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TOM TAT

Spirulina sp. la tao lam c6 cau tric xoan, ham heong protein chiém 60-70% trong hrong kho
va #ng dung lam thyc phdm chire néing givip ngdn ngiva ldo héa va ung thi. Dinh dwéng nito va
phosphor trong méi truong nudi cdy dnh huwong manh lén ham lrong protein va kha ndng chong
oxy hoéa cua Spirulina sp. Nghién ciru anh hwéng ba nong dé phan bén NPK (0,1g/L; 0,5g/L; 1g/L)
lén ham lwong protein, ham lwong phenolic tong va khd ndng chong oxy hoa (1%, 1Cso va AAI) cia
Spirulina. Két qua cho thdy trong méi truong Zarrouk bé sung NPK 0,5g/L ¢6 ham lwong protein,
phenolic va khd ndng chong oxy héa cao hon so véi méi trirong bé sung NPK 0,1g/L va 1g/L.
Ngoai ra kha nang chong oxy héa (ICso va AAl) cia Spirulina sp. trong méi truong Zarrouk bo
sung NPK 0,1g/L cao hon méi trwong bé sung NPK 0,5g/L; 1g/L.

Tir khéa: Spirulina sp., mdi trudng Zarrouk; ham luong protein; phenolic; chéng oxy héa

1.  Giéi thiéu

Spirulina sp. 1a mot loai vi tao dang sgi xoan, mau xanh luc ¢ nhimg dic tinh vu
viét va gié tri dinh dudng cao. Do d6 gan day, su quan tam dén Spirulina cha yéu nim &
gia tri dinh dudng cua né. Spirulina dwoc nghién ciu, san xuat va tng dung trong nhiéu
linh vuc doi séng va sic khoe caa con ngudi. Spirulina dugc xem 1a mot ngudn thuc pham
chic ning do chira mot ham luong cao dinh dudng (protein, acid amin va acid béo thiét
yéu, polysaccarid, carotenoid, vitamin va sét) (Miranda, Cintra, Barros, & Mancini Filho,
1998). Nhiéu nghién ciru cho thiy Spirulina chira khoang 61,57% protein, acid amin thiét
yéu (38,81% cua protein), vitamin B12 (193 pg/10g) va acid folic (9,66 mg/100g), calci
(1043,62 mg/100g) va sit (338,76 mg/100g) (Morsy, Sharoba, & HEM, 2014).

Cite this article as: Vo Hong Trung, Nguyen Mong Thao Uyen, Pham Luong Anh Tuan, Do Anh Thu, &
Nguyen Thi Hong Phuc (2020). Effects of npk concentration on protein content and antioxidant capacity of
Spirulina sp. Cultured by plastic bag photo — bioreactor. Ho Chi Minh City University of Education Journal
of Science, 17(6), 977-988.
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Theo Danesi va cong su (2002) da nghién ciru nguodn nitrate tir urea 1am tang toc do
tang truong cua tao Spirulina, ciing nhu giup cho tao san xuat luong 16n diép luc td
(Danesi, Rangel-Yagui, De Carvalho, & Sato, 2002). Theo nghién cuu cua Ffried va cong
sur (2003), viéc tang nong do nitrate va phosphate trong qué trinh nudi Spirulina dan dén
viéc ting san xuat diép luc tb & tao. Nghién ctu ciing chi ra trong cing mot nong do
nitrate, nong do phosphate ting 1én 1,3 1an thi lwong diép luc t5 trén sinh khéi kho ting gan
2 lan (Fried, Mackie, & Nothwehr, 2003). Sy ting truéng cua Spirulina va thanh phan cua
sinh khéi phu thudc vao nhiéu yéu té, trong d6 quan trong nhat 12 nguén dinh dudng, nhiét
d6 va anh sang (Cornet, Dussap, & Dubertret, 1992).

Sinh khéi cua Spirulina cho thiy chira ham lugng 16n carotenoid, protein, vitamin
(nhu tién vitamin A, B1, B2, B6, B12, E va D), khoang chét, acid béo thiét yéu va cac
thanh phan khéc c6 hoat tinh chit chdng oxy. Nhitng chat nay c6 kha niang khir cac goc tu
do thdng qua tac dung chdng oxy héa, 1am cham sy 140 hda cua té bao (Miranda et al.,
1998), (Shabana, Gabr, Moussa, El-Shaer, & Ismaiel, 2017). Mot co ché diéu hoa di duoc
phét trién & tao dé kiém soat su hinh thanh ROS bao gom céc chat chdng oxy hoa khong
enzyme nhu prolin, phenol; va cac chat chéng oxy hoa enzyme nhu superoxide dismutase
(SOD), catalase (CAT), ascorbate peroxidase (APX), peroxidase (POD), va glutathione
reductase (Shabana et al., 2017).

Vi vay, nghién cau nudi cay Spirulina bang hé thdng Plastic bag photo — bioreactor
nham muc dich khao sé&t sy anh huong cia néng d6 phan bon NPK trong méi truong nudi
cay Ién sy tich liiy protein, phenolic va kha ning chdng oxy héa cua Spirulina sp.

2.  Vatliéu va phwong phap
2.1. Chiing Spirulina sp. va méi truwong nudi ciy

Spirulina sp. (ngudn gbc tir Nhat Ban) dugc cung cip boi Phong Coéng nghé Tao,
Truong Pai hoc Qudc té, Pai hoc Qudc gia Thanh phd H6 Chi Minh. Spirulina sp. duoc
nudi ciy trén moi truong Zarrork pH 9 £10% (Madkour, Kamil, & Nasr, 2012a, 2012b)
2.2. Cac phwong phap phdan tich
2.2.1. Xdc dinh ham leong protein bang phirong phdp Bradford

Thudc thir: Can 10 mg Coomassie Brilliant Blue G-250 hoa tan trong 50 mL ethanol
95%. Thém 100 mL H3PO4 85%, thém nudc cat vira dit 1000 mL (Bradford, 1976).

Céan 0,005¢g tao Spirulina sp. khé cho vao eppendorf 1,5 ml, thém 1ml ethanol tuyét
dbi, vortex. Pun cach thuy & 50-60°C trong 5 phdt. Li tdm 10000 rpm trong 3 phut, loai bo
dich 13y can. Sau d6 thém 200 pul nuéc cat hap vo tring, thém 1ml thudc thir, vortex trong
3 phat. U trong vong 10 phat. Po quang & budc song 595nm.

Puong chuan protein: protein BSA (Bovine serum albumin) chuan pha véi nong do
tr 10 dén 120 pg/mL, xac dinh nong d6 protein trong mau Spirulina sp. tir phuong trinh
duong chuan y = 0,003x + 0,0124; R2 = 0,9951.
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2.2.2. Xdc dinh ham heong phenolic tong

Céan 0,005¢ tao Spirulina sp. khé cho vao eppendorf 1,5mL thém 1mL methanol tuyét
dbi, vortex can than. Li tm 10.000 rpm trong 3 phut, bo cén thu dich chiét. Hat 500ul dich
chiét chuyén vao eppendorf 2ml, thém 500pl thubc thir Folin-Ciocalteau's phenol, vortex
trong 3 phut, thém 500ul Na,CO3 10%. U téi 1,5 gio. Po quang & budc séng 750nm (Lim,
Cheung, Ooi, & Ang, 2002; Hajimahmoodi et al., 2010; Goiris et al., 2012).

Puong chuan phenolic: Acid gallic chuan vai ndng do tir 10 dén 200 mg/L va xac dinh
nong d6 phenolic trong mau Spirulina sp. bang phuong trinh: y = 30,263x — 0,0638;
R2 =0,9948
2.2.3. Kha nang chong oxy héa ciia Spirulina sp.

e Khd ndng chong oxy hoa

Thudc thir DPPH (1,1-diphenyl-2picryl hidrazyl): pha dung dich thuéc thir DPPH véi
nong do 0,004% trong. Can 0,005¢ tao Spirulina sp. khd cho vao eppendorf 1,5mL, thém
1mL ethanol tuyét dbi, vortex va u 4 gio & 4°C. Li tdm 10.000 rpm trong 3 phat. Hat 500pl
dich chiét chuyén vao eppendorf 2, thém 1mL thuéc thir DPPH, u téi 30 phut va do quang
& budc séng 517nm.

Mau ddi chimg dwoc chuan bi twong tu nhu trén nhung ding ethanol tuyét ddi thay
cho mau thir. Kha ning chdng oxy héa (I%) duoc tinh theo cong thuc (Albayrak, Aksoy,
Sagdic, & Hamzaoglu, 2010; Tran, Doan, Louime, Giordano, & Portilla, 2014; Yaltirak,
Aslim, Ozturk, & Alli, 2009):

1% = Agsi ching ~ Amiu thir % 100

Agsi chieng
Trong do:
1%: Ti 1¢ phan trim hoat tinh chdng oxy héa (Percentage inhibition)

A i chimg: 40 hap thu ciia mau trang tai budc song 517 nm
A miu i 0 hap thu ctia mau thir tai bude song 517 nm.
e Xdc dinh gia tri ICso

Pha thudc thir DPPH (1,1-diphenyl-2picryl hidrazyl): pha dung dich thuéc thir DPPH
v6i nong d6 0,004% trong methanol (Tran et al., 2014; Yaltirak et al., 2009).

Can 0,1g tao Spirulina sp. khd cho vao falcon 10mL, thém 10mL ethanol tuyét ddi,
vortex trong 5 phat. U lanh 1,5 gio & 4°C. Li tdm 3000 rpm trong 5 phat. Hat dich ¢6 nong
d6 20pg/mL dén 200pg/mL cho vao eppendorf 2mL. Thém thé tich ethanol tuyét ddi vira
du 500pl.

Mau dbi chimg dwoc chuin bi twong tu nhu trén nhung ding ethanol tuyét ddi thay
cho mau thir.

Ti & phan trim hoat tinh chdng oxy hoéa duoc xac dinh theo cong thirc sau:

Agsi chine = Amiu th
I% - ol chung mau w X 100
Adﬁichl’mg
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Trong do:

1%: Ti 1¢ phan trim hoat tinh chdng oxy héa

A i chimg : 40 hap thu ctia mAu tring tai budc séng 517 nm

A i ter: 40 hip thu cia mAu thir tai bude song 517 nm.

Tir ti 16 % hoat tinh chdng oxy hda, xay dung phuong trinh twong quan tuyén tinh: y
= ax+b. Tir d6 xéc dinh gié tri ICso (Ug/mL) (ndng d6 ma tai d6 khir 50% géc tu do DPPH)
(Agustini, Suzery, Sutrisnanto, & Ma’ruf, 2015).

e Chisé chong oxy hoa AAI (Antioxidant activity index)

Chi s6 AAI duoc x4c dinh bing cong thac: 2222 W8N (goparer & Godoy, 2009)
ICs0 (ug/mL)

Trong do:

Corpn (Hg/mL): Nong d6 cubi cua thude thir DPPH

ICso (Mg/mL): Nong d6 ma tai d6 khir 50% gbc tu do.

2.3. Phwong phdp thiét ké thi nghi¢m

Spirulina sp. dat giai doan ting truong sau khoang 7 ngay nudi cdy trén mdi trudng
Zarrouk, pH = 8,5 — 9,0; v6i cudng d6 anh sang 30 pmol/phonton/m?/s (chu ki sang: ti =
12: 12 gid), nhiét d6 25 + 2°C dugc str dung dé b tri thi nghiém.

Spirulina sp. duoc nudi trén méi trudng Zarrork bo sung NPK véi 3 nong do 0,1g/L;
0,5¢/L; 1g/L bang hé théng Plastic bag photo — bioreactor véi thé tich 5 lit, suc khi lién tuc
va duoc chiéu sang trong diéu kién anh séng tu nhién véi cudng d6 anh sang do dugc vao
cac thoi diém: sang:trwa:chiéu khoang 25:93:52 pumol photon/m?/s (Hinh 2.1).

Sau 10 ngay nudi cay tién hanh thu sinh khéi tao. Loc dich tao qua tdi loc nylon
monofilament v&i duong kinh 16 loc 1a 25 pm. Sau d6 rtra tao nhiéu 1an véi nuéc cat hap
v tring, lay tao trai déu trén giay bac va siy khd & nhiét d6 60°C. Tao sau khi siy khd
duoc bao quan & nhiét d6 -20°C cho phan tich ham lwong protein, phenolic tong va kha
nang chéng oxy hoa.

ivemime )"
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Hinh 2.1. Spirulina sp. dirpc nudi bang hé thong Plastic bag photo — bioreactor
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2.4. Xir li $6 ligu

Cac thi nghiém duoc l3p lai 3 1an. S6 liéu dugc xir 1i bang Microsoft office Excel
2016 va phan tich one way ANOVA bing phan mém SPSS 20.0 véi sai s6 ¥ nghia
p < 0,05. Tt ca cac sb liéu trong thi nghiém duoc trinh bay dudi dang: Trung binh (Mean)
+ Sai sb chuan (SE).

3. Két qua va thao ludn
3.1 Ham lugng protein

Hinh 3.1 cho thay ham lwong protein cua Spirulina sp. trong méi trudong Zarrouk bd
sung NPK ¢ 3 nong do 0,1g/L; 0,5¢/L; 1g/L sau 10 ngay nudi cay. Spirulina sp. nudi ciy &
nong d6 NPK 0,5g/L c6 ham luong protein (55,329 mg/g, 33,024%) cao hon so v&i nudi
cay & ndng d6 NPK 0,1g/L va 1g/L (38,240 mg/g va 32,996 mg/g), (22,344% va 20,264%)
(p < 0,05). Két qua cho thdy méi trudng Zarrouk bo sung NPK 0,5 g/L kich thich sy ting
truong va tong hop protein, tuy nhién & moi trudng bd sung NPK 0,1g/L va 1g/L sy ting
truong va tong hop protein thap. Piéu nay co thé 1a do & néng d6 NPK 0,1g/L khong du
cho sy tang truéng va tong hop protein, con & néng d6 cao NPK 1 g/L gay tc su ting
truong va tong hop protein caa Spirulina sp.

Nito 1a mét trong nhitng yéu té chinh ctia méi trudng ting trudng cho bat ki té bao
nao. Sy thiéu hoic doi nito dugc coi 12 yéu té tc ché cua céc sinh vat. Tang noéng do nito
1én d&én 0,04 M lam ting dang ké sinh khéi, ham luong protein, phycocyanin va lipid caa
tao Spirulina, trong khi ham luong carotenoid tong va B-carotene giam so voi dbi chung.
Nguoc lai, sinh khéi, ham lugng protein, phycocyanin va lipid giam trong diéu kién ddi
chang cho thdy nhu cau nito dé téng hop acid amin dé tong hop protein va cac thanh phan
té bao khac nhu phycocyanin. Sy tich lily carotenoid khi thiéu nito c6 thé 1a do san xuat
mot luong 16n acetyl-CoA, déng vai tro 1a tién chit dé tong hop carotenoid (KAND, 2013).

Dinh dudng NPK c6 anh huong 16n dén qué trinh téng hop protein & Spirulina. Theo
Kumari va céc cong su (2014), nong d6 NPK (10:26:26) téi wu giup tao Spirulina dat duoc
sinh khdi kho va téc d6 tang truong cuc dai 1a 0,76 g/L. Bén canh do, kali ciing dong vai
tro trong su phat trién cua té bao tao. Nong d6 ion K* ludn hién hitu trong té bao chat cua
tao, n6 tang 1én khi sinh khdi té bao tang va khi sinh khoi té bao dén giai doan béo hoa thi
nong do K* xudng muc thap hon gié tri co ban (Kumari, Kumar, Pathak, & Guria, 2014).

Theo Uslu va cong su (2011), su giam ndng d6 nito trong moi trudng nudi ciy dan
dén su thay doi dang ké trong thanh phan cua té bao, ting tich liiy thanh phan lipid va giam
ham lwong protein S. platensis trong nudi cdy mé (Uslu, Igik, Kog, & Goksan, 2011).
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Hinh 3.1. Ham luong protein mg/g (a) va % (b) cua Spirulina sp.
trong méi truong Zarrouk bé sung NPK ¢ cac nong dé khac nhau

3.2 Ham lwong phenolic tong

Ham luong phenolic tong cua Spirulina sp. & moi truong bd sung NPK 0,1 g/L
(1,757 mg/g) va 0,5g/L (1,838 mg/g) khong c6 su khac bi¢t (p > 0,05) va cao hon so véi
mai truong bd sung NPK 1g/L (1,262 mg/g) (p < 0,05) (Hinh 3.2). Két qua nay cho thay &
ndng do6 NPK thip (0,1 g/L va 0,5 g/L) kich thich Spirulina sp. tong hop nhiéu cac hop
chat phenolic hon so voi diéu kién nudi cay nong do NPK cao (1 g/L). Piéu nay c6 thé do
su can kiét ngudn dinh dudng nito va phosphor trong mdi truong nudi ciy.

Su tang kha nang tich lity hop chat phenolic va cac chit chéng oxy hoa khac trong té
bao tao duoc xem 1a sy phan tng cia té bao voi sy doi nitrate trong moi trudng. Viée gia
tang kha ning tich lily polyphenol duéi tinh trang stress 1a can thiét nham cai thién ap luc
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ap suét thuy tinh, dé duy tri can bang ion trong tinh trang stress tham thau do nitrat va cac
yéu t6 qua man gay nén (Mukherjee et al., 2019).

Theo Gershwin va Belay (2007), cac hop chit phenolic dugc biét 1a co kha ning
chdng oxy hoa va tuong tac véi cac ge tu do, chung c6 kha ning trc ché qua trinh peroxy
bang kha niang c6 1ap cac gdc tr do (Gershwin, & Belay, 2007). Ngoai ra, Mirada va cong
su (1998) di chirmg minh hoat dong chéng oxy hoa cuia cic phycobiliprotein, phycocyanin
va allophycocyanin ¢ trong sinh khdi Spirulina (Miranda, Cintra, Barros, & Mancini-
Filho, 1998).

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Ham luong phenolic tong
(mg acid gallic/g)
[EEN

0,1 g/L 0,5 g/L 1g/L
Nong d6 NPK (g/L)

Hinh 3.2. Ham heong phenolic trén khéi lirong khd cia Spirulina sp.
trong méi trwong Zarrouk bé sung NPK ¢ cac nong dé khac nhau
3.3 Khd nding chéng oxy héa ciia Spirulina sp.

Sau 10 ngay nudi cay, kha ning chéng oxy héa cua Spirulina sp. trong méi truong bd
sung NPK 0,1g/L, 0,5g/L va 1g/L lan luot 12 26,102%, 71,372% va 57,603%. Két qua cho
thdy kha ning chéng oxy héa cua Spirulina sp. trong méi trudng bd sung NPK 0,5g/L cao
hon so véi cac ndng do con lai (p < 0,05) (Hinh 3.3).

Spirulina sp. nudi cdy ¢ moi truong bé sung NPK 0,1 g/L c6 gia tri ICso
(83,9369 mg) thip hon so voi cac mdi truong nudi cay con lai (p < 0,05) (Hinh 3.4). Gia
tri ICsg 1a thudc do hiéu qua cua mdt chét trong viéc Uc ché chuec nang sinh hoc hodc sinh
hoa cu thé. Theo két qua nghién ctru cho thay hoat tinh chdng oxy hoéa nay la do sy
hién dién cua phycocyanin cé trong Spirulina, chiém khoang 14% trong tao Spirulina
(El Baky, EI Baroty, & Ibrahem, 2015).
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Chi sé chdng oxy hda AAI phu thudc vao kha ning tc ché 50% géc tu do cua chat
chng oxy hda. Két qua cho thay Spirulina sp. nudi cy trong méi trudng bd sung NPK
0,1g/L c6 chi s6 chéng oxy hoa AAI (0,031) cao hon so véi cac ndng d6 NPK con lai
(p<0,05) (Hinh 3.5).

Spirulina chtra céc hop chat c6 chire ning acid phenolic, tocopherol, phycocyanin,
polysaccharide va B-carotene 1a cac hop chat c6 kha ning chéng oxy hoa, chéng viém va
kich thich mién dich (Miranda et al., 1998; Finamore, Palmery, Bensehaila, & Peluso,
2017). Spirulina chira phycobiliprotein c¢6 kha nang chdng oxy héa va chéng ting sinh té
bao. Mot nhom hoat chat c¢6 tac dung sinh hoc quan trong khac cua Spirulina la cac
carotenoid, tong luwong chat nay la 346 mg/100g trong lwong chat kho. Pac biét, tao
Spirulina la loai thuc vat chia ham lugng - carotene, chiém 52% trong téng ham lugng
carotenoid (tién Vitamin A) cao nhat, gip 10 lan ham lugng B-carotene c6 trong ca rét. p-
carotene trong Spirulina 1a chit chéng oxy hda manh, gilp tiéu diét cac goc tu do
(Konickova et al., 2014).

80
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Kha ning chdng oxy hoa
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) N
o S
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0,1g/L 0,5g/L 1g/L
Nong d6 NPK (g/L)

Hinh 3.3. Kha nang chong oxy hda 1% cuia Spirulina sp.
trong méi trwong Zarrouk bé sung NPK ¢ cac nong d@é khac nhau.
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Hinh 3.4. Kha nang chong oxy héa ICso cua Spirulina sp.
trong méi trwong Zarrouk bé sung NPK ¢ cac nong dé khac nhau
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Hinh 3.5. Chi sé chong oxy héa AAI cia Spirulina sp.
trong méi trwong Zarrouk thay thé NPK ¢ c&c nong dg khéac nhau

4. Kétluan

Spirulina sp. nudi ciy bang hé théng Plastic bag photo — bioreactor trong méi truong
Zarrouk b sung nong d6 NPK anh huong 1én ham luong protein, phenolic va kha nang
chéng oxy hoéa cua tao. Sy tich liiy protein, phenolic va kha ning chéng oxy héa cua
Spirulina sp. tai ndng do NPK 0,5g/L cao hon mdi truong bd sung nong d6 NPK 0,1g/L va
1g/L. Ngoai ra ham luong phenolic cua 2 méi truong bd sung néng d6 NPK 0,1g/L va
0,5¢/L c6 két qua twong duong va cao hon méi trudng bd sung ndng dd NPK 1g/L.
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% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

Spirulina sp. is blue-green algae with spiral-shape. The protein content varies between 60
and 70% of its dry weight. It is usually used as a functional food to prevent aging and cancer.
Nitrogen and phosphor as nutrients in a culture medium strongly influence the protein content and
the antioxidant ability of Spirulina sp. This paper reports a study on the effect of three levels of
concentration of NPK fertilizer (0.1g. L™; 0.5g.L™"; 1g.L™") on protein content, total phenolic
content, and antioxidant capacity (1%, IC50 and AAIl) of Spirulina. The results showed that
with 0.5g.L™* NPK added Zarrouk medium protein, phenolic content and antioxidant capacity were
higher than 0.1 g.L ™" and 1 g.L™ concentrations of NPK. Besides, it was found that the antioxidant
ability (ICsp and AAIl values) of Spirulina sp. in a Zarrouk medium containing 0.1g.L™*
concentration of NPK was higher than the medium containing 0.5g.L™ and 1g.L™ concentrations
of NPK.

Keywords: Spirulina sp.; Zarrouk medium; protein content; phenolic; antioxidant capacity
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