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TONG HQP VA KHAO SAT MQT SO PAC TiNH CUA VAT
LIEU DE PHAN HUY SINH HQC TU TINH BOT KHOAI TAY

Pham Duy Thanh, Tran Minh Nhw, Giang Ngoc Ha
Truong Pai hoc Cong nghiép Thuc pham TP. HCM.
Tém tit

Nhira ¢é nhiéu ung dung va da tro thanh mot phan thiét yeu trong cuoc song hang
ngay cua con ngu’m Viéc san xudt, sir dung va thai b6 nhiea dé gdy nén moi nguy tiém
tang va ldu bén ddi véi méi truong. San xudt cdc san pham nhuwa cé kha ning phdn
huy sinh hoc voi cdac chwc nang twong tu nhu nhya thong thu"o’ng c6 thé gitip giam sw
phu thudc vao nhira truyén théng va gép phan ngan ngwa 6 nhiém maéi truong. Trong
nghién civu nay, tinh bot khoai tdy dwoc tron voi chat héa déo la glycerol c6 nong do
tir 10 - 40% dé tong hop polyme phdn hity sinh hoc. Vit liéu sau khi tong hop dwoc
dung dé khao sat cac ddc diém co hoc nhw dé bén kéo, do dan dai; phcf héng ngoaqi
chuyén déi Fourier, ¢ hap thu miede va kha ndang phdn hiy sinh hoc. Két qua nghién
citu cho thdy @ bén kéo dat gid tri cwe dai 8,12 MPa khi nong dé glycerol la 10%. D¢
gian dai cyc dai cua vat liéu dat 45,35% khi néng do glycerol la 40%. Khi tang ham
lwong glycerol gid tri dd bén kéo cia vit liéu giam, @ gidn dai ting. Két qua nghién
cieu kha ndang phdn hity sinh hoc ciia vét lidu cho thdy vdt liéu cé thé phdn hiy sinh

hoc hoan toan.
Tir khéa: Glycerol; Tinh bot; Qua trinh ho hda; Do bén kéo; Do gidn dai; Phan

hudy sinh hoc
Abstract

Fabrication and characterization of potato starch-based bioplastics plasticized
with glycerol

Plastics have varied application and have become an essential part of our daily
lives. The production, use, and disposal of plastics emerged as a persistent and potential
environmental nuisance. Bioplastic products are manufactured to be biodegradable
with similar functionality to that of conventional plastics, which has the potential to
reduce the dependence on petrochemicals based plastics and related environmental
problems. In this research, starch-based bioplastics were made by blending potato
starch with various glycerol concentrations from 10 to 40%. The resulting bioplastics
were characterized for their mechanical properties: tensile strength and elongation
at break, Fourier-transform infrared spectroscopy (FTIR), water absorption, and
biodegradability. Results showed that maximum value of tensile strength was obtained
at value of 8.12 MPa with glycerol concentration of 10%. The highest elongation
percentage was obtained as much of 45.35% with the addition of 40% glycerol. The
increase of glycerol concentration decreased the tensile strengths while the elongation
percentage was enhanced. Biodegradability test found that bioplastic could be
completely degraded.

Keywords: Glycerol; Starch; Gelatinisation; Tensile strength; Elongation at
break; Biodegradable
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1. Gioi thiéu

Ngay nay, nhya d3 tré thanh mot
phan thiét yéu trong cudc song hang
ngay cua con nguoi, chung dugc st dung
trong nhiéu linh vue khac nhau: dung cu
gia dinh, thiét bi dién, vat dung y té, xay
dung, 6 t6 va dong gbi. Trén toan thé gidi,
wdGce tinh 330 triéu tAn nhua duge san xuét
mdi ndm [1]. Nhua 13 vat liéu polymer
duoc san xudt tir cac dan xuat cua dau
mo, thong qua qua trinh tring hop dé hinh
thanh nén cac dai phan tr c¢6 khdi luong
phan tir rit 16n. Duéi diéu kién thich hop,
cac mit xich c6 trong lugng phan tir thip
(monomer) s& dugc ndi voi nhau bing
cac lién két cong hoa tri va hinh thanh
nén cac polymer. Vi dac trung phan tu
16n, cdc monomer lién két voi nhau bang
cac cau ndi hoa hoc c6 nang luong lién
két 16, cac vat liéu polymer hau hét can
thoi gian dai hon dé ¢6 thé phan hiy trong
moi truong tu nhién. Pac diém cua loai
vat liéu polymer nay la bén, nhe va ré tién
so vO1 cac loai vat liéu truyén théng nhu
kim loai hay gém str. Céc loai nhua nhiét
déo (polyethylene, polypropylene) c6 kha
ning dugc gia cong dé dang bang céc
cong nghé san c6 nhu ép phun (injection
molding), th6éi khuon (blown molding)
v6i cong sudt 16n. Chinh diéu nay 1am cho
gia thanh cua cac loai san phdm nhya va
bao bi trd nén rat ré tién. PO bén cao, thoi
gian phan hity dai va gia thanh ré lai dan
dén mot van dé nghiém trong hon d6 1a
su tich tu trong méi trudmg do sy thiéu y
thirc cia ban than nguoi st dung. Sy tich
lity chat thai nhua xudt phat tir nhién liéu
hoa thach tao véi kha nang phan huy sinh
hoc kém d3 giy nén nhiing tac dong xau
dén méi trudong [2, 3]. San xuét, st dung
va thai bo nhua d3 va s& gy ra van dé
moi trudng ngdy cang nghiém trong néu
khong c6 phuong hudng va bién phap xur
ly. Mot trong nhiing hudéng di dang dugc
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nghién ctru hién nay do la su dung cac
loai polymer c¢6 ngudn gdc thién nhién dé
cai thién kha nang phan huy sinh hoc [3].

Hién nay, polyme phan huy sinh hoc
trén co so tinh bt duoc cac nha khoa hoc
nghién ctru nhdam muc dich thay thé nhya
truyén thong gép phan giam 6 nhidm moi
truong va hudng tdi phat trién bén viing
[4]. Menzel (2014) da thuc hién nghién
clru vé cdu tric tinh bdt va lgi ich cia
chung trong san xudt bao bi déng géi [5].
Sapei va cong su (2015) nghién ctru tong
hop polyme sinh hoc tir tinh bt chudi
két hop véi glycerol va chitosan [6].
Adbullah va cong su (2019) nghién ctru
tong hop va tim hiéu mot sé dic tinh cua
polyme phan huy sinh hoc trén co s¢ tinh
bot 1a khoai lang [7]. Trong nghién ctu
nay, tinh bot khoai tdy sé dugc sir dung
1am nguyén liéu dé tao polyme phan hiy
sinh hoc va xdc dinh mot so tinh chat ddc
diém co hoc, ph6 hdong ngoai chuyén dbi
Fourier (FTIR), sy hap thu nudc va kha
nang phan huy sinh hoc cua vt lidu.

2. Nguyén vat liéu va phwong phap

2.1. Nguyén vt li¢u

Trong nghién ctru ndy tinh bot khoai
tay duoc st dung dé tong hop mang sinh
hoc. Khoai tdy dugc mua tai chg dau
mdi Nong san Hoc Moén, Tp. HCM. Quy
trinh thu hoi tinh bot dugc téom tit nhu
sau: khoai tdy dugc rua sach, bd vo, cit
nho va nghién véi nude cit, loc qua vai
b6 phan bi, dé ling dich chira tinh bot
trong 6 gid, gan bo phian nudc va thu
duogc tinh bot udt [8]. Tinh bot sau do
duogc phoi kho ty nhién trong 24 gio,
nghién min bang cbi chay s va duoc
dung lam vét li€u trong nghién ctu nay
(Hinh 1). Glycerol c6 d¢ tinh khiét trén
99,9%, dugc san xuét bai cong ty Xilong
Scientific Co., Ltd, Trung Qudc.
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2.2. Phwong phdp tao mang

Mang sinh hoc duogc tong hop bang
cach tron tinh bot khoai tay vai glycerol.
Nghién ctu thuc hién 4 thi nghiém véi
ndng do glycerol tuong ung 1a 10, 20, 30
va 40% (w/w) so v6i khdi lugng tinh bot.
Qua trinh hd héa tinh bot dwoc thyc hién
& nhiét do 70°C, bang cach dun cach thuy

d) Dun cdch thuy

e) Do san pham ra khuon

trong thoi gian 20 phut. San pham sau d6
duoc d6 ra khuon inox (20 x 30 cm) va dé
khé tu nhién trong 72 gid, sau d6 sdy &
50°C trong 1 gio [9, 10]. San pham dugc
b4o quan trong binh hut 4m va dung dé
phan tich cac thong sb co hoc cua vt liéu
bao gom do bén kéo, d6 dan dai; dac diém
FTIR, d hap thu nudc va kha ning phan
huy sinh hoc.

) Mang sinh hoc

Hinh 1: Qua trinh tao polyme phén huy sinh hoc

2.3. Phwong phdp xdc dinh dp bén
co hoc

Trong nghién ctu nay, do dan dai
va do bén kéo cta vat liéu duge xac dinh
theo tiéu chudn ASTM D882. Phéan tich
dugc thuce hién tai phong Vit li¢u Hitu co,
Vién Khoa hoc Vit liéu Ung dung, mién
Nam Viét Nam. Mau c6 kich thude 50 x
100 x 0.1 mm. Khoang cach ban dau giira
hai ngam kep mau 1a 50 mm, téc do kéo
la 50 mm/phat. Thi nghiém duoc 13p lai 3
lan dé l1ay gid tri trung binh.

Do bén kéo duge tinh theo cong
thuc sau:

40

F
Ok =7 (Mpa)

Trong do:
o, 1a d bén kéo (Mpa)
F 12 lyc tac dung (N)
Alatiét dién ngang ctia vat mau (mm?)
Dbd dan dai khi dat duogc tinh theo
cong thuc sau:
= L
lo

x 100 (%)
Trong do:
¢ d6 dan dai khi dat (%)
I chiéu dai ctia doan lam viéc khi dtt (mm)
[ chiéu dai ban dau cua doan lam
viéc khi gt (mm)
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2.4. Phwong phdp pho hong ngogi
chuyén déi Fourier (Fourier Transform
Infrared Spectroscopy-FTIR)

Phuong phép nay giup xac dinh su
hién dién cua cadc nhém chuc co trong
vat liéu. Phd hép thu tin hiéu hong ngoai
(IR) dugc thuc hién trong viung ¢ sb song
tir 4000 dén 400 cm! trén thiét bj Jassco
FTIR 6600 series (Nhat Ban). Ky thuat
do phan xa toan phan tit dan (attenuation
total reflectance - ATR) dugc ap dung cho
toan b cac mau.

2.5. Phwong phdp xdc dinh d¢ hép
thu nwoc

Thong s6 nay dugc do theo tiéu
chuan ASTM D570 - 98. Mau c6 kich
thuée 2 x 2 cm? dugce séy kho & nhiét do

Nghién ciru

50°C cho dén khdi luong khong ddi, sau
d6 1am nguoi trong binh hut am réi xé4c
dinh khéi lugng cua mau trén can phan
tlch (M) Ngam mau vao 100 ml nudc
ct va de o diéu klen phong. Sau mdt thoi
gian nhat dinh mau dugc lay ra lau kho
b%lng vai bong sach, sau d6 xac dinh sy
thay d6i khdi luong cia miu [4].

bo héip thu nudc duoc tinh theo cong
thirc sau:

= [(M,
Trong do:
Wa D6 hip thu nude (%)
Khéi lwong cia mau sau thoi gian
thir nghiém (g)

— M) + My] x 100 (%)

Khdi lwgng ciia miu trude thoi gian
thtr nghiém (g)

a) Hinh kéo mang

b) Xdc dinh kha ndng phan huy sinh hoc

Hinh 2: Hinh kéo mang va thi nghiém xdc dinh khd nang phdn huy sinh hoc

2.6. Phwong phdp xdc dinh kha
nang phan huy sinh hoc

Kha nédng phan huiy sinh hoc cua vét
liéu dugc thuc hién trén dia petri véi moi
truong Potato Dextrose Agar (PDA) [7].
Mang sinh hoc co6 kich thudc 2 x 2 cm
duoc dat trén moi truong PDA, sau d6 bd
sung vi nAm Apsergillus niger trén bé mit
mdi truong (Hinh 2.b). Méi truong dugce
nudi cdy trong 7 ngay. Kha niang phan hiy
sinh hoc dugc xac dinh bang cach quan

sat sy phat trién cta hé vi sinh vt trén bé
mat vat li¢u trong thoi gian thu nghiém.

Ngoai ra, nghién clru nay ciling thi
nghiém kha nang phan huy sinh hoc cua
vat liéu bang phuong phap chén 14p. Vit
liéu c6 kich thudc 2 x 2 cm dugc chdn
trong moi truong dat, sau dé can khdi
lugng miu va tinh phan trim giam khi
luong theo thoi gian [11]. Thi nghiém nay
thuc hién trong 45 ngay.
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2.7. Xir Iy 50 liéu

S6 liéu dugc xir ly bang phan
mém Microsofl Excel Office 2010 va
Statgraphics XV, Version 15.1.02. St
dung phuong phap phan tich ANOVA va
Multiple Range Tests vdi d9 tin cay 95%
dé xac dinh su khéac biét c6 y nghia giita
cac gia tri trung binh mAu.

3. Két qua va thio ludn

- D bén co hoc: Két qua do do
bén kéo khi thay dbi ty 18 tinh bot va
glycerol duoc biéu dién trong Hinh 3. Nhu
6 thé quan sat dugc, do bén kéo giam dan
khi ham luong glycerol ting dan. Khi ti 18
khéi luong tinh bot khoai tay va glycerol
12 90/10 (w/w), vat liéu co d6 bén kéo 1a
8,12 MPa. Trong khi do, néu ti 1é tinh bot
va glycerol 1a 60/40 (w/w) thi d6 bén kéo
giam, dat gia tri 2,35 MPa. Két qua phan
tich théng ké chi ra rﬁng, co su khac biét
vé mit théng ké vé d6 bén kéo & cac mau
(P-value <0.05).

Két qua do do gidn dai ciing dwgc md
ta trong Hinh 3. Két qua phan tich d6 gian
dai ciia vat liéu cho thay, gia tri nay ting
dan khi lugng glycerol trong vat liéu ting
tir 10 - 30% khdi lwgng. Tuy nhién, khi
ndng do cua glycerol 1a 40% thi d6 gidn
dai lai giam. Hién twong nay c6 thé 1a do
voi ham luong glycerol 1a 40% céc lién
két bén trong mau da trd nén yéu (d6 bén

(M Fa)

II\ll:'ll F-'.'l'\l

ks

Thanh phan vt ligu

kéo chi dat 2,35 MPa) va mau dé dang bi
dut trude khi kip dan dai theo chiéu kéo.
Két qua thong ké chi ra rang, khong c6 su
khac biét vé gia tri do gian dai khi ham
luong glycerol tir 10 - 30%. Diéu nay
ching t6 ring, glycerol di c6 tic dung
hoa déo 1o rét 1én co tinh cua mang tinh
b6t 1am cho mang tré nén mém déo hon.

Glycerol ¢6 phan tir lwong thip, d&
dang thadm nhap vao cidc mit xich cia
polyme, pha v& céc lién két ndi phan tir
clia cac polyme, hinh thanh cac lién két
phan tir v&i cac polyme 1am cho chudi
polyme mém déo hon. Nhém hydroxyl
cua glycerol c6 kha nang hinh thanh céc
lién két hydro lién két phan tr voi cac
nhém hydroxyl cua tinh bot. Két qua nay
lam giam d6 bén kéo va ting d6 dan dai
[12]. Két qua nghién cru nay tuong Gmg
voi céc nghién clru trude do. Bergo va
cong su (2008), da thuc hién nghién cuiu
téng hop mang tir tinh bot mi va glycerol.
Két qua cho thdy d6 bén kéo cua vt liéu
giam khi ham lugng tinh bdt mi gidm,
trong khi d6 gia tri do gian dai thi bién
doi nguoc lai [13]. Abdullah va cong su
(2019) ciing d4 nghién ciru tong hop vat
liéu nhya sinh hoc tur tinh bot khoai lang
va glycerol. Nghién ctru nay ciling chi ra
rang khi ham luong tinh bot trong vat liéu
tang thi do bén kéo tang, do gian dai bién
d6i theo hudng giam [7].

[ ey i (%)

Thinh phan vie [z

Hinh 3: Dg bén kéo va do gian dai ciua mang sinh hoc
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- Pho FTIR: Pho FTIR cta cac mau tinh bot véi ham luong glycerol khac nhau
duoc biéu dién trong Hinh 4. Nhu c6 thé quan sat dugc trén hinh, céc mau déu xudt
hién céc dinh c6 do hap thu cao nhét ¢ trong ving 1180 - 950 cm! déc trung ciia vong
saccharide ctia tinh bot. Ving nay bao gdbm céc dao dong kéo din (stretching) ctia C-C
va C-O dong thoi 1a dao dong udn (bending) cua lién két C-H. Cac miii ¢ 2800 cm’!
1a ddc trung dao dong kéo dan (stretching) ctia cac nhom C-H. Ngoai ra, dinh hap thu
rong 6 3300 cm™ la ddc trung cua nhdm -OH. Cuong dd cua dinh nay ting theo ham
lugng glycerol cho thém vao tinh bot ngoai trir nhd vao nhém -OH sin ¢6 cua glycerol
ma con nho vao sy ting cuong kha nang hit am. Dao dong kéo cing cia lién hét -OH
trong phan tt nude cling gbp phan vao sy gia ting cudng cuong do hap thu hong ngoai
tai s6 séng 3300 cm'. Hon nita dinh héap thu tai 1600 cm™ 1a biéu hién cia nuéc hap
thu vao mau ciing ting theo ham lugng glycerol thém vao.

af, -

.y %
Lt skt

b iy L5 L] uis
P [

a. Miu POO/G10 b. Mau PRO/G20

- ._ -

e 0o L i O U O fau

¢. Mau PT0/G30 d. Miu P60/G40

Hinh 4: Két qua pho FTIR cho cdc méu tinh bot/glycerol véi cdc ty 1¢ khdc nhau

- Dj hip thu nwéc: Thong s6 do hap thu nude (Wa) cé y nghia quan trong trong
viéc str dung vat li¢u lam bao goi thuc phém. Phan 16n cac polyme sinh hoc c6 kha
nang hap thu nudc cao [4]. Su tang khdi lwong cia mang sinh hoc thé hién lugng nudc
x4m nhép trong mang va bidu dién bang ti 1¢ phan trim. Mot cach tong quat, gia tri nay
tang theo thoi gian ngdm vat liéu ddi voi tit ca cac mau. Béi vi tinh bot cé dic diém ua
nude va nude dé xam nhap vao cac vung vo dinh hinh [6].
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Do hap thu nuée cia mau dugce tong
hop & nghién ctru ndy thé hién trong Hinh
5. Két qua phan tich d6 hap thu nudc chi
ra rang khi giam ndng d6 tinh bot khoai
tay trong mau, gia tri d6 hip thu nudc ting
dan. Khi ti 1¢ khdi lugng tinh bot khoai
tay va glycerol 1a 90/10 (w/w), vat li€u
c6 d6 hap thu nudc 1a 66,9%. Trong khi
d6, néu ti 1é tinh bot va glycerol 1a 60/40
(w/w) thi Wa c6 gié tri 13 76,4%. Két qua
xtr ly théng ké cho thay c6 su khéc biét vé

b

£ hedp b mundez %4}

Fhinh plin vt fidu

gia tri ¢ hap thu nudc khi ti 1& glycerol
chiém 10% va 40% trong vt liéu. Diéu
nay chimg té rang, viéc bo sung glycerol
vao tinh bdt da cd tac dung lam cho cac
chudi mach phan tir polysaccharide bi
tach roi nhau xa hon tao diéu kién cho
cac phan tir nu6e dé dang xam nhéap hon.
Ngoai ra, ban than glycerol 1a vat li¢u c6
d6 hap thu nudc tot cling 1a nguyén nhan
chinh lam cho kha nang truong né cua
mang trong nudc tréd nén 16n hon.

P 30

Hinh 5: Pj hip thu nwéc va vit liéu tong hop

Khi str dung vat li¢u mang sinh hoc
voi muc dich bao gd, két qua Wa tét 1a gia
tri thap chur khong phai cao vi khi gia tri
Wa cang 16n thi vat liéu cang it co kha nang
bdo vé san pham do nudc va ¢ thé lam san
pham mau hu hoic giam chat luong [14].
Noi chung, cang nhiéu chit héa déo thi
kha nang hap thu nudce cang cao va giam
su khang nude cua vt liu. Nhung can luu
y la khi cac polyme khéi lugng phan tir I6n
c6 tinh hoa tan nudce kém thi s€ lam giam
tdc dong cua vi sinh vat [3].

- Kha ndng phan huy sinh hoc: Su
phan huy sinh hoc cua vat li¢u duoc the
hién 6 Hinh 6. Sau 7 ngay thi nghiém, dau
hién kha nang phan huy sinh hoc xuét hién
10 rang Trong 3 ngay dau, thiy su Xuat
hién cua vi ndm trén bé mat vat lidu, chiém
ti 1€ khoang 70% bé ‘mat vat liéu, & nhiimg
ngay tiép theo vi nam tiép tuc phat trién
va chiém toan bo dién tich bé mat vat lidu.
Két qua nay chi ra rang su phan giai vat
liéu do enzyme cua vi nam xay ra mot cach
hiéu qua trong mau thi nghiém (Hinh 6.b).

Theo tiéu chuidn ASTM G -21 vé xac dinh
tinh khang ndm ciia vat liéu polyme tong
hop thi su phat trién vi ndm trong trudng
hop nay dugc xép hang cao nhét va dat
muc 4 [15]. Kale va cs. (2007) cling chi ra
rang cac vi sinh vat co thé tiéu thu truc tiép
cac polyme tu nhién nhu tinh bdt, cellulose
va polyme téng hop trén nén tinh bot nhd
cac phan ung do enzyme ngoai bao [16].
Déi v6i phuong phéap chon lap, khéi
lugng tat ca cac vat liéu thu nghi¢m giam
theo thoi gian. Sau 9 ngay, phan tram khoi
lugng vat liéu giam, dao dong tur 25,30%
dén 34,46%. Trong thoi gian thi nghiém
d3 ghi nhan sy phan rd vat liéu, xuét hién
cac khuan lac vi ndm trén bé mat. Sau 15
ngdy, mau bj chia nho thanh nhiéu manh
vun va 1an trong moi truong dat, vi vay
khong thé thue hién thu mau va can khéi
luong (Hinh 7). Sau 45 ngay thi nghiém,
hinh dang mAu d3 bi bién mat hoan toan.
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a. Vi ndm phit trién sau 3 ngay

b. Vi ndm phit trién trén bé mdt vit ligu

Hinh 6: Khd nang phdn huy sinh hoc cia vat liéu

Mau P70/G30

Mau P60/G40

Ngay 3

Ngay 5

Ngay 30

Hinh 7: Sw bién d6i hinh thdi vit liéu trong qud trinh chén i

4. Két luan

Tém lai, két qua nghién ciru ndy cho
thy tinh bot khoai tdy, mot ngudn cacbon
sin ¢o trong nudc, c¢6 thé duoc ding
lam nguyén liéu dé tong hop vat lidu dé
phan hity sinh hoc. Nong d6 chit héa déo
glycerol anh huong dén d6 bén co hoc cua
vat liéu. Glycerol c6 tdc dung hoa déo rd
rét Ién co tinh cia mang tinh bdt lam cho
mang trd nén mém déo hon, nhung khi
ndng do glycerol cao (40% w/w) s& lam
giam do gian dai. Vat liéu tong hop tir
tinh bot khoai tay va glycerol cé kha nang

phan hay sinh hoc cao. Céan thuc hién
thém nhiing nghién ctu lam tang tinh
khang nudc dé st dung vat liéu mét cach
hiéu qua vao muc dich bao géi san pham.
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