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NGHIEN CUU SAN XUAT AGAR CHAT LUQGNG CAO TU RONG CAU
GRACILARIA HETEROCLADA BANG
PHUONG PHAP SAC KY TRAO DOI ION

Lé Dinh Hung, Ng6 Quéc Buu, Huynh Quang Ndng, Bui Minh Ly
Phan Vién Khoa Hoc Vat Liéu tai Nha Trang

TOM TAT Rong Céu Gracilaria heteroclada dang duoc nuéi trong khd phd bién & Viét
Nam c6 khd ndng cho agar dat tiéu chudn chdt luong cao. Tuy nhién, rong
Glacilaria spp. cia Viét Nam (bao gém Gracilaria heteroclada) c6 chita nhiéu
goc sulfat va cdc ion héa tri hai (cé thé lam gidm chdt luong agar) hon rong
Glacilaria spp. & cdc nudc khdc trén thé gidi.

Qud trinh tinh ché dich chiét agar ti rong Gracilaria heteroclada bao gém cdc
budce: xit ly rong bang kiém; loai b6 cdc cation héa tri 2 (bdng nhua trao doéi
cation Na*), loai bé cdc chdt mang mau (bdng nhua trao doi anion CL); chuyén
gbc L-Galactosa - 6 - Sulfat thanh dang 3,6 anhydro - L - galactoza (bdng nhua
trao déi anion OH).

Sé lieu thuc nghiém cho thdy, bing qud trinh tinh ché bdang phuong phdp trén
c6 thé ché bién agar véi dé bén gel (1.100 g/cm?), dé trong ciia dung dich agar
(0,057), sulfat tong s6 (0,87%), 3,6 anhydro galactoza (49,8%), agarose (79%),
nito (0,03%), canxi (150 ppm), chdt khéng tan (0,14%) va khd ndng hoa tan déu
tang mét cach ddang ké.

THE STUDY ON PRODUCTION OF HIGH QUALITY AGAR FROM
GRACILARIA HETEROCLADA BY ION-EXCHANGE
CHROMATOGRAPHY METHOD

Le Dinh Hung, Ngo Quoc Buu, Huynh Quang Nang, Bui Minh Ly
Institute of Materials Science, Nha Trang Branch

ABSTRACT Gracilaria heteroclada, which has been cultured widely in Vietnam, has a
potential of high quality agar production. However, the genus Gracilaria in
Vietnam (included Gracilaria heteroclada) was found to be rich in sulfate
group and divalent metal ions (which can cause the decrease of agar quality)
than in Gracilaria in other countries of the world.

Purification procedure of agar extract from Glacilaria heteroclada included:
firstly, algal treatment by alkali; removing of divalent metal ions (using cation
Na™ exchange column), the color agents (using anion Cl exchange column) and
converting from L-Galactosa - 6 - Sulfate to 3,6 anhydro - L - galactoza (using
anion OH exchange column).
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Experimental data indicated that by this purification process, it is enabled to
obtain agar product with the increased characters such as gel strength (1.100
g/ cm?), solution transparency (0.057), total sulfate (0.87%), 3,6 anhydro
galactoza (49.8%), agarose (79%), nitrogen (0.03%), calcium (150 ppm),
insoluble substances (0.14%) and solubility.

I. GIOI THIEU

Hién nay hang nam trén thé gidi
khai thac va san xuat khodng 1 triéu
tdn cdc loai rong chia agar va ché& bién
khoang 200.000 tdn agar cédc loai.
Trong d6 28% san lugng danh cho cong
nghé sinh hoc, 14% cong nghé dugc
pham va 58% con lai dugc st dung
trong cong nghé thuc phidm va cac
nganh cong nghiép khac (Algorythme,
FAO, 1997).

Nguyén liéu ché& bién agar trén
thé giéi chi yé&u la cac loai rong
Gracilaria (chiém 60% san lugng
nguyén liéu), Gelidium (30%) va 10%
thudc cac chi Gelidiella, Pterocladia
(Ohno, 1997).

Tuy theo chat lugng ciia nguyén
liéu ché& bién agar ma cdc thong so clia
qui trinh céng nghé c6 khac nhau it
nhiéu, nhung nhin chung cé hai phuong
phap chiét rat chinh:

- Db6i v6i nguyén liéu c6 chat
lugng agar nhu  Gelidium,
Gelidiella, Pterocladia khong can cong
doan x{ 1y rong biang kiém truéc khi
chiét.

cao

- P6i v6i nguyén liéu c6 chat
lugng agar thap va ham lugng sulphat
cao nhu Gracilaria, dé nang cao chat
lugng agar can phdi xit 1y rong bang
kiém & nhiét d6 80 — 95°C, v6i ndong do
kiém 2 — 6%, muc dich dé chuyén L -
galactoza 6- sulphat thanh 3,6 anhydro

— galactoza (thanh phan chinh cta
agarose) (Murano, 1995).

- Cac loai Rong CAu Viét Nam cé
ham luong agar dao dong tu 26 -
47%tlk, nghia la tuong duong vé6i céc
loai rong agarophyte trén thé gi6i (Le
Dinh Hung et al., 2000), nhung stc
dong chi dat tir 140 — 160 g/cm?®, trong
khi gia tri d6 cia Rong Cau trén thé
gigi dat 300 — 400 g/cm? vi vay dé lam
tdng sdc dong cha agar, trong cOng
nghé can phai c6 giai doan x{ 1y rong
bing kiém truéc khi chiét hoic dung
cac tdac nhan héa hoc nhu etylen glycol,
cetylpyridinclorid, DMSO dé két taa
b6t thanh phin agaropectin, nho dé
lam ting thanh phan agarose. Nhiing
bién phdp cong nghé dé déu lam cho
hiéu suit thu hoi agar gidm ddang ké
(khodng 50%) (Lebbar, 1988).

Cong nghé ché bién agar tai Viét
Nam vé co ban khong khédc véi quy
trinh san xudt agar cua thé& gigi. Tuy
nhién do dic tinh nguyén liéu rong dau
vao c6 chat lugng thap, trong quy trinh
san xudt agar tit Rong Cau ¢ Viét Nam
con nhiéu van dé chua dugc gidi quyét
mot cach tron ven. Hon thé nita, cic co
s6 san xudt ¢ nudc ta trong quy trinh
ché& bién agar cho dén nay van con st
dung axit boric - mot héa chat tur lau
da bi cAm st dung trong cong nghiép
thuc phdm - d€ cdi thién sic dong clia
agar. Vi vay cac loai sdn ph4&m agar
hién dugc san xuat tai Viéet Nam khong
dat cac tinh chat ctia mot agar nguyén
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chat va rdat khé tiéu thu ngoai thi
truong bdi stic dong va do tan khong
cao va khong thé dap Gng yéu cau st
dung trong cdc lidnh vuc khoa hoc doi
héi chat lugng cao va ngay cad trong
thuc phdm.

Vi vdy muc tiéu cha van dé
nghién ctu dat ra la tim mot gidi phap
cong nghé san xudt agar chat lugng
cao, ddp dng dugc nhing doi héi cia
khoa hoc — cong nghé va khong téng
trong gid thanh san phdm & Viét Nam.

II. POI TUGNG VA PHUONG PHAP
1. Vat liéu

Rong Gracilaria heteroclada, thu
mau thang 08/2001, tai song Cau - Phua
Yén.

Nhua cation axit manh Amberlite
IR - 120 (Na%); anion baz¢ manh
Amberlite IRA - 402 (Cl, OH). Chiéu
cao cdt 100 cm; duong kinh trong cta
cot 3 cm; mbi cot chira 0,5 lit nhua, duy
tri nhiét do & céc cot tiu 55 — 80°C biang
thermostat.

2. Phuong phap chiét

Rong dugc loai bé tap chat, ria
sach bing nudéc ngot, phoi khd, bao
quan dé chiét agar.

Agar ty nhién:

0,5 kg rong kho, ngdm truong, xi
ly v6i HCl 10°N &
trong vong 2 gio; ria sach rong, xu ly
v4i dém axétat/axétic § nhiét d6 phong
khodng 30 phit; ria sach rong vé pH
trung tinh va tién hanh chiét ¢ nhiét
do 95°C - 102°C khoédng 1,40 h trong
autoclave véi p = 1,2atm, loc tho qua

nhiét d6 phong

tai vai, sau d6 loc tinh vé6i chat trg loc
diatomite, dich loc dugc bom qua cac

cot nhua trao ddi ion dang Na*, Cl" va
OH bing bom nén véi téc do tir 80 —
120 ml dich/phit. Thu dich agar dé tao
gel, cho lanh déng ¢ nhiét do -10°C
thoi gian 48 h, x4 d4, ép rdo sgi agar
va sdy kho.

Agar xit ly kiém:

0,5 kg rong kho duge xi 1y kiém
NaOH 6§ nhiét 4o 90 + 2°C trong thoi
gian 1gig; rda sach rong, xt ly véi HCI
10°N ¢ nhiét d6 phong trong vong 2
gio; rua sach rong, xi ly vdi dém
axétat/axétic § nhiét do phong khoang
30 phat; rira sach rong vé pH trung
tinh va tién hanh chiét ¢ nhiét dp 95°C
- 102°C khoang 1h40’ trong autoclave
v6i p = 1,2atm, loc thé qua tdi vai, sau
dé loc tinh véi chat trg loc diatomite,
dich loc duge cho chay qua cdc c6t nhua
trao déi ion dang Na*, Cl" va OH bing
bom nén véi toc do tu 80 — 120 ml
dich/phit. Thu dich agar dé tao gel, cho
lanh d6ng ¢ nhiét do -10°C thoi gian
48h, x4 d4, ép rdo sgi agar va siy kho.

3. Cac phuong phap xac dinh dinh
lugng

X4c dinh dudng tong s6, 3 - 6
anhydro galactoza va sunfat nhu da mo
td trong bai bdo truéec d6 (Le Dinh
Hung et al., 2000). X4ac dinh agarose va
agaropectin bing cich cho dich agar
0,1% chay qua cot DEAE - sephadex A
-50 (CL) (Whyte, 1981). Xac dinh trong
luong phan td trung binh (Martinsen et
al., 1991). X4c dinh nhiét d6 dong va
nhiét d6 tan cua agar (Craigie, 1978).

III. KET QUA VA THAO LUAN

CA4u tric co ban cua phan ti agar
12 mot dime gom mot B-D-galactoza va
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mét 3,6-anhydro-a-L-galactoza goi la
agarobiose (thanh phan cht yéu cta
agarose) (hinh 1A) hodc mot B-D-
galactoza va moOt 6-sunphat o-L-
galactoza goi la tién t6 agarobiose
(thanh phin chd yé&u cia agaropectin)

—  OH
CH;OR, (A)

OH

(

B o
© ~N
CH,0S05 o
0 R,0
OH o n

(hinh 1B). C4dc monome nay dugc noi
v6i nhau qua lién két glicozit (1— 4),
trong khi cdc dime dugc lién két véi
nhau bing cdu néi (1—-3) (Duckworth,
1971).

OR; n
0 —

Hinh 1: (A) Agarobiose: O-p-D-galactopyranosyl-(1—-4)
-0-3,6-anhydro-o-L-galactopyranosyl-(1—3)

(B) Tién t& agarobiose: O-p-D-galactopyranosyl-(1—-4)

-6-O-sulfate-a-L-galactopyranosyl-(1-3). R;, Ry: H, CH;

Phuong phdp quang phdé hong
ngoai la phuong phdap thuan lgi dé
danh gia ti 1& nong do so bd cla sunfat
tong s0, 3,6 - anhydro - L - galactoza, 4
- sunfat - D - galactoza trén dudng tong
s0 trong agar. Phd hong ngoai cliia agar
tt Gracilaria thu dugc cho thay cé su
hap thu manh & 930 cm™ dac trung cho

3,6- anhydro - L - galactoza, su hdp thu
yéu ¢ 1.250 cm™ dic trung cho sunfat
téng s6, su hdp thu ¢ 845 cm™’ dic
trung cho 4 -sunfat - D - galactoza va &
2.920 cm™ dac trung cho dudng tong s6
(Lahaye, 1986; Lahaye, 1988; Rochas,
1986).

Bédng 1: Tilé doé hap thu héng ngoai ciia 3,6-anhydro-L- galactoza (3,6 - AG),
sunfat tong s6 va 4 - sunfat - D - galactoza trén duong tong sé cia
nhiing miu agar ti G. heteroclada

Miu |3,6 - AG/Pudng tong sé | Sunfat tdng s6/Pudng tong sd 4 - sunfat — D - galactoza/
(930 / 2920) (1250/2920) Pudng téng s (845/2920)
Agar 1 1,39 0,59 0,047
Agar 2 1,73 0,34 0,046
Agar 3 1,86 0,26 0,047
Agar 4 3,5 0,21 0,046
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Béng 2: Thanh phan héa hoc va tinh chat vat 1y

cuia agar trudc va sau khi chay qua cot trao ddi ion (% agar kho)

STT Chi tiéu chit lugng agar Agar 1 | Agar 2 | Agar 3 | Agar 4 Agar VN

1 | Ham lugng agar trong rong, % 36 - 38% -

2 Hiéu suat thu hoi, %tlrk - 19 — 21 - 12- 13% -

3 Pudng téng s6 90,2 92,7 96,2 98,3 84,7

4 D, L - galactoza 56,2 53,2 50,1 48,5 53,7

5 B,6—anhydro-L—galactoza (3,6-AG) 34 39,5 46,1 49,8 31

6 Agarose (AG) 46 52 69 79 42

7 Agaropectin (AP) 44 38 27 19 41

8 Sunfat téng s6 5,47 3,75 1,9 0,87 3,55

9 Tro 4 3,3 3,2 24 3,2

10 Nito tdng s6 0,5 0,15 0,05 0,03 0,85

11 Stic dong, g/cm® 270 380-400 750 1100 380-420

12 | Chat khéng tan trong nuéc néng 0,33 0,18 0,34 0,14 5,5

13 Canxi, mg/g 4,3 0,4 2,9 0,15 5,7

14 Nhiét do dong, °C 38,56 +0,5|38,5 £ 0,5/38,5 + 0,5|38,5 £ 0,5 > 50

15 Nhiét do tan, °C 91+ 0,5 | 91+0,5 | 91+ 0,5 | 91+ 0,5 95

16 b6 trong quang hoc, O.D. 0,099 0,067 0,098 0,057 -

17 Kh& nang tan cia agar Khong |[Tan hoan| Khoéng |Tan hoan| Khong tan

trong nudc noéng tan hét | toan sau | tan h&t {toan sau 5 hét sau 30

saub |2-5phat| saub phut phut
phat phat

18 | Trong lugng phén ti trung binh 144.000 | 144.000 | 243.000 | 243.000 -

Ky hiéu: Cho bang 1 va 2

- Agar 1: Agar tu nhién trudc khi qua cot.
- Agar 2: Agar tu nhién sau khi qua c6t Na* — ClI" - OH".

- Agar 3: Agar chi x{1 1y kiém.

- Agar 4: Agar xt 1y kiém va qua cot Na* - ClI' - OH".
- AgarVN: Agar luu hanh ngoai thi truong hién nay.

Tu bang 1 cho thay, ti 16 do hap
thu hdéng ngoai tuong ddi ctia sunfat
tong s6 trén duong téng so (1250/2920)
cao nhat trong agar tu nhién (agar 1)
(0,59) va nhin chung da gidm trong
mau agar 4 (0,21). Trong khi dé, ti 1&

tuong d6i cia 3,6 - anhydro L -
galactoza trén  dudng tdng SO

(930/2920) dat cao nhat ¢ mau agar 4

(3,5) va thap nhat trong mau agar 1
(1,39). Nghia 1a su ép dich chiét agar
qua nhua trao déi ion dang OH déu cé
thé chuyén L - galactoza - 6 - sunfat
thanh dang 3,6 - anhydro - L -
galactoza, két qua 1a kha ning tao gel
cua agar ting lén. Trai lai ti 1&é do hap
thu hong ngoai tuong do6i ctia 4 - sunfat
- D - galactoza trén duong tong so
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(845/2920) gan nhu khéng c6 su thay
dSi 6 cac mAu agar, béi vi nhém sunfat
gén & vi tri C; va Cg ciia vong D -
galactoza bén véi kiém va nhua trao
d6i anion OH (Murano, 1995).

Két qua ¢ bang 2 cho thay, dich
chiét agar truéc va sau khi chay qua
cot trao d6i cation dang Na®, ham
lugng canxi da gidm tu 4,3 mg/g xudng
0,4mg/g (agar 1 va agar 2) va tu 2,9
mg/g xudng 0,15mg/g (agar 3 va agar 4)
so v6i agar VN 5,7mg/g. Ion canxi lién
két v6i cdc goc sunfat tao thanh ciu
hinh 16ng va lam cho kha n#ng tan cta
agar kém, ngugce lai ion natri thay thé
vao dan dén kha ning tan cta agar cao
(3 - 5 phat) va dap ung duge nhiing yéu
cAu nudi cdy vi sinh va nudi cdy md so
v6i agar VN (> 30 phuat).

C,H,CO0H HOOCH402

iy Pvil

CHs CH,COOR

ROOCH4C2

iefsPvl

Dich agar truéc va sau khi chay
qua cot trao ddi anion dang Cl, mat do
quang (OD) da gidam tu 0,099 xudng
0,067 (agar 1 va agar 2) va tu 0,098
xuéng 0,057 (agar 3 va agar 4). Sic t6
trong Rong Cau chi y&u la phycobilin
chira 4 vong pyrol va néi véi nhau béi
cdc cAu ndi metylen, phycobilin lién
két v6i protit bang lién két peptit va
khong chita ion Mg®* hay ion nao khic.
Trong céng nghé hién nay ¢ Viét Nam
dé loai bé sic té trong rong ciing nhu
dich chiét agar nguoi ta dung tdc nhan
héa hoc dé tdy trang (Hy;0,, NaOCl],
NaHSOs...), diéu nay lam gidm ddng ké
chat lugng cua agar (stc dong va trong
lugng phan t&) cing nhu khé loai bd
hoan toan tdc nhan tdy tréng con lai.

CHs

+2 R*CI
HO
CaHs

+ 2HCI
OH

Hinh 2: Co ché trao ddi giita sic té (phycobilin) trong dich agar va nhua anion

Ngoai phdn Ung hap thu mau,
nhua anion dang Cl" con hdp thu mot
s6 tap chat hitu co mang dién tich (axit
axit béo.c6 trong dich chiét
agar), diéu nay thé hién ¢ ham lugng

amin,

nito téng sé va ham lugng chat khong
tan trong nudc néng gitta agar khong
chay qua cot va cho chay qua cot trao
d6éi ion (bang 2). Ham luong chat
khong tan cua mau agar 2 va agar 4

—
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(0,18 va 0,14%) thap hon nhiéu so véi
tiéu chudn agar (Merck) (ham lugng
chdt khong tan < 0,5%), agar VN
(5,5%) va day cing la chi tiéu quan
trong d€ danh gia do6 tinh khiét héa
hoc ctia agar duge st dung trong cong
nghé vi sinh va nudi cdy mo.

Dich chiét agar trudc va sau chay
qua cot trao d6i anion OH', ham lugng
3,6 anhydro —L — galactoza tang 1én tu
34 dén 39,5% (agar 1 va agar 2) va ti
46,1 dén 49,8% (agar 3 va agar 4), diéu
nay c6 thé khing dinh ring, mic du xui
Iy rong biang kiém, kh3 ning chuyén
héa L - galactoza — 6 — sunfat thanh
3,6 anhydro L - galactoza vAn khong
hoan toan so v6i xit ly dich chiét agar
v6i nhua trao d6i anion dang OH’, do
dong hoc clia phan tng trao d6i ion
trén cot xdy ra cham hon va khong
cudng buc, agar lic nay & pha léng so
v6i xtt ly rong bang kiém thi agar §
pha ran.

Hon nita, 4o tinh khiét ctia agar
con dugc danh gia qua chi tiéu ham
lugng dudng tong s6, agar 4 (98,3%) cao
hon nhiéu so véi agar VN (84,7%). Mat
khac, khong ¢6 su gidm trong lugng
phén t cha agar truGe va sau khi chay
qua cac cot trao d6i ion.

Stc déng va nhiét d6 dong caa
agar la hai chi tiéu co ban cua mot
mau agar cho nudi cdy vi sinh va nudi
cdy moé (= 800 g/cm? 38 45°C)
(Murano, 1992). D6i v6i agar ti rong
Gracilaria heteroclada (Song CAau, Phu
Yén) miu agar 4 dat tiéu chudn dé san
xuat agar chat lugng cao cho cdc linh
vuc nudi cdy vi sinh (1.100 g/em?
38,5°C) hon so v6i agar tu
Gracilaria  spp. cta DPai Loan,
Philippin va Thédi Lan, sidc dong (660
g/em?, 622 g/cm? va 716 g/cm?) (Orosco,
1992).

cao

Bdng 3: Ma tran hé sé tuong quan (r) cia ciac tham sé héa hoc - vatly caa agar

Puong i Galactoza i 3,6 -AG AG AP iSunfati Tro Nito | Stc dong
Puong 1
Galactoza { - 0,997 1
3,6 - AG : 0,999 - 0,999 1
AG 0,991 - 0,980 0,985 1
AP - 0,988 0,975 - 0,981 {-0,999 1
Sunfat §-0,997 0,999 -0,999 i-0,980: 0,975 1
Tro - 0,938 0,935 -0,938 i-0,915: 0,913 {0,939 1
Nito - 0,895 0,925 -0,913 {-0,832¢ 0,819 {0,924} 0,869 1
Stc déong i 0,979 -0,962 0,970 0,992 i -0,994 - 0,963} - 0,937 i- 0,796 1

Bang 3 trinh bay két quid danh
gid mdi tuong quan va do tin ciy cua
s6 liéu phan tich bing phuong phéap

phan tich hé s6 tuong quan (phan mém
ANOVA). Véi p = 0,95 va f = m - 2, gid
tri hé s6 tuong quan gidi han rg, (p, f)
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tra theo bang = 0,95 (Doerffel, 1983).
D& c6 su tuong quan gitta hai bién thi
gia tri r tinh dugc phai la: |r| > rg (p,
f). Cac hé s6 tuong quan cao giia 3,6 -
AG va AG (0,985), 3,6 — AG véi do bén
gel (0,97) cing nhu gitta AG va do6 bén
gel (0,99) 12 mdi quan hé thuan chiéu;
trong khi cdc hé sé tuong quan giita AP
véi 3,6 -AG (-0,98), AP véi AG (-0,99)
va AP véi d0 bén gel (-0,99) va sunfat
véi AG (-0,98) 1a méi quan hé nghich.
M6i quan hé thuan nghich nay phu
hop v6i quy ludt tuong quan da dugce
biét trudec (Cote, 1986). Hé so tuong
quan nghich gitta sunphat véi do bén
gel 12 nét dién hinh cta cdc loai
agarophyt (Hurtado Ponce, 1994;
Macchiavello, 1999). Hé s6 tuong quan
gitta ham lugng tro va nito téng sd so
v6i ciac tham s6 khdac khong thé hién
ro rang.

Méi quan hé nghich chiéu giita
hiéu suat thu hdi véi 3,6 - AG va véi do
bén gel da chi ra rang dé c6 dugec ham
lugng 3,6-AG va do bén gel cao ching
ta phdi chdp nhan hiéu sudt thu hoi
agar thap.

Céc gid tri hé s6 tuong quan cta
c4ac tham s6 thuc nghiém thu dugc déu
16n hon gia tri giéi han (0,95), diéu dé
chiing té cdc s6 liéu phan tich c6 do

chinh x4c cao.
IV. KET LUAN

V6i két qua nghién ctu dat duge
bing phuong phdp xi ly rong bang
kiém va tiép theo véi nhitng nhua trao
déi ion khac nhau, c6 thé cho phép ché&
v6i d0 bén gel ting
(1.100g/cm?), d6 trong cta dung dich
agar (0,057), sunfat tong so6 (0,87%),

bién agar

3,6 anhydro galactoza (49,8%), agarose
(79%), nito (0,03%), tro (2,4%), canxi
(150ppm), chat khong tan (0,14%) ciing
nhu khd ning tan cua agar ting lén.
Phuong phap dung ky thuit trao
dé6i ion c6 thé gidi quyét mot cach tron
ven cdc van dé ma cong nghé san xuat
agar hién nay &6 nuéc ta con ton tai
nhu: d6 tan, mau sdc, do tinh khié&t
ciing nhu chat lugng agar va c6 thé dap
ting da yéu cau cho san xuat agar chat
lugng cao ti ngudén nguyén liéu Rong
Cau hién nay ¢ nué6c ta, d& phuc vu cho
cac linh vuc y hoc, duge hoc va cong
nghé vi sinh.
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