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SUMMARY

UTILIZATION OF BROWN SEAWEED RESIDUES AFTER FUCOIDAN EXTRACTION
FOR THE PRODUCTION OF BIOFERTILIZERS

This study explored the valorization of by-products generated during fucoidan extraction from brown
seaweed for producing a liquid biofertilizer suitable for sustainable agriculture. The by-products included
solid residues and potassium-rich alkaline wastewater obtained after hydrochloric acid extraction and
ultrafiltration with a 100 kDa membrane. Chemical analyses showed that the wastewater contained
significant levels of potassium (18.07-21.45 g/L), proteins, free amino acids, magnesium, and zinc, while the
dried residue retained 26.3% alginate. A liquid biofertilizer was successfully formulated by alkaline
oxidative hydrolysis of the residue, followed by nutrient blending using the wastewater. The final product
demonstrated enhanced germination and early growth of Brassica juncea under laboratory conditions. This
work highlights an effective circular bioeconomy strategy by transforming brown seaweed processing waste
into a high-value agricultural input for organic and sustainable farming systems.

Keywords: Brown seaweed, Fucoidan by-products, Oligoalginate, Liquid biofertilizer, Sustainable.

1. PAT VAN PE nau con chira nhiéu phytohormone ti
nhién nhu abscisic acid (ABA) va
gibberellic acid (GA3) — nhitng hormone
diéu hoa sinh truong thuc vat [2]. Pic
biét, cac oligosaccharide cé khdi luong
phan tir thdp di dugc ching minh c6 tac
dung kich hoat mién dich thuc vat, tang
cudng stc dé khang v6i diéu kién bat loi
va thuc déy sinh truong [3].

Phén bon c6 ngudn gbe tir rong bién dang
ngay cang dugc quan tdm va ung dung
rong rai trong ndng nghiép hién dai, dac
biét tai cac qudc gia phat trién nhu Nam
Phi, Anh va New Zealand. Nhiing san
pham nay duoc ghi nhan c¢6 kha ning cai
thién cac dic tinh 1y — héa cua dat, bd
sung vi luong thiét yéu, tang hiéu qua hap
thy dinh dudng va tir d6 gop phan nang Tai Viét Nam, rong nau phén bd day dic
cao ning suit ciing nhu chét lugng nong ¢ khu vyuc ven bién mlen Trung, mang lai
san [1]. loi thé 16n vé ngudn nguyén lidu. Tuy
nhién, hién nay hoat dong khai thac rong
nau chu yéu phuc vu muc dich chiét xuat
fucoidan hodc xudt khdu thd. Cac phu
pham nhu ba rong va nuéc thai sau chiét
van chua dugc khai thac hop ly, du co
chita ham lugng cao cac chat hitu co,
mudi khoang va hop chét sinh hoc [3].

Trong cac loai rong bién, rong nau dugc
xem la ngudn nguyén liéu tiém ning nhd
ham lugng polysaccharide cao (fucoidan,
alginate, laminaran), cung voi cac dudng
chét thiét yéu nhu protein, khoang chét
(K, Ca, Mg, Fe, Zn, 1...), vitamin va rong
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Mot s6 nghién ciru trong nudc gan day da
cho thay tiém ning 16n trong viéc tai sir
dung cac dong phu phdm nay dé san xuat
phan bon sinh hoc. Viée st dung nudc
thai giau kali, protein, acid amin va ba
rong nau giau chat xo va khoang chat da
gitip cai thién ning sudt ¢ nhiéu loai cay
trong nhu ché, laa, dua chudt [4].

Phuong phap thuy phan hoa hoc ba rong
nau két hop voi nude thai giau hoat chat
tir qua trinh c6 dic dich fucoidan co thé
tao ra oligoalginate c6 khdi lugng phan tur
thép — mdt dang hoat chit c6 hoat tinh
sinh hoc cao, thich hgp lam phan bon sinh
hoc dang long. Day 1a hudng tiép can don
gian, hi¢u qua, c6 kha nang ung dung
rong rdi trong thyc tién.

Dac biét, viéc tan dung phu phém va nudc
thai tir cong nghiép rong bién khong chi
mang lai hiéu qua kinh té ma con gop
phén gidgm thiéu 6 nhiém, huéng t6i mo
hinh néng nghiép tuan hoan — sinh hoc —
bén viing , phu hop véi dinh huong chién
lugc phat trién nong nghiép hitu co tai
Viét Nam trong bdi canh hién nay. Vi
vay, trong nghién clru nay, ba thai rong
nau sau khi chiét fucoidan duogc st dung
lam nguyén liéu dé san xuat phan bén
sinh hoc dang long, nham tan dung hiéu
qua phu pham giau hoat chat, dong thot
gop phan phat trién dong san pham phan
bon than thién moi truong, hudng dén thi
truong nong nghiép hitu co va tuan hoan.

2. PHUONG PHAP NGHIEN CUU,
THU'C NGHIEM

2.1. Nguyén liéu va héa chit

Bi rong nau sau chiét fucoidan va nuéc
thai tor qué trinh c6 dac dich chiét duogc
cung cap bai Cong ty Fucoidan Viét Nam.
Nguyén liéu thu dugc tir quy trinh chiét
fucoidan bang acid HCI (pH ~2), sau do
co dac béng hé thong mang siéu loc 100
kDa [5]. Mau ba rong duoc say kho va
nghién min trude khi phan tich. Tat ca cac

85

hoa chat sir dung déu dat do tinh khiét
phan tich (PA).

2.2. Phén tich thanh phan nwéc thai

Nudc thai sau c¢6 dic bang mang 100 kDa
duoc thu hdi, loc so bd va phan tich cac
chi tiéu: ham lugng protein, kali (K, O),
magie (Mg?* ), kém (Zn?* ) va téng chét
hoa tan (TDS). Cac phan tich kim loai
dugc thuc hién theo phuong phap quang
phé hép thu nguyén tor (AAS) va theo
phuong phéap Kjeldahl (cho N tong sd).

2.3. Phén tich thanh phin héa hoc ciia
ba rong nau sau chiét fucoidan

- Miu ba dugc phan tich cac thanh phan
chinh bao gdm: d6 am, protein tong s,
ham luong tro va alginate.

-bo ém dugc xac dinh bang phuong phap
say dén khoi luong khong do6i ¢ 105°C
[6].

- Protein dugc xac dinh theo phuong phap
Kjeldahl [7].

- Ham lqung tro duoc xac dinh béng cach
nung mau ¢ 550°C [8]

- Alginate duoc chiét xuit theo phuong
phap kiém chuan héa (Na, CO; ) va xéac
dinh bang phuong phap can khdi luong
sau két tua v6i CaCl, [9].

2.4. Quy trinh diéu ché phan bén sinh
hoc dang léng

Quy trinh diéu ché phan bon sinh hoc
dang 16ng tir nude thai va ba thai cuia qua
trinh chiét xuat fucoidan duogc thé hién &
Hinh 1.

Bi rong nau sau khi chiét fucoidan duoc
phdi tron véi nude thai sau co dic theo ty
1¢ 1:10 (w/v), sau d6 bd sung 1,3% KOH
va 1,8% H,0, rdi tién hanh thuy phan &
nhiét d6 125°C trong 2,5 gid bang ndi
autoclave. Dung dich sau thiy phan dugc
lam nguoi, loc tach pha ran — long, phan
dich loc chua oligoalginate dugc trung
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hoa dén pH 7-8 bang HsPO,. Tlep theo,
hon hop khoang vi luong bao gom ure,
acid citric,c EDTA va cdc mudi nhu
ZnS0O,4, MgS0O,, MnSQO,, FeSO,, CuSO,,
Na-molypdat, acid boric... dugc bd sung
theo cong thirc dinh sin. Dung dich cudi
duoc khudy tron lién tuc trong 150 phit,
kiém tra pH va déng chai. San phém phan
bon dang long thu duge c6 thé str dung
truc tiép qua 14 hodc hoa vao dat trong
canh tac nong nghiép.

Ba rong nau sau
khi chiét Fucoidan

|

Néu chiét & 125°C
Thoi gian 2,5 gio

l

Lo¢ ———————— Chétkhéng tan

l

Nudée thdi cua quy
+— trinh ¢6 déc dich chiét
Fucoidan

KOH + H,0, —

——— PO,

m_

P]nn bon

Chuan b hoa chit bd
sung theo thir tu
chudi phan tmg

Hinh 1. Quy trinh diéu ché phén bon tir nudc thai
va bd rong trong qud trinh chiet fucodian
2.5. Thir nghiém hi¢éu qua phin bén

trong di€u kién phong thi nghiém

Phan bon sinh hoc dang long thu duoc tir
quy trinh thay phan va phdi tron néu trén
duogc sir dung dé danh gia anh huong dén
kha ning nay mam va sinh truéng ban
dau cua cdy cai be xanh (Brassica juncea)
trong diéu kién phong thi nghiém. Hai mo
hinh thir nghiém dugc thiét ké: (1) trén
mdi truong gidy tham da khir tring va (2)
trén mau dat thu tir khu vyc canh tac tai
ba Lat.

Hat giéng cai be xanh duogc xur ly so bd
bang cach ria qua nudc cit vo trung.
Trong md hinh gidy tham, dia Petri duoc
16t bang gidy loc da duc 15, thim déu voi
dung dich phan bon pha loang theo ty 1€
1:30 (v/v) gitta dich phan bon va nudc vo
trung. Sau d6, cac hat giéng dugc gieo
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tryc tiép 1én gidy da xur 1y va u trong diéu
kién nhiét @ va d6 am on dinh. Trén mo
hinh nay ti 1¢ nay dugc ghi nhan.

3. KET QUA VA THAO LUAN

3.1. Phén tich thanh phéin thanh phan
nudc thii sau qua trinh c6 dic bang
mang 100kDa

Trong quy trinh san xuét fucoidan tir rong
nau bang phuong phap hoa hoc, rong
duogc xur ly kiém nhe dé loai bo tap chat,
sau d6 chiét bang dung dich acid ycu két
hop gia nhiét. Dich chiét thu duoc tiép tuc
duge cd dic va tinh sach bang phuong
phap siéu loc st dung mang phan tir cat
100 kDa nham loai bo cic hop chit co
khéi luong phan tir nho, dong thoi thu
nhan fucoidan c6 trong lugng phan tir cao.
Bang 1. Két qud phdn tich thanh phan nuée thai
sau qud trinh c6 ddc bang mang 100kDa va thanh
phan hoa hoc cua ba rong ndau sau khi chiét

fucoidan

-I;:)t;laé\lr:lh Don vi tinh Ham luong
a) Nudc thai ciia qua trinh ¢ dic
K,O g/L 18,07 - 21,45
Protein mg/L 675 - 781
Mg?* g/L 0,85 - 1,10
Zn2* mg/L 4,20 - 5,40
Chéthoa g/L 54,50 - 64,70
tan tong so
b) Bi rong niu sau khi chiét fucoidan
Do 4m % khédi lwong kho 6,46
Protein % khdi lwong khd 1,9
Tro % khdi lwong khd 12,4
Alginate % khédi lwong kho 26,3

Qua trinh nay tao ra mdt lugng lon nudc
thai chira cac hop chét sinh hoc c6 gia tri
bi loai bo trong budc loc mang, bao gom
duong don, duong rugu (nhu mannitol),
protein, va khoang vi lugng (K, Mg, Zn,
v.v.). Day la nguén phu pham giau dinh
dudng, c6 thé tan dung dé san xuat phan
bon sinh hoc dang 1ong, gop phan nang
cao hiéu qua khai thac nguyén liéu rong
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nau va giam thiéu 6 nhiém méi truong.
Két qua phan tich thanh phan nudc thai
sau qua trinh ¢6 dic bang mang 100 kDa
duoc trinh bay trong Bang 1a.

Két qua phan tich ngudn nude thai nay
khéng chi giau kali — nguyén t6 thlet yéu
trong phan bén — ma con cung cap dam
hitu co (protein) va vi lugng (Mg, Zn) c6
kha nang tang cudng trao do6i chat va sic
dé khang cua ciy trong. Do do, tai st
dung nudc thai sau loc fucoidan lam
nguyen li¢u cho phén bon sinh hoc 1a mot
huéng tiép can hiéu qua va bén viing.

3.2. Két qua phan tich thanh phin
thanh phan ba thii rong nau sau khi
chiét xuat fucoidan

Bén canh nudc thai giau hoat chat, qua
trinh chiét xuat fucoidan tir rong nau bang
dung dich HCI ¢ pH ~2 con tao ra mot
luong 16n b thai rin. Pay 1a phan con lai
sau khi chiét xuat fucoidan - thanh phan
sulfat polysaccharide c6 hoat tinh sinh
hoc cao. Do su dung mdi truong acid
manh, ba thai thu dugc thuong c6 tinh
acid nhe dén trung binh, c6 thé anh huong
dén kha ning st dung truc tiép trong dat
va can dugc trung hoa hodc phéi tron phu
hop trude khi rng dung.

Tuy nhién, bd thai ndy van chtra ham
luwong dang ké alginate — mot loai acid
uronic ¢d ciu tric mach thing gdm cac
don vi lap lai cua mannuronate va
guluronate — chwa bi tach chiét trong quy
trinh acid. Ba thai cua qua trinh nay la
ngudn nguyén liéu quy dé san xuat
oligoalginate (OA) — hop chat cé trong
lwong phan tir thap véi vai tro chat kich
thich sinh truong va mién dich thuc vat.
Ngoai alginate, ba thai con chira mot
luong nho laminaran, cellulose, chit xo
thoé va khoang vi lugng nhu K, Ca, Mg,
Fe...

V&i myc tiéu phat trién phan bén sinh hoc
tr phu pham rong bién, viéc danh gia
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thanh phan héa hoc ciia bd rong nau sau
chiét fucoidan 1a can thiét. Trong d6, ham
luong alginate 1a chi tiéu quan trong hang
dau, quyét dinh kha ning tiép tuc khai
thac tao ra ché phém sinh hoc c6 gia tri.

Két qua Phén tich thanh phan bi rong niu
sau chiét fucoidan cho thiy mau c6 d6 4m
thip (6,46%), thuan loi cho bao quan va
xtr ly. Ham luong protein dat 1,9% khéi
lugng kho, phan anh gid tri dinh dudng
hitu co con lai (Bang 1b). Pang chu vy,
ham luong tro dat 12,4% va alginate &
mirc cao (26,3%) cho thay bi thai van
chta lugng déng ké cac hop chét khoang
va polysaccharide c6 hoat tinh sinh hoc,
dic biét 13 alginate - tién chat quan trong
dé san xuat oligoalginate (mg dung trong
phan bon sinh hoc [3]. Két qua nay khang
dinh tiém ning tai sitr dung ba rong nau
nhu mot nguyén liéu gia tri trong san xuat
phan bon sinh hoc than thién moi trudong.

3.3. Ung dung phu phﬁm sau chiét
fucoidan tir rong niu trong ché tao
phén bén sinh hgc dang léng

Tur nudce thai giau dinh dudng va ba rong
nau sau khi chiét xuat fucoidan, mot ché
phim phan bon sinh hoc dang long da
duoc diéu ché thanh coéng thong qua quy
trinh thily phan va phdi tron khoang don
gian. Cu thé, bi rong nau duoc thuy phan
bang KOH 1,3% va H, O, 1,8% &
125°C trong 2,5 gio, phéi hop voi nude
thai co dac tr quy trinh loc mang 100 kDa
theo ty 1€ 1:10. Dung dich sau thiy phéan
dugc trung hoa bang H; PO, vé pH 7-8
va bd sung hén hop khoang vi luong dé
hoan thién cong thirc phan bon.

San pham thu duoc 1a dang dung dich
déng nhét, c6 pH trung tinh (7,2-7,8), do
nhét thip va on dinh sau 30 ngdy bao
quéan & nhiét do thuong. Két qua phén tich
s0 bo cho thay ham luong uronic acid dat
1,8-2,5%, kali hiru hi¢u (K, O) dat 15-18
g/L, va tong nito hitu co dat 0,8-1,0 g/L.
Cac nguyén td vi lugng nhu Mg?* |, Zn?* |
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Fe3* van dugc giit lai & mirc thich hop
cho cay trong.

Ché pham phén bon dang 1ong nay co thé
stt dung truc tiép qua 14 hodc phdi tron
vao dat trong canh tac hitu co. Nho chira
oligosaccharide trong luong phén tir thap
va hé vi lugng can ddi, san phém o tiém
ning kich thich sinh trudéng va ting sirc dé
khang cho cay, dong thoi gop phan tai st
dung phu pham rong bién theo hudéng bén
vitng va kinh té tudn hoan.

3.3. Thir nghiém phan bén 14 trén cay
trén cay trong

Bdng 2. Ti Ié nay mam va sw phdt trién cia cdi

xanh khi s dung phdn bén dang dich trén mo
hinh dia petri va mé hinh dat

Giai Pon Péi chin Sir dung
doan vi g phan bon
a) Mo hinh dia petri
Ti Ie‘ nay o 58,25 92,35+
mam ? 7,24 6,71
5 ngay mm 35+1,2 6,7+15
b)M6 hinh dia petri
Ti Ié; nay % 68, 25 81,75 %
mam 3,64 4,24
7ngay | MM | 40+216 | 52+3,14
l4ngay | MM | 55+314 | 91+323

Hinh 2. Két qua thir nghiém lén su nay mam ciia
cai be xanh sau 5 ngay. A: Nhom doi chirng;
B: nhom s dung phdn bon dang dich

Sau 5 ngay gieo trong trong diéu kién
phong thi nghiém, ty 1¢ ndy mam cua hat

gidng cai be xanh (Brassica juncea) & 16
st dung phan bon sinh hoc dat 92,35 +
6,71%, cao hon dang ké so voi 16 dbi
chung (58,25 + 7,24%). Dén ngay tha 5,
chiéu cao trung binh cua cdy con & 16 sir
dung phan boén dat 6,7+1,5mm, trong
khi 16 dbi chung chi dat 3,5+1,2mm
(Bang 2a, Hinh 2)

Két qua khao sat trén mo hinh dat cho
théy viéc st dung phan boén sinh hoc tu
phu phim rong ndu sau chiét fucoidan
gilp cdi thién o rét t}"/ 1¢ nay mam va sinh
truong cua cdy cai be xanh (Brassica
juncea). O giai doan nay mam, ty 1& dat
81,75% & 16 xur 1y, cao hon so véi 16 dbi
ching (68,25%). Sau 7 ngay, chiéu cao
cdy ¢ 10 sit dung phan bon dat 52 mm,
vuot trdi so v6i ddi ching (40 mm). Dén
ngay thtr 14, chiéu cao tiép tuc ting 1én 91
mm so v&i 55 mm & 16 khong sir dung
phén bon (Bang 2b, Hinh 3).

Hinh 3. Su pht trién ciia cdi be xanh sau 14 ngay
sw dung phan bon thir nghiém. A: Nhom doi
chung. B: nhom sw dung phdn bon dang dich

Nhiéu nghién ctru d3 ghi nhén tac dung
tich cyc cua chiét xuat rong bién trong
viéc cai thién ty 16 nady mam va sinh
truong cay con. Vi dy, mot nghién cuu
cho thdy chiét xuat tir rong bién Ulva
lactuca da cai thién ty 1é nay mam va sinh
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truong cua cay Citrullus lanatus dudi
diéu kién min [10]. Ngoai ra,
oligoalginate — mot san phdm phan hay tir
alginate trong rong nau — da duoc ching
minh 1a c6 tac dung kich thich sinh trudng
cay trong, bao gdm ca viéc tang ty 18 nay
mam va chiéu dai ré [11].

Tac dung nay duogc cho 1a do sy hién dién
cua cidc phytohormone tu nhién nhu
auxin, gibberellin va abscisic acid trong
rong nau, cung vdi cac oligosaccharide co
kha nang kich hoat cac enzyme lién quan
dén qua trinh nay mam va sinh truéng. Do
do6, viéc st dung phan bon sinh hoc tir phu
pham rong nau khong chi giup tén dung
ngudn tai nguyén san c6 ma con gop phan
vao phat trién nong nghiép bén viing.

4. KET LUAN

Két qua nghién ctru cho thay phu pham
cua qua trinh chiét fucoidan tir rong nau,
bao gém nudc thai c6 dic va ba thai ran,
con chira ham lugng dang ké cac hop chat
hitu co va khoang vi lugng c6 gia tri.
Ham luong alginate trong ba thai dat
26,3% khoi luong kho, la nguon nguyén
liéu tiém ning dé san xuit oligoalginate
co hoat tinh sinh hoc. Nudc thai sau loc
bang mang 100 kDa ciing chtra nhiéu kali,
protein va vi luong thiét yéu. Tu hai
ngudn phu pham nay, mot ché pham phan
bon sinh hoc dang 1éng da dugc diéu ché
thanh cong. San pham co tiém ning Ung
dung trong nong nghiép hitu co, gop phan
nang cao hiéu quad st dung nguyén li¢u
rong bién va huéng t6i mo hinh san xut
néng nghiép bén virng, than thién véi moi
truong.

LO1 CAM ON

Nghién ctru nay dugc thyc hién boi su
hd tro kinh phi ciia dé tai ngién ciu khoa
hoc thuéc Vién Han lam Khoa hoc va
cong nghé Vit Nam ma s
QTRUO02.07/25-26.
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