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Moisture \
8%

Carbohydrates
12%

Protein
56%

Nutritional Composition of Spirulina

Spirulina algae

Nutritional and Biochemical
Component

Pigments (Chlorophyll A,
Xanthophyll, p-carotene and
4 Phycocyanin)

I

Proteins and Amino acid

Saturated and Unsaturated Fatty
Acids

Carbohydrates (Glucose,
Mannose, Galactose, Xylose etc.)

Minerals (K, Ca, Fe, Zn, Na, Se,
and P)

Phenolics and Flavonoids
(Vanillic, Gallic, Quercetin, Rutin
etc.)

Vitamins (B1, B2, B3, B6, B9,
B12, C,E, and D)

{

Antioxidant

Jung F, et al, J. Cell. Biotechnol , 2019.
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Spirulina Extracts Market
Market forecast to grow at a CAGR of 9.4%

USD 1,200 Million

USD 683.9 Million



https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business
https://www.researchandmarkets.com/reports/5309829/spirulina-extracts-global-strategic-business

@ ............. (M‘Q‘)Mdﬁvﬁ
. *'

Lo gyl ol 2 JLod gy

wails—— (C-PC) I (of o)las 5 ummnisD Lidg pur]
SanST (Il g (99500 05

* SPIRULINA

" | ANTIBACTERIAL | !
& ANTIOXIDANT | 4

Jbd s dig st ;0 Jwa o SO Olee 4 solaiul
!. .’.9-@3

ooooooooooooo

Akbarizare, et al, Mol. Biol. Res. Commun ,2021. /2 Sorororosononor e n ot

ooooooooooooo




Gﬁﬁ i (o) dadho D
(CrilowssSol) Ldg pul oliol p dioudig (Goty g e

ooooooo

.......

Q& wles Slis gol> diodign (go diy 3l colawl L wilgy s

&

(o]
HO NH

2

aS pilwgSu s asle W) G2y guiign (iadigh (Gdudiug o °
o Slein Cugb, L Lo pH Glpss 13 slasl8 asle olus

.&5‘1’ . L]
Acidic Neutral Alkaline
Filho ., ef al., Food Chem , 2022. :b"'\..\ pH * 5 pH B 7 pH > 8
Bekhit ., et al., Trends Food Sci. Technol , 2021. - e —

b} - =
............. I

i / "



(asld)) dodlo

ooooooooooooo

PH b cov el joum o] (oSgp 40K, So (C-PC) pilowsSo - o

(Phycocyanobilin, PCB) (ykogiliwsSold @ opiliwsSolé ;o 17355, (idu (p i

Seden 2l SOy ol 5 (S

.............
ooooooooooooo
.............

Bermejo, ef al., Food Chem/2008.



4 Sl gaaius adgs jo gyl SUlg Seo  Jsly (o) \

2 kel 5 a8 el plisslse jo Jlad g diedgn pdyce By |

Wlgs oo a5 Ldg el 59 39250 Jladlunn s LS 5 9 ) g 2,5l
5 95 SeSI T ols b (o Jele (lsie &

DS s sl g sl ganaing e g0 8 j0 dialign y

\O






------

w (@aloh) oo 590 1
“"“"’”,., Jol axlllas T

/ o )wayL al )4 (0ncor11yncbus myklss) ‘S’LJL,.& ) 6Y|J 39 ol ‘5..“,., 3 P> ddgs

[ Yo¥0 - oyl @ )[ Abed, S, et al. &]

............. Abed, S, eta]., SCl Rep o 2025 ‘v

-------------

.............



(ﬁ 45 b, \ (adol) g y9 0

(PVA/NCH/PC-NC) (yuibowsSo 8 oyl 3955 iU/ S g b o 5900836 ol (5 5Luseslol (!
D gL Y WV gloee (0958l e— Cel o 4 0 02 «—— A %C OT ) Lo 80 PVA 5,5 V0 0,5 dilo

#+°C) ol
1o+ (7)Y o | l
1010 :Y Jlowd
BUl sled ;o adBo e Coo s ) pre— Jolo &s VNV Vi | PC o lae alizee glaclale 0,5 asla
L0 F Lows
I 1Y 0 e

0diS'p 5 (ylgie 4 TNOW/IW JgpucdS (0,5 Lol — 2us 5,0 50 o] Cawd 4 Jelzee oz,

[ S5 5 i sl el FA s

0-°C b 30 Celn B) Glio 5l o las 51 o pd8gn 0 )5 S

Abed, S, et al,, Sci. Rep , 2025. \ R Y.




(PVA/NCH/PC-NC) oL a5 >0 1 JC H5 e, (4abol) (ygio 59 yo

Fig. 2. The preparation process of polyvinyl alcohol/nano chitosan/phycocyanin nanocomposite. (a)
preparation of biofilms with different PC concentration of (control, 0.5%, 1%, 1.5%, and 2% PC), (b) pouring
the biofilms on glass surface, (¢) formation of biofilms, and (d) separating biofilms from the glass surface.

Abed, S, et al, Sci. Rep , 2025.
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Fig. 3. The application of produced biofilms in fish fillet packaging. (a) Fish fillets and (b) packaging of fish
fillet with different concentraton of produced biofilms (control, 0.5%, 1%, 1.5%, and 2% PC).
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Day 1 FFO0 2006 % | 527820615 | 51692025 [ 49.30=0.229 | 48 72 3 0.35 Bed
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Day O 1.48 4+ 0.19 ©= 13.27 +0.17 P | 12 76+0.25C4 | 11.21 +0.54 V< | 927+ 0.54 PP
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Day 14 |3.91 + 0.06 ~= I

Table 2. The results of the average brightness index (L* a* and b*) of the biofilms during 14 days of storage.
T,: fish coated with PVA/NCH-NC without PC; T,: fish coated with PVA/NCH/PC-NC (0.5% PC); T,: fish
coated with PVA/NCH/PC-NC (1% PC); T r fish coated with PVA/NCH/PC-NC (1.5% PC) and code Ty fish

coated with PVA/NCH/PC-NC (2% PC). Different small and capital letters indicate a significant difference in
the column and row respectively (p < 0.05).

Abed, S, et al, Sci.
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Table 5. Average pH results of fish fillets covered with indicator biofilms during 14 days of storage. T|: fish

coated with PVA/NCH-NC without PC; T : fish coated with PVA/NCH/PC-NC (0.5% PC); T,: fish coated with

PVA/NCH/PC-NC (1% PC); T,; fish coated with PVA/NCH/PC-NC (1.5% PC) and code T: fish coated with
PVA/NCH/PC-NC (2% PC). Different small and capital letters indicate a significant difference in the column

Abed, S, et al, Sci. Rep , 2025.
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Table 1. Color of WPC films with the addition of sp. and total phenolic content of the films. '

TPC
S + B B3
— . A B (mg Gallic/g Film)
~ Control 75.17 + 0.44 ¢* ~-3.36 + 0.39 9 15.91 4+ 0.43 ¢ 62.00 + 435"
0.5% sp. 51.88 + (.29 d ~18.80 + 1.44P 24.86 + 0.45°¢ 41.00 2222
1% sp. 2999 + (023 ¢ ~2157 +1.042 21.73 + 0.47 4 86.75 + 5.11 9
W] 100.75 £ 6.21°¢

2%sp.  1475+029®  -895+066¢  622+044° 8
% 708+013°> E4 -090+0.03¢ [ 0270052 74.75 & 3.52 ¢

* Values with different letters in the same column indicate statistically significant differences; p< 0.05.

4% sp.
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Figure 1. Photographs of WIPC-based films (control, 0.5% sp., and 1% sp.) containing different
concentrations of sp. immersed in SGJ for different times.
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Figure 2. PPhotographs of WPC-based films (2% sp., 4% sp, and 6% sp.) containing different
concentrations of sp. immersed in SGJ for different times.
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Table 2. Total TVC and yeast/mold levels of “kefalotyri" cheese during two months of refrigerated

storage.
Kefalotyri Kefalotyri + Film Control ~ Kefalotyri + Fil spirulina
log cfulg log cfulg log cfulg
Time (days)of Storage ~—~ TVC  YeastsMolds ~ TVC  YeastsMolds ~ TCV Yeasts(Molds
0 T2E00%  Sppllte Tas01b 314000 TAs01d 26405
0 B0£0LY  53£l6h T2E010 362194 78x03b  32al4d :
T 1 . . < '/ & °
q 10t 7130 gregab Besl0P Tr0r dgrmd g | 9P O |2 SPIT gl sl ol
""" podre 9 S5 o) Ol (n e (6,5

* Values with different lowercase letters in the same row indicate staistically significant differences, p < 0.05;
** yalues with different capital letters in the same row indicate statistically sigificant differences, p <005,
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Figure 1. Aerobes count assessment (log CFL g
packaging conditions **. * Asverage values of three replicates (n = 3); standard deviations are indicated
by bars. Average values accompanied by different lower case letters (a, b) indicate significant differences
(pp = 0.05) as a result of packaging condition; average values accompanied bwv capital letters (A, B, )
indicate significant differences {(p < 0.05) as a result of refrigeration time. ** Packaging conditions:

CT {control polvethwvlene), GE (control gelatine) and SI? (gelatine—spirulimal.
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Table 3. Determination of different chemical quality indices * in mackerel muscle stored under different

packaging conditions **.

Chemical Index Refrigeration Time (days)

Packaging Condition

T GE sp
o 6.53 A 6.53 A 6.53 A
(0. 10) (0.10) (0.10)
pH 4 6.68 aAB 6.63 aA 6.67 aA
(0.10) (0.08) (0.07)
- 6.77 aB 6.74 aAM 6.69 aA
(0.08) (0.15) (0.08)
0 1.69 A 1.69 A 1.69 A
(0.14) (0.14) (0. 14)
Trimethylamine (TMA) 4 33.29 bB 15.64 ab 13.61 aB
(mg TMA—-N kg~! muscle) (18.41) (3.02) (2.61)
- 619.69 cC 98.55 bC 72.40 aC
(162.83) (16.05) (4.53)
= Avverage values of three replicates (i = 3); standard deviations are indicated in brackets. For each chemical

pParameter, average values followed by different lower case letters (a, b, ©) indicate significant differences (@ < 0.05)

(pr = D.05) as a result of refrigeration time. ** Packagin

conditions as expressed in Talble 10

as a result of packaging condition; average values followed by capital letters (A, B, C) indicate significant differences

A oddlive [0 awo ¥ s Caed (657 b PH (.Kkee SP a0
Sl &l Ko atws ¥ s Cawd 655 b TMA jolae SP awo

e e+« o+ o+« « o .« < . . . Stejskal N, et al, Molecules, 2020.




T ol e

oY

Stejskal N, ef al, Molecules, 2020.

(dalol) (92 5970

Sleslatul b Jlwdn jo ool 6 )l ol alae coa S o33l
2 e i ohd S o Lyl Sl g S 0 )18
ookt Gz a2y B (29,50e0d Pl ab osaline (Y5

FoS BSi5 ol ogdle el Caws &y (55lse (slags Sl colld

Cowd 5 SPslapld jo onls suatiiy sl ol ;0 TMA

noy

¥o



ol

polez aallias

Jeu )0 IS Jab 4o NS 50 cadguidinn (nojle CulS 5

/ [ o)y YIS g pniiDly Lidg sl S>3 5 (sloojLae 130

[ YeV¥e—aSy @ ) [ (")zogul,i, et al &]

.............

------------- Ozogul, 1, et al, J. Food Meas. Charact , 2020.

.............

------

oooooo

\id



(ﬁ 45 b, \ (adol) g y9 0
g o9 YIS 6 lae (5L ooleT (al

— V%0 glos ;o aiBo Y Gow a ol &yl +— Jhade Ol o o Wg YIS 7Y Jglome angs

<y 9 soolo 40,5 0 pl8g ) — (ads ;o 90 Yy. ) f°C Glod ;0 4B Vo Soe a §ous il

o las 50,0l Caws @ /

/ iy Ul sl 0 )l (g5l o0bel (o

— 361 slos yo el YF o 0 40500 — yhatio O ;0 iDL Ledg ol 1) Jolono ags
),J.‘ﬁbb.ag)gj@ 00,5 Blo e—(aids ;o 490 O+ +) ¥°C slod ;o ddBo Y oo s ey il T T T
loo ;o oolaiwl ylej b ooy Stz gloo lac (5,10 +—o,lac 0,5 Sz +— () o)l yailg) * 0 7

ol

Ozogul, I, et al,, J. Food Meas. Charact , 2020. \ \‘Y




¥ £ & \ (dolol) you
: S o, O s9re
SIS il g 0l sladisad giluesle] (@
oKinlo;l & Jsl «—— a5 5 ,0 Y A ,ulgs ,o (Sardinella aurita) ke 2l sladiges do

DN ol 4 1S alg T baald ud ad +— alo (0 5 ald e—(celo A & 50 5l /
109,5 dw 4 ald

/ S50y 09958 g S 09,5 1 Jglog, S ©

1Y G S YIS 5 7Y Gy Lidg sl 0 )lae )0 ali8o Ve Do &y (19,5 j9aboss 1pgus g pod 09,5 °

l

FOC slos 50 ladiges don (5 )l0gSS — oyl lo S ;0 D5 Lyl Coi ooy 5 do oty 0 7

Ozogul, I, etal,J. Food Meas. Charact , 2020. \ . f)\ .




:&IZI ,lfu‘oa) i (Acloh G50 59

.....
ooooooooooooo

. AOCS g, b 505 ojlul S 5 }.,Jlﬂ

el g dait e, 5l eoliiuwl b g 8 ol TVBN Jul

25,5 5 (ANOVA) 4,1 S5 il lg 5T oo Laosls oy
\ ] 60U OO‘OQL&JP<’/’& LS‘)"LS)L"-‘LS)“) s LS) )'J

Ozogul, 1, et al,, J. Food Meas. Charact , 2020.

.............
ooooooooooooo
-------------




* Table4 Chemical changes in
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vacuum packagced sardine fillets

e e Chemical indexes Storage Days Control S. platensis extract C. vulgaris extract

TVBN (mg/100 g) 0 13.40+0.19° 13.40+0.19 13.4040.19
3 17.14+0.49* 16.44 +0.46" 15.02+0.52"
6 25.91+0.10" 18.71 +0.10° 19.55 +0.04"
9 33.89 4 0.42° 25.05+0.13° 27.73+0.06
11 34.90+0.08* 20153017
13 38.18+0.91" 2 4> 34.90 4+ 0.08*
15 40.66+0.32" 35.71+0.62° 37052005

PV (meq O,/kg 0 4.11+0.09 4.11+0.09 4.11+0.09
3 6.18 +0.20°" 4.2940.10° 4.61+0.11°
6 H50£020° 5.22+0.13° 542+0.22°
9 8.06+0.43" 6.53+0.32° 4.98+0.18¢
11 S69T020 4.04+021° 4.35+0.26"
13 7.07 +0.08* 5194017 6.06+0.19"
15 6.63 +0.30° 4.85+0.04¢ 5.63+0.27"
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