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cila agar tur rong cau chi vang (Gracilaria) tai Viét Nam
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Tom tit:

Agar 1a mdt polysaccharide dwgc chiét xuit chii yéu tir rong ciu chi vang (Gracilaria). Agar dwge sir dung rong rii
trong cong nghiép thue phim nhu mdt chit tao d9 nhét, dd day, chét nhii héa hoic chét 6n dinh thue phﬁm Sw hién
dién cia NaCl/CaCl, hodc sucrose anh huéng den trang thai l6ng- gel dd nhét cia dung dich hoic dd bén gel ciia
agar. Agar hinh thanh gel &' ndng d9 cao hoic & ndng d9 thap hon néu c6 sw hién dién ciia NaCl, CaCl, hoac sucrose.
Nhiét d9 tao gel (T,) ciia dung dich agar 0,2% ting I1én 36, 36 hoic 38°C khi bd sung twong ung 300 mM NacCl, 100
mM CaCl, hodc 30% sucrose. D9 nhét ciia dung dich agar 0,2% ting khong dang ké khi cudng d ion dwdi 100 mM,
nhung tang manh ¢ trén 100 mM. D bén gel ting khi thém twong ing NaCl, CaCl, Ién dén 100 va 30 mM, sau do
giam nhe khi nong do NaCl, CaCl, cao hon. Trong khi do, d9 nhot cia dung dich agar chi ting & nong d¢ sucrose

trén 10%. D bén ciia gel ting khl ndng d9 sucrose ting, cao hon tir 1,2 dén 1,8 1an néu thém 30% sucrose.

Tir khéa: agar, @9 bén gel, dd nhét, rong ciu chi vang.

Chi s6 phén loai: 2.10

1. Dt van de

Agar 13 mot polysaccharide duoc chiét tach chu yéu
tur loai rong do thudc ho rong cau chi vang (Gelidium va
Gracilariaceae, 1 chit phu gia st dung nhiéu trong thuc
pham v&i vai tro 14 chét tao gel, tao nhot, tao déc, nhit hoa
va 6n dinh... [1, 2]. Agar ton tai trong thanh té bao cua
tao agarophytes chu yéu ¢ dang mudi canxi cua né hodc
hdn hop mubi canxi va magie. Agar 13 polysaccharide gdm
2 thanh phan chinh 14 agarose (trung tinh) va agaropectin
(tich dién) [3]. Tinh chat Iuu bién cia dung dich agar phu
thudc vao giong loai rong [4-7], phuong phap tach chiét [4,
7-11] c4u trac, thanh phan héa hoc cua agar [7, 9, 10, 12-
14], chat dong tao gel [15] pH dung dich [2, 10] hay mua
vu sinh trudng [12]. Dac biét, tinh chét luu bién anh hudng
rat 16n boi nﬁ”)ng d6 agar [16, 17], su c6 mat ctia cac mudi [2,
8, 18-21] hay cac chat khong mang dién tich nhu sucrose,
glycerol... [13, 22-29].

L. Piculell va cs (1989) [19] dé nghién ciru anh hudng
ciia mot s6 mudi dén sy hinh thanh ciu tric coa agarose
qua phan tich d6 duc va quan sat tinh chat quang. Mubi
NaCl lam 6n dinh gel yéu, cac mudi khac lam mat 6n dinh
gel nhu NaBr, NaNO, va NaSCN (NaBr<NaNO <NaSCN)
Két qua nghién ctru ch1 ra rang, khi tang nong do dén 4 M
thi muoi NaCl tao ra nhiét do chuyen trang thai gel tang,
cac mudi con lai lam giam nhiét do hinh thanh gel ctia dung
dich agarose 1%. Do duc cia dung dich agar co mubi NaCl
ciing cao hon dung dich agar chira cac mudi con lai. Anh
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huéng cia sucrose dén cdu truc va tinh chét luu bién cua
agarose hay agar cling dugc nghién ctru khao sat [24, 26-29].
Nghién curu cia S. Maurer va cs (2012) [24], K. Nishinari
va cs (2016) [26] hay V. Normand va cs (2003) [29] da su
dung sucrose 1én dén 60%, két qua chi ra ring, nhiét 46 tao
gel va md dun dan hdi cua agarose ting khi tang nong do
sucrose den 50%, sau d6 cac gia tri ndy gidm xudng ncu tlep
tuc tang nong dd sucrose.

O Viét Nam, agar chu yéu duoc tach chiét tir loai rong
cau chi vang thudc ho Gracilariaceae. Nghién ciru tinh chat
cua agar dugc tach chiét con kha it cong bd khoa hoc, viée
khao sat trang thai ton tai va tinh chit luu bién cua dung
dich agar ¢ dai nong d¢ tir 0,01 dén 8% tai cac nhiét do khac
nhau da duoc thyc hién boi D.V. Hien va cs (2019) [16].
Tuy nhién, trong (ng dung vao linh vyc thyc phim, ngoai
thanh phan agar dwoc b6 sung con c6 mudi hay duong. Vi
véy, viéc nghién ciru anh huong ciia mudi hay duong dén
trang thai, do nhét hay do bén gel cua gel agar c6 ¥ nghia
quan trong dé dinh huéng tmg dung ciia agar trong cong
nghiép ché bién thyc pham.

Trang thai, d6 nhét cua dung dich agar hay do bén gel
cua gel agar phu thudc vao nhiéu yéu t6 nhu ndng do agar,
nhiét do, chét déng tao gel, mudi, duong... [21]. O nghién
clru nay, chiing t6i tap trung khao sat anh huong cua nong
dd muoi (NaCl, CaCl)) hay sucrose tai cac nhi¢t do khac
nhau dén sy hinh thanh trang thai, d6 nhot cua dung dich
agar hay do bén gel cua gel agar.
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Abstract:

Agar is a polysaccharide extracted mainly from
Gracilaria. Agar is widely used in the food industry as a
viscous agent, thickness, emulsifier or food stabiliser. The
presence of NaCl, CaCl, or sucrose influences in sol-gel
transition, viscosity of the agar solution or gel strength
of the agar. Agar forms a gel at high concentration or
lower one if there is the presence of NaCl, CaCl, or
sucrose. Gelling temperature (T ) of agar solution at
0.2 wt% increasing at 36, 36 or 38°C upon addition
of 300 mM NaCl, 100 mM CaCl,, or 30% sucrose,
respectively. The viscosity of the 0.2% agar solution
increased insignificantly when the ionic strength was
below 100 mM, but increased sharply above 100 mM.
The gel strength increases with added NaCl, CaCl, up
to 100 mM, 30 mM, respectively; then they drop slightly
at higher concentrations of NaCl, CaCl,. Meanwhile,
the viscosity of agar solution only increases at sucrose
concentrations above 10%. Gel strength increased with
increasing sucrose concentration, being 1.2 to 1.8 times
higher if 30% sucrose was added.

Keywords: agar, gel strength, Gracilaria, viscosity.
Classification number: 2.10

2. D6i igng va phucng phap nghién ciiu

2.1. Péi twong

Agar dugc tach chiét tir rong cau chi vang (Gracilaria),
1a san pham thwong mai cua Cong ty TNHH Long Hai (Hai
Phong). Thanh phan bot agar chira 37 mg/100 g Na*, 6,8
mg/100 g K* va 0,46% gbc SO,> [30].

2.2. Héa chit

NaCl, CaCl, la san pham cua Cong ty Merck (Puc) va
sucrose cua Cong ty Xilong (Trung Qudc). Do tinh khiét
theo thu ty 14 >99,5, 99,5, 99,0% va d¢ hoa tan tuong ting 1a
358, 1280 va 2115 g/l.
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2.3. Chudn bi méu

Chudn bi mdu quan sdt trang thdi: 10 g mau chtra mudi
(NaCl, CaCl,) hay sucrose dugc dung trong 1o thuy tinh chiu
nhi¢t c6 duong kinh 15 mm, cao 120 mm. Mau dugc gia
nhiét trong bé 6n nhiét tai 95°C trong 15 phut va déng hoa
cho miu tan hoan toan bang thiét bi lic MS2 Minishaker &
téc d6 2200 vong/phut.

Chudn bi mau do d¢ nhét: Mau 0,2% agar chira mubi
hay sucrose duoc chuén bi trong nudc tinh khiét va gia nhiét
trong bé 6n nhiét & 95°C trong 15 phut. Sau d6 lam lanh
bang bé On nhiét lanh t6i nhiét do do dugc gitr duy tri 20
phut trude khi do do nhat.

Chudn bi mau do cwong d¢ gel: Dung dich agar 1% chtra
nong do mudi (Na{Cl, CaCl,) hay sucrose khac nhau dugc
gia nhiét trong bé 6n nhi¢t & 95°C trong 15 phut, sau do rot
khay tao hinh (dai x rong x cao & 100x70x20 mm) ¢ nip
day dé chdng bay hoi nudc, chiéu day mau I 15 mm. Khay
mau duge gitr trong ti lanh diéu khién tai cac nhiét do 5,
10, 20 va 25°C trong 15 gid trudce khi do. Dung dng cit gel
agar thanh khéi hinh tru tron c6 duong kinh (2R) 20 mm va
chiéu day (H) 15 mm.

2.4. Phwong phdp nghién ciru

Quan sat trang thai: Dung dich agar dugc chua trong
lo thuy tinh chiu nhiét duoc chuén bi ¢ 95°C trong 15 phut,
sau d6 dit trong bé 6n nhiét 1am lanh giam nhiét do va theo
ddi trang thai tir 60 xudng 5°C véi bude nhay giam 5 hay
1°C khi gan t6i trang thai chuyén pha 16ng sang gel. Mau
duogc gitr 6n dinh & nhiét do quan sat 60 phut trudc khi xac
dinh trang thai. Cac lo mau duoc quan sét trang thai bang
cach dit doc lo xudng mot goc 45°, mau & trang thai gel néu
khong thay chay khi nghiéng dbc lo mau.

Do dé nhot (W): PY nhét cia dung dich agar dugce thuc
hién do trén thiét bi do do nhét Brookfield Viscometer LVDV
I-Prime. 50 ml dung dich agar duoc chira dung trong éng do
chuyén dung va duoc dit trong bé 6n nhiét (Circulator Bath
TC-502, Brookfeild) ¢ nhi¢t d§ do trong 20 phit trudc khi
xéac dinh d6 nhét. PO nhét cua mau duge xac dinh tai toe do
quay ctia dau do 1a 50 vong/phut.

Po dj bén gel: D6 bén gel cua gel agar 2RxH=20x15
mm) dugc xac dinh bang thiét bi do luu bién Sun Scientific
Rheometer CR-500DX (Nhat Ban) st dung dau do s6 10
(dang dao cit) véi toe do dich chuyén 60 mm/phit.

2.5. Xie Iy s6 liéu

Tt ca céc thi nghiém duogc 1dp lai 3 lan. S6 liéu dugc xtr
1y, phén tich trén phan mém SPSS (Version 22.0, Chicago,
IL, M§) va lay gia tri trung binh v&i do 1éch chuan cia 3 1an
do. Su khéc biét dugc xem 1a dang ké khi gia tri p<0,05.
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3. Két qua va ban luan

3.1. Anh hwéng ciia NaCl, Cadl, dén tinh chit luu
bién ciia dung dich/gel agar

S dich chuyén trang thdi cia dung dich agar: Khi bd
sung mudi I\{aCl hay CaCl, vao thi nhi¢t d¢ tao gel ctia agar
6 sy thay doi 16n, nhiét d6 tao gel cua dung dich agar 0,2%
1a 23°C [16], nhung khi ¢6 sy hién di¢n ctia NaCl hay CaCl,
thi agar tao gel & nhiét do cao hon. Tang nong d6 NaCl tu
10 dén 300 mM thi nhiét d¢ tao gel tang 1én tir 31 dén 36°C
(hinh 1A), két qua twong tu khi ting ndng do CaCl, tir 5 dén
100 mM (hinh 1B).
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Hinh 1. Anh hwéng cta NaCl (A) va CaCl,(B) dén trang thai long (sol)-
gel cua agar 0,2%.

Két qua xem xét anh huong cia NaCl hay CaCl, dén
trang thai ctia agar phu hop véi nghién cuu cua L. Piculell
va cs (1989) [19]. Nhom nghién ctru cho ring, khi thém
mudi vao lam anh huong dén qué trinh chuyén doi long
(sol)-gel cua agarose, cdu tric gel va do duc cia trang thai
gel. Khi cho 2 M NaCl vao dung dich thi mudi nay lam
tang tinh 6n dinh trang thai gel, bang chimg 1a c6 su ting
nhe nhiét df tao gel (T,) va nhiét do tan chay gel (T,). Diéu
nay dugc giai thich khi c6 mét cua cac phan tr mudi trong
agar lam tang lyc hut tinh dién giita cac cau ndi, dan dén cac
cudn xoan mach trong dung dich agar nhanh chong déng lai
dat trang thai gel do do nhiét do tao gel tang.

Anh huéng ciia NaCl, CaCl, dén aé nhét ciia dung dich
agar: Do nhot cuia dung dich agar co6 sy thay doi tang manh
khi b6 sung trén 50 mM NaCl va trén 20 mM CaCl,. Sy anh
huong cua nong do CaCl, dén do nhét cua agar cao hgn cua
NaCl (hinh 2A), d6 nhét cua agar 0,2% khi chua bo sung
mudi 1a p*=0,017 Pa.s, sau khi bd sung 10 mM NaCl hay
CaCl, thi d6 nhét tang Ién 1,5 hay gan 2 1an. Tuy nhién, néu
so sanh cung cuong do ion thi sy anh huong cua NaCl hay
CaCl, déq ty I¢ tdng do nhdt 1a twong tu nhau (hinh 2B). Kpi
thém mudi vao s€ lam tang lyc hit tinh dién gitta cac cau
ndi, 1am cho céac vung lién két nho lai va dan tao nén sy sép
xép c6 trat tu cac phan tir agar, do d6 lam ting do nhot [2].

KHOA
&CONGHI\?GCI:-IE

66(3) 3.2024

s Khoa hoc Ky thuat va Cong nghé | Ky thuat thuc phdm va dé uéng

(A) 1 (8) 12
® NaCl
v CaCl 10
8
_
[y v ° %
~ =
g M o 6
E
8 v ° 4
v Vv
v v o [} 2
°
0,01 L . . 0
1 10 100 1 10 100
C (mM) Cwong d ion (mM)

Hinh 2. Anh hwéng ciia ndng do mubi (C)/cwdng dé ion dén do nhét
dung dich agar (A) va ty s6 do nhét ctia dung dich agar 0,2% c6 () va
khong bb sung mudi (u*) (B) tai 50°C.

Anh hiong ciia NaCl, CaCl, dén dg bén gel agar: Do
bén gel agar tang 1é€n khi bo sung dén 100 mM NaCl hay 30
mM CaCl2,, sau do c6 xu hudng gjém xudng (hinh 3). Trong
khoang bién thién tang nay, do bén gel tang khoang 1,8 lan
khi ndng d6 mudi ting 10 lan. Sau d6 d6 bén gel co xu
huéng giam, két qua twong tu cong b ciia JN.C. Whyte va
cs (1984) [21]. Nguyén nhan c6 thé 1a khi dat tGi mot ndng
d6 téi han anh hudng cta mudi thi khi tang vuot qua tdi han
nay, su c6 mat cua mubi s& nhanh chong lam cho luc déy
tinh dién trung hoa 1am ngan can sy két tu polysaccharide
dan dén lam yéu mang ludi gel agar [2].
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Hinh 3. Do bén gel clia agar 1% tai cac néng dé mudi NaCl (A) va
cacl, (B).

Nhiét d6 cling anh huong dén do bén gel ciia gel agar hinh
thanh. O nhiét do tir 50°C giam xudng 5°C, khi thém 10 mM
NaCl, cudng do gel ting tir 0,13 dén 0,26 MPa va ting 1én 3,2
lan néu thém 100 mM NaCl (hinh 3A); xu huéng nay ciing
tuong tu di véi mudi CaCl, (hinh 3B). Khi tang ham lugng
cation lam tang nhiét do tao gel va do bén gel cua agar ciing
dugc phat hién boi K. Prasad va cs (2005) [18]. Viéc giam nhiét
d6, dong nghia sy hinh thanh cac xoan doi, xodn ba ciia mach
polysaccharide nhiéu hon, lién két hydro manh m& hon nén gel
agar hinh thanh chic chdn hon [2, 19, 21].
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3.2. Anh hudéng ciia sucrose dén tinh chit lweu bién ciia
dung dich/gel agar

Anh huwong ciia sucrose dén trang thdi va dg nhét ciia dung
dich agar: Nhi¢t do tao gel cua agar c6 su thay dbi 16n khi
bd sung duong sucrose, nhi¢t d§ tao gel cua agar 0,2% ting
1én 2°C khi bd sung 1% sucrose va nhiét do tao gel co thé dat
38°C khi bo sung 30% sucrose (hinh 4A). Két qua nay tuong
tw v6i nghién ctru ctia V. Normand va cs (2003) [29] khi nong
dd sucrose 1én dén 60%, tang néng do sucrose trong dung moi
din dén giam nhiét do gel hoa, tang ty 1¢ hinh thanh gel. Trong
pham vi ndng d6 0-60%, sucrose dudng nhu lam ting cudng
qué trinh gel hoa. biéu nay duogc giai thich 1a do khi c6 mat
cua cac phan tor dudng sucrose vao trong agar thi cac phan tu
duong s& chiém chd cac khong gian trong trong phan tir agar
lam cac vung lién két nho lai, dong thoi tang s6 luong vung lién
két 1én dan dén cdu tric xodn cua agar bén chat hon.
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Hinh 4. Anh hwéng ctia ndng do sucrose dén trang thai long (sol)-gel
(A) va ty s6 dé nhét cua dung dich agar 0,2% c6 () va khong bé sung
sucrose (p*) (B) tai 50°C.

Khi b6 sung sucrose vao thi do nhot ciia agar ting khong
d4ng ké khi ndng do sucrose dudi 10%, p/p*=1,1. Nhung khi
b sung sucrose trén 10% thi do nhét ctia agar 0,2% ting tir
1,4 dén 4,4 1an (hinh 4B). Nghién ctru cua V. Normand va cs
(2003) [29] ciing d nhan dinh rang, sucrose anh hudng 16n dén
d nhot cua agarose, khi ting nong do sucrose thiic day sy gia
tang d6 nhét, sy gia tang tuyén tinh trén khoang 55-60%. Két
qua dwoc giai thich khi thém sucrose vao tao cau trac gel cua
agar bén chit hon lam cho cac phén tir trong agar dé va cham
ma sat v6i nhau din dén do nhét ciia agar ting.

D6 nhét ciia dung dich agar co bo sung sucrose ciing chiu
anh huong boi nhiét d9, nong do agar, quy luat thay doi gia tri
d6 nhdt tuong tu nhu dbi voi dung dich agar tinh khiét duoc
cong b boi D.V. Hien va cs (2019) [16]. Nghién ctru nay ciing
tim ra d6 nhét dung dich agar bd sung 20% sucrose tang khi
tang nong do agar (0,01-0,2%) hay giam nhiét do dung dich
(50-5°C) (két qua khong duoc trinh bay).

Anh hwong cia sucrose dén do bén gel cua agar: Hinh 5
trinh bay sy bién doi cua do bén gel khi thay doi luong sucrose
bo sung (0-30%) tai nhiét do khac nhau. O cling nhiét do, do
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bén gel cao hon khoang 1,2 lan khi ting lugng sucrose 1én 5
lan, muc ting d6 bén gel tang khi tang lugng sucrose b6 sung,
ching han do bén gel cia gel agar b6 sung 30% sucrose cao
hon khoang 1,8 lan cua gel agar b6 sung 1% sucrose. Két qua
nghién ciru cling chi ra ¢ cung néng do sucrose b6 sung, d6 bén
gel tang khi nhiét do giam. Két qua nay phu hop véi nghién
clru cia V. Normand va cs (2003) [29] khi tang nong do sucrose
dan dén sy chuyén doi cac gel gion, tao do bién dang 16n lam
dé vo nit. Nghién ctru khac ciing chi ra rdng, sucrose ¢o tac
dung 6n dinh sy hinh thanh va dong chit cia hai day xodn
polysaccharide lam ting d§ cing cta polysaccharide [22].
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Hinh 5. Anh hwéng clia ndng do sucrose dén do bén gel ctia agar 1%.

4. Két luan

Su ¢co mé,t ctia mudi (NacCl, Can2) hay sucrose c:(') anh
hudng l6n dén trang thai va mot so tinh chat luu bién cua
dung dich agar. O ndng d6 0,2%, dung dich agar hinh thanh
gel & nhiét do trén 30°C khi bod sung trén 10 mM NacCl, 1
mM CaCl, hay 1% sucrose. Trong khodng ndéng do mudi
va sucrose su dung, do nhot ciia dung dich agar 0,2% tang
manh khi bd sung trén 50 mM NaCl, 20 mM CaCl, hay
10% sucrose. Bg bén gel cua agar 1% tang khi tang luong
mubi dén 100 mM NaCl hay 30 mM CaCl,, sau d6 néu tiép
tuc tang lugng muoi, gel bi mém hoa, giam cuong do gel.
Sucrose khong hd trg ting do nhot tot nhu NaCl, CaCl,
nhung ho trg tang nhi¢t do hinh thanh gel, ting do bén gel
ctia agar 1% tot hon NaCl hay CaCl,.

TAI LIEU THAM KHAO

[1] K. Alba, V. Kontogiorgos (2018), “Seaweed polysaccharides
(agar, alginate carrageenan)”, Encycl. Food Chem., pp.240-250, DOI:
10.1016/B978-0-08-100596-5.21587-4.

[2] S. Banerjee, S. Bhattacharya (2012), “Food gels: Gelling process
and new applications”, Crit. Rev. Food Sci. Nutr., 52(4), pp.334-346, DOI:
10.1080/10408398.2010.500234.

[3] M. Lahaye, C. Rochas (1991), “Chemical structure and physico-
chemical properties of agar”, Hydrobiologia, 221, pp.137-148, DOL:
10.1007/978-94-011-3610-5.

L)



[4] S. Yarnpakdee, S. Benjakul, P. Kingwascharapong (2015),
“Physico-chemical and gel properties of agar from Gracilaria
tenuistipitata from the lake of Songkhla, Thailand”, Food Hydrocoll.,
51, pp.217-226, DOI: 10.1016/j.foodhyd.2015.05.004.

[5] P.S.D. Alwis, I. Wijesekara (2022), “Gel properties of agar
from two Gracilaria species in Sri Lanka and development of food
jellies”, Ruhuna J. Sci., 13(1), DOI: 10.4038/rjs.v13il.111.

[6] Z. Belattmania, F. Bentiss, C. Jama, etal. (2021), “Spectroscopic
characterisation and gel properties of agar from two Gelidium species
from the Atlantic coast of Morocco”, Biointerface Res. Appl. Chem.,
11(5), pp.12642-12652, DOI: 10.33263/BRIAC115.1264212652.

[7] A. Chirapart, Y. Katou, H. Ukeda, et al. (1995), “Physical
and chemical properties of agar from a new member of Gracilaria,
G. lemaneiformis (Gracilariales, Rhodophyta) in Japan”, Fish. Sci.,
61(3), pp.450-454, DOI: 10.233 1/fishsci.61.450.

[8] WK. Lee, Y.Y. Lim, A.T.C. Leow, et al. (2017), “Factors
affecting yield and gelling properties of agar”, J. Appl. Phycol., 29(3),
pp.1527-1540, DOI: 10.1007/s10811-016-1009-y.

[9] K. Nishinari, Y. Fang (2017), “Relation between structure and
rheological/thermal properties of agar: A mini-review on the effect of
alkali treatment and the role of agaropectin”, Food Struct., 13, pp.24-
34, DOI: 10.1016/j.foostr.2016.10.003.

[10] B. Mao, A. Bentaleb, F. Louerat, et al. (2017), “Heat-induced
aging of agar solutions: Impact on the structural and mechanical
properties of agar gels”, Food Hydrocoll., 64, pp.59-69, DOI:
10.1016/j.foodhyd.2016.10.020.

[11] Q. Xiao, X. Wang, J. Zhang, et al. (2021), “Pretreatment
techniques and green extraction technologies for agar from Gracilaria
lemaneiformis”, Mar. Drugs, 19(11), DOI: 10.3390/md19110617.

[12] M. Lahaye, W. Yaphe (1988), “Effects of seasons on the
chemical structure and gel strength of Gracilaria pseudoverrucosa
agar (Gracilariaceae, Rhodophyta)”, Carbohydrate Polymers, 8(4),
pp.285-301, DOI: 10.1016/0144-8617(88)90067-7.

[13] Z. Wang, K. Yang, T. Brenner, et al. (2014), “The influence
of agar gel texture on sucrose release”, Food Hydrocoll., 36, pp.196-
203, DOI: 10.1016/j.foodhyd.2013.09.016.

[14] L.M. Barrangou, M. Drake, C.R. Daubert, et al. (2006),
“Textural properties of agarose gels. II. Relationships between
rheological properties and sensory texture”, Food Hydrocoll.,
20(2-3), pp.196-203, DOI: 10.1016/j.foodhyd.2005.03.013.

[15] J.M.H. Rahman, M.N.L. Shiblee, K. Ahmed, et al. (2020),
“Rheological and mechanical properties of edible gel materials for
3D food printing technology”, Heliyon, 6(12), DOI: 10.1016/j.
heliyon.2020.05859.

[16] D.V. Hien, T.T.T. Nguyen, T.H. Tran, et al. (2019), “Effect
of CMC, temperature and agar concentration on viscosity of agar
solution, hardness of agar gel”, J. Fish. Sci. Technol., 1, pp.22-29 (in
Vietnamese).

KHOA
BCONGHI\?GCI:-IE

66(3) 3.2024

s Khoa hoc Ky thuat va Cong nghé | Ky thuat thuc phdm va dé uéng

[17] K.D.E. Fernandez, D. Lopez, C. Mijangos, et al. (2007),
“Rheological and thermal properties of agarose aqueous solutions and
hydrogels”, Journal of Polymer Science Part B: Polymer Physics,
46(3), pp.322-328, DOI: 10.1002/polb.21370.

[18] K. Prasad, A.K. Siddhanta, A.K. Rakshit, et al. (2005), “On
the properties of agar gel containing ionic and non-ionic surfactants”,
Int. J. Biol. Macromol., 35(3-4), pp.135-144, DOI: 10.1016/j.
ijbiomac.2005.01.004.

[19] L. Piculell, S. Nilsson (1989), “Anion-specific salt effects
in aqueous agarose systems. 1. Effects on the coil-helix transition and
gelation of agarose”, J. Phys. Chem., 93(14), pp.5596-5601, DOI:
10.1021/j100351a053.

[20] S. Arnott, A. Fulmer, W.E. Scott, et al. (1974), “The agarose
double helix and its function in agarose gel structure”, J. Mol. Biol.,
90(2), pp-269-284, DOI: 10.1016/0022-2836(74)90372-6.

[21] J.N.C. Whyte, J.R. Englar, S.P.C. Hosford (1984), “Factors
affecting texture profile evaluation of agar gels”, Bot. Mar., 27(2),
pp.63-70, DOIL: 10.1515/botm.1984.27.2.63.

[22] J. Tang, R. Mao, M.A. Tung, et al. (2001), “Gelling
temperature, gel clarity and texture of gellan gels containing fructose
or sucrose”, Carbohydr. Polym., 44(3), pp.197-209, DOI: 10.1016/
S0144-8617(00)00220-4.

[23] LF. Farrés, I.T. Norton (2015), “The influence of co-solutes
on tribology of agar fluid gels”, Food Hydrocoll., 45, pp.186-195,
DOI: 10.1016/j.foodhyd.2014.11.014.

[24] S. Maurer, A. Junghans, T.A. Vilgis (2012), “Impact of
xanthan gum, sucrose and fructose on the viscoelastic properties
of agarose hydrogels”, Food Hydrocoll., 29(2), pp.298-307, DOI:
10.1016/j.foodhyd.2012.03.002.

[25] S. Shimizu, N. Matubayasi (2014), “Gelation: The role of
sugars and polyols on gelatin and agarose”, J. Phys. Chem. B, 118(46),
pp-13210-13216, DOI: 10.1021/jp509099h.

[26] K. Nishinari, Y. Fang (2016), “Sucrose release from
polysaccharide gels”, Food Funct., 7(5), pp.2130-2146, DOI:
10.1039/c5f001400;j.

[27] K. Yang, Z. Wang, T. Brenner, et al. (2015a), “Sucrose
release from agar gels: Effects of dissolution order and the network
inhomogeneity”, Food Hydrocoll., 43, pp.100-106, DOI: 10.1016/j.
foodhyd.2014.05.005.

[28] K.Yang,Z.Wang, T. Brenner, etal. (2015b), “Sucrose release
from agar gels: Correlation with sucrose content and rheology”, Food
Hydrocoll., 43, pp.132-136, DOI: 10.1016/j.foodhyd.2014.05.007.

[29] V. Normand, P. Aymard, D.L. Lootens, et al. (2003), “Effect
of sucrose on agarose gels mechanical behaviour”, Carbohydr.
Polym., 54(1), pp.83-95, DOI: 10.1016/S0144-8617(03)00153-X.

[30] Association of Official Analytical Chemist (2012), “Method
920.6”, Official Methods of Analysis (19" Edition), Mayland (USA).



