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Abstract: This study investigates the effects of physical (light intensity, temperature) and
chemical (pH, NaHCO:s concentration) factors on the growth rate and protein synthesis of Spirulina.
Cultivation was conducted for 10 days under three levels of each factor. Growth was monitored via
optical density (OD560) and dry biomass, while protein content was determined by the Lowry method.
Results showed that all four factors significantly affected biomass production (p < 0.05). Optimal
growth was achieved at 50 pmol/m2/s light intensity, 30 °C, pH 9.5, and 16.8 g/L NaHCO:s, yielding a
maximum biomass of 2.619 g/L. Protein content also increased markedly and reached a maximum of
64.80% at the optimal NaHCO: concentration. ANOVA indicated that pH was the most influential factor
affecting growth (F = 317.059), followed by light intensity (F = 143.005), both with highly significant
effects (p < 0.001). For protein content, NaHCOs concentration (F = 35.392) and temperature (F =
13.009) were the two most impactful factors. This study provides essential baseline data for optimizing
Spirulina cultivation, particularly for local strains and supports future applications in biomass and

protein production at pilot and industrial scales.
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1. Gi6i thi¢u

Spirulina (Arthrospira platensis) 1a vi tdo lam
dang xoan dugc cong nhén rong rai nhu mot nguén
nguyén liu sinh hoc ¢6 gia tri cao nho ham lugng
protein vugt trdi 55-70% khéi lwong kho, giau
acid amin thiét yéu, vitamin, khoang chat va sc t&
sinh hoc nhu phycocyanin (Delrue va c.s., 2017,
Musa va c.s., 2025). Spirulina da dugc ung dung
trong thyre pham chtre ning, dugc phim, my pham,
chan nudi thiy san va la mot trong nhirng ing vién
quan trong trong cong ngh¢ sinh hoc xanh va phat
trién bén vitng. Do d6, nhu ciu nghién ciru i wu
hoéa diéu kién nuéi cy Spirulina trong phong thi
nghiém va quy mo san xuit ngiy cang ting.

Trong nudi ciy vi tao ndi chung va Spirulina
néi riéng, cac yéu té méi truong dong vai trd then
chét. Cac yéu t vat Iy nhu cuong do chiéu sang
va nhiét do quyét dinh truc tiép dén hiéu suat
quang hop, toc d6 cb dinh CO: va niang luong sinh
hoc cua t& bao (Arora Soni va c.s., 2019). Pong
thoi, cac yéu t hoa hoc nhu pH va néng do
NaHCOs anh huong dén can bang bicarbonate—
carbonate va kha nang hap thu carbon vé co thong
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qua co ché CCM (Carbon Concentrating
Mechanism), tir d6 anh huéng manh dén téc do
sinh truong va tich lily protein (Zhang va c.s.,
2023). Nhitng thay d6i nho ciia cac yéu tb nay co
thé 1am ting dang ké sinh khdi hodc nguoc lai gay
trc ché ting truong, anh hudng dén chat luong sinh
khéi thu dugec.

Nhiéu nghién ctru d& cap dén tdi vu hoa, song
phan 16n tap trung vao timg yéu tb riéng 1¢, chua
6 danh gia tong hop va dinh lugng tac dong dong
thoi ciia cac yéu tb nay trong cing didu kién nubi
cdy chuan Zarrouk. Trong thyc té san xuét, nhidu
co sO nudi cdy Spirulina van ap dung cac diéu kién
moi truong dua trén kinh nghiém hodc dua trén dir
liéu tir cac ching nudc ngoai, trong khi dic diém
sinh 1y ctia timg ching Spirulina c6 thé khac biét
dang ké tiy theo ngudn gdc phan lap. Ching
DASS duoc thu thap trong diéu kién dic trung tai
Viét Nam, tuy nhién chwa c6 nhiéu nghién ciru
khoa hoc danh gi4 chi tiét anh huéng cua cac yéu
t6 moi truong dén kha nang sinh trudng va tong
hop protein ctia chiing nay. Viée xac dinh cac diéu
kién t6i wu cho ching DAS5 ¢6 ¥ nghia quan trong
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ca vé 1y luan hiéu rd su dap tng sinh 1y cua ching
dia phuong 1an thyc tién t6i wu hoa diéu kién nudi
trong phong thi nghiém va quy mé san xuat (Phan
va c.s., 2024).

Do d6, nghién cuu nay dugc thuc hién nhim
cung cp mot danh gia co hé théng vé anh huong
clia cic yéu t vat Iy — hoa hoc dén tdc do sinh
truong va tich iy protein cua Spirulina platensis
DASS, gop phan xdy dung bo dit liéu khoa hoc nén
tang phuc vu t6i wu hoa quy trinh nudi cdy & mirc
d6 phong thi nghiém va huéng dén tng dung thuc
tién.

2. Téng quan nghién ctru

Trong nhitng ndm gan day, nhu cau Gng dung
sinh khéi vi tao trong cong nghiép thuc phim,
dwoc phim, my phdm va nong nghiép ngay cang
tang manh, kéo theo nhu cau phat trién cac quy
trinh nuéi cy c6 hiéu suit cao va 6n dinh. Trong
s6 cac loai vi tao co gia tri kinh té, Spirulina
platensis ndi bat nho ham lugng protein, sic t6 va
hop chit sinh hoc phong pht. Tuy nhién, hi¢u suat
sinh truong va ham lugng protein ctia Spirulina
bién dong manh theo didu kién méi truong (Arora
Soni va c.s., 2019; Delrue va c.s., 2017; Musa va
c.s., 2025; Zhang va c.s., 2023). Viéc thiét 1ap bo
diéu kién ti uu cho nuéi cdy Spirulina vi thé tré
thanh mot nhu cau thiét yéu, dic biét doi véi cac
chung phan lap tai dia phuong, v6n c¢6 thé mang
ddc diém sinh 1y riéng biét va chua dugc nghién
ctru day du.

Nhiéu nghién ctru di khao sat diéu kién ti wu
nudi cdy Spirulina va cac yéu to moi truong anh
hudng. Delrue va cong su (2017) cho thdy cuong
d6 4anh sang 40-60 pmol/m2/giay giup téi wu hoa
téc do ¢ dinh CO: va nang suét sinh khéi (Delrue
va c.s., 2017). Khi anh sang vugt qua ngudng bio
hoa, tao bat diu xuét hién hién twong quang trc
ché, 1am giam hiéu qua PSII va ting san sinh ROS
(Reactive Oxygen Species) (Arora Soni va c.s.,
2019; Chaiklahan va c.s., 2022) Cac nghién ciru
gan day nhu Zhang va cong sy (2020) ghi nhan
anh sang manh lam giam ham lugng phycocyanin
do sy thu nho anten quang hop nham giam hap thu
photon qua muc. Tai Viét Nam, Vii Nguyét va
cong su (2017) ciing cho thdy muc anh sang
khoang 50 pmol/m¥gidy cho hiéu suat sinh truéng
cao nhat trong cac hé thong nudi thir nghiém (Vu
vac.s., 2017).

Nhiét d6 1a mot yéu td vat 1y quan trong khac
anh hudong dén tc d6 phan Gmg enzyme va sy 6n

dinh cua cdu trac mang thylakoid. Soni va cong sy
(2019) xac dinh khoang 28-32 °C la thich hgp cho
su phat trién ciia da s6 ching A. platensis, trong
khi nhiét d6 cao trén 35 °C gay bién tinh mot phan
protein va lam giam hoat tinh Rubisco (Arora Soni
va c.S., 2019). Nghién ctru cua Chen va cOng sy
(2013) chimg minh rang khi nhiét tang, tio gia
tang san sinh ROS, dan dén stress oxy hoa lam
giam hiéu sudt quang hop. O chiéu nguoc lai, nhiét
d6 thap hon gii han t6i wu lam giam téc do
chuyén hoa ndi bao va han ché téng hop protein
(Delrue va c.s., 2017). pH gilr vai tro trung tdm
trong co ché hip thu carbon v6 co cua Spirulina
thong qua hé théng CCM (Carbon Concentrating
Mechanism). Vi Spirulina st dung bicarbonate
(HCOs) lam ngudn carbon chinh, pH ctia moi
truong ¢6 anh huong truc tiép dén ty 16 CO—
HCOs—COs*. Theo AlFadhly va cong su (2016),
pH 9-10 1a vang tbi wu giup duy tri cdn bang ion
phu hop va tang hoat dong carbonic anhydrase, tir
d6 nang cao tdc d6 cd dinh carbon (AlFadhly va
c.s., 2022). Méi truong kiém khong chi thuc diy
sinh truéng ma con gitip giam tap nhiém vi nhiéu
vi sinh vat khac khong thé phat trién dugc trong
pH cao. Nong d6 NaHCOs, thanh phan quan trong
ctia mdi truong Zarrouk, anh hudng tryc tiép dén
tbc do cung cap HCOs~ dang carbon wa dung cﬁa
Spirulina. Chojnacka va cong su (2012) cho rang
muc NaHCO:; 15-20 g/L c6 thé gip t6i uu toc do
¢b dinh CO- va sinh truéng. Tuy nhién, khi nong
d6 vugt qua 25-30 g/L, ap suat tham thau ting cao
dan dén rdi loan ion ndi bao va giam sinh trudng.
Zhang va cong su (2023) con cho thay du thira
bicarbonate c6 thé gay ting pH manh va tao ap luc
kiém 1én té bao, anh hudéng dén cdu tric mang
(Zhang va c.s., 2023). Dit lidu trong nudc vé ndng
d6 NaHCO:s van con han ché va chua co nghién
ctru danh gia mot cach hé théng mirc do anh huong
1€n ca sinh trudng va protein.

Mic du nhiéu cong b da chi ra tim quan trong
clia cac yéu t6 nhu anh sang, nhiét do, pH va
ngudn carbon v6 co ddi voi Spirulina, phan 16n
nghién ctru chi khao sat mot hodc hai yéu té moi
truong, trong khi chua c6 cong trinh nao danh gia
ddng thoi bbn yéu t6 cbt 16 theo thiét ké don yéu
t6 chudn hoa, di kém phan tich ANOVA dé xac
dinh mac do anh huong théng ké manh nhat.
Ngoai ra, hién chua c6 bdo cdo nao mo ta sy thay
d6i ham luong protein dudi tic dong cia ca bon
yéu to trén ching DASS5 trong méi truong
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Zarrouk.Trong bdi canh d6, viée danh gia bon yéu
t6 nay mot cach hé théng trén ching Spirulina
platensis DAS5, mot chiing dia phuwong 1a cin thiét
dé xac dinh kha ning thich nghi va tiém nang g
dung cta chung. Dt liéu thuc nghi€m thu dugc t
ching DAS5 ¢6 ¥ nghia quan trong gitp hiéu rd
hon vé sinh 1y hoc va nhu cu dinh dudng ciia
chung ban dia, tao nén tang cho viéc t6i wu hoa
nudi ciy phong thi nghiém va quy mé pilot, va hd
trg dinh huéng xdy dung mé hinh sin xut
Spirulina bén viing tai Viét Nam.
3. Phwong phap nghién ciru
3.1. Péi twong nghién ciru

Chiing gidng vi tio Spirulina platensis DAS5
dugc cung cdp boi Cong ty TNHH Cong nghé
Dalitra.
3.2. Moi trwong va diéu ki¢n nuéi cdy

Spirulina platensis DAS5 dugc nudi cdy trong
méi truong Zarrouk gdbm NaCl (1,0 g/L),
CaCl:2H.O (0,04 g/L), NaNOs (2,5 g/L),
FeSO+7H-0 (0,01 g/L), EDTA-Na (0,08 g/L),
K>SO4 (1 ,0 g/L), MgSO4‘7H20 (0,2 g/L), NaHCO:s
(16,8 g/L) va K2HPO4 (0,5 g/L). M6i truong dugc
bd sung thém 1 mL/L dung dich vi lugng A5
(H3B03, MHC12'4H20, ZnSO4'4HzO, Na:MoO4 va
CuSO4-5H:0). Nudi ciy duge duy tri nhiét do 28
+ 3°C; chiéu sang bang dén LED tring 50
pumol/m?/gidy (dén LED tring cong suat 16 W,
phd anh sang 420-660 nm (dinh 460 nm), chu ky
sang toi 12/12 gid; suc khi 1 L/phit bang may khi
nén c6 loc 0,22 pm.
3.3. Phwong phdp nghién ciru cdc yéu to6 anh
huwong
3.3.1. Anh huong ciia cwong dé dnh sang

Tao Spirulina platensis DASS dugc nuoi trong
500 mL moi trudng Zarrouk (binh tam giac 1 L)

voi ba muc cuong do anh sang 30, 50 va 85
pmol/m?/s; céac diéu kién khac duoc cb dinh
(30°C, pH 9,0, NaHCOs 20 g/L). Chiéu sang 12
gio/ngdy bang dén LED trang dat cach 30 cm.
ODsso duge do mdi 2 ngay; sinh khdi kho ngay 10
va ham lugng protein xac dinh theo phuong phap
Lowry nham danh gia mirc 4nh séng tbi u.
3.3.2. Anh hudng ciia nhiét do

Cac mau tao dugc nudi trong 500 mL moi
truong Zarrouk dudi cudong do sang cb dinh 50
pumol/m?/s; nhiét do thay ddi & ba murc 25°C, 30°C
va 35°C, trong khi pH 9,0, NaHCOs 20 g/L va suc
khi 1 L/phut duoc giit 6n dinh. ODss do dinh ky
mdi 2 ngdy, sinh khi va protein xac dinh vao ngay
10 d xéc dinh nhiét do t5i wu.
3.3.3. Anh hudng ciia pH

pH méi truong (500 mL Zarrouk) duoc diéu
chinh ¢ ba muc 8,0; 9,5; va 11 thong qua thay ddi
ty 16 NaHCOs/NaCOs va hiéu chinh bang
NaOH/HCL. Céc diéu kién khic cé dinh (50
pmol/m?/s, 30°C, NaHCOs 20 g/L, suc khi 1
L/phiit). ODseo duoc do mdi 2 ngay; sinh khdi va
protein x4c dinh ngay 10 dé xac dinh pH t6i uu.
3.3.4. Anh huong ciia nong do NaHCOs

Nong d6 NaHCOs thay doi & ba muc 10, 20 va
30 g/L; cac diéu kién khac ¢b dinh (50 pmol/m?/s,
30°C, pH 9,0, suc khi 1 L/phut). Téc do sinh
truéng duge theo ddi qua ODse mdi 2 ngay, sinh
khéi kho va protein duoc xac dinh vao ngay 10
nham xac dinh nng d6 NaHCO:s tdi wu.
3.4. Phwong phap xdc dinh sinh truwong va sinh
khoi

Tang trudng té bao dugc theo ddi bang ODseo
sir dung may quang phé UV-Vis (Shimadzu UV-
1900i). Pong thoi xdy dung duong hdi quy giita
OD va sinh khéi kho (hinh 1).

Hinh 1. Puong hdi quy tuyén tinh giita ODse va sinh khoi khé ciia S. platensis DAS5
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Sinh khéi dugc xac dinh biang phwong phap
trong luong: 1dy 30 mL mau, loc qua gidy loc
GF/C da sy va can trudc (W1), sdy 6 105°C dén
khdi lwong khong ddi (W2). Gidy loc dugc xir Iy
va can bang trudc theo quy trinh tiéu chuén.

Nong d6 sinh khéi kho cudi cung Xy (g/L),
dugc tinh theo cong thirc:

My
Wr= A

trong do:

M 12 khéi lugng trung binh cua sinh khéi kho
tao thu duoc & thoi diém cudi nudi ciy (g),

Vs 1a thé tich mAu tao str dung dé xac dinh (L).

Mirc tiang sinh khdi (AW) duoc xéac dinh theo
cong thuc:

AW = Wy — W,

trong do:

W 13 ndng d6 sinh khdi cudi (g-L) tai thoi
diém tr,

W 1a ndng do sinh khdi ban dau (g-L ) tai thoi
Hinh 2. Pudng chuin BSA (0-500 pg/mL)
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Téc d6 ting truong trung binh (1) dwoc xac
dinh theo cong thic:
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3.5. Phén tich ham lwgng protein

Protein dwgc xac dinh theo phuong phap
Lowry cai bién (Lowry va c.s., 1951). Sinh khéi
d6ng kho (2 mg) dugc huyén phu trong 5 mL nude
ct; 1y 0,5 mL dé phan tich. Mau dugc xur 1y véi
NaOH 1 N, dun 100°C trong 5 phut; sau khi ngudi,
thém hdn hop thude thir kiém (tartrat kali-natri 1%
+ Na2CO3/NaOH), phan trng 10 phut; sau d6 thém
thube thir Folin—Ciocalteu, u t6i 30 phit. Do hip
thu do tai 750 nm. Puong chuan dugc xay dung tir
BSA (0-500 pg/mL) (hinh 2).

0.4 0,3 0.6 0,7

Mt 4§ quang OD750nm

Ham lugng protein (mg BSA/g sinh khdi kho)

dugc tinh tir duong chuan va quy doi:
% Protein = 0.25 X [P]

trong do: [P] 1a ndng do protein (ng/mL) dugc
tinh dua theo dudng chudn protein.

Tat ca cac phép do dugc lap lai ba lan va trinh
bay dudi dang gia tri trung binh + d6 léch chuan
(SD).

3.6. Phén tich sé ligu

Tat ca két qua duoc biéu thi dudi dang trung
binh + SD (n = 3). Anh hudéng cia cac yéu tb
(cuong d6 chiéu sang, nhiét do, pH, NaHCOs) dén

ODseo, sinh khéi, toc d6 tang truong va ham luong
protein dugc danh gia bang One-way ANOVA (a
=0,05). Khi ANOVA cho thiy c6 su khac biét, cac
cap mirc dugce so sanh bang t-Test hai mau doc 1ap
kém hi€u chinh Bonferroni. Cac mirc khong khac
biét théng ké duge gop vao cing mot nhém (a, b,
¢) va trinh bay trong bang Mean + SD kém cot
nhom Tukey. Tat ca cac phan tich va biéu d6 duoc
thuc hién bé“mg Microsoft Excel 16.89-2021.

4. Két qua nghién ciru

4.1. Anh hwéng ciia cwong dp chiéu sing dén
sinh trwong va tong hop protein
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Bang 1. Anh hwéng ciia yéu t6 vat 1y — hoa hoc dén sinh truéng va tong hop protein ciia tio

x04n Spirulina platensis DAS5

£ s Nhom .
Ak ODsso Sinh khéi | 10¢ 40 tang Tukey Protein Nhom
Yéu to R truéng p - Tukey
ngay 10 (/L) (ngay ") sinh (%) Protein
say khéi
Cuwong d chiéu sang (umol/m?/giay)
0,226 + 49,49 +
30 0,938 +0,015 | 1,526 + 0,022 0,001 a 260 a
0,263 £ 58,02 £
50 1,390+ 0,026 | 2,211 +0,040 0,002 b 3.16 a
0,241 + 56,93 £
85 1,102 £0,014 | 1,774 £0,021 0,001 c 0,81 a
Nhiét dg (°C)
0,221 + 51,89 +
25 0,889+0,019 | 1,451 +0,029 0,002 a 1,02 a
0,262 + 60,35 +
30 1,374+ 0,029 | 2,187 £0,044 0,002 b 148 b
0,245 £ 55,83 £
35 1,147 + 0,039 | 1,842 £0,060 0,003 c 0.96 ab
pH
0,203 £ 49,49 +
8 0,731+£0,013 | 1,211 +0,019 0,002 a 260 a
0,269 £ 58,02 £
9,5 1,481 +0,008 | 2,349 +0,013 0,001 b 316 a
0,238 £ 56,93 £
11 1,061 +0,033 | 1,712 +0,050 0,003 c 0,81 a
Nong dd NaHCO:s (g/L)
0,196 + 48,17 +
10 0,675+£0,029 | 1,126 +0,044 0,004 a 197 a
0,280 £ 64,80 *
20 1,659 +0,065 | 2,619 +0,098 0,004 b 0.74 b
0,220 £ 57,00
30 0,883 +0,032 | 1,443 +£0,049 0,003 c 121 a
Cdc chir cdi khac nhau (a, b, ¢) chi ra cac mirc khdc biét c6 y nghia thong ké (p < 0,05, hiéu chinh
Bonferroni) theo Tukey HSD

Bang 1 cho thiy cuong do chiéu sang 1a mot
yéu té c6 anh hudng manh va rd rét dén kha ning
sinh trudng ctia Spirulina platensis DAS5. Khi
taing cuong do anh sang tir 30 1én 50 pmol/m?¥s,
gi4 tri ODseo, sinh khdi va toc d6 ting truong déu
tang dang ké, trong d6 mirc 50 pmol/m?/s cho hiéu
suat cao nhét voi ODseo dat 1,390 va sinh khoi dat
2,211 g/L. Pay 1a mirc cao nhét trong ba nghiém
thirc, phan 4nh rang cudng d6 anh sang trung binh
la phu hgp cho hoat dong quang hop va tich liy
vat chat ciia tao. Tuy nhién, khi tiép tuc ting cuong
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dd anh sang 1én 85 umol/m?/s, ca ODseo va sinh
khéi déu giam xudng con 1,102 va 1,774 g/L. Diéu
nay cho thiy 4nh sang qué manh c6 thé giy quang
trc ché, lam giam hoat dong ctia hé théng anten
quang hop (phycobilisomes) va anh huéng dén
hiéu suat sir dung ning lugng.

Téc @6 ting truong p phan anh rd xu hudng
nay, ting tir 0,226 ngay ' ¢ muc 30 umol/m?/s 1én
0,263 ngay! tai 50 pmol/m?/s, sau d6 giam con
0,241 ngay ' khi anh sang dat 85 pmol/m?/s. Phan
tich ANOVA cho sinh khéi cho két qua F =
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143,005 va p < 0,001, khing dinh sy khéc biét co ¥ nghia thong ké rit manh giita cic mirc 4nh séng
(bang 2). Kiém dinh hau nghiém Tukey HSD phan cic mirc 4nh sang thanh ba nhom riéng biét (a, b, c),
chirmg minh 50 pmol/m%s 1 cudng d6 tdi wu trong pham vi thi nghiém.

Bang 2. Phén tich phuong sai ANOVA ciia cac yéu to anh hwéng trén sinh khéi ciia tio xodn S.

platensis DAS5

Yéu to SS df MS F P-value
Anh sang 0,722 2,000 0,361 143,005 <0,001
Nhiét do 0,815 2,000 0,408 64,139 <0,001
pH 1,953 2,000 0,976 317,059 <0,001
Nong dé NaHCOs 3,713 2,000 1,856 132,971 <0,001

D6i voi ham luong protein, mic du gia tri trung binh ting tir 49,49% (30 pmol/m?¥s) 1én 58,02% (50
pmol/m?/s) va 56,93% (85 umol/m?/s), su khac biét nay khong dat y nghTa théng ké (F=3,718;p =
0,089) (bang 1, 3). Nguyen nhan ¢ thé do protein ciia Spirulina chu yeu gom phycocyanin va céac
protem quang hop, vén dugc didu hoa t dong theo cudng do anh sang dé tranh ton thuong quang hoa,
dan dén ty 18 protein theo phan trim khong thay di rd rét mic du sinh khéi ting déang ké (Arora Soni

va c.s., 2019; Chaiklahan va c.s., 2022).

Béng 3. Phan tich phwong sai ANOVA cuia cac yéu t6 anh hwéng dén téng hop protein ciia tao

xoén S. platensis DASS

Yéu to SS df MS F P-value
Anh sang 129,372 2,000 64,686 3,718 0,089
Nhiét d¢ 107,549 2,000 53,775 13,009 0,007
pH 129,372 2,000 64,686 3,718 0,089
Nong dp NaHCO, | 415,354 2,000 207,677 35,392 <0,001

Trong diéu kién thi nghiém, 50 pmol/m¥s 1a
mirc 4nh sang téi wu cho ting truong cia
Spirulina, trong khi hai mirc anh sang thap va cao
déu 1am giam hiéu suét sinh trudng theo co ché sai
1éch ndng luong quang hop va stress anh sang.
4.2. Anh hwong ciia nhi¢t dp dén sinh trwéng va
tong hop protein

Nhiét do 1a mot trong nhitng yéu té quyét dinh
hiéu sudt nudi cdy Spirulina platensis DASS.
Trong khoang nhiét d khao sat tir 25 dén 35 °C,
gi4 tri ODseo, sinh khdi va téc d6 ting truong déu
dat mirc cao nhat tai 30 °C. Cy thé, sinh khéi ting
tr 1,451 g/L ¢ 25 °C 1én 2,187 g/L ¢ 30 °C, twong
g voi mire ting gan 50%. Tdc do ting trudng p
cling tang tir 0,221 ngay ' 1én 0,262 ngay!, cho
thdy hoat dong chuyén hoa va quang hop ¢ 30 °C
dién ra manh mé& nhit.

Khi ting nhiét do 1én 35 °C, cac chi sb sinh
truong giam rd rét: sinh khdi giam con 1,842 g/L
va p giam con 0,245 ngay'. Day la biéu hién dién
hinh cua stress nhiét. Dudi tac dong ctia nhiét cao,
cac enzyme quang hop (dac biét 1a Rubisco) bi
giam hoat tinh, mang thylakoid kém 6n dinh, ting
san sinh ROS, dan dén giam hi¢u suit ¢6 dinh
carbon.

ANOVA bang 2 cho sinh khdi cho két qua F =
64,139; p < 0,001, khéng dinh su khac bi¢t c6 y
nghia giita ba mirc nhiét. Kiém dinh Tukey phan
ba mic thanh ba nhom riéng biét, cho thay
Spirulina phan tmg rat nhay cam véi thay di nhiét
d6. P6i véi protein, ham luong ting tir 51,89% (25
°C) 1én 60,35% (30 °C) va giam xudng 55,83%
(35 °C). ANOVA cho bién protein cho F =13,009;
p = 0,007, khing dinh sy khac biét c6 y nghia
(bang 3). Két qua nay phu hop véi bao céo cia
Soni va cong su (2019), khi cac tac gia ghi nhan
Arthrospira dat sinh truéng cao nhat tai 30 °C va
giam 16 khi nhiét d6 tang vuot 35 °C (Arora Soni
va c.s., 2019). Vonshak (1997) ciing nhan manh
ving nhiét toi wu 28-32 °C d6i véi hiéu suit quang
hop va céu tric phycobilisome (Avigad Vonshak,
1997).

Nhu vy, nhiét d6 t6i wu cho sinh trudong va
tong hop protein cta Spirulina DASS5 1a 30 °C,
trong khi cac mic ngoai ving tdi uvu déu dan dén
10i loan hoat dong quang hop va giam ning suat.
4.3. Anh hwong ciia pH dén sinh truwéng va tong
hop protein

Két qua trong bang 1 cho thiy pH anh hudng
& rét dén sinh truong cua Spirulina platensis
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DASS. Trong ba muc pH khao sat (8, 9,5 va 11),
gia tri sinh khéi va téc do tang trudng déu dat cuc
dai tai pH 9,5. Sinh khdi tai pH 8 chi dat 1,211 g/L
(n = 0,203 ngay™), trong khi & pH 9,5 ting manh
1€n 2,349 g/L (n = 0,269 ngay™"). Khi tang pH [én
11, sinh khéi giam con 1,712 g/L va p giam con
0,238 ngay . Biéu nay cho thiy Spirulina va méi
truong kiém nhe (9-10), nhung pH qua cao
(>10,5) lai gdy stress kiém, giam hoat dong
enzyme va hiéu sudt hap thu carbon.

ANOVA cho sinh khéi cho F = 317,059; p <
0,001, khing dinh pH 14 yéu t6 c6 anh hudng rat
manh (bang 2). Tukey HSD phéan ba mtrc thanh ba
nhém, nhan manh su khéac biét 13 rét gifra chiing.
Pbi v6i protein, mic du cd xu hudng ting tir
49,49% (pH 8) 1én 58,02% (pH 9,5) va giam nhe
con 56,93% (pH 11), su khac biét nay khong dat y
nghia thong ké (F = 3,718; p = 0,089) (bang 3).
Két qua twong ddng v6i nghién ciru cua Vonshak
(1997) ciing ghi nhan rang pH cao gy trc ché kha
ning c¢b dinh carbon va pha v ciu triic protein ctia
thylakoid (Avigad VVonshak, 1997).

pH 9,5 dugc xac dinh 1a t6i wu cho sinh truong
Spirulina, ddng thoi dam bao hi¢u suat tong hop
protein cao, mac du ty 1€ protein (%) khong thay
d6i dang ké gitra cac mirc pH.

4.4. Anh hwong ciia nong dp NaHCO: dén sinh
trudng va téng hop protein

NaHCO:s 1a ngudn carbon vo co chinh trong
mdi truong Zarrouk, va két qua bang 1 cho thiy sy
thay d6i ndng do NaHCO:; gy tac dong rat manh
dén ca sinh truong va tong hop protein. Khi ting
nong d6 NaHCOs tir 10 1én 20 g/L, sinh khdi ting
tu 1,126 g/L 1én 2,619 g/L va p tang tir 0,196 1én
0,280 ngay™". Tuy nhién, khi tiép tuc ting nong do
1én 30 g/L, sinh khéi giam xubng con 1,443 g/L va
i giam con 0,220 ngay . Piéu nay phan anh co
ché phuy thudc carbon vo co cta Spirulina: nong d6
qué thip gay thiéu hut carbon, trong khi ndng do
qué cao gy ting ap suat tham thu va stress kiém.

ANOVA cho sinh khéi cho F = 132,971; p<
0,001, ching minh sy khac biét manh gilta cac
nghiém thirc (bang 2). Ham lugng protein dat cao
nhit tai 20 g/L (64,80%), thap hon tai 30 g/L
(57,00%) va thip nhit tai 10 g/L (48,17%). Két
qua phu hop véi nghién ctru ciia Zhang va cong su
(2023) khi bd sung bicarbonate gitp ting sinh
truong nhung vuot ngudng sé gy stress kiém
(Zhang va c.s., 2023).

Do d6, ndng d6 NaHCOs 20 g/L 1a tbi wu cho
sinh truéng va tich lily protein cuia Spirulina
DASS.

4.5. Tong hop mikc dp anh hwong ciia cdc yéu té qua Heatmap va ANOVA Effect Size
Hinh 3. Heatmap tong hop biéu dién sinh khéi (g-L") va ham lwong protein (%) ciia Spirulina
platensis DAS5 tai ba mirc ciia bon yéu t6 mdi trwong (inh sang, nhiét do, pH va NaHCOs)

Heatmap sinh khéi (g-L-7)

Anh sang
(umalfm?/s) 2.6
2.4
Nhiét do <&
(°C)
2.0
-
18
pH 1.6
14
1.2

NaHCO»
(ol

Mirc 1

Mlc 2 Mic 3

Heatmap ham lugng protein (%)

Anh sdng
(umolfmi/fs)

NaHCO»
(g/L)

Mlc 1

Mau sdc thé hién cwong do dap ung, gia tri cao hon dwoc t6 dam.

Cdc ky tw a, b, ¢ biéu thi sw khdc biét cé y nghia thong ké theo kiém dinh Tukey (p < 0,05).

Heatmap tong hop (hinh 3) thé hlen rd mo hinh dép ing cua smh khéi va ham luong protein ddi voi
ba mirc ctia bon yéu té moi trudng gdm anh sang, nhiét d6, pH va nong do NaHCOs. “Mic 1 — Mirc 2
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— Murc 3” tuong ung voi cac gia tri khao sat cua
timg yéu t (4nh sang: 30-50-85 pmol/m?/s; nhiét
d6: 25-30-35 °C; pH: 8,0-9,5-11; NaHCOs: 10—
20-30 g/L). Két qua cho thiy cac 6 mau dam nhat
déu tap trung tai Muc 2, xac dinh nhém diéu kién
t6i ru dong nhat gom: 50 umol/m?/s anh séng, 30
°C, pH 9,5 va 20 g/L NaHCOs. Pay cling 1a cac
diéu kién mang lai sinh truéng manh nhét va ham
luong protein cao nhét cua S. platensis DASS.
Nguoc lai, cac mirc cyce tri (mac 1 va muc 3) thé
hién mau sic nhat hon, phan anh sy suy giam hiéu
sudt sinh truong khi diéu kién moi truong léch
khoi vung t61 wu. Dic biét, pH va NaHCOs cho
thdy su chuyén mau manh nhét gitra ba muc, goi y

hai yéu t6 nay gay bién thién 16n nhét ddi véi ca
sinh khdi va protein. Piéu nay duoc cing ¢ boi
phén tich ANOVA effect size (hinh 4). Gia tri F
cho sinh khéi cho thiy pH c6 anh hudng 16n nhét
(F = 317,06), tiép theo 1a anh sang (143,01),
NaHCO:s (132,97) va nhiét do (64,14). Nhu vay,
pH 14 yéu t6 chi phdi toan bd dong luc ting trudng
ctia ching DASS5. D6i voi ham lugng protein,
NaHCO:s (F =35,39) va nhiét d6 (F=13,01) la hai
yéu té ¢6 ¥ nghia thong ké cao, trong khi 4nh séang
va pH khong tao ra khac biét dang ké (p > 0,05),
cho thay qué trinh tich lity protein nhay cam hon
voi nguén carbon va diéu kién nhiét.

Hinh 4. Gia tri F trong phan tich ANOVA biéu dién mirc d) anh hwéng ciia cac yéu t6 mdi truong
1én sinh khéi va ham lwgng protein ciia Spirulina platensis DAS5

3501

317.1

300F

2501

143.0

Gia tri F (ANOVA)
- N}
@ S
=] S

-
=3
=3

50
ns. n.s.
3.7 3.7

B Sinh khéi (F)
mm Protein (F)

133.0

64.1

13.0

pH Anh séng

NaHCOs Nhiét dé

Yéu té thi nghiém

N.s. = khong co y nghia (p > 0,05); ** =p < 0,01; ***=p < 0,001

Su théng nhat giita Heatmap va gia tri F cho
thdy phan tich truc quan va phan tich théng ké déu
khiang dinh pH va NaHCOs 13 hai yéu t6 anh
hudng manh nhét, trong khi 4nh sang va nhiét do
dong vai tro diéu chinh nhung mirc anh hudng nho
hon. Diéu nay gitip xac dinh thtr ty wu tién khi ti
wu hoéa nudi cay Spirulina va 1a co s¢ khoa hoc
quan trong cho thiét ké thi nghiém & quy mo pilot.
5. Ban luén

Két qua nghién ctru da xac dinh rd bon yéu to
moi truong cuong dd anh sang, nhiét do, pH va
nong 46 NaHCO; déu c6 anh hudng dang ké dén
sinh truong va tong hop protein cta Spirulina
platensis DASS. Trong d6, cac diéu kién tbi vu ghi
nhan dugc bao gém: anh sang 50 pmol/m?¥s, nhiét
d6 30 °C, pH 9,5 va NaHCO: 20 g/L. Pay déu la
céc gi4 tri nam trong khoang t&i wu da dugc nhidu

nghién ctru trude day dé cap, cho thiy sy tuong
ddng vé dic diém sinh Iy — sinh hoa cua ching
DASS v6i  phan l6n  cac  ching
Avrthrospira/Spirulina dugc nudi cy.

Piém ndi bat dau tién 1a sinh truong cua
Spirulina phan {mg rat nhay véi anh sang va nhiét
do, hai yéu t truc tiép anh hudng dén hiéu suit
quang hop. Muc anh sang 50 pmol/m?%s cho sinh
khéi cao nhét, phu hop v6i ngudng anh sang bio
hoa cua nhiéu ching Spirulina, thudng dao dong
40-60 pmol/m?/s. Anh sang cao hon 85 pmol/m?/s
gdy giam sinh truong do xuét hién cic co ché
quang tGc ché, nhu giam kich thudc
phycobilisome, ting ROS va giam higu suat PSII
(Delrue va c.s., 2017). Twong tu, nhiét d6 30 °C
duoc xac nhan 13 t8i wu, pht hop véi muc téi wu
28-32 °C da dugc béo céo boi Vonshak va nhiéu
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tac gia khac (Arora Soni va c.s., 2019; Avigad
Vonshak, 1997; Truong va c.s., 2022). Nhiét do
thap gy giam hoat tinh enzym, trong khi nhiét d¢
cao 1am mét 6n dinh ciu trac protein va giy stress
nhiét 1am giam hiéu sudt quang hop.

Thir hai, pH va NaHCOs hai yéu t6 lién quan
dén hé dém va co ché cb dinh carbon cua tao cling
thé hién vai tro quyét dinh dén sinh truong. pH t6i
uu 9,5 phan anh kha nang hoat dong hi¢u qua cua
hé théng van chuyén bicarbonate va carbonic
anhydrase trong méi truong kiém nhe. pH thip
han ché cung cdp CO/HCOs", trong khi pH cao
(>10,5) gy ton hai dén can bang ion va din dén
stress kiém. Nong d6 NaHCO: tbi wu (20 g/L)
ciing phi hop véi co ché sinh 1y cia Spirulina, vn
sit dung bicarbonate 1am ngudn carbon chinh
théng qua CCM (Carbon Concentrating
Mechanism) (Delrue va c.s., 2017; Zhang va c.s.,
2023). Nong d6 qua thip gdy han ché carbon,
trong khi ndng d6 quéa cao lam ting ap sudt tham
théu va gay r6i loan can bang pH noi bao.

Mot diém dang chi y 1a trong ca bdn thi
nghiém, ty 1¢ protein theo % khdi lugng kho khong
bién dong dang ké & mot sd yéu td anh sang, pH,
du tong sinh khéi thay doi manh. Piéu nay cho
thdy ham luong protein ctia Spirulina twong d6i 6n
dinh vé ty 1¢, nhung tong lugng protein tinh theo
g/L phu thudc chu yéu vao sinh khéi. Piéu nay goi
¥ rang cic yéu té moi trudng trudc hét tic dong
lén toc do tang truong, va tir d6 anh huong gian
tiép dén san lugng protein.

Nghién ctru khao sat yéu té doc 1ap theo thiét
ké OFAT (One-Factor-At-a-Time), can danh gi4
tiép theo twong tac giita cac yéu td, von co thé anh
hudng manh khi thuc hién trén quy mé 16n. Tiép
tuc nghién ctru khao sat anh huong cia cac yéu t6
khac nhu chu ky chiéu sang, cudng do suc khi, ty
16 N:P hay vi luong cac yéu té dugc ghi nhan ¢
tac dong dang ké dén hiéu suit cling nhu ham
luong sdc t trong tao nudi Spirulina nhur nhidu
cbng trinh nghién ctru khac (Delrue va c.s., 2017,
Musa va c.s., 2025). Pong thoi, nghién ciru nay 1a

tién dé cho md rong cac nghién ctru trén quy mo
pilot hodc hé quang sinh cong nghiép dé danh gia
d6 On dinh va d¢ lap lai cia diéu kién tbi wu trong
mdi trudng san xuit thuc té.

6. Két luan

Nghién ctru di danh gia mot cach co hé thong
anh huéng cia bdn yéu té moéi truong cudng do
anh sang, nhiét do, pH va nong d6 NaHCOs dén
sinh truong va tong hop protein ciia Spirulina
platensis DASS5 trong diéu kién phong thi nghiém.
Két qua cho thdy ca bon yéu té déu anh huong co
¥ nghia théng ké dén sinh truong, trong d6 anh
sang va NaHCOs c6 anh huéng manh nhét, thé
hién qua céc gia tri F cao trong phan tich ANOVA.
Téc do tang truong va sinh khéi dat cuc dai khi
nudi cdy tao & 50 pmol/m?s (anh sang), 30 °C
(nhiét do), pH 9,5 va 20 g/L NaHCOs. bay dugc
x4c dinh 1a bo didu kién t5i uu dé dat dugc sinh
trudng cao nhit va protein tich iy 10n nhét.

Ham lugng protein theo % khdi lwong kho c6
xu huéng ting & mirc diéu kién téi wu nhung sy
khac biét khong phai lic nao cling c6 y nghia
thong ké, phan 4nh rang ty 1¢ protein ctia Spirulina
tuong ddi 6n dinh, phy thudc chii yéu vao tbe do
tang trudng té bao hon 1a vao ban than timg yéu tb
moi truong. Két qua nay phu hop v6i nhiéu cong
bd qubc té, khang dinh tinh phd quat cia cac co
ché sinh 1y - quang hop va chuyén hoa carbon ctia
Spirulina.

Nghién ctru gép phan bd sung dir liu thuc
nghiém quan trong cho viéc tdi wu hoa quy trinh
nudi Spirulina trong diéu kién phong thi nghiém,
ddng thoi lam co s& cho viée nang quy mé 1én cac
hé thdng nudi ciy 16n hon. Cac huéng nghién ciru
tiép theo nén mo rong theo mé hinh da nhan t6 dé
danh gia sy twong tac giira cac yéu tb moi truong,
déng thoi kiém tra tinh 6n dinh cua cac diéu kién
t6i wu trong hé thong pilot hodc ban cong nghiép.
Két qua ctia nghién ciru c6 y nghia thyc tién trong
viéc cai thién quy trinh san xuét sinh khdi va
protein tir Spirulina phuc vu ché pham thyc pham,
dugc pham va nguyén liéu sinh hoc.
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Tém tit: Nghién ciru nham danh gid anh hidng ciia cdc yéu té vit Iy (anh sdng, nhiét dg) va
hod hoc (pH, nong d¢ NaHCOs) dén toc do sinh trieéng va tong hop protein ciia Spirulina platensis.
Cdc thi nghiém dwoc thiee hién trong 10 ngay véi 3 mike bién thién cho méi yéu to. Sinh trucng diegc
theo déi qua mdt dg quang (OD560) va sinh khéi khé, ham lwong protein xdc dinh bang phirong phdap
Lowry. Két qua cho thdy cd bon yéu té déu anh hwéng c6 ¥ nghia thong ké dén sinh khoi (p < 0,05).
Sinh trueong dat t6i wu tai 50 pmol/m?s éanh sang, 30 °C, pH 9,5 va 20 g/L NaHCOs, sinh khoi dat 2,619
g/L, dong thoi ham lwong protein ciing tang dang ké va dat t6i da 64,80% tai cing mirc NaHCOs toi
wu. Phén tich ANOVA cho thay pH la yéu té anh huwéng manh nhdt dén sinh truong (F = 317,059), tiép
theo la cwong do chiéu sang (F = 143,005), cd hai déu c6 y nghia thong ké rdt cao (p < 0,001). Péi véi
ham leong protein, NaHCOs (F = 35,392) va nhiét dé (F = 13,009) la hai yéu t6 anh hirong quan trong.
Nghién ciru g6p phan mang lai dir liéu nén tang quan trong dé téi wu héa nudi cdy Spirulina, déic biét

la cac ching ban dia, hidng dén vmg dung trong san xudt sinh khoi va protein & quy mé pilot va cong
nghiép.
Tir khéa: Spirulina platensis; Toc do sinh truong; Tong hop Protein.
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