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TOM TAT

Ché tao dugc mang sinh hoc trén co so tinh bot san, PVA (Polyvinyl alcol), nano Ag va
nano SiO.. Tinh chit cia mang dugc xac dinh bang céc chi tiéu cuong d6 chiu kéo, kha ning
khang khuan ctia mang, kha ning kéo dai thoi gian bao quan cam Thién An. Két qua nghién
ctru cho thay: Cudng do chiu kéo ciia mang tinh bot/PVA dat gia tri 10 N/mm? khi bo sung
25 mL nano Ag, SiO, 3% vé khéi luong trong qua trinh tao mang tinh bot/PVA nano Ag, SiOz,
cuong do chiu kéo cua mang tinh bot/PVA/Ag, SiO dat duoc 19,7 N/mm?, mang c6 kha ning
khang khuén trén hai ching vi khuan Bulgaricus subtilis va Staphylococcus aureus. Khi sir
dung bao bi ché tao duoc dé bao quan cam Thién An — Hué, sau mot thoi gian bdo quan cac
tinh chat do hao hut khdi lugng, ham luong vitamin C vuot trdi hon so v6i mau khong duoc
boc bao bi sinh hoc.

T khéa: Cong nghé nano, mang sinh hoc, nano Ag, nano SiOx.
1. MO PAU

Nudéc ta o ngudn nguyén lidu tinh bot sin rat phong phi. G mién Trung, tuy khi hau
khic nghiét, dat dai kém mau m& nhung mdi nim cho mot san lugng tinh bot rat cao nhat 1a
tinh bot san. Tuy nhién, viéc st dung ngudn nguyén lidu ndy sao cho c6 gia tri kinh té cao hién
nay con han ché. Dya trén kha nang phan hiy sinh hoc, than thién va gié ré, tinh bot 1a mot
trong nhiing vat ligu day hira hen nhét ciia tat ca céc vat liéu polymer sinh hoc tiém nang [1, 2].
Mot sb nghién céc dac tinh cua mang tinh bot tir ngd [3, 4] khoai tay [5, 6] da duoc thyc hién.
Trong sé d6, mang tinh bot san ciing 1a mot vat ligu polymer sinh hoc tiém ning c6 kha nang
phan hay sinh hoc. Vi vay, viéc nghién ciru dwa ngudn nguyén liéu tinh bot nay vao san xuat
cdng nghiép nhu san xuit mang bao bi thuc pham, ché phdm nhiing nham bao quan néng san
c6 mot ¥ nghia kinh té - xa hai cao 1a vo ciing cap thiét.

Pé tiéu thy nong san bén virng, bao quan sau thu hoach 1a mét trong nhimg véan dé quan
trong ma ca ngudi san xuit va doanh nghiép quan tim hién nay. Theo nhiéu chuyén gia kinh
té, Viét Nam hién gap_ nhiéu kho khin trong tiéu thy hoa qua noi riéng va cac san pham nong
san khac n6i chung mdi khi vao vy, boi cong nghé bao quan sau thu hoach va niang lyc so ché
con han ché, chua hinh thanh dugc hé théng so ché, xu 1y, dong goi va bao quan, chua co mbi
quan hé lién hoan giita san xuét, so ché, bao quan va tiéu thy rau qua trén thi truong.

Cong nghé nano, mot linh vuc mai va hap dan cua khoa hoc, cho phép nang cao nghién
ctu trong nhiéu linh vuc va kham phé céng nghé nano c6 thé mé ra nhiéu huéng tng dung
trong linh vuc ¢éng nghé sinh hoc va ndng nghiép. Mét trong sb cac hat nano than thién vai
mdi trudng va con ngudi duoc ung dung rong rai hién nay la nano bac. Cac hat nano bac co
dién tich mat rat I6m, gia tang tiép xUc cua ching véi vi khuan hoac nim va nang cao hi¢u qua
diét khuan va diét nam [7]. B4 c6 nhiéu ctru két hop nano Ag, SiO, ting dung dé bao quan thuc

13


https://doi.org/10.62985/j.huit_ojs.vol24.no2.66

V6 Thj Thanh Kiéu, Lé V&n Luén

phdm, giam su phét trién caa cac lodi vi khuan trong mét sb thuc pham [8, 9]. Tuy nhién,
nhiing nghién ctiu vé sy két hop cac thanh phan tinh bot san, PVA va céc loai nano dé tao
thanh polymer cai thién tinh chét co va tang hoat tinh khang khuan nham bao quan mét sé
néng san ¢ Viét nam it duoc nghién ctru. Do d6, viéc nghién ctu ché tao ché pham sinh hoc
c6 kha ning khang khuan tir tinh bot sin, PVA, nano bac va nano SiO; tir mét s6 ngudn géc
thuc vat ¢6 chtra hop chit fitonxit cao 1a rat thiét thuc. Do d6 nhom tac gia da tién hanh “Nghién
ctru ché tao mang sinh hoc trén co sé tinh bot san két hop véi nano Ag va SiO, ang dung trong
bao quan cam Thién An”.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u

+ Tinh bot sén dugc cung cip boi nha may Tinh bot sin Thira Thién Hué, c6 chét luong:
do trang >96,0%, d¢ tinh khiét 97,5%, tap chat khéng qua 0,05%, ham lugng dam 0,20%.

+ Polyvinyl alcohol (PVA), (C2H:0)a: PVA 217, xuat xir tir Trung Qudc.

+ Nano SiO,: cung cap boi Cong ty hoa chat KDC Chemical, xuat x& Trung Qudc.

+ Cam Thién An (cam TA): Thoi ky ra hoa tir thang 1-2 am lich va qua chin bt dau thu
hoach la cuoi thang 7 nhung dé qua chincé phém chat t6t nhat la vao thang 8 tai doi Thién An
xa Thuy Bang, Huong Thuy, Thira Thién Hugé. Trong lugng: 4-5 qua/l kg.

Dung dich nano Ag: ké thira san phén] dung dich nano bac tir rau ma (Centella asiatica)
[10]. Nguyén tac che tao nano Ag la chuyen eletron Ag® ve dang nguyén tu Ag bang cach st
dung nguyén li¢u ban dau la dung dich AgNOs, dich chiét tr rau ma va PVA lam chat 6n dinh
ngdn can sy ket dinh cua cac hat Ag, duy tri kich thuéc nho cua hat Ag va lam cho dung dich
Ag bén theo thoi gian [11].

2.2. Phwong phap

2.2.1. Quy trinh cdc budc tao mang sinh hoc

PVA duoc can cho vao céc thay tinh chiu nhiét 250 mL, b6 sung 25 mL dung dich nano Ag
ndng d6 30 ppm va dung dich nano SiO.. Bé cdc ¢ nhiét do phong cho PVA truong né hoan toan
trong 15 pht. Cho céc vao bé nhiét & 60 °C véi thoi gian 15 phat, sau mdi chu ky 5 phat khudy
bang diia khudy dé ddng nhat ché pham PVA-Ag-SiO,, PVA tan hoan toan tao thanh dung dich
PVA-Ag-SiO,.

Sau khi PVA tan hoan toan dit trong bé nhiét, ta can tinh bot sin va phu gia cho vao céc
chira PVA va khudy gia nhiét & nhiét d 60 °C trong 30 phut thi hdn hop trong coc duoc hd héa
hoan toan. Dling 6ng nghiém thity tinh dé can déu hdn hop trén tam kinh (40 x 120) cm. Mang
sau khi dugc trang trén bé mat kinh s& dugc bdo quan ¢ nhi¢t do phong trong vong 24 gio. Sau
d6 tién hanh thao mang cho vao ta sdy & nhiét do 50 °C. Thoi gian siy tao san pham 1a 3 gio.

Cac mau mang tinh bot/PVA/Ag, SiO; ché tao c6 kich thudc (20 x 100) cm dugc kiém
tra bang phuong phap vat 1y, phén tich dac trung cua cac mau nho cac phuong phép phan tich
vi sinh, kiém tra d6 bén kéo cua mang va thir nghiém hiéu qua bao quan cam Thién An thdng
qua kiém tra 6 hao hut khdi lwong va ham lugng vitamin C.
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Ngam 15 phut

+
Khudy, gia nhiét

T =80-90°C, t= 60 phit

Glyxerol, tinh bét
sin hodc tinh bot

< T =280-90°C, t= 120 phit
bién tinh

T = 70°C, t = 60 phut

Tynons, t =24 gitr

T=350C, t=3 gi¢

Mang tinh
bSt/PVA/SIO,, Ag
Hinh 1. Quy trinh téng hgp mang tinh bot/PVA/Ag, SiO;

2.2.2. Phirong phdp do dg bén kéo dirt
Cac mau mang ché tao duogc cat thanh mau c6 kich thude nhu Hinh 2:
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Hinh 2. Kich thudc cac mau mang chuén bi do d6 bén kéo dut
Sau khi chuan bj cdc mau mang chiing ti tién hanh do do bén kéo dut trén méy DRK101C,
hé@ng Drick - Trung Quac, tai khoa ky thuat d6 thi - Truong Cao dang cong nghiép Hué.
2.2.3. Phirong phdp xdc dinh hao hut khéi lwong tie nhién
Can khdi lugng ctia qua & mdi cdng thire trude khi bao quan va ¢ mdi lan phén tich bang
can ky thuat vai 3 lan lap lai.
Phan tram hao hut khéi luvong tw nhién duoc tinh theo cong thirc:

Mq{—M5).100
X = (M1—-M3)
My

Trong do:
X: phan trdim hao hut khéi lwvong tw nhién & mdi 1an phan tich.
M: khéi lugng mau trude bao quan.
M.: khéi lugng mau & cAc lan phan tich.
2.2.4. Phuong phap xdc dinh ham lwong Vitamin C [12]

Nguyén tic: Vitamin C c6 nhiéu trong qua. N6 tham gia phan tng oxy héa khir. Trong phan
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tir acid ascorbbic chitra nhém dienol (-HOC=COH-)CO ¢4 tinh khir manh nén cé thé khu dung
dich l. Dua vao luong I, bi khir béi vitamin C ¢6 trong mau tinh ra duoc ham luong vitamin C
c6 trong mau dem phan tich.

Phuong trinh phan tng:
CsHgOs + 1, —» CgHsOs + 2HI

Acid ascorbic acid dehydroascorbic

Can 5 g nguyén liéu va nghién nhanh chéng trong cdi st véi 5 mL HCI %. Sau d6 chat
nudce trong, 13p lai tuong tu 3-4 1an va ding nudc cat trang cdi, chay sir sang binh dinh muc
100 mL va thém nudc cat khudy déu loc. Vitamin C rat d& bi oxy hda trong khong khi nhat 1a
khi ¢6 sy hién dién cua cac ion kim loai (Fe, Cu). Vi vay, trong khi chuan bi mau phai cit bing
dao khong ri va lam nhanh.

Dit binh dinh muc trong bong téi 10 phit, cho lwong vitamin C trong nguyén liéu duoc
hoa tan hoan toan, sau dé loc Iy dich trong. Lay 20 mL dich loc trong cho vao binh tam giac
100 mL. Thém 5-10 giot ho tinh bd 1% va chuan d6 ngay bang dung dich iod 0,01N dén khi c6
mau xanh. Vitamin C trong 1g mau vat duoc tinh nhu sau:

X% = 0.00088.a.T.V.100
v.N

Trong do:

a: thé tich (mL) dung dich iod 0,01N dung khi chuén do.

T: hé sb hiéu chinh dung dich iod 0,01N véi dung dich Na;S;03 0,01N.
V: thé tich chung cua dich chiét.

v: thé tich dich chiét 1y dé chuan do.

N: trong lugng mau phan tich.

0,00088: sb gram vitamim C tuwong tng véi 1 mL dung dich iod 0,01N.
Khdi lugng vitamin C (mg) trong 100g mau la:

_ X%.1000.100
M= 100

Trong d6: M la lugng vitamin C trong 100 g mau (mg).
1000: hé s6 chuyén dbi tir g sang mg.

3. KET QUA VA THAO LUAN
3.1. Xac dinh thanh phan nguyén li¢u ché tao mang

Thanh phan ché tao mang duoc thé hién ¢ Bang 1.
Bang 1. Thanh phan va ty 1¢ ché tao mang tinh bot/PVA va tinh bot/ PVA/Ag, SiO..

STT Mau PVA | Tinhbotsan | SOVAYSIO2 | 1verol | poms | Nua

3% théng

1 | NSIPVA 80 10 0 5 42 08
NS/PVA 20 mL

2 | pg. Si0n 3% 80 10 20 mL 5 42 08
NS/PVA 25 mL

3 | Ag. 510y 3% 80 10 25 mL 5 42 08
NS/PVA 30 mL

4| ag. Si0s 3% 80 10 30 mL 5 42 08
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PVA va tinh bt 1a cac polyme wa nudc, ¢6 chira nhidu nhém hydroxyl trong cau tric [13].
Do vay, ban than PVA va tinh bot da c6 thé tuong hop véi nhau. Viéc thém PDMS, glyxerol,
sol Ag, SiO; s& lam ting kha ning twong hop gitra PVA va tinh bot, ngan can qua trinh két
tinh lai cua tinh bot trong qué trinh bao quan, dong thai cai thién tinh chét cua polyme blend.
Nhuya théng co vai tro nhu 1a chét két dinh c6 kha ning 1am bén lién két cua tinh bot va nhua
nén PVA. Cac mau mang ché tao duoc ghi lai & Hinh 3.

Hinh 3. Cac mau mang NS/PVA (a), NS/PVA/20 mL sol Ag, SiO; (b), NS/PVA/25 mL
sol Ag, SiO; ©, NS/PVA/30 mL sol Ag, SiO; (d)

3.2. Xac dinh d$ bén kéo dirt ctia mang
Két qua do d6 bén kéo dut cua ciia cac mang ché tao duoc thé hién & Bang 2 va Hinh 4.
Bdng 2. Két qua do bén kéo dut ciia mang tinh bot/PVA va tinh bot/PVA/Ag, SiO;

Mau Do bén kéo dit (N/mm?)
NS/PVA 10
NS/PVA 20 mL Ag, SiOz 3% 14,5
NS/PVA 25 mL Ag, SiOz 3% 19,7
NS/PVA 30 mL Ag, SiO 3% 15,6
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Hinh 4. Két qua do d6 bén kéo dirt cac mau mang
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Tir két qua Bang 2 va Hinh 4 cho thiy khi bd sung tir 20 mL dén 30 mL thé tich sol Ag,
SiO; 3% vao qua trinh ché tao mang do bén kéo dirt ting cling vai sy ting thé tich ciia sol Ag,
Si0,. P bén kéo dut ciia mang tinh bot/PVA/Ag, SiO; dat gié tri cao nhat 1a 19,7 N/mm? khi
cho thém 25 mL Ag, SiO2 3%. Néu tiép tuc tang thé tich dung dich Ag, SiO2 3% Ién 30 mL thi
d6 bén kéo dut ctia mang chi dat gia tri 15,6 N/mm?2. D¢ bén kéo cta cic mang polyme tinh
bot/PVA 1a do sy hinh thanh lién két phan tir gita PVA va tinh bot [14, 15]. Khi cho thém sol
Ag, SiOz vao hon hgp tinh bot/PVA, su gia ting strc cing ciia hon hgp PVA/Tinh bot/Ag,SiO,
4 do lién két lién phan tir giita SiO;, tinh bot/PVA [16] va giita Ag, SiOz, PVA. Do d6 chiing
t6i str dung két qua bo sung 25 mL nano Ag, SiO, 3% va 30 mL nano Ag, SiO, 3%, dé thuc
hién cac nghién ctru tiép theo.

3.3. Xac dinh kha ning khang khuin cia mang

Dé khao sat kha niang khang khuan ciia mang polyme khi bo sung 25 mL nano Ag, SiO;
3% va 30 mL nano Ag, SiO; 3%, ching t6i tién hanh thir nghiém trén 2 chang vi khuan
Bulgaricus subtilis va Staphylococcus aureus. Két qua thir nghiém duoc thé hién & Hinh 5 cho
thay khi st dung 25-30 mL Ag, SiOz 3% vao phdi liéu ché tao mang, ¢ su xuat hién vong khang
khuan xung quanh mang, hai chung vi khuan khéng thé xam nhap vao ranh gisi cua mang, do
d6 mang ché tao c6 kha ning khang khuan. Diéu nay phu hop véi két qua nghién ctru cua cong
trinh str dung nano Ag gan trén SiO, hinh thanh vat liéu c6 kha nang khang khuan [17].

Hinh 5: Két qua danh gia kha ning khang khuan cua mang nano NS/PVA/Ag, SiO2 3%
(a) Khuan Bulgaricus subtilis; (b) Khuan Staphylococcus aureus

Méu mang ché tao duoc khi bo sung 25 mL va 30 mL nano Ag, SiO; 3% dugc ghép mi thanh
bao bi nhu Hinh 6, sau d6 tién hanh thir nghiém bao quan Cam Thién An va khao sat hiéu qua bao
quan cam cua mang.

SR |
Hinh 6. Ghép mi bao bi tir mang nano TBS/PVA/Ag, SiO;
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3.4. Xac dinh kha ning bao quan ctiia mang sinh hec

Nhém tac gia thuc hién cac cong thire dé khao sat kha nang bao quan cua mang tinh
bot/PVA/Ag, SiO; nhu ¢ Hinh 7.

- CT1: Cam d6i ching (khdng bao quan).

- CT2: Cam boc mang TBS/PVA/Ag, SiO; khi b6 sung 30 mL nano

- CT3: Cam boc bao bi TBS/PVA/Ag, SiO- khi b6 sung 25 mL nano.

- biéu kién bao quan: Nhiét d6 thuong tir 20 dén 25 °C, thoi gian tir 0 - 24 ngay.

Hinh 7. Cac mau cam Thién An duoc bao quan theo cac cong thuc CT1 (a), CT2 (b), CT3 (c)

D¢ xac dinh nhing bién d6i ciia cam trong qué trinh béo quan nhém téc gia da khéo sat o
hao hut khoi lwong sau mét thoi gian bao quan va c6 két qua Hinh 8.

Hinh 8 cho thay rang: Hao hut khéi lugng ty nhién ciia cam ting theo thoi gian bao quan
& tat ca cac cong thac. Tuy nhién hao hut tu nhién c6 su khac nhau & cac cdng thic. O CT1
hao hut tu nhién cua cam la 4,75% & 6 ngay, 21,11% & 18 ngay va 30,12% & 24 ngay. Con &
CT2 su hao hut ty nhién caa cam la 0,82% & 6 ngay, 5,46% & 18 ngay va 7,66% & 24 ngay.
Tuong tyw CT3 12 0,72% & 6 ngay, 3,16% ¢ 18 ngay va 4,71% & 24 ngay. Thoi gian bao quan cang
dai thi hao hut khéi lwong tu nhién caa cam cang 16n. Mau CT1 hao hut khéi luong tu nhién coa
cam 1 16n nhit cu thé 1a & 24 ngay hao hut téi 30,12%, gap 3,93 1an so véi CT2 va gip 6,4 lan so
v6i CT3. Nhu vay cam duoc bao quan bang bao bi NS/PVA/Ag, SiO; c6 do thoat hoi nudc thap
hon, tir d6 khéi lugng ty nhién ciia cam giam it hon. O CT3va CT2 ¢6 sy hao hyt tw nhién it nhung
¢6 su khac nhau. Hao hyt khéi lugng & CT2, CT3 trong chin ngay dau khong cd su khac biét nhiéu,
tuy nhién tir 12 ngay dén 24 ngay c6 su khéc biét Ién nhu CT2 16n hon CT3 1,634%. Tir d6 thay
duoc CT3 hao hyt tu nhién 1a thip nhét.

NN W W
o o1 O O

15
10

Hao hut khéi luong (%)

Thoi gian (ngay)
——CT1 —e—CT2 CT3

Hinh 8. Bién d6i hao hut phan trim khéi lugng cta cam trong thoi gian bao quan
vai cac cong thac khéac nhau

19



V6 Thj Thanh Kiéu, Lé V&n Luén

Vitamin C la mét thanh phan hét sirc quan trong ddi véi con ngudi va trong d6 cam la
mat loai thyc pham giau vitamin C. Do d6, nhom tac gia ciing tien hanh theo doi su bién doi
ham lugng vitamin C ctia cam trong qua trinh bao quan. Két qua thé hién ¢ Hinh 9.

60
50
40
30
20

10

Ham lugng vitamin C (mg/100g)

0

0 3 6 9 12 15 18 21 24
Thoi gian (ngay)
—e—CT1 CT2 CT3

Hinh 9. Su bién d6i ham lwong vitamin C cia cam trong thoi gian bao quan véi cac
cdng thirc mang khac nhau

Hinh 9 cho thdy ring cam c6 ham luong vitamin C cao, & 0 ngay cam c6 ham luong
vitamin C 1a 47,6 mg/100 g. Trong thoi gian bao quan ham lwong vitamin C c6 tang 1én do
ham luong dudng trong qua trinh bao quan cang ngay cang ting va chuyén hoa thanh vitamin
C tang 1én nhu ¢ CT1: 0 ngay 47,6 mg/100 g thi dén 3 ngay ting 1én 49,18 mg/100 g, CT2,
CT3 sau 6 ngay lan lugt 51,14 mg/100g, 51,43 mg/100 g. Tuy nhién, vitamin C lai dé bi oxy
héa do khong khi xam nhap va qua trinh khu cua cac mo bi pha huy do do vitamin C trong qua
trinh bao quan thuong giam manh. Nhu ¢ CT1 tir 3 ngay dén 24 ngay ham luong giam dén
42,73 mg/100 g twong (g véi 89,77% so v6i ham lugng vitamin C ban dau. Con & CT2, CT3
ham lugng vitamin C tur 0 ngay dén 6 ngay ham lugng vitamin C ting va khong c6 sy khéac
biét nhiéu. Tuy nhién, tir 9 ngay dén 24 ngay ham luong vitamin cé sy thay ddi rd rét va sau
24 ngay ham lugng vitamin C trong CT2 29,04 mg/100 g giam 22 mg/100 g va giam 40% so
v6i lugng vitamin C ban ddu. O CT3 lwong vitamin sau 24 ngay con 34,71 mg/100 g giam
14,28 mg/100 g va giam 30,00% so v&i lwgng vitamin C ban dau. Nhu vay, cac mau CT2, CT3
¢6 lugng vitamin C bi oxy hoa 1a thip hon, dic biét mau CT3 luong vitamin giam thap nhat.
Vido ¢ CT2, CT3 duoc bao quan bdi mang NS/PVA/Ag, SiO- gilp giam sy Xam nhap oxy
khong khi vao bén trong qua. Ngoai ra, dung dich nano Ag/SiO; cd tinh khang khuan tét nén
gilp chdng lai c&c vi sinh vat tic dong dén bé mat 1am anh huong téi mé té bao qua. Do do,
qua trinh oxy héa cua vitamin C trong qua duoc giam di dang ké.

4. KET LUAN

Dé tai ché tao thanh cdng mang sinh hoc tir dung dich nano Ag, SiO, tinh bt san, PVA.
Khi bd sung 25 mL dung dich nano Ag/SiO; vao phéi liéu do bén kéo cua mang ché tao dat
gia tri cao nhit 1a 19,7 N/mm2. Mang ché tao duoc c6 kha ning khang khuan trén 2 chang vi
khuan Bulgaricus subtilis va Staphylococcus aureus. Khi sir dung bao bi ché tao dé bao quan
cam Thién An, sau 24 ngay bao quan d6 hao hut khdi luong, vitamin C vuot troi hon so véi
mau ddi chirng (mau khong dugc boc bao bi sinh hoc). Nguyén liéu st dung dé ché tao mang
tir tinh bot san, PVA 1a nhiing nguyén liéu ré. Ngoai ra dung dich nano bac duoc ké thira san
pham dung dich nano bac tir rau méa nén viéc ché tao bao bi tng dung thuc tién trong bao quan
trai cay co tinh kha thi.
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ABSTRACT

RESEARCH ON BIOFILM PRODUCTION BASED ON CASSAVA STARCH
COMBINED WITH NANO AG AND SI10, FOR APPLICATION IN PRESERVING
THIEN AN ORANGES

Vo Thi Thanh Kieu*, Le Van Luan
Hue Industrial College, 70 Nguyen Hue Str., Hue City, Thua Thien Hue, Vietnam
*Email; vttkieu@hueic.edu.vn

Fabrication of biofilm based on cassava starch, PVA (Polyvinyl alcohol), nano Ag and
nano SiO.. The properties of the membrane are determined by the criteria of tensile strength,
antibacterial ability of the membrane, and the ability to prolong the preservation time of Thien
An oranges. Research results show that: The tensile strength of the starch/PVA film reaches a
value of 10 N/mm?, when adding 25 mL of SiO; sol and Ag 3% by weight in the process of
creating the starch/PVA nano Ag film, SiO,, tensile strength of starch/PVA/Ag film, SiO,
achieved 19.7 N/mm?, the film has antibacterial ability on two bacterial strains Bulgaricus
subtilis and Staphylococcus aureus. When using manufactured packaging to preserve Thien
An oranges, after a period of storage, the properties of weight loss and vitamin C content are
superior to samples without biological packaging.

Keywords: Nanotechnology, biofilm, nano Ag, nano SiO..
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