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SUMMARY

ANALYSIS OF EXTRACTION YIELD AND CARRAGEENAN CONTENT FROM THE
RED SEAWEED BETAPHYCUS GELATINUS OVER MONTHLY CYCLES
THROUGHOUT THE YEAR

This study investigated the monthly variation in carrageenan yield and chemical composition from the red
seaweed Betaphycus gelatinus collected in the coastal waters of Ninh Thuan, Vietnam, over a 12-month
period (March 2022 - February 2023). Carrageenan was extracted using a two-step hot water method, and
key chemical parameters-including galactose, 3,6-anhydrogalactose, uronic acid, and sulfate content-were
quantified using standard colorimetric and turbidimetric techniques. Results showed significant monthly
fluctuations in extraction yield, ranging from 25.34% (July) to 55.49% (August). August was also marked by
the highest galactose content (64.75%), while the lowest galactose level (13.78%) was observed in June. The
3,6-anhydrogalactose content peaked in April (30.70%), whereas uronic acid showed less seasonal
variability. Interestingly, sulfate content tended to increase in months with high extraction efficiency.
Correlation analysis indicated a strong positive relationship between galactose and 3,6-anhydrogalactose (r
= 0.72), and a significant negative correlation between uronic acid and total extraction yield (r = -0.71).
These findings highlighted the influence of seasonal and environmental factors on carrageenan biosynthesis
in B. gelatinus and suggested that harvesting during August might optimize both yield and carrageenan
quality for industrial application.

1. Pt van dé carrageenan [3]. Loai nay thudc ho
Solieriaceae, bo Gigartinales, sinh trudng
tdt tai cac vung ven bién nhiét déi va can
nhiét d6i & Pong Nam A nhu Philippines,
Indonesia, mién nam Trung Quéc va Viét
Nam [4,5]. Tai Viét Nam, B. gelatinus tap
trung chu yéu tai khu vuc ven bién tur
Quéang Ngii dén Ninh Thuan, noi ¢ cac
ran d4 va séong manh - diéu kién 1y tuong
cho su phat trién cua loai nay [6]. Tuy
nhién, chit lwong va thanh phan héa hoc
cua carrageenan khong phai lic nao cling

Carrageenan la mot polysaccharide chura
sulfate dugc chiét xuat chi yéu tir cac loai
rong do thudc nganh Rhodophyta. Vi
dac tinh tao gel, lam dac va on dinh,
carrageenan da tr¢ thanh nguyén li¢u
khong thé thiéu trong nhiéu linh vyc nhu
cong nghiép thyc pham, duoc phim va
m¥ pham [1,2]. Trong s6 cac loai rong d6
tao carrageenan, Betaphycus gelatinus
(truéc day goi la Eucheuma gelatinum)
dugc danh gia cao nhd chat luong
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6n dinh, ma co thé bi chi phdi boi nhiéu
yeu t0 sinh thai, trong d6 c6 thoi gian thu
hoach trong nam [7].

Nhiéu nghién ctru trude ddy da chi ra rang
diéu kién méi truong nhu nhiét do, anh
sang, do0 man va song bién c6 thé anh
huong dén toc do sinh truong, ty 1& tich
Ity polysaccharide va muc do sulfat hoa
cua carrageenan. Nhiing yéu t6 nay
thuong bién ddi theo mua, din dén su
thay d6i vé thanh phan héa hoc cia
carrageenan theo thoi gian. Cu thé, &
Hypnea musciformis va Kappaphycus
alvarezii, ham lugng carrageenan dat dinh
vao mia khd hoic mua xuan, khi diéu
kién 4nh sang va nhiét do thudn lgi, va
giam dang ké vao mua mua hodc mua hé
[8,9]. Khong chi téng ham luong
carrageenan thay doi, ma ty 1& giita cac
loai carrageenan nhu -, -, va A-
carrageenan ciing thay doi dang ké giira
cac thang [7,10]. O mét sé loai nhu
Gigartina pistillata va Chondracanthus
chamissoi, su thay d6i céu trac
carrageenan con lién quan dén chu ky
song va diéu kién dia 1y [7,11]. Do do,
viéc xdc dinh thoi diém thu hoach tot
khong nhing ndng cao niang suit
carrageenan ma con dam bao tinh chét 1y
héa mong muén trong tng dung cong
nghiép. Tuy nhién, tai Viét Nam, dir licu
vé sy bién dong thanh phan hoa hoc cua
carrageenan theo thang dbi voi loai B.
gelatinus van con chua duge cong bd.

Do d6, viéc tién hanh phan tich thanh
phan héa hoc ciia carrageenan thu nhén tir
rong B. gelatinus qua timg thang trong
nam 1a can thiét. Muc tiéu cta nghién ctru
nay 1a xac dinh murc d6 thay doi cac thong
s hoéa hoc quan trong nhu ham lugng
galactose, ham luong 3,6-
anhydrogalactose, ham Iugng sulfat trong
rong d6 theo mua vy. Nhimng thong tin
nay khong chi gitp toi uu hoa thoi diém
thu hoach nham nang cao chit luong san
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phim, ma con gop phan x@y dung co s
khoa hoc cho viéc phat trién chudi gia tri
carrageenan tai Vi¢t Nam.

2. Phwong phap nghién ctru, thuce
nghiém

2.1 Ho4 chit

Céac héa chat dugc st dung trong chiét
xuét va phan tich thanh phan héa hoc cta
carrageenan  bao  gém:  anthrone,
resorcinol, va acid trichloroacetic (TCA)
(Sigma-Aldrich, St. Louis, MO, My),
cling nhu acid sulfuric, acid hydrochloric,
natri sulfat, bari chloride, natri phosphat,
va kali ferricyanide (Merck, Darmstadt,
Duc), ethanol 96% (Viét Nam).

2.2. Thu miu rong va chiét tich
carrageenan

Mau rong: Mau rong B. gelatinus duoc
thu tai Xa Théi An, huyén Ninh Hai, tinh
Ninh Thuan, Viét Nam, trong thoi gian
mot ndm tir thang 3 nim 2022 dén thang 2
nim 2023. Vi tri thu mau rong nay thudc
ving duéi triéu dua theo phuong phap
cua English va cong su, (1997) c6 su
dung thiét bi lin sau scuba [12]. Rong do
sau khi thu dugc rira voi nuée dé loai bo
dat, cat va cac rong tap. Tién hanh phoi
kho tu nhién mau rong trong bong ram,
tranh 4nh nang tryc tiép cho dén khi khoi
lwong rong khong dbi.

Xtr Iy mau rong: 20 g rong bién kho duoc
ngdm trong 200 mL nuéc cat & nhiét do
phong trong 3 gio, tién hanh tuong tu nhu
trén trong ba lan. Sau d6, mau rong duoc
loai chit mau bang cach ngam trong 400
mL ethanol 96% trong vong 12 gid. Sau
khi xur ly, rong dugc lam kho, can va su
dung 1am nguyén liéu cho qué trinh chiét
polysaccharide.

Chiét carrageenan: Rong sau xir 1y dugc
chiét bang nudc véi ti 18 1:30 (W/V) &
nhiét d§ 105 °C va pH 7 trong vong 2 gio.
Dich chiét thu dugc loc qua vai thod, sau
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d6 ly tdm dé tach ba. Phan bi duoc sir
dung cho lan chiét tht hai. Dich chiét
duoc ¢ dic con 1/3 thé tich so voi ban
dau, sau d6 dugc bd sung ethanol 96%
v6i ti 18 gdp ba lan thé tich dé két tua
polysaccharide. Tién hanh ly tdm thu tia
carrageenan bang thiét bi ly tim téc do
cao Hermale Z446K (Pbuc) tai 7000 rpm,
15 phdt, 30 °C. Sau d6 tién hanh say kho
dén khdi luong khong dbi, can va tinh
hiéu suét [13].

2.3. Phan tich ham lwgng galactose
trong carrageenan

Ham lugng galactose trong carrageenan
dugc dinh lwong bang phuong phap so
mau su dung thudc thir anthrone, véi mot
s6 diéu chinh nho dya trén phuong phap
cia Yaphe (1960). Puong chuin duoc
thiét 1ap bang galactose: dung dich gbc
duoc chudn bi v6i ndng do6 1 mg/mL, sau
d6 tién hanh dyng duong chuan trong 1
mL dung dich véi cac thé tich 1a 0, 0,2,
0,4, va 0,6 mL dung dich gdc galactose
tuong g voi néng do 0, 0,067, 0,1333,
va 0,2 mg/mL galactose [14].

Dung dich thudc thir duoc chuan bi béng
cach hoa tan 200 mg anthrone vao 100
mL acid sulfuric né)ng do 83,6% va bao
quan & 4°C cho dén khi sir dung.

Trong qué trinh phén tich, 1 mL dung
dich carrageenan c6 noéng do thich hop
dugc pha voi 10 mL thude thir anthrone
dugc chudn bi trong dng nghiém cé nip
vin kin. Mau dugc dun cach thuy &
100 °C trong 11 phut, sau do lam lanh
nhanh bang d4 lanh. D6 hip thu cia dung
dich phan ung duoc do tai budc song A =

630 nm bang thiét bi UV-1800,
Shimadzu, Nhat Ban.
2.4. Phan tich ham lwgng 3,6-

anhydrogalactose trong carrageenan

Dung dich thube thtr duoc chuan bi bé‘mg
cach hoa tan 130 mg resorcinol vao 100
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mL ethanol tuyét ddi. Tir d6, 10 mL dung
dich nay dugc trén véi 100 mL acid
hydrochloric dam dac 12M dé tao thanh
dung dich phan ung. Hon hop nay dugc
chuan bj méi va bao quan trong chai thuy
tinh mau t6i nham tranh tac dong cua anh
séng.

Ham luong 3,6-anhydrogalactose trong
carrageenan dugc xac dinh dya trén
phuong phap cua Yaphe (1960) [14]. Cu
thé, 2 mL dung dich carrageenan duogc
phéi tron v6i 10 mL thude thir resorcinol
(chuan bi ngay trudc khi dung). Sau do6
lam lanh trén d4 trong 5 phat. Hon hop
dugc gia nhiét & 80°C trong 10 phut roi
lam lanh nhanh b?mg da. Bbo hép thu cua
dung dich phan ung dugc do tai budc
s6ng A = 500 nm bang thiét bi UV-1800,
Shimadzu, Nhat Ban.

2.5. Phan tich ham lwgng uronic acid
trong carrageenan

Ham lugng uronic acid dugc xac dinh
theo phuong phap carbazole do Bitter va
Muir (1962) d& xuat, st dung acid D-
glucuronic dé thiét 1ap dudng chuan [15].

Mau phan tich (250 pL) duoc cho vao éng
nghi¢m, sau d6 thém 1,5 mL dung dich A
- 1a hon hop NaBH, 0,9% pha trong acid
sulfuric 98%. Phan rng duoc thyc hién &
100 °C trong vong 10 phdt, rdi lam lanh
nhanh trong nudc da. Tiép theo, bd sung
50 puL dung dich B (carbazole 0,1% trong
ethanol tuyét ddi), lac déu va tiép tuc dun
0 100 °C thém 15 phat. Sau khi phan ung
két thiic va hdn hop dugc 1am ngudi vé
nhiét d6 phong, tién hanh do hip thy tai
budc séng A =525 nm.

2.6. Phan tich ham lwgng sulfat trong
carrageenan

Ham luong sulfat trong carrageenan dugc
x4c dinh bang phuong phap do do duc
theo huéng dan cia Jackson va
McCandless (1978) [16]. Hon hop
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barium-agarose duoc chuan bi bang cach
ket hop agarose 0,02% voi BaCl, 0,5%.
Db6i voi mdi miu phén tich, 1 mL dung
dich carrageenan duogc tron véi 1,2 mL
trichloroacetic acid (TCA) 8%, sau d6 bd
sung 600 pL hdén hop barium-agarose.
Hdn hop duoc lic déu va dé yén ¢ nhiét
do phong trong 30 phut. Sau thoi gian
phan g, do duc cua mau duoc do tai
budc song A = 500 nm. Sodium sulfate
duoc dung 1am chit chuén.

3. Két qua va théio ludn

3.1. Hiéu suiat chiét carrageenan tir
rong B. gelatinus theo cac thang trong
nam
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Hinh 1. Hiéu sudt chiét carrageenan tir rong B.
gelatinus theo cdc thdng trong nam, phén tich
ANOVA voi muec y nghia twong ung a, b, c, ...

P<0,05

Hinh 1, cho thay dit liéu theo di trong 12
thang c6 sy bién dong dang ké vé hiéu
suat chiét carrageenan tir rong B.
gelatinus. Hiéu suat chiét dao dong tur
25,34% (thdp nhat) vao thang 7 dén
55,49% cao nhit vao thang 8. Két qua
phan tich phuong sai mot yéu tb
(ANOVA) cho thidy hiéu sudt chiét
carrageenan cO su sai khac c6 ¥ nghia
thong ké theo thang (P < 0,05). Phép thir
hau nghiém Tukey HSD phan cac thang
thanh nhiéu nhom khac biét. Trong do,
Thang 8 - 2022 c6 hiéu suét chiét trung
binh cao nhit va khac biét 1o rét so véi
cac thang con lai, cho thay day co thé 1a
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thoi diém t6i uu cho qua trinh thu hoach
va chiét xuit. Nhu vdy ham luong
carrageenan tir rong B. gelatinus co thé
dat t6i 55% vao thang 8 - thoi diém giao
thoa & cudi mua khé va dau mua mua co
thé 1a diéu kién thuan loi cho sy phat trién
cia rong. Két qua nay tuong dong vai
nghién ctru cia Mouradi (2008) va Suresh
(2014), ham luong carrageenan dat cao
nhat vao thang 8 cua rong do
Kappaphycus alvarezii, Hypnea
musciformis nam trong khoang tir 42,70
dén 63,73% [8,9]. Picu nay dinh hudng
cho vi€c khai thac nguyén liéu hiéu qua.

Két qua hiéu suat chiét carrageenan tir
rong B. gelatinus trong nghién ciru nay
tuong duong hodc 16n hon mot sé nghién
ctru trude day. Chang han nhu, Marinho-
Soriano va cong su (2006) di cong bd
hiéu suét chiét tir K. alvarezii dao dong tir
30 - 50% khdi lwong kho tiy thudc vao
mua thu hoach va diéu kién moi truong
[17]. Tuong tu, nghién ciru cua Truus va
cong su (2006) ghi nhan hiéu sudt chiét
carrageenan tir mot sb loai rong do thudc
ho Gigartinaceae dat tir 40 - 60%, dac biét
cao khi thu hoach trong thoi diém rong
phat trién manh [18].

3.2. Két qua thanh ph?ln'héa hoc cua
carrageenan theo thiang doi véi rong B.
gelatinus

Thanh phan héa hoc cuia carrageenan theo
thang doi vdoi rong B. gelatinus dua ra
trong bang 1.

Ciing tuong tu vé thanh phan héa hoc, dit
liéu theo ddi trong 12 thang c6 su bién
dong dang ké (Bang 1). Ham luong
galactose bién thién manh, tir muc thép
nhat 13 13,77% (thang 6) dén cao nhit 1a
64,75% (thang 8), cho thay thang 8 khong
chi dat hiéu suat chiét cao ma con thu
dugc luong galactose 16n nhat. Ham
luong 3,6-anhydrogalactose cao nhit vao
thang 4 (30,69%) va thip nhét ¢ thang 6
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(12,16%). Su bién thién manh cia ham
lwong galatose c6 thé phu thudc vao ham
luong 3,6-anhydrogalactose (thang 6), cac
nghién ctru vé cdu tric clia carrageenan tir
rong B. gelatinus chi ra rang: hdn hop
gitra R-carrageenan va x -carrageenan la
thanh phén chu yéu, va la cac don vi lién
két giita galatose va 3,6-anhydrogalactose
[3]. Trong khi ham lugng uronic acid dao
dong twong ddi hep, tir 17,57% dén
28,32%. Do d6, thanh phan hoa hoc cua
carrageenan tr rong B. gelatinus khong
cho thay sy thay doi theo cac thang/mua
10 rét.
Bang 1. Két qua thdnﬁphdn hoa hoc cua

carrageenan theo thang doi voi rong B. gelatinus

Ham

Ham lwgng Ham Ham

. lwgng 3,6- lwgng | lwong

Thang galactose | anhydro- | uronic S0,%2
(%) galactose | acid (%) (%)

(%)

T1 42,37+ 26,32+ 21,89+ 10,88+
0,17 0,16 0,37 0,35

T2 33,08t 22,02+ 26,09+ | 10,82+
0,15 0,18 0,31 0,14

T3 41,0+ 22,91+ 26,29+ | 10,74+
0,33 0,19 0,33 0,18

T4 60,61+ 30,69+ 28,32+ | 10,90+
0,28 0,16 0,17 0,14

TS 46,85+ 27,64+ 22,02+ | 11,20+
0,16 0,18 0,17 0,17

T6 13,77+ 12,16+ 17,57+ | 11,27+
0,18 0,15 0,17 0,34

T7 43,63+ 21,97+ 26,59+ | 10,74+
0,17 0,09 0,17 0,19

T8 64,75+ 22,21+ 24,0+ 10,84+
0,32 0,15 0,08 0,19

T9 51,77+ 30,57+ 21,29+ | 10,64+
0,16 0,15 0,15 0,37

T10 59,07+ 24,62+ 20,74+ | 11,22+
0,16 0,25 0,15 0,18

31,83+ 21,13+ 10,97+

T11 0.34 0,39 21,45+0,04 0.16
T1p | 3614t | 2413 | 2158+ 10,72«
0,28 0,19 0,16 0,18
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So sanh véi cac nghién ctru trudce, Freile-
Pelegrin va Robledo (2008) cho thdy
Kappaphycus alvarezii thu hoach ¢ vung
bién Mexico c6 ham luong galactose dao
dong tir 45 - 65%, tuy vao diéu kién moi
treong va ky thuat canh tac [19], tuong
duong véi thang 8 trong nghién clru nay.
Trong khi d6, dir liéu cua Pereira va
Mesquita (2004) ciing cho thdy 3,6-
anhydrogalactose dao dong trong khoang
20 - 35% trong céc loai Gigartina va
Chondrus [20], twong ddng voi khoang
gia tri cia B. gelatinus nghién ctru. Poi
V01 uronic acid, cac nghién ctu thuong
khong tip trung nhiéu vao chi sd nay
trong carrageenan, nhung mot vai cong
trinh da chi ra rang ham luong uronic acid
o rong d6 khong dao dong lon theo mua
[21], diéu nay phu hop voi két qua thé
hién trong nghién ctu nay. Nhu vay, su
on dinh twong d6i cua cac thanh phan héa
hoc nay qua cac coéng bd trude va cac
thang trong ndm cho thay B. gelatinus la
nguén nguyén ligu tiém nang, co Chat
luong on dinh quanh nim - mot yéu t6
quan trong cho img dung cong nghiép.

bang cht y, ham lugng sulfat (SO427) ¢o
xu huéng ting trong thang cé hidu suét
chiét cao (vi du thang 6 dat trén 11,2%).
Két qua nay c6 kha ning lién quan dén
muc d6 sulfat hoa phu thudc vao tirng thoi
diém trong nam. Nghién clu cia
Rajasulochana va cong su (2006) st dung
phé hong ngoai (FTIR) dé phan tich
carrageenan tir Hypnea flagelliformis va
Sarconema filiforme, cho thiy cudng do
hap thu cta cac nhom chuc lién quan dén
sulfat manh hon vao mua h¢ so véi mua
dong [22], phan anh sy gia ting ham
luong sulfat trong carrageenan vao mua
hé (thang 6 - trong nghién ctru nay).

Qua ket qua phan tich, thang 8 la thoi
diém ndi bat v6i ca hiéu suat chiét va ham
luong galactose cao vuot troi. Mat khéc,
thang 6 cho thdy hiéu suit chiét cao
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nhung ham luong thanh phan carrageenan
khong dong déu, dic biét 1 galactose thap
va sulfat cao. Vi vdy, can dugc xem xét
ky hon vé dic tinh sinh hoc ctia nguyén
liéu trong giai doan nay.

3.3. Phan tich sw twong qua giira hi¢u
suét chiét va thanh phan hda hoc ciaa
rong B. gelatinus

Ma trin twong quan giira hiéu suit chiét va thanh phan héa h

Hiéu suit chiét (L1) . ; : 0.39 033

Hiéu suat chiét (L1+L2)

Galatose
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Hiéu sudt chiét (L1)
3,6-Anhydrogalactose

Hi¢u suat chiét (L1+L2)

Hinh 2. Phdn tich si twong quan giita hiéu sudt
chiét va thanh phan héa hoc ciia rong B.
gelatinus, ma trdn truong quan Pearson duoc xir
ly bang SPSS 27.0.1.0

Két qua ¢ hinh 2 cho thay: Galactose va
3,6-anhydrogalactose tuong quan duong
cao (r = 0,72), diéu nay hop 1y do ca hai
déu 1a thanh phan cau tao chinh trong céu
trac cua carrageenan. Uronic acid co
twong quan &m cao v6i hiéu suét chiét
téng (r = -0,71), két qua nay co thé hiéu
rang khi ham luong uronic acid tang, hiéu
sut chiét tong lai giam. Diéu nay co thé
phan anh mdi quan hé nghich vé kha ning
hoa tan, khi ham lugng uronic acid tang
da can tro6 kha nang hoa tan cua
carrageenan nén dan t&i hiéu suét chiét
tong giam. Hiéu sudt chiét va Galactose,
hiéu suét chiét va SO,2 chi twong quan
yéu (L1: r = 0,30, L1: r = 0,33; tuong
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mg), cho thay cac yéu té nay khong phai
anh hudng dén hiéu suit chiét. Ngoai ra,
ham lugong galactose va SO,2” trong
nghién ctu nay thé hién twong quan am
yéu (r = —0,20), két qua nay twong ty véi
nghién ctru cua Suresh va cong su (2014)
khi tim thdy mdi trong quan 4m giita tong
carbohydrate va SO,% (r=-0,471) trong
rong do K. alvarezii [8].

4. Két luén

Nghién ctru da ching minh rang hiéu suét
chiét va thanh phin héa hoc cua
carrageenan tur rong do Betaphycus
gelatinus thu tai ving bién Ninh Thuén ¢
su bién dong rd rét theo cac thang trong
nam. Thang 8 dugc xac dinh 1a thoi diém
t6i uu véi hiéu suat chiét va ham luong
galactose cao nhét, trong khi thang 6 tuy
6 hiéu suat chiét cao nhung lai cho ham
luong galactose thdp va ham luong sulfat
cao. Phan tich twong quan cho thay
galactose va 3,6-anhydrogalactose c6 mbi
lién hé chat ché, trong khi uronic acid ¢
tuong quan am véi hiéu suat chiét. Nhiing
két qua nay khong chi cung cdp co so
khoa hoc cho viéc Iua chon thoi diém thu
hoach phi hop nhidm t6i wu hoa hiéu suat
va chat luong carrageenan, ma con gop
phan vao dinh hudéng phat trién ngudn
nguyén lidu 6n dinh va bén viing phuc vu
cac nganh cong nghiép c6 Ung dung
carrageenan tai Vi¢t Nam.
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