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Table 1. Antimicrobial effects of ethanolic and aqueous extracts of Moringa oleifera

Moringa ethanolic extract

Moringa aqueous extract

Microbial strain MIC MBC/MFC MIC MBC/MFC
(ng/mL) (ng/mL) (ng/mL) (ng/mL)
Escherichia coli 0.125 0.25 0.1 0.25
Staphylococcus aureus 0.25 0.5 0.25 0.5
Aspergillus niger 125 125 125 125
Saccharomyces cerevisiae 0.5 1 0.5 1

(YA Y) 0L, Ken s Moyo law o5 ol rl};..s\ axIlas CLJ
5 ladsd dad Dl dadd Dl oS 5l sl 0L
Ladsl opse ouilad 53 3mse Slacudib sl
emcljsa.ﬂ\w;uj\fﬁ:ﬁoj@\dwjgomcl;wl
Bl Guiss 3 [28]ccul 034 oS ol 5 Of devy w
ol oslas &8 L3 S 5,158 (YY) 0, Kes 5 Gammal
mg GAE/g |8 Jsb olSy5 e s> Ko, s
535 Lo 3 VOIAY L ol JICS0 (glyls imean 5 VE/AY
Sl Cele Lol (S g0 o las 0353 cnl ply
5 Prasajak -pioees [13] das (il | of olie 55
S s B Glseee s s (TTY) 0K
Ol Lidsl (K50 e 5 S ojlas 53T LGl
mg) IS 3 sl VL S o oslas S s S

128

osbas GlanSI BT b 5 JS 6 Ol ol Y-Y
1yl Ky 50

Lfl:u‘/u ol:f Lﬁ'ﬂj diyt:l 6@ e)L.a.O JS JJ d‘jbu
+

Vo3 AYA £ /0 mg GAE/100g 5 5« e/
S5l sla o las (IC50) Slans! oT sl 5 VY/0Y
A/ S AVAL B VY CS 5w Ladel (K se oS T
O 039 i 3l S oS Lol Cels Aoy VV/0O)
clb O mb a5 JHbl elas s s olS
DPPH JIGsl, ol 53 olas ol zin SlaS| o
ol ol (p0.05) wsl o Kisse ol oslas 4 o
oolas 3 il sl 5 b LS 5o s
sl dosl, Slee il &8 ol Kojpe J 5L
[13,28] &kl



Kﬁ)}»gff Jﬁuﬁdiéu’")wﬁ‘w)f

Qb&aﬁj&w{:w

e WU B BGOSRt S JU S
(p<0.05) Ls g >, 55

sla oslae DPPH 5151 JKsl, (g5l pls 4 Cools
S es,S a3 ik SUl5 s 4 Yol LS
RSl gl s sgmse b LSS JeuS s s
oS s 4 KI5 e IS b s SluST ST s
5 oslas 5 A6 Gl el sl 5 i LS 5 ol
SloSan 5 o Dl 5 Ol SUaS S5 e
CEIE L o s b L slges [29,30, 317 AL 4 sel
S plie e O cde &5 L o 2alS S @ oleg
i 53 [32] Al e SISt Sy 5T sl S
Aok 4 b 0la s 4 015 ey Jb OLS 5 tals
Job Sl bl Syl gladeul 4 b 3 L
SV Gl 8L b 5 S5 s el 5 S
O8r0) os hslond 5 Gas oS )3 [31] sls o
Sis eor 2 oS w08 WL 5 Lol
SN oslas 5658 o jlas 55l 5SS Sl sl
Sl oslas SIS a 005581 L oS Ln S IS ke
S § 33 eS| 5T lad Ol canllan 350 LS
G5 Oy e b 3 5 3l Rl d xS ey 8w
Goioss onl i b oS 3l rals s Sl Sl
[33,34] L,ls il

129

mg) <M ol ojlas L awslise 53 1, (WV/\A GAE/g
RS s S olas Oeemen 3l Ol (00/YV GAE/g
DPPH (sls JCsly ol p o 1, Slas! sl ol
Goi bl cpl 4 sl Ao s AO/ER ) 1C50 L

[26] L)ls Slsan ol

S ST eI 5 JS S Ol gl Y-
Ladsl (Ko g 30 0,008 S5\ b3 (ki god

sl ojlas (Y Jsus) bl LT 2 ol
Slsome Ol 2 Lo jeite Jolizs S5 1650 0o Sy 50
S fa3 lasised ST ST ool 5 5 1S
L oS sls oLz Slest ol el b5, .(p<0.05) 55
Slss Olye o3 2 Kose sloolas clale 2l 53l
«il 133 DPPH JIGsl, Sasles ol 5 b
VA Gl e 5 w) Aos s Bos bl &S (gosb @
b NG Sl (Lad sl Koo ol 5 I3l eslas ds s
Jals Gsed 5 Loy o, Slest BT cdls 5 IS
il 1y Glast gl ool 5 B Ol op %S
Sk gl Olsae (LMK Oley e 2l 331 L pioean
N3 e sb b gad alad 53 ST sl e Jles
soles aen Sl S w p‘Y (p<0.05) 3l jals
L e S Ske Jgb s JSB1 elas gsl>
e sk LSS ke 53 Ky g T oslae bl



\eeo ;ﬁaj;,% JYY YL AV ojl.«.&'

C)lﬂl L;l"lb Gw‘;f}lﬁ&u

Table 2. Effects of Moringa oleifera extracts on phenolic content and DPPH radical scavenging activity of

doogh samples (Mean+Standard deviation)

Test Treatment Storage Days

1 7 14 21 28 35 42
C 27.59+0.04%¢  22.37+0.01B8  20.45+0.01C¢  17.59+0.03P¢  15.93+£0.05F¢  12.55+0.04F¢  7.72+0.11C¢
Eo2 32.92+0.06%  28.51+0.03B°  24.35+0.04C¢  20.24+0.04D¢  17.42+0.045  14.49+0.03F¢  10.26+0.046¢
lzl(;flltlgll]ltc Eo4 38.5340.055¢  33.98+0.065¢ 28.44+0.04C° 24.19+0.03%  19.65£0.04E¢ 16.51+0.04F¢  13.91+0.045¢
(mgGA Eos 42.71£0.04%  37.86+0.04B  33.59+0.04C% 27.68+0.05P* 23.41+£0.04F  20.16+0.02F*  17.57+0.04G
E Aoz 32.42+0.06AT  28.24+0.04B7  24.20+0.02CT  20.14+0.020T  17.26+0.04E  14.34+0.03F  10.1120.04¢
/1009) Aos 38.30+0.0429  33.65+0.04B¢  28.19+0.01°¢  24.10+0.03%¢  19.50+0.03E¢  16.36+0.03F4  13.56+0.046¢
Aos 42.36£0.03%2  37.49+0.04B> 33.28+0.04C 27.40+0.03P> 23.24+0.04Fb  20.09+0.04F>  17.35+0.05Cb
C 14.84+0.03G2  18.96+0.04F2  22.19+0.04E2  26.81+0.04P*  32.04+0.08%* 35.15+0.058*  39.09+0.104%
Eo.2 12.30£0.03%  16.50£0.03F¢  19.38+0.055¢  23.15+0.04D¢ 27.41+0.04C 32.58+0.068° 35.72+0.04Ac
DPPH Eo4 8.38+0.046¢  14.81+0.04F¢  17.00+0.02E¢  20.40+0.04Dc  24.18+0.04C¢ 28.28+0.058¢  32.03+0.04A
(IC50) Eos 5.84+0.03G8  11.31+0.02F¢  14.70+0.02E¢  17.20+0.06P¢  21.39+0.04C¢  24.83+0.05B&  27.15+0.04¢
Aoz 12.40+0.026°  16.89+0.03F  19.71+0.03E> 23.51+0.10°® 27.79+0.06° 32.92+0.048°  35.97+0.04Ab
Aoa 8.90+0.04%¢  14.99+0.03F¢  17.10+0.02E¢  20.99+0.14Pd  24.63+0.05C¢  28.87+0.13B¢  32.18+0.04Ad
Aos 6.00£0.026"  11.89+0.04FT  15.00+0.065F  17.90£0.02°F  21.80+0.02°F  25.08+0.02B7  27.64+0.05A1

A-G: Different capital letters in each row indicate significant differences between days of storage (p<0.05).
a-g: Different lowercase letters in each column indicate significant differences between doogh samples
(p<0.05).

(C: control, Eo»: 0.2% ethanolic extract, Eo4: 0.4% ethanolic extract, Eos: 0.8% ethanolic extract, Ag2: 0.2%
aqueous extract, Ag4: 0.4% aqueous extract, Ags: 0.8% aqueous extract)
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Fig 1. Effect of Moringa oleifera extracts on pH of doogh samples

(C: control, Eo»: 0.2% ethanolic extract, Eo4: 0.4% ethanolic extract, Eos: 0.8% ethanolic extract, Ag2: 0.2%
aqueous extract, Ag4: 0.4% aqueous extract, Ags: 0.8% aqueous extract)
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Fig 2. Effect of Moringa oleifera extracts on acidity of doogh samples

(C: control, Eo2: 0.2% ethanolic extract, Eo4: 0.4% ethanolic extract, Eos: 0.8% ethanolic extract, Ao: 0.2%
aqueous extract, Ao4: 0.4% aqueous extract, Agg: 0.8% aqueous extract)
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Fig 3. Effect of Moringa oleifera extracts on viscosity of doogh samples

(C: control, Eo2: 0.2% ethanolic extract, Eo4: 0.4% ethanolic extract, Eos: 0.8% ethanolic extract, Ao2: 0.2%
aqueous extract, Ao4: 0.4% aqueous extract, Ags: 0.8% aqueous extract)
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Fig 4. Effect of Moringa oleifera extracts on syneresis of doogh samples

(C: control, Eo»: 0.2% ethanolic extract, Eo4: 0.4% ethanolic extract, Eos: 0.8% ethanolic extract, Ag2: 0.2%
aqueous extract, Ag4: 0.4% aqueous extract, Ags: 0.8% aqueous extract)
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Table 3. Effects of Moringa oleifera extracts on microbial counts of doogh samples

Test Treatment Storage Days
1 7 14 21 28 35 42
C 0.0 4.29+0.04" 10.50+£0.04%2  17.394+0.04P*  26.62+0.04* 31.91+0.03B2  47.03+0.0942
Total Eo.2 0.0 0.64+0.01F¢  2.60+0.03%¢  10.35+0.05P¢  18.39+0.03¢¢ 22.1640.058%  33.43+0.03A¢
plate Eo4 0.0 0.0rd 1.19+£0.06%  5.30+£0.04P¢  7.14+0.04%  11.33+0.03B° 17.23+0.03%¢
(Ccl;’[‘};‘;ﬂ) Eo.s 0.0 0.0Pd 0.0°f 0.0°f 0.32+0.01¢¢  0.73+£0.018  2.05+0.104¢
Aoa 0.0 0.72+0.01F>  2.9840.02F>  10.44+0.04P* 18.61+0.02°% 22.2740.03B>  33.7240.044°
Aos 0.0 0.0rd 1.43+£0.03%¢  5.40+£0.02P¢  7.46+0.02°¢  11.49+0.03B¢ 17.61+0.03Ad
Aos 0.0 0.0Pd 0.0°f 0.0°f 0.36+0.01¢F  0.77+0.028"  2.17+0.03Af
C 0.0 0.0 0.0 0.3240.04P2  2.59+0.04*  5.05+0.09%2  7.93+0.05%2
Eo2 0.0 0.0 0.0 0.0 1.03£0.04%  2.09+0.058¢  3.72+0.044°
Mold & Eoa 0.0 0.0 0.0 0.0 0.0 0.93£0.025¢  1.78+0.04A¢
Z(f::,s,tt Eos 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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(CFU/ml) Ao2 0.0 0.0 0.0 0.0 1.08£0.01C%  2.1440.048°  3.81+0.024°
Aos 0.0 0.0 0.0 0.0 0.0 0.98+0.01B¢  1.89+0.03A¢
Aos 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A-G: Different capital letters in each row indicate significant differences between days of storage (p<0.05).
a-g: Different lowercase letters in each column indicate significant differences between doogh samples (p<0.05).
(C: control, Eo2: 0.2% ethanolic extract, Eo4: 0.4% ethanolic extract, Eos: 0.8% ethanolic extract, Agz: 0.2%
aqueous extract, Ag4: 0.4% aqueous extract, Ags: 0.8% aqueous extract)
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Fig 5. Effect of Moringa oleifera on color of Doogh samples

(C: control, Eo»: 0.2% ethanolic extract, Eo4: 0.4% ethanolic extract, E¢s: 0.8% ethanolic extract, Ao2: 0.2%
aqueous extract, Ao4: 0.4% aqueous extract, Ags: 0.8% aqueous extract)
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Fig 6. Effect of adding Moringa oleifera on odor, taste, texture, and overall acceptance of doogh samples

(C: control, Eo»: 0.2% ethanolic extract, Eg4: 0.4% ethanolic extract, E¢s: 0.8% ethanolic extract, Ag2: 0.2%
aqueous extract, Ag4: 0.4% aqueous extract, Ags: 0.8% aqueous extract)
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(0.2, 0.4, and 0.8%) on the physicochemical (pH, acidity, syneresis, and
viscosity), antioxidant (total phenolic content and DPPH radical scavenging
activity), microbial (total microbial count, mold and yeast count, coliforms,
Staphylococcus aureus, and Escherichia coli), and sensory (color, taste,
smell, texture, and overall acceptance) characteristics of doogh during 42
days of refrigerated storage. The results showed that Moringa extracts,
especially at higher concentrations, caused a significant increase in pH,
viscosity, total phenolic content, and antioxidant properties of the doogh
treatments compared to control sample, and decreased acidity, syneresis,
total microbial count and mold and yeast count (p<0.05). Moreover, with
increasing the storage time, pH, viscosity, and antioxidant properties
decreased, while acidity, syneresis, and microbial load increased (p<0.05).
Also, coliforms, E. coli, and S. aureus were negative in all the samples by
day 42. Sensory characteristics, except for color, were affected by extract
concentration and storage time; In such a way that increasing the
concentration of the extracts led to the improvement of taste, smell, texture,
and overall acceptance, but the color did not change significantly. In
comparison of the two extracts studied, doogh treatments containing
ethanolic extract revealed better results in improving physicochemical and
microbial properties than aqueous extract, but no significant difference was
observed in sensory properties (p>0.05). Finally, the use of M. oleifera
extracts can be recommended as a natural preservative to extend the shelf
life of doogh, and treatments containing 0.8% aqueous or ethanolic extract
of Moringa are considered as superior treatments.
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