phdm thuong lam dung qua muc
cic chét hoa hoc va dic biét 1a viéc st dung
cac chat khang sinh trong y hoc vao bao quan,
ché bién thyc pham, day 1a mot nguyén nhan
dan dn tinh trang phat tan nhanh tinh khang
thudc, 12 nguy co 16n dbi voi sire khoe con
ngudi [1], [2], [3], [4]. Gan day, di c6 nhiéu
cong trinh nghién cuu, tim kiém, cac loai chat
bao quan c¢6 ngudn gde sinh hoc va vat lidu
thay thé cac polyme diu mé, giam thiéu 6
nhiém méi truong [3], [5], [6], [7]. St dung
cac chit khang khudn c6 ngudn gbe sinh hoc
trong bao quan, ché bién thyc phim dang
dugc quan tdm nhiéu [4], [8]. Trong s céac
polyme phan huy sinh hoc, cellulose (3D-
nano-cellulose: 3DNC) la vat liéu duogc téng
hop tir vi khuan, mot loai polyme dugc san
xudt tir qua trinh 1én men vi sinh vat [9], [10],
[11]. Vi thé, 3DNC dugc xem 1a lwa chon
hang dau trong sé cac polyme sinh hoc c6 kha
ning thay thé cac polyme tir dau mo. 3DNC
c6 thé duge san xuét trén nhiu loai chat nén
khac nhau [12], [13], [14], [15], [16], khdng
chtra hemicellulose hoac lignin nén c6 stc
cang va do bén cao; kha ning gitt va thim hut
nudc cao, cd tinh Xép chon loc, ¢6 céu truc
mang soi siéu min va tinh khiét cao. 3DNC la
vat lidu ran, hinh soi, mau trrfmg, khong co
mui vi, khong tan trong nhiéu dung méi hitu
co, khong tan trong nudc, hinh dang va kich

thudc tuy theo dung cu 1én men [17], [18],
[19]. 3DNC con c6 kha ning hap phu mét s6
chit chirc nang nhu: Lactoferrin tao loai bao
bi khang khuan c6 thé an dugc [20]; curcumin
¢6 vai tro nhu cam bién dan trén bao bi dé
giam sat thoi gian thuc cua sy hu héng tom
[21] va c6 tinh chdng ung thu [22]; mot s6
hoat chéat khang khudn nhu axit sorbic [23],
[24],... Hon nta, 3DNC con dugc sir dung
nhu 1 mot thanh phan trong thuc pham [18],
[19] va nhu 1a co cht van tai va phan phdi
dugc chat [10], [11], [12], [13], [14], [15]. St
dung 3DNC - mdt polyme sinh hoc két hop
v6i berberin - hoat chit duoc chiét tir cay
Hoang ding, ¢ tac dung khang khuén, khang
ndm va hoat tinh khang sinh chéng viém -
chat diét khuin ngudn gbc sinh hoc (duoc
ménh danh la khang sinh thyc vat) [25], [26],
[27] c6 thé ché tao mang boc va biao quan
thuc phdm da niang. Cac loai chit bio quan
thuc pham c6 ngudn gbc sinh hoc dang dan
thay thé cac chat bao quan héa hoc va chat
khang sinh. Nghién ctru nhim ché tao mang
boc thuc pham da ning (khang khuan va co
thé an duogc) than thién véi moi truong (tu
hay sinh hoc) thay thé ti nilon tir vat lidu
3D-nano-cellulose va berberin.

PHUONG PHAP NGHIEN CUU

Vit liéu va trang thiét bi

Berberin (98%; Sigma-Aldrich, My); cao nim
men (Sigma-Aldrich, My); pepton (ECHA,
European Union); cac hoa chat khac dat tiéu
chuan dung trong phan tich. May khuay tir gia
nhiét (IKA, Buc); noi hap khir tring (HV-
110/HIRAIAMA, Nhat Ban); budng cay vo
trung (Haraecus, Duc); can phén tich
(Sartorius, Thuy S¥); miy do quang phd UV-
Vis 2450 (Shimadru, Nhat Ban); kinh hién vi
dién tr quét FESEM (Hitachi S-4800, Nhat
Ban); thiét bj do co Iy van niang (ZWICK, Brc);
may lic tron téc do cham  (Orbital
Shakergallenkump, Anh); ta sdy, ta am (Binder,
burc), mot sé dung cu nghién ciru khac.

Chang vi khuan: Vi khuan Acetobacter

46

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Xuan Thanh va Drg

Tap chi KHOA HOC & CONG NGHE DHTN

197(04): 45 - 51

xylinum duoc phén lap [11], [12], [14], [15]
va nudi cdy tai phong sach Vi sinh — Dong
vat, Vién Nghién ciru Khoa hoc va Ung dung
- Truong DHSP Ha Noi 2.

Moéi truong nudi cay [9], [11], [12], [13],
[14], [15]: Mai truong chuan (MTC) gom
glucose (20 @), pepton (5 g), diamoni
photphat (2,7 g), cao nam men (5 g), axit
citric (1,15 g), nuéc cat 2 lan (1000 ml); moi
truong nude dira gia (MTD) gém glucose (20
g), pepton (10 g), diamoni photphat (0,5 g),
amoni sulfat (0,5 g), nudc dira gia (1000 ml);
mdi trudng nuéc vo gao (MTG) gém glucose
(20 g), pepton (10 g), diamoni photphat (0,5
g), amoni sulfat (0,5 g), nuéc vo gao (1000
ml).

Phuwong phap tao mang 3DNC va 3DNC-B
thén thién véi moi troong

Lén men thu mang 3DNC tr 3 mdi truong
gdm céc budce [15]: Chuan bi moi truong; hip
khir tring mdi trudng & 113 °C trong 15 phut;
ldy moi truong ra khir trung bang tia UV
trong 15 phut rdi dé ngudi; bd sung 10% dich
gidng va lic cho giéng phan bd déu trong dung
dich; Chuyén dich sang dung cu nuoi céy theo
kich thudc nghién ctru, dung gac v trung bit
miéng dung cu, dat tinh trong 7-10 ngay ¢ 28
°C; thu mang 3DNC thd va xur Iy tinh sach
3DNC trude khi cho hap phu véi berberin.
Mang 3DNC hép phu berberin (3DNC-B)
[10], [21]: 3DNC tao ra tir cac moi truong
nudi cdy (3DNC-MTC, 3DNC-MTD, 3DNC-
MTG) ¢ do day 0,5 cm dugc xu ly tinh sach
truéc khi cho hdp phu berberin (6 nong do
dung dich berberin 100 mg/I, nhiét do 40 °C,
thoi gian 2 gid) thu dugc cac mang 3DNC
hap phu berberin (3DNC-MTC-B, 3DNC-
MTD-B, 3DNC-MTG-B) dung dé danh gia
mot s6 dic tinh cia mang tmg dung cho boc
thuc pham.

Phuwong phap danh gia dic tinh ctia mang
3DNC-B thanh phim ing dung cho boc
thwe phidm

- Xac dinh kha ning hip phu berberin ciia
mang 3DNC va ty 1€ giai phong berberin cta
3DNC-B

Sau khi tinh sach, mang 3DNC duoc hip phuy
berberin véi néng d6 100 mg/L, & nhiét d6 40
°C, trong thoi gian 2 gid. Kiém tra luong
berberin hip phu vao mang 3DNC bing may
UV-VIS 2540 ¢ budc song 345 nm [27].
Mang 3DNC sau khi hap phu dem siy kho
dén khéi luong khong ddi ¢ diéu kién nhiét
do 60 °C.

- X4c dinh d6 bén co hoc cua mang 3DNC va
mang 3DNC-B

Po d6 bén kéo dut va do gian dai ciia mang
dugc danh gid dua trén phuong phip ASTM
D882 va sir dung thiét bi do co 1y van ning
(ZWICK, Drrc) tai Vién K¥ thuat Nhiét doi -
Vién Han lam Khoa hoc va Cong nghé Viét
Nam. D9 bén kéo dut la ddc tinh chiu duge
Iyc kéo dut vat liéu (Luc cuc dai trén mot don
vi dién tich mit cit ngang ban dau trong chiéu
dai do); con dugc goi la ung suit kéo cuc dai;
dugc biéu thi bing megapascals (MPa). Do
gidn dai 1a bién dang dai (sy ting chidu dai)
cua mau thir; duge tinh bﬁng % chiéu dai miu
thir ban dau (don vi mm).

- Xéc dinh céu trac bé mit ciia mang 3DNC
va mang 3DNC-B

Céu trac bé mit cia mang 3DNC va mang
3DNC-B dugc xac dinh bang kinh hién vi
dién tir quét truong phat xa FE-SEM tai Vién
Khoa hoc Vit liéu - Vién Han 1am Khoa hoc
va Cong nghé Viét Nam: Miu dugc say ¢ 40
°C trong thoi gian 20 phut, sau d6 phi mot
16p platin mong va dat vao budng soi mau cta
thiét bi. Sir dung kinh hién vi dién tir FE-SEM
Hitachi S-4800 c6 do phong dai M = 20-
800000x, do phan giai 6 = 1,0 nm, dién ap gia
toc U=10kV.

- Xac dinh kha nidng bao vé thuc phém cua
mang 3DNC va mang 3DNC-B

Vi sinh vat 1a nguyén nhan chinh gay hu hong
ctia hau hét cac loai thuc phim. Cac hop chét
dé bay hoi nhu amoniac duoc biét ¢én nhu 1a
san pham tir qua trinh pha hay thyc pham cia
vi sinh vat va cling 1a nguyén nhan lam tang
gid tri pH [21]. Kha ning bao vé thyc pham
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duoc xac dinh béng viéc dung mang 3DNC-B
boc thuc phém va theo dbi su bién ddi pH cua
thuc phém. Thit lon tuoi séng duoc lua chon
dé tién hanh thi nghiém. Boc mdi miéng thit
¢6 khdi lugng 100 g trong mdi tAm mang, dé
& nhiét d6 phong. Sau mdi thoi gian 6 tiéng,
tién hanh do pH cua thit, xac dinh mui vi,
mau sic va chat lugng thit. Mau 1: Boc béng
mang nilon; mau 2: Boc bang mang 3DNC-
MTC; miu 3: Boc biang mang 3DNC- MTD;
mau 4: Boc bang mang 3DNC-MTG; miu 5:
Boc bang mang 3DNC- MTC-B; mau 6: Boc
bang mang 3DNC-MTD-B; miu 7: Boc bing
mang 3DNC-MTG-B.

Xir Iy thong ké

Céc s liéu dugc phan tich, xir 1y théng qua
phan mém Excel 2010 va duoc biéu dién dudi
dang sb trung binh + d¢ léch chuan. Kiém
dinh gia thiét vé gia tri trung binh ctia hai mau
bang cach sir dung test thong ké. Nhitng khac
biét duoc coi la c¢6 ¥ nghia thong ké khi gia tri
p <0,05.

KET QUA NGHIEN CUU VA THAO LUAN
Kha niing hiap phu berberin ciia mang
3DNC va ty 1é giai phong berberin cua
mang 3DNC-B

Pha diy dung dich berberin c6 nong do tir 1 —
6 png/mL va st dung may UV-VIS do ¢ budc
song 345 nm dé xay dung duong chudn
berberin két qua thu dwoc duong chuan: y
(ug/ml) = 0,1263x - 0,089 (R® = 0,9981) (1).
Trong dé: y la ndng do berberin va x 1a mat
d6 quang (OD).

Céc loai mang 3DNC cho hap phu berberin &
ndéng do 100 mg/L, trong diéu kién 40 °C, sau
2 gio va ty 18 kich thuéc 1 dm? mang voi do
day 0,5 cm trong 1 lit dung dich. Dua vao két
qua do OD ban dau, sau hap phu va phuong
trinh dwong chuan (1) thu dugc lugng
berberin hap phu cho timg loai mang 3DNC &
bang 1.

S6 lidu ¢ bang 1 cho thay khong co su khac
biét rd rét vé kha nang hép phu berberin ctia
cac loai mang 3DNC. Nhu vay, trén cac loai
mang 3DNC déu c6 luong berberin gin nhu
nhau va dao dong quanh khoang 2,4 mg/dm?.
Pé xac dinh xem lugng berberin trong mang
3DNC thanh phdm c6 bi hoa tan trong nudc
khong, tién hanh ngdm 3 loai mang nghién
ctru v6i dién tich 1 dm? trong 1 lit nuéc &
nhiét d6 25 °C trong thoi gian tir 1 dén 3 gio,
mdi gio hut miu do OD 1 lan va thay vao
phuong trinh duong chuan (1) tinh luong
berberin giai phong. Két qua lan thu duoc thé
hién ¢ bang 2 (n = 3).

Két qua ¢ bang 2 cho thdy co lugng berberin
cia mang 3DNC thanh pham tan trong nuéc &
nhiét d6 phong, tuy nhién chi tan trong gio
dau tién con nhimg gio sau khdng tan thém
duoc ntra.

P bén co hoc ciia mang 3DNC va mang
3DNC-B

Xac dinh cac chi s6 vé do bén co hoc cua
mang gom do bén kéo dirt va do gidn dai theo
phuong phép phan tich ASTM D882. Két qua
thu duogc trinh bay ¢ bang 3.

Bang 1. Lurgng berberin hap phu vio cdc logi mang 3DNC (mg/dm?)(n = 3)

Cac loai mang 3DNC-MTC 3DNC-MTG 3DNC-MTD
X+SD 2,40 £ 0,05 2,41 £ 0,03 2,38 +0,01
Bang 2. Luong berberin gidi phéng tir cic loi mang 3DNC (mg/dm?)
Thai gian 3DNC-MTC 3DNC-MTG 3DNC-MTD
1 gio 0,728 + 0,001 0,721 + 0,002 0,736 + 0,003
2 gior 0,728 + 0,002 0,721 + 0,001 0,736 + 0,002
3 gio 0,728 + 0,001 0,721 + 0,001 0,736 + 0,003
Bang 3. Két qua xdc dinh d bén co hoc ciia cdc logi mang 3DNC (n = 3)
Chi s‘f') 3DNC-MTC 3DNC-MTD 3DNC-MTG
D§ bén kéo dut (MPa) 61,38 + 2,95 52,07 £1,73 22,70 £ 0,39
P§ gian dai (%) 3,20+ 0,70 3,24 £ 0,54 2,53+0,14
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Két qua ¢ bang 3 cho thiy d6 bén kéo dit cua
mang 3DNC-MTG 1a thdp nhit nhung 6n
dinh (SD = 0,39). Cac mang 3DNC-MTC va
3DNC-MTD c6 do bén kéo dirt 16n hon. Vé
d6 kéo gian mang thi mang 3DNC-MTG co
gi tri thap nhét. Két qua do nay cho thiy: Dé
sir dung 1am mang boc thyc phim thi mang
3DNC-MTC va mang 3DNC-MTD cé do bén
t6t hon mang 3DNC-MTG.

Céu tric bé mit ciia mang 3DNC va mang

Hinh 1. Anh FE-SEM cdc logi mang 3DNC-MTC,
3DNC-MTD,’3DNC-MTG (4, C, E) trudc va sau
hap phu berberin (B, D, F)

Céu triic cac loai mang 3DNC va mang
3DNC-B duoc xac dinh bang kinh hién vi
dién tir quét truong phat xa FE-SEM. Két qua
chup FE-SEM dugc trinh bay trén hinh 1. Két
qua chup SEM cho thiy céu tric cac loai
mang phan anh phi hop véi do bén kéo dut
cta mang, hé sgi ciia mang 3DNC-MTC va
3DNC-MTD dan xen day hon so véi mang
3DNC-MTG. Céc loai mang hap phu berberin
cho thay berberin dwoc hip thu vao bang cach
bao quanh cac hé sgi 1am cho ta thdy céu tric

hé soi day va to hon. Két qua nay ciing phu
hop vai cac nghién ctru khac [11], [15].

Kha ning bio vé thuc phim cia mang
3DNC-B

Xac dinh kha ning bao vé thyc phim bing
viéc dung mang 3DNC hap phu berberin boc
thyc pham va theo ddi sy bién doi pH cua
thuc phim. Dé danh gia kha ning boc thuc
pham cua cac mang 3DNC-B, tién hanh ding
3 loai mang 3DNC-B dé boc thit lon twoi
song va dbi chimg 13 miu boc bang nilon.

& MJi miéng thit ban du 100 g, sau céc thoi gian
" 6,12, 18, 24 gio, tién hanh lay 10 g & mdi miu

" di nghién va hoa véi 100 mL nuéc cét dé do pH
| cua thit bao quan. Thi nghiém duoc tién hanh &
' hai diéu kién 1a nhiét 4o phong (25 °C) va diéu

kién bao quén lanh (4 °C).

\ Két qua duogc trinh bay ¢ bang 4 cho thiy ¢

su thay d6i ro rét gita mang c6 hap phu

"4 berberin so voi mang khong hap phu berberin
"% trong bao quan thyc pham. Cu thé, sir dung ca

3 loai mang 3DNC hép phu berberin thi bao
quan trong diéu kién nhiét do phong sau 24
gid thi gid tri pH cua thit ciing chi tuong
duong voi gia tri pH cua cac mang 3DNC

w khong hap phu berberin trong diéu kién bao

quan lanh. Gia tri pH cua thit dugc boc béng
méang 3DNC thudng ¢ gia tri thip hon kha

" nhiéu so véi boc bang nilon & cung nhiét do

va thoi gian. Co dugc diéu nay co thé do
mang 3DNC c6 d6 thoang khi nhat dinh nén
dam bao duy tri cho thuc phdm tuoi 1au hon.
Céc loai mang 3DNC hip phu berberin thi
mang 3DNC-MTC-B va 3DNC-MTD-B ¢
mot s6 thoi diém va diéu kién nhét dinh c6
gi tri pH thap hon so voi 3DNC-MTG-B,
didu nay phu hop vé6i két qua chup FE-SEM
va do bén co hoc ciia mang. Vi vay, cic mang
3DNC di c6 kha ning bao vé thuc phdm tot
hon so véi nilon, tuy nhién néu dugc hap thy
berberin vao thi ting kha nang bao v¢ thuc
pham 1én déng ké.
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Bang 4. Két qua gia tri pH cia cac mau thi nghiém theo thoi gian (n = 3)

P in Sau 6 gio Sau 12 gio Sau 18 gio Sau 24 gio
Lo thinghigm —cac 2°C 25°C 2°C 25°C 2°C 25°C 2°C
3DNC-MTC 62+02 59+0,1 71+01 60+01 74+02 6,201 7602 64+£0,1
3DNC-MTD 62+0,1 59+01 72+02 60+01 7402 6,201 7602 64+£0,2
3DNC-MTG 6,2+0,2 59+01 71+02 60+02 75+01 6,201 7601 65+0,1
Nilon 62+0,1 59+02 75+02 65+02 78+03 70+02 7802 74+0,2
3DNC-MTC-B 6,0+x0,1 59+01 6,1+0,1 60+01 63+01 60+01 64%+02 6,1£0,1
3DNC-MTD-B 6,0+x0,1 59+01 6,1+02 60+01 63+01 60+01 64+01 6,1+0,1
3DNC-MTG-B 6,0+x02 59+01 6,1+02 60+02 63+02 6,1+0,2 64202 6,2+0,3
KET LUAN Chitosan-Gelatin 1am mang bao thuyc pham bao

Mang 3DNC duoc tao ra tir vi khuan A,
xylinum & cac ngudn dinh dudng khac nhau
(cao ndm men, nudc dira gia, nudc vo gao)
dugc hap phu berberin déu co cic tinh chat
pht hop cho st dung lam mang boc va bao
thyc pham thay thé cho tai nilon, an toan va
than thién v6i moéi trudong. Do bén kéo dut va
d6 gian dai ctia mang 3DNC-MTC va mang
3DNC-MTD cao hon mang 3DNC-MTG. Két
qua chup SEM cho thidy hé soi cia mang
3DNC-MTC va 3DNC-MTD dan xen day
hon so véi mang 3DNC-MTG. Str dung mang
bao boc bao quan thuc pham (thit lon) thi
mang 3DNC-MTC-B va 3DNC-MTD-B c0
gia tri pH thip hon so véi 3DNC-MTG-B.
Cic mang 3DNC cé tiém ning tmg dung
trong bao gbi va bao quan thyc pham thay thé
tdi nilon.

LOI CAM ON

Két qua nghién ctru nay duoc thuc hién tai
Vién Nghién cau Khoa hoc va Ung dung —
Truong DPHSP Ha Noi 2. Xin trén trong cam
on cac thanh vién cia nhém nghién ctu Ky
thuat sinh y dugc hoc tai Vién (BIPERG,
ISA, HPU2) da hd tro thuc hién cac noi dung
nghién ctu.
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