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TOM TAT

Spirulina sp. la san phdam thién nhién c6 gid tri dinh dudng va sinh hoc cao, dwgc siv dung lam
thite an, dwoc pham chita bénh. Piéu kién nudi cdy la yéu té quan trong quyét dinh dén chdt hrong
san pham tir Spirulina. Trong méi truong c¢é nong dg NaNOjs (5,0 g/L) cho sinh khoi dat (0,60 g/L)
va ham heong protein (34,41%) cao hon so véi khoi lwong sinh khoi va ham heong protein dirgc tao
ra khi nuéi cdy trong diéu kién nong dg NaNO; thap (1,25 g/L va 2,5 g/L). Kha ndng chéng oxy héa,
tich lity protein va thanh phan acid min déu cao ¢ ca 2 ching Spirulina sp. Mi va Nhdt trong diéu
kién nuéi cdy c6 nong do NaNO; 5,0 g/L. Ngodi ra, ham lwong phenolic tong va kha ndang chong oxy
cia hai chiing Spirulina sp. nay cé moi twong quan dwong véi nhau.

Tir khéa: Spirulina sp.; phuong phap Bradford; nitrate; protein; acid amin; chéng oxy hoa

1.  Giéi thiéu

Spirulina 13 vi khuan quang hop, sir dung anh sang Mt Trdi nhu nguén ning luong,
nude nhu chat cho electron va carbon dioxide nhw ngudn carbon tao ra chat hiru co. Spirulina
platensis ¢ cau trac soi, sir dung nitrate, khong ¢ dinh nito, gidu sic t6 nhu diép luc té a,
carotenoid va phycobiliprotein. Spirulina platensis ¢6 ham lugng protein cao chira khoang
60%-70% so véi sinh kh6i kho, gdm 9 loai acid amin thiét yéu. Nito 14 thanh phan thiét yéu
dé dong hoéa nito hodc lién hop véi cac phén tir chitc ning va ciu triic quan trong & sinh vt
(Esen, & UREK, 2014).

Spirulina dugc xem 1a mot ngudn thuc pham chirc nang do chira mot ham luong cao
dinh dudng (protein, acid amin va acid béo thiét yéu, polysaccarid, carotenoid, vitamin va
sat) (Miranda, Cintra, Barros, & Mancini Filho, 1998). Nhiéu nghién ctru cho thdy Spirulina
chtra khoang 62,84% protein, acid amin thiét yéu (38,46% cua protein), vitamin B12 (175
ng/10g) va acid folic (9,92 mg/100g), calci (922,28 mg/100g) va sit (273,2mg/100g)
(Sharoba, 2014).

Cite this article as: Vo Hong Trung, Nguyen Thi Hong Phuc, & Tran Dinh Phuong (2019). Effect of nitrogen
(nitrate) on growth, protein content, and antioxidant capacity of the Spirulina sp.. Ho Chi Minh City University
of Education Journal of Science, 16(12), 1018-1033.
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Spirulina chira cac chat chdng oxy hoa acid phenolic, tocopherol va beta-caroten
(Miranda et al., 1998). Spirulina c6 vai trd trong hd tro diéu tri bénh nhu
hypercholesterolemia, hyperglycerolemia, bénh tim mach, bénh viém nhiém, ung thu va
nhiém virus. Vai tro diéu tri bénh tim mach nho vao hoat tinh tan trong lipid, chéng oxy hoa
va khang viém (Deng, & Chow, 2010). Mbi truong nudi cay c6 anh hudng quan trong 1én
su san xuat sinh khéi va cac hop chit quan trong. Nong do nito trong méi truong (t6i vu &
2,5 g/L) va ngudn nito (uré tét hon ammonium va nitrate) c6 anh hudng 16n 1én sy san xuét
sinh khéi cua Spirulina (Delrue et al., 2017). Vi vy, nghién ctru ndy nham muc dich khao
sat anh huong cta ndng d6 dinh dudng nito (nitrate) trong moi trudng nudi cdy 1én sy ting
truong, ham lugng protein, thanh phan acid amin va hoat tinh chéng oxy hoa cia
Spirulina sp.

2. Vatli¢u va phuong phap
2.1. Chiing Spirulina va méi truong nudi ciy

Hai chung tao Spirulina sp. (Mi, nguodn goc tir Mi) va Spirulina sp. (Nhat, ngudn goc
tir Nhat Ban) duoc cung cip boi Phong Cong nghé Tao — Trudng Pai hoc Qudc té — PHQG
TPHCM. Spirulina sp. dugc nudi cdy trén moi truong Zarrouk, pH = 8,5 - 9,0 (Pandey,
Tiwari, & Mishra, 2010).

2.2.  Cdc phwong phdp phdn tich
2.2.1. Quan sdt hinh théi té bao Spirulina sp.

Hinh thai té bao Spirulina sp. dugc quan sat bang kinh hién vi quang hoc véi d6 phong
dai 400X sau cac ngay nudi cay.

2.2.2. Xac dinh sinh khéi té bao Spirulina sp.

Lay 10 mL dich nudi cy tao loc qua mang soi thily tinh, véi duong kinh mang 1a
47mm, duong kinh 16 0,7 pm. Sau d6 tao dugce rira v6i 20 mL nudc cat hap vo tring, va sdy
kho ¢ 103°C sudt 6 tiéng hodc cho dén khi trong lugng kho khong doi [A(g)]. Trong luong
kho nay tiép tuc dugc dot & 550°C dé tao tro [B(g)] (khoang chat). Sinh khéi [C(g)]: C=A-
B (g) (Zhu, & Lee, 1997).

2.2.3. Xdc dinh toc do tang truong dac hiéu

Sinh khdi té bao & hai thoi diém khac nhau trong qua trinh ting truéng ciia mau tao
duogc ding dé tinh toc d6 ting truong dic hidu (u: g/L/ngay) trong khoang thoi gian d6 theo
cong thirc (Levasseur, Thompson, & Harrison, 1993):

_ In (Bio, / Bio,)

= t; — U

Trong d6: Bio1, Bio2: Sinh khéi té bao tai thoi diém 1 va 2

t1, t2: thoi diém 1 va 2
2.2.4. Xac dinh ham heong protein ciia Spirulina sp. bang phwong phap Bradford

e Pha thudc thir: can 10 mg Coomassie Brilliant Blue G-250 hoa tan trong 50 mL ethanol
95%. Thém 100 mL H3PO4 85%, thém nudc cét vira di 1000 mL (Bradford, 1976).
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e Xac dinh ham luong protein tong:

Léy 1,0 mL dung dich tao li tam 10.000 vong trong 15 phut, loai bo dich, cin dugc ria
nhiéu 1an véi 1 mL nude cat (hap vo trung) bang cach li tim 10.000 vong trong 15 phut.
Thém 1 mL ethanol tuyét ddi vao cén, tron déu, dun cach thiay 5 phat & nhiét do
50-60°C, sau d6 1am ngudi bang nudc lanh dén nhiét d6 phong. Li tim 5000 vong trong 5
phut, loai bo dich lay can. Tiép tuc cho 200 pl nudc cat hap vo tring, thém 1 mL thube thir
tron déu va u 10 phit. Po quang & bude song 595 nm (Bradford, 1976).

o DPudng chuén protein:

St dung ndng do protein chuan 10 dén 120 pg/mL dugc pha tir Bovine serum albumin
va xac dinh ndng do6 protein trong mAu Spirulina sp. bang phuong trinh
y =0,003x + 0,0124; R? = 0,9951.

2.2.5. Xdc dinh ham leong phenolic tong
> Xac dinh ham lwong phenolic tong (Goiris et al., 2012; Hajimahmoodi et al., 2010;
Lim, Cheung, Ooi, & Ang, 2002):

= L4y 1,0 mL dung dich téo li tim 10.000 vong trong 15 phut, loai bo dich, cin duoc

rira nhiéu 1an v6i 1 mL nudc cat (hdp vo trung) bang cach ly tim 10.000 vong trong

15 phat. Thém 1 mL methanol tuyét ddi vao can, tron déu. Li tim 5000 vong trong 5

phit, bo cin thu dugc dich chiét.

= Lay 0,5 mL dich chiét cho vao eppendorf 2 mL, cho thém 0,5 mL thudc thir Folin-

Ciocalteu’s phenol, tiép tuc cho tir tir 0,5 mL dung dich NaxCO3 10%.

= U 90 phiit trong tdi.

= Do quang & budc song 750 nm.

> Pudng chuan phenolic:

Str dung nong d6 acid gallic chuan 10 dén 200 mg/L va xac dinh néng do phenolic

tong trong mau Spirulina sp. bang phuong trinh: y = 30,263x — 0,0638; R2 = 0,9948.
2.2.6. Xdc dinh hoat tinh chéng oxy héa

> Pha thudc thir DPPH: pha dung dich thudc thir DPPH véi ndng do 0,004% trong
methanol (Tran, Doan, Louime, Giordano, & Portilla, 2014; Yaltirak, Aslim, Ozturk,
& Alli, 2009).

> Léy 1,0 mL dung dich tao li tam 10.000 vong trong 15 phut, loai bo dich, cin duoc ria
nhiéu 1an v6i ImL nudc cat (hap vo trung) bang cach li tim 10.000 vong trong 15 phut.
Thém 1 mL ethanol tuyét d6i vao can, tron déu va 1 4 tiéng ¢ 4°C. Li tim 5000 vong trong
5 phiit, bo cin lay dich chiét.

> Léy 0,5 mL dich chiét cho vao eppendorf 2 mL, cho thém 1 mL thudc tha DPPH tron
déu. U 30 phut trong tdi, & nhiét d6 phong. Po quang ¢ budc séng 517nm.

> Kha ning chong oxy héa (I%) dugc tinh theo cong thirc (Albayrak, Aksoy, Sagdic, &
Hamzaoglu, 2010; Tran et al., 2014; Yaltirak et al., 2009):
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1% = Apzu tréng_AMéu thi x 100

AMau thiv

Trong do:

1%: Ti 1& phan tram Grc ché (Percentage inhibition)

A Miu wing: d0 hap thu ctia miu tring tai bude song 517 nm

A wiuthe: d0 hip thu ctia mau thir tai bude song 517 nm.

2.2.7. Xac dinh ham lwong cdc acid amin theo hé th(fng Pico — Tag

Sau 5 ngay nudi cdy, tién hanh thu sinh khdi Spirulina sp. bang cach loc dich tio qua
tai loc nylon monofilament véi dudng kinh 16 loc 1a 25 um. Sau d6 rira tao nhiéu lan voi
nude cat hip vo trung, lay tao trai déu trén gidy bac va sy kho & nhiét d6 60°C. Tao sau khi
sdy kho dugc bao quan trong falcon ¢ quan gidy bac, dé vao ti dong -20°C.

Mau Spirulina da siy kho s& dugc giri dén Vién Nghién ciru Cong nghé Sinh hoc va
Méi truong (Trudong Dai hoc Nong Lam Thanh phd Ho Chi Minh) phan tich cac thanh phan
va ham luong cac acid amin thiét yéu bang phwong phap Pico — Tag.

2.3. Phwong phdp thiét ké thi nghiém
2.3.1. Thi nghiém 1: Khdo sdt anh huéng ciia yéu t6 nito 1én sw ting truéng va ham lwong
protein ¢ Spirulina sp.

Spirulina sp. (Mi) dat giai doan ting truong sau khoang 5 ngdy nudi cdy trén moi
truong Zarrouk; pH = 8,5 — 9,5 (Pandey et al., 2010); duoc chiéu sang lién tuc véi cuong do
anh sang 30 pmol/phonton/m?/s, nhiét do 25 + 2°C duoc sir dung dé bo tri thi nghiém.

Thi nghiém thyc trén cac binh nhya 5L bao gém: dich tao dat giai doan ting truéng va
thé tich méi truong Zarruok vura da 3,5L; suc khi lién tuc va dugc chiéu sang ¢ cuong do
100 pmol photon/m¥/s (v6i chu ki sang: toi, 12 gio: 12 gio) trong diéu kién anh sang cho
hiéu sudt toi vu v&i 3 ndng d6 NaNOs nhu sau: 1,25 g/L; 2,5 g/L; 5,0 g/L. Sau mdi 2 ngay
nudi cdy, tién hanh phan tich cac nghiém thirc.

2.3.2. Thi nghiém 2: Nudi cdy, thu sinh khéi va phan tich thanh phan acid amin

Hai chiing Spirulina sp. dat giai doan ting trudng sau khoang 5 ngay nudi cay trén moi
truong Zarrouk; pH = 8,5-9,5 (Pandey et al., 2010); duoc chiéu sang lién tuc voi cuong do
anh sang 30 pmol/phonton/m?/s, nhiét d6 25 + 2°C dugc sa dung dé b tri
thi nghiém.

Thi nghiém thyc trén cac binh nhya 5L bao gém: dich tao dat giai doan ting truéng va
vura du 3,5L moi truong Zarrouk, suc khi lién tuc va dugce chiéu sang ¢ cuong do 100 umol
photon/m¥s (v&i chu ki sang: t6i, 12 gio: 12 gio) trong diéu kién anh sang va ndng d6 NaNOs
cho hiéu suét t6i wu & thi nghiém 1 va 2. Vao ngay nudi cay thir 3,4,5 phan tich cac nghiém
thire va cac nghiém thirc 1ap lai 3 lan

Sau 5 ngay nudi cdy tién hanh thu sinh khdi tao. Loc dich tio qua tai loc nylon
monofilament v6i dudng kinh 16 loc 1a 25 pm. Sau d6 rira tio nhidu lan véi nude cat hap vo

1021



Tap chi Khoa hoc Trwéng DPHSP TPHCM Tap 16, So6 12 (2019): 1018-1033

trung, ldy tao trai déu trén gidy bac va sdy kho ¢ nhiét do 60°C. Tao sau khi siy kho duge
bao quén trong falcon c6 quan gidy bac, dé vao ta dong -20°C.

Mau Spirulina sp. da say kho sé duoc gui dén Vién Nghién ciru Cong nghé Sinh hoc
va Moi truong (Trudng Pai hoc Nong Lam Thanh phé H6 Chi Minh) phan tich cac thanh
phan va ham luong cac acid amin thiét yéu bang phuwong phap Pico — Tag
2.4. Xirli sé liéu

Céc thi nghiém dwoc 13p lai 3 1an. S6 liéu dugc xir 1i bang Microsoft office Excel 2013
va phén tich one way ANOVA béng phin mém SPSS 20.0 véi sai s6 y nghia p < 0,05. Tét
ca cac s lidu trong thi nghiém duoc trinh bay duéi dang: Trung binh (Mean) + Sai s6 chuan
(SE).

3.  Két qua va Thao luin
3.1. Anh huéng ciia yéu té nito lén sw ting truéng va ham luong protein 6 Spirulina sp.
3.1.1. Su tang truong cua Spirulina sp.

Két qua thi nghiém cho thay, ndng d6 NaNOs trong méi truong nudi cdy c6 anh hudng
1én sy tang trudng cua quan thé tao Spirulina sp. Tao duoc nudi cy trong mdi trudng co
noéng dé NaNOs cao (5,0 g/L) cho sinh khéi dat (0,60 g/L) sau 13 ngay nudi cay cao hon so
véi khoi lugng sinh khdi duge tao ra khi nudi ca”iy trong diéu kién néng d6 NaNOs 1,25 g/L
va 2,5 g/L (Hinh 3.1).

Nong do nito cling anh huéng 1én tde do ting trudng cia Spirulina sp., tbe do ting
truong dic hiéu dat cao nhét (0,21 g/L/ngay) khi nuéi ciy & diéu kién méi truong cd ndng
d6 NaNOs so voi 2 diéu kién con lai c6 ndng d6 NaNO; thap hon (0,20 g/L/ngay va
0,19g/L/ngay). Tuy nhién, khong cé su khac biét y nghia vé sinh khéi va toc do ting truong
dac hiéu cua Spirulina sp. trong cac diéu kién nudi cdy v6i nhitng nong d6 NaNOs khac nhau
(p > 0,05) (Hinh 3.1 va 3.2).

Sinh khéi va qua trinh ting trudng bi anh huong boi cac yéu t6 héa 1i nhu
chit dinh dudng, chét lugng va cuong do anh sang, nhiét do, do pH va d6 man (Bartley,
Boeing, Daniel, Dungan, & Schaub, 2016; Kim, & Bum Hur, 2013; Yen, Hu, Chen, &
Chang, 2014). Trong s6 cac yéu té dinh dudng, nito dugc coi 1a mot trong nhitng chit dinh
dudng quan trong cho su ting truéng, vi nd 1a mot thanh phan trong tit ca cac protein ciu
trac va chirc nang nhu peptide, enzyme, diép luc t6, phan tir truyén ning luong va vat chat
di truyén trong té bao tao (Cai, Park, & Li, 2013). D4c biét nguén nito anh huong rat lon dén
kha nang tang truong, tich 1y protein va lipid cua tdo (Norici, Dalsass, & Giordano, 2002;
Wan et al., 2012).
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Hinh 3.2. Téc dé tang truong ddc hiéu ciia Spirulina sp.
trong cdc nong dé NaNOs khéc nhau

3.1.2. Ham heong protein ciia Spirulina trong cdc diéu kién nong dé NaNOs khdc nhau

Su tich lity ham lugng protein (g/L) cta Spirulina & trong 3 didu kién ndng d6 NaNOs
khac nhau c6 xu hudng ting dan. Sau 13 ngay nudi cay, ndng do protein ¢ 3 diéu kién NaNO3
1,25 g/L; 2,5 g/LLva 5,0 g/L lan luot 1a: 0,14 g/L; 0,11 g/l va 0,13 g/L, p>0,05 (Hinh 3.3a).

O ndng d6 NaNOs cao nhat (5 g/L) ham luong protein dat duoc 13 16n nhat (34,41%)
sau 6 ngdy nudi cay, hai nong d6 NaNOs thap hon (1,25 g/L va 2,5 g/L) c6 ham luong protein
thap hon (33,02% sau 11 ngay nudi cay va 33, 45% sau 4 ngay nudi cdy) (Hinh 3.8b). Tuy
khong c6 su khac biét y nghia vé ham luong protein giita cac nong dd NaNOs khac nhau
(p > 0,05).
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Hinh 3.3. Ham lwong protein tong (g/L) (a) va phan tram protein (%) (b)
ciia Spirulina trong cdc nong do NaNO3 khdc nhau

Tom lai, ta c6 thé thdy nong ¢ NaNOs trong moi trudng nudi cdy anh huong kha rd
1én sy ting trudng va tich liy protein cua Spirulina. Khi ting nong do NaNOs trong moi
truong Zarrouk tir 1,25 g/L dén 5 g/L thi sinh khéi, tbc d6 ting truong dic hiéu va ham luong
protein tong cua Spirulina ting theo. Qua trinh san xuit cic san pham chinh nhu protein,
carbohydrate va cac chit chuyén hoa cta vi sinh vat bi anh hudng rat 16n boi diéu kién ting
truong (Abd El Baky, & El baroty, 2016). Nito 14 thanh phan co ban cau tao cac acid amin
va cac phan tir protein trong té bao nén khi cung cip day du nito, qua trinh sinh tong hop
protein dugc tang cudng va tdo tang trudng nhanh (Sukenik, Zmora, & Carmeli, 1993).
Nguoc lai, thiéu hut nito trong méi trudong nudi 12 nguyén nhan 1am giam sinh khoi, cham
tdc do ting truong té bao, ting ham luong lipid hodc carbohydrate va giam tong hop protein
trong té bao tao (Pruvost, Van Vooren, Cogne, & Legrand, 2009). Sy gia ting ham luong
protein (30,02-34,41%) tuong Grng véi su gia tang cac muc nito (1,25-5,0 g/L) trong nghién
ctru nay 1a pht hop voi xu hudng chung cia cac két qua nghién ciru trude d6 (Guillard, 1973;
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Ho, Ye, Hasunuma, Chang, & Kondo, 2014).Vi thé, & Thi nghiém 3 sir dung néng d6 NaNO3
5 g/L d& nudi cdy 2 chung Spirulina sp. tién hanh xac dinh ham lugng protein tong, kha
chbng oxy hoa, thu sinh khi va dinh luong cac acid amin thiét yéu sau 5 ngay nudi ciy.
3.2, Nudi cdy, thu sinh khoi va phan tich thanh phan acid amin

3.2.1. Hinh thdi cua cdac chung Spirulina sp.

Mau sic va kich thude té bao cua ca 2 ching Spirulina khong thay d6i, van giit mau
xanh tir ngdy nudi cdy dau tién dén ngay thir 5. Mirc d6 xo0dn ciia cac soi ¢ ca 2 ching hiu
nhu khong thay ddi trong 5 ngdy nudi ciy (Hinh 3.4).

Dbi véi tao lam khi duoc nudi cay trong dicu kién thiéu nito, s6 lwong va kich thude
cac luc lap nho hon so véi diéu kién c6 du luong nito. Boi vi luc lap thuong chira mot lugng
16n cac sic té (diép luc t6 a va b, va P - carotene) va cac glycolipid (MGDGs —
Monogalactosyldiacylglycerol, DGDGs - Digalactosyldiacylglyerols, SQDGs -
Sulfoquinovosyldiacylglycerols) gidng nhu mang thylakoid (Thompson, 1996), luong chat
béo va lipid giam twong tng véi giam kich thude luc lap (Ito et al., 2013). Thiéu hut nito 1a
nguyén nhan lam giam téc do sinh truong, sinh khéi, thoi gian duy tri mat do cuc dai, ham
luong sic t6, protein, lipid, axit béo khong no, vitamin, carotenoids, phycocianin, enzyme...
& nhiéu loai tao trong d6 ¢6 tao Spirulina sp. (Uslu, Isik, Kog, & Goksan, 2011).

Spirulina sp. (MJ) Spirulina sp. (Nhat)

e o

e
e

Ngay 3 Ngay 2 Ngay 1
|

Ngay 4

Ngay 5

Nl %
Hinh 3.4. Hinh thai cua 2 chung Spirulina sp.
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3.2.2. Su tang truong cua cac Spirulina sp.

Sinh khéi ctia 2 ching Spirulina sp. ting dan tir ngay nudi ciy thir 3 dén ngay nudi cay
thir 5 va gan nhu bang nhau. Ching Spirulina sp. (Nhat) cho sinh khéi dat 0,207 g/L va téc
d6 tiang trudng dic hidu dat 0,33 g/L/ngay; chung Spirulina sp. (Mi) cho sinh khi 0,183 g/L
va tbe do ting trudng dic hiéu dat 0,32 g/L/ngay (p > 0,05) (Hinh 3.5).

0.25
0.20
2
2 0.15
é :
i 0.10 —o— Spirulina sp. (Nhdt)
=
%) —o— Spirulina sp. (M)
0.05 P P (7
0.00
3 4 5
Thoi gian (Ngay)

Hinh 3.5. Sinh khoi ciia 2 ching Spirulina sp.
3.2.3. Ham lwong protein tong va thanh phan acid amin ciia cdc ching Spirulina
< Ham lwong protein tong
Ham luong protein tong ciia ca 2 chung c6 néng do cao ting dan cho dén ngay nudi
thir 5. O chung Spirulina sp. (Mi) cho ham lugng protein tong dat 0,068 g/L (37,63%) so voi
sinh khdi kho, chung Spirulina sp. (Nhat) dat 0,056 g/L (27,36%) sau 5 ngiy nudi ciy
(Hinh 3.6, 3.7).

0.080 - 0.068
0.070 - B Spirulina sp. (Nhdt)
% 0.060 1 B Spirulina sp. (Mp)
E 0.050
]
I 0.040 -
095 0.030 -
& '
= 0.020 -
'g 0.010 -
& .
0.000 -
3 4 5
Thoi gian (Ngay)

Hinh 3.6. Ham lwong protein téng (g/L) cua 2 chung Spirulina sp.
& nong dé NaNOs 5,0 g/L
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Hinh 3.7. Ham lwong phdn tram protein tong ciia 2 ching Spirulina sp.
6 néng dé NaNOs 5,0 g/L
% Thanh phan acid amin ciia cdc chiing Spirulina sp.

Két quéa cho thdy hai ching Spirulina sp. dwoc nudi cdy trong mdi trudng Zarrouk cd
su da dang vé thanh phan acid amin gém acid amin thiét yéu, ban thiét yéu va khong thiét
yéu. O chung Spirulina sp. (Nhat) c6 ham luong cac acid amin (%) cao hon so véi chung
Spirulina sp. (Mi). O ca 2 chung Spirulina sp., ham lugng cia 2 acid amin: L — Alanine va
L — Proline cao nhat (khoang tir 9,95% dén 15,16%) (Bang 3.1). Hai acid min nay 1a mot
trong nhiing loai acid amin khong thiét yéu. L — Alanine c6 vai trd hd trg qua trinh chuyén
hoa glucose, phat trién co bip, didu tiét glycogen va dugc sir dung nhu 1a ngudn ning luong
khi glycogen bi can kiét chinh (Felig, Pozefsky, Marliss, & Cahill, 1970).

Nhoém acid amin chiém ham lugng cao thir 2 1a: L — Isoleucine, L — Leucine, L — Lysine
va L — Phenylalanine (thudc nhom acid amin thiét yéu) chiém ham luong khoang tir 7,10%
dén 10,29%. Céc acid amin thiét yéu 1a nhimng loai acid amin khéng dugc tong hop boi co
thé con ngudi ma dugc cung cip boi thire an. L — Isoleucine va L — Leucine ¢ vai tro rat
quan trong trong qua trinh phuc hdi strc khoe va diéu hoa luong glucose trong mau. L —
Phenylaline ¢6 chirc nang bdi bd ndo, tang cuong tri nhd va tac dong truc tiép dén moi hoat
dong ctia ndo bd (Jonker, Engelen, & Deutz, 2012). Cudi cung 1a nhitng acid amin con lai thudc
nhém thiét yéu, ban thiét yéu va khong thiét chira ham luong thap hon (Bang 3.1).

Vi vdy, ham lugng nito trong nudi truong nudi cdy c6 anh hudng rd rét 1én ham lugng
protein va thanh phan acid amin ctia cac chung Spirulina sp. khac nhau. Trong d6 méi truong
nudi ciy Zarrouk bd sung NaNOsz 5 g/L ca 2 chung Spirulina sp. c6 ham lugng protein va
thanh phan acid amin cao.
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Bing 3.1. Ham lwong thanh phan acid amin cia Spirulina sp.

Spirulina sp. My Spirulina sp. Nhit

STT Cac acid amin

mg/g Yo protein mg/g Yo protein

Thiét yéu
1 L — Isoleucine 27,35 7.36 27.70 10,24
2 L — Leucine 27.48 7.40 27.84 10,29
3 L — Lysinc 22,40 6.03 25,44 9,40
4 L — Methionine 8,32 2,24 9.48 3,50
5 L. — Phenylalanine 26,40 7.10 26,73 O 88
(5] L. — Threonine 16,93 4.56 17,78 6,57
7 L — Valine 7.85 2,11 8,95 3.31

Ban thiét yéu
8 L. — Arginine 4.17 1,12 8,14 3.01
9 I — Histidine 16,70 4,49 21,11 7,80

Khong thiét yéu
10 L — Aspartic acid 18.25 4.91 21.29 7.87
11 L. — Alanine 38.76 10,43 42 98 15,89
12 L — Cystine 12,87 3,46 15,48 5,72
13 L — Glutamic acid 13.25 3.57 15.45 5.71
14 Glycine 12,82 3.45 15,44 5,71
15 L. — Proline 36,97 9.95 41,00 15,16
16 L — Serine 17,95 4,83 21.61 7.99
17 L — Tyrosine 24,52 6,60 27.96 10,34

3.2.4. Kha ndng chong oxy héa cia cdc ching Spirulina sp.
< Ham lwong phenolic tong

Nbng d6 NaNOs c6 anh huéng dén kha ning tich lity phenolic ctia ca 2 ching Spirulina
sp. Hinh 3.8 cho thay, khi nudi ciy ca 2 ching Spirulina & méi trudng Zarouk c6 ndng do
NaNOs 5,0 g/L thi lugng phenolic dugc tich liiy kha cao. Chung Spirulina sp. (Mi) ham
lwong phan trim phenolic cao sau 3 ngay nudi cy (2,79%) va sau do giam dan, ching
Spirulina sp. (Nhat) cao sau 4 ngay nudi cay (2,68%) va ciing giam dan.

Két qua ndy cao hon gan 4 1an so véi thi nghiém ciia Abd El-Baky va cong sur (2009)
khao sat sy anh huong ctia nong d6 NaNOs va phenylalanine 1én ham luong phenolic va
flavonoid ctia Spirulina maxima. Trong thi nghiém nay, Spirulina dugc nudi cay trong moi
truong Zarrouk véi lwgng NaNOs lan lugt 2,5 g/L; 3,125 g/L; 3,777 g/L cho két qua phenolic
tuong ung 0,45%; 0,52%:; 0,65% thap hon rat nhiéu so véi khi nudi & ndong do NaNOs 5,0
g/L (Adb El Baky, K. El Baz, & El baroty, 2009).

O tao Spirulina sp. co chira cac chat chéng oxy hoa nhu carotenoid va phycobiliprotein
(Konickova et al., 2014; Schwartz, & Suda, 1988). Kha niang chdng oxy hoa cua tao ciing bi
anh hudng rat nhiéu boi yéu td nito dugc cung cip trong moi trudng nudi cdy. Theo Miranda
va cong su (1998), cac hop chit phenolic chinh dugc tim thdy trong Spirulina 1a: salicylic,
trans-cinnamic, synaptic, chlorogenic, acid quimic va caffeic. Ngoai ra, Spirulina con chua
1 s6 hoat chat chdng oxi hoa khac nhu: p-carotene, a — ocopherol va cac phycobiliprotein.
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Hinh 3.8. Ham hrong phenolic tong (g/L) (a) va phan tram phenolic (%)
(b) ciia 2 chung Spirulina sp. ¢ né‘ng do NaNO:s 5,0 g/L
% Khd ning chong oxy héa

Qua két qua ¢ Hinh 3.9, cho thiy Spirulina sp. c6 kha nang chong oxy hoa. Cu thé, dbi
v6i Spirulina sp. (Nhat) c6 hoat tinh chét chéng oxy héa cao sau 4 ngay nudi cay (11,04 %),
Spirulina sp. (Mi) sau 3 ngay nudi cdy (11,13 %). Ham luong phenolic va hoat tinh chéng
oxy hoa ({rc ché triét tidu gdc tu do cia DPPH) ctia Spirulina sp. c6 mbi twong quan voi nhau
(Hinh 3.8, 3.9).

Theo Sahu va cong su (2013) chi ra rang c6 sy tuong quan dang ké giita ham luong
phenolic va kha nang khir cac goc tu do & céac loai thuc vét qua d6 cho thiy kha nang khur
cac gbe tu do c6 thé lién quan dén ndng d6 cuia nhom hydroxyl phenolic. Nhidu nghién ctru
d3 chi ra rang cac polyphenol gop phan dang ké vao hoat dong chong oxy hoa va khir gbc tur
do, chi yéu 1a do dic tinh chéng oxy hoa ctia chiung, dong mot vai trd quan trong trong viéc
hap phu va trung hoa cic gbc tu do, dap tit cac oxy hoa tri 1 va héa tri 3 hodc phan huy
peroxit (Sahu, Kar, & Routray, 2013). Cac hop chét phenolic khong chi lam ting thoi han

1029



Tap chi Khoa hoc Trwéng DPHSP TPHCM Tap 16, So6 12 (2019): 1018-1033

sir dung ctia thyc pham ma con hoat dong nhur chat chdng oxy héa trong nhiéu hé thong sinh
hoc. Phenolic c6 kha ning chdng oxy héa va twong tac voi cac gbe tu do; hop chat nay co
thé trc ché sy oxy hoa lipid trong in vitro bang cach loai bé gdc ti do va hoat dong nhu chelat
kim loai (Colla, Badiale-Furlong, & Costa, 2007). Estrada (2001) da ching minh
phycobiliprotein; phycocyanin va allophycocyanin tir dich chiét cua Spirulina c6 hoat tinh
chdng oxy héa manh va {rc ché qua trinh oxy hoa lipid t& bao (Pinero Estrada, Bermejo
Bescos, & Villar del Fresno, 2001).

B Spirulina sp. (Nhdt)

14 -
u Spirulina sp. (My,
=) 11.04 P P (M)
g 12 4
$
Z 10 A
<
2
> 81
9
o
2 6
“«©
S
) 4 1
0 .
3 4 5
Thoi gian (Ngay)

Hinh 3.9. Ham leong chat chong oxy héa tong cia 2 ching Spirulina sp.
o néng do NaNOs 5,0 g/L
4. Kétluan

Nong d6 NaNOs trong mdi truong nudi cdy anh huong kha rd 1én su ting truong va
tich lity protein ctia Spirulina. Khi ting ndng do NaNOs trong mdi truong Zarrouk tir 1,25g/L
dén 5 g/L thi sinh khdi, téc do ting trudng dic hiéu va ham luong protein tong cua Spirulina
tang. O moi trudng nudi cdy co nong d6 NaNOs 5,0 g/L Spirulina cho sinh khdi va ham
lugng protein tong nhiéu hon so v6i 2 ndong d6 NaNOs 1,25 g/L va 2,5 g/L.

Ca hai ching Spirulina sp. déu ting trudng tot, tich liiy ham lugng protein va thanh
phan acid amin cao trong méi trudng nudi cdy Zarrouk bd sung NaNOs 5 g/L. Ngoai ra, ham
lwong phenolic téng va kha ning chdng oxy cua hai ching Spirulina sp. nay dat gia tri cao
va c6 mdi trong quan duong véi nhau.

% Tuyén bé vé quyén loi: Céc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

Spirulina sp. is a natural product known as a natural source of nutraceuticals and bioactive
compounds, responding to the demand of both food and medicinal products. Cultural conditions are
the key point to determine the quality of Spirulina’s products. Under the high NaNO3 concentration
supplied Zarrouk medium (5.0 g/L), the dry biomass (0.60 g/L) and the protein content (34.41%)
which were higher than those under low NaNO3 concentration supplied medium (1.25 g/L and
2.5g/L, the antioxidant capacity, protein content, and amino acid profiles were high in both strains
of Spirulina sp. from USA and Japan under the cultural condition in which NaNO3 concentration
was of 5.0 g/L. In addition, there was a positive correlation between the total phenolic content and
the antioxidant capacity of the two strains of Spirulina sp.

Keywords: Spirulina sp.; Bradford method; nitrate; protein; amino acid; antioxidant capacity
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