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Table 1 MIC and MBC values of Withania
Somnifera extracts against four tested bacterial

strains
MBC (mg/ml) MIC (mg/ml) Bacteria
6.25 1.56 S. aureus
25 12.5 E. coli
12,5 12,5 B. cereus
100 50 P. aeruginosa

dd slaphs alad K5 sl Sy -2-3
Sl wwlis

(Kinls) S B gy b ot W S sl o
s Gaolal Sy sy Olid 5 Olo #shw gl
s e oy Sl s b cpls g ls, e

G ged el 0l B8 2 Jad s bk gel Culbis olie
g e des 00090 a3 olls (5L ey olas 6 WL3) dals
ot Calis LIl o ojlas il glachle 15
olas 2 MIC clle s L cubis il ol bl s S
SRIB s plie s (2 Jsax) 55 (p<0.05) Sl sxe
il gslachale 055580 31 e DL L cals
ok i sl ol [18]as dalie ny T o jlas
A2l oslas 03558 L ol Sl Ll s WlS e
olas sl Sl bt glagks O Gl Ol b
clalle 0oyl ol sdi 518 2 s s sl
Solbsime e BB dis, m sb L elas il
d 0oy sl 0l (b o by e Ol 2 |, (p<0/05)
GRS e 5 I e 55 @ 0slas 2 MIC 5 15
Pl s S walds (b cughy Dl Ol Ll e
03530 S 3y et 5 alie uls (2018) )5
[19] s gas (218 sl aalis Wb 4 2S5l o 5lae
oo el el L as cl ol s SO 31 sL L o las
552 3T OH (glaes 5 (al53l o axulis (glao iy o o
3 g S s a1 Casby e Ol 4 s
Slocwl b olae 53 5 g 2l s SIS s
[20] 55,5 Sl wnls ol 5o oo, e



1399 J\AJA c17 092 c102 b)l.q.::

DOI 10.29252/fsct.17.05.13

sl mlho s p5le

Table 2 Physicochemical properties of sago starch films containing various concentrations of Withania
Somnifera extract

Film Thickness water absorption water solubility contact angle
(mm) (gr/ gr dry film) (%) °)
Starch 0.090+0.005° 1.19+0.10° 15.60+0.566™ 41.9+3.02°
Starch/1-MIC 0.090+0.004° 1.20+0.08° 16.53+0.451° 47.10+5.00°
Starch/1.5- MIC 0.092+0.003% 1.33+0.04% 18.450.477" 54.0+2.10°
Starch/2- MIC 0.12+0.004* 1.2620.05° 20.60+0.600° 61.12+6.20°

Values are presented as means + standard deviation. Different letters in the same column indicate significant
differences (p < 0.05).
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Table 3 Permeability properties of sago starch films containing various concentrations of Withania
Somnifera extract

Oxygen Permeability water vapor permeability Film
(g m/m*.s.Pa)10") (Oxygen Trans. Rate cc.[m?-day])
1.42+0.02° 0.92+0.03" Starch
1.55+0.04" 1.03£0.15° Starch/1-MIC
1.65+0.7° 1.69+0.20% Starch/1.5- MIC
1.92+0.07% 2.09+0.10% Starch/2- MIC

Values are presented as means + standard deviation. Different letters in the same column indicate significant
differences (p < 0.05).
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Table 4 Colorimetric and mechanical test results of sago starch films containing various concentrations of
Withania Somnifera extract

YM (MPa) EB (%) TS (MPa) a* L* Film
1475.3+105.8°  3.85+0.91° 24.22+1 447 0.35+0.07¢ 1.0£0.1° 95.62+0.7° Starch
1154.0£179.0®°  5.2+1.08° 22.14+1.69%°  4.40+0.45° 1.60+0.5° 95.0+0.5% Starch/1-MIC

823.6425.1h° 9.01+1.25° 19.77+1.18" 7.33+0.45° 3.43+0.2° 92.66+0.7°  Starch/1.5-MIC
607.1+110.2°  12.26+0.86  18.53+0.45°  10.45+0.44% 5.46+0.2*  90.60+0.5°  Starch/2-MIC

Values are presented as means + standard deviation. Different letters in the same column indicate significant
differences (p < 0.05).

E il SRl (Lelysle o3505) 2056 200-1100
s 5 (013) e 5 il (5yho wallle s ol
0> Rl andl il Ol 1531 s (2004) il 5 5
L3 edalin oSl aralis W 4 g5l oslas 03531

[24 12]
3 e $6200-1100 o34 55 il b s 5l S (D) 2 s
olas 03530 J 55 Glged Gillae il Sl wulis s

SealS SUl Ol a0 58 s Ol S bl o sl

03 g0 l.x:i
5
(b)
~ 3
33 — Control
o ”
= 2 1mic%
il \ 1.5mic
h 2mic
0
200 700

Wavelength (nm)

oo 3 Ddr Ui ey oyl 36 -6-3

Sl wwliss H.: oasl gl
o S5 e Sl S5 Sl M adl Sl s e Ol
GooR SoF g b s b S AL S
200-1100 b oy 5o osmas & Rl axdl sk o
s ka0l ()2 IS ajls ol slge 5 jsee Sl IG e sl
ol Jb (Ld ol e 50 200-1100 o3L il p wds
03580 b aS O 51 S losed s il Sl
S e

100

80 S E——— (n)

0 500 1000 1500

Wavelength (nm)

— Control - - 1mic% 1. 5mic 2mic

Fig 2 Amount of absorption (a) and transmission (b) ultraviolet of sago starch films containing various
concentrations of Withania Somnifera extract



bt S 2l oy sl ez s 48 OSar 5 o o3l SiT o)l 2

o L 1 il i S slags S o 0L sl ol s Sk e -7-3
3575 sk ool SLbI )/’/ s Sl glis il Gib Sl el Jlb S s Seets Opl b
sls e S LS SLSS Gl i Bssbon lag St a3 sy oslas ilise glachle
wlie b [29 A7 6] les 55w as 58U (s S L5 i S 5 Jsde s wslslasSSalilenl o ST
3 oSk Sl 48 She walis Jalls (s ol
oslas Al oy Seds SLS 5 05580 Ll o3l QLA 55

of b3 & aa a)lS (2019) Ohlan sdme (Sidm Lo
S mlol 51 o beds dled sl SsY Ll oAb
b e 15 e 05 (Slas 8L ad, gl 5 o]
el 1] sl e e b S gl st 4 o
ol 2 s by elas ol Jlé glagdd s Sl

Cools 1) Sgd SLS 5 el Sle 4 Llg s Stask

5 &l 358 8T U5 Gojb 3l eslas o 358 e oo 3Ly
o Lles sl gl s Glbl s 1) asis dla
S o 23l olae 1 MIC 5= SL walss
L (s sl (w) 0Ol gL Sbas s ST

HUOR WA L, ° 5
e Al Sl elas s g (oS 46 s 15 MIC 6 sy ojlas cdale il bosym s ol

sdaze 3U s oslas 53 s e S OS5 Ly Seds SR
& sy oolas 3 3 g0 S g s eSL s 2 (P <005 (b s Sueds

- oRIP A el ISL S5 sl S sS sl
o 1 (sl g 5 La C 5 S Les
OF Jsbw s lgms 5 O g 73524 5 650 ke s s e S e s obas 2MIC © i

Srdidsh 5 Pl Ol5 s bl ol e 510

5 GkS e &5 cla T o > gildle & & .. . ¢ Sl

5) )M‘/J s (R e 03 SO (sjs)d(ﬂr.yfa/ AL Ll Ol adl s 5 s Sl

s 3leslsl 5 e S Glag SL ol slid s D b S) L Ll oS sl (e

: Dhasta®l Ls‘-*"fjs [29] <o D 4—3-#;—3(”," (}s) u’“f«'/u“’l“jj‘ju ol 3 zaS L ( .
. 3 505 o,Lal a8 . ¢ N

900 0 2D Lfl'l olas © G ) g i Cwslas S (’Js st ‘;5’)“?‘9

Table 5 Antimicrobial activity of sago starch active films
Inhibition area (mm?®)

Film E. coli S. aureus
Starch ND° ND®
Starch/1-MIC ND°® 92.4+91.80°
Starch/1.5-MICc 56.11+22.46° 280.3+29.85°

Starch/2-MIC 190.5+66.30° 380.3+65.66°

ND: Not detected. Values are presented as means + standard deviation. Different letters in the same column indicate
significant differences (p < 0.05).
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concentrations of Withania Somnifera extract
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Nowadays, extensive investigations have been conducted on developing novel biopolymers from
biodegradable sources. In the current study, the active packaging film based on sago starch-
containingvarying concentrations (1, 1.5 and 2 MIC) of Withania SomniferalL. extract were produced. The
Minimal Inhibitory Concentration (MIC) and Minimal Bactericide Concentration (MBC) of extract were
measured. Physicochemical (such as thickness, water absorption capacity (WAC), water solubility (WS),
water vapor permeability, Oxygen Permeability (OP) and contact angle (CA)), mechanical (tensile
strength, elongation to break and modulus of elasticity) and antioxidant properties of the films were
evaluated. The antibacterial activity of the films also was tested against two common food-borne
pathogens (Escherichia coli, and Staphylococcus aureus) by the disc diffusion method. The results showed
that increasing concentrations of Withania SomniferaL. extract have a significant effect (p <0.05) to
increase the amount of thickness, WS, water vapor permeability, OP, and CA, but was not effective on
WAC.Withania SomniferaL. extract increased the absorption of color in the visible region, which in turn
led to an increasing of the parameters a” (index color tends toward green) and b” (index color tends
towards yellow) but reduced L™.An increase in Withania Somniferal. extract content resulted in a
plasticizing effect, reducing the tensile strength and Young’'s modulus but a concurrent increase in

elongation at break. Sago films containing higher percentagesof Withania SomniferalL. extract were
effective against all two tested bacterial strains, and these effects were more significant in the case of the
gram-positive bacteria. Sago film containing extractshowed a good DPPH radical scavenging activity.
These results suggest that the developed sago films containingWithania SomniferalL. extract could be used
in various food packaging applications.

Keyword: Edible film, Physicochemical properties Sago starch, Withania Somniferaextracts

* Corresponding Author E-Mail Address: sarhadi@iaubam.ac.ir

160



