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Study of the kinetics of lactic acid bacteria during lactic

fermentation of spirulina—fortified yogurt.

Katia Elias)  Abdul Wahab Marei(® Sharif Sadik(?

Abstract

:In this study, the effect of spirulina supplementation on the growth kinetics of lactic acid bacteria during
lactic fermentation was investigated by determining the counts of rod—shaped and coccoid lactic acid
bacteria, pH values, titratable acidity, and antioxidant capacity.Lactic fermentation experiments were
carried out using cow’s milk as a control sample and milk samples supplemented with spirulina at
concentrations of (0.3, 0.5, and (0.7%. Fermentation was conducted at 45 °C with the addition of a lactic
starter culture at a level of 3%. The growth of both bacterial groups was monitored at fermentation
times of 0, 60, 90, 120, and 180 min from the onset of fermentation.After completion of lactic
fermentation at pH 4.6, the samples were incubated at 37 °C for 24 h to allow slow continuation of
fermentation. Subsequently, lactic acid bacteria counts, pH values, titratable acidity, and antioxidant
capacity were determined.The results indicated that spirulina addition stimulated bacterial growth,
decreased pH values, increased titratable acidity to 0.35%, and enhanced antioxidant capacity by
37.11%. Moreover, yogurt samples fortified with (0.3% spirulina exhibited the highest growth rate of
rod-shaped lactic acid bacteria (Lactobacillus bulgaricus), whereas samples supplemented with 0.7%
spirulina showed the highest growth of coccoid lactic acid bacteria (Streptococcus thermophilus), with

counts reaching 4 x 10+ and 4.5 x 10+ , respectively, after 180 min from the start of fermentation.

Keywords: Lactic Fermentation, Spirulina ,Lactic acid bacteria
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gl & . Streptococcus thermophilus s delbrueckii subsp. bulgaricus
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gl 2 Al Aty Kol SLERY1 5(2)dsin

Aaliall 234l Caagl) >shsmg Sl Hlaay)
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D(0.7%) | C(0.5%) | B(0-3%) | A(0%)

1*10* 1*10* 1*10* 1*10* 0
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2.2¢10* | 1.6*10* | 2*10* | 1.2*10* 90
2.4*10% | 2.0*10* | 2.6*10* | 1.28*10* 120
3.5%10* | 2.8*10* 4*10* 1.4*10* 180
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Gsiall dpdl) [ pH a8 | soladdl syl | L ) das

% duzasaall (%) 32830 Yoasliadll

0.90+0.01 | 4.51+0.01 | 31.09+2.77 ali A

1.17£0.03 | 4.21£0.04 | 37.10+1.92 | 0.3%spirulina
B

1.24+0.03 | 4.15+0.01 | 42.23+1.79 | 0.5%spirulina
C

1.25+0.01 | 4.01£0.02 | 42.63+1.25 | 0.7%spirulina
D

Lmsanll o Bagale JS8 g sedall gl ) Uiyl ALl o bl el
Oo Ll gl A 5015 vie 5uSU aliaall 5y38l5 ¢ pmeall 4ygiall Al ((pH)
oalasil 1 401 A 4.51 e pH dad 4 apx (aliss) 1agd 0.7% ) 0
33y gl ¢1.25% (1) 0.90% e anall dysiall Ll 3015 g ¢ 0.50 iy
L€l el Jaliall (u€ay Gumgenl) 5alys PH 8 (aleaiY) 138 .0.35% a8
Cluahall il ae 315 La sas (Lidg pand) 8 ddlia) 45128 pualic ji45 daiin 4l
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Al DLl Al v LI el LA e el A 2
Mansour et al., 2020; Karkouch et al., ) ciluabially cobedly iyl

(2021

Cony) Ll g paanall 50l pe L3 gale JSi al) Cendy) 5 anSOU Baliaall 5,08l Al
@i 37.11% \ajaia 5355 (ol <42.63 L 31.09 (e 5208V 530l 5,080
¢ Cobans o) (i A58 50U Bolimae il ye o gyl ¢ il ) g iy 13
st ¢ pedall Gall 32088 saliaall 50l (st 3 aalus ccNsualls B-carotene

.(Becker, 2007; Alvarado et al., 2019) &l ae G315 L

rSeall Laliall 5pe% 1 sa3e JalaS Jand Ll punad) o) i) o el cale (<
salaall 3y08ll o) P& e call Al gl) ailiadll sty Jlll (aeal) Z8Y
0.5-0.7% e gl aa ) Joy dumgandl o laydls of daadle g 2SS

.(Batista et al.,2017;Barkallah et al.,2017)4dLay)
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 Tgal) cLEAY) ili-3-4

(-0.3-0.5~ custy yeiiall Galll e e Wil il 28Lia) 50 (7) Jsanl) el —
Al Lalil) 540.7-)%

Gl g (B-C-D-E-F~G)clizall dpuuall ) laal¥l i 1(7) Jsan

REPY dadiyl pakal sl 4bla) L
(%6) Liadg yansl)
6 6 5 6 A
10 9 9 9 B
10 9 9 9 C
8 7 7 4 D

dclaall Eua 10 dspal) daa JS aad
ccusa e 124

cgxxb 156

Laa7-8

\J; s :9-10

O e S IS salal) Galll aala e Calia, Y 35l s Uy axk : BAde

cluldio oy Cadd yuadl
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23y geialgll umd¥) ol Adidal Andl) pe Bian A5 dasy (omela ekl :CALe
iy cilicalyal

ST a1 sllly Aadaly A48 3a3), & Bitan 4gS5 dagyg daals palkall Diis
Ugita i€y Laladl) G duae e (5S8 of (San Cilicalsall 25 Laguias
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"(Spirulina) Uals sl oo aal) Gall (Audl) jadal) ol duill) b Sl 458 o Al o

sciluagilly clalingy) luald

ralaliiigy)

- Al Lyl s jaaaS Jesd Ll yuudi—1

Cua 0.3%spirulina <5 die gai Jare Jleb dgeanl) 4l Lol cilai-2
-l ezl ey 0 180 Min 2xy 4* 107 cfu/ml laslael caly

Gl Y A K Al Wikl gl (BY) 0.7% spirulinag S A1 a3
. 4.5*10% cfu/ml s
oo Aeli2d aey Uyl 55 80l ae liell 30uSOU saliaall 8yl i) =4

37.11% aiay peail
(clll (men) meall dgsiall dpusil) caalyy oy S coligall pH) 8 (jmidii=5
g ) 5855305 @ 0.35% ey

Joxa (o Ly ppond) Alinl sl 3 (S0 peill e Taaly 805 Ul o) 56
Acli2d aa Gliasl) 5 Gl &l e S sa

1lua gil)

oS saill HhmaS Ly pand) aladsinl -1

Q05 5y o U Al LSl by Agge e Luls pand) ddla) il A2
.ol

s Shany) sl sl saill Jnie anys Aiadl) syl (8 awsill=3

88



A i) s Aibsassl) Apunsigh o sl Ak e dadls Al

Gladiyd s Eoaclgdiae G s 2026 sls 3 3l 48 aal

e Gl i ] e lial (il o AuatS Ll ) Sladinl—4

seaball luala

tAgall aabali-1
Cand) daala Cygdia aeliall Zadall cLaY) - 2005 s Gl .1
Ggralal) Gile gabaally (oS A 50
I A e oGl daala Glyediie 2 ol Al&-2017liany dylae L2

20162017 canslall cile suladll,
1-Translation of Arabic references:

1. Atraa, R,2017- Dairy Technology 2. Al-Baath University
Publications, Directorate of University Books and Publications,
2016-2017.

2. Sadek,S.,2005-Industrial Microbiology. Al-Baath University

Publications, Directorate of University Books and Publications,
tAia¥) aalall-2

3-Al-Dhabi, N. A., Esmail, G. A., & Arasu, M. V. 2017- Nutritional
and probiotic-enhancing properties of Spirulina in dairy

fermentation. LWT — Food Science and Technology.

4-Alvarado, C., Montoya, A., & Torres, L. 2019- Impact of

Spirulina addition on antioxidant properties of fermented dairy
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products. Journal of Food Processing and Preservation, 43(7),
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5—-Barkallah,M., Dammak,M., Louati,l., Hentati,F.,
Hadrich,B.,Mechichi,T., Ayadi,M,A., Fendril., Attia,H ., Abdelkafi
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and Technology 2017, doi: 10.1016/j.lwt.2017.05.071.

6—-Batista, A. P., Niccolai, A., Fradinho, P., Fragoso, S., Bursic, I.,
Rodolfi, L., Biondi, N., Tredici, M. R., Sousa, |., & Raymundo, A.
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161-171.

7-Batista, A. P. 2019- Microalgae biomass as a novel functional
ingredient in fermented milk. Food Research International, 113,

535-543.

8—-Becker, W. 2007- Micro-algae as a source of protein.

Biotechnology Advances, 25(2), 207-210.
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bacteria in fermented milk. Food Science & Technology.
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