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3. Withania Somnifera

4. Solanaceae

5. Ayurveda

6. Salmonella typhimurium
7. Staphylococcus aureus
8. Escherichia coli
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2. Nutrient Agar

3. Mueller Hinton Agar

4. Mueller Hinton Broth
5.SIM

6. Pseudomonas aeruginosa
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3. Microdilution
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1. Minimum Inhibitory Concentration
2. Minimum Bactericidal Concentration
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1. Testometric

2.Tensile Strength (TS)
3.Elongation at Break (EB)
4.Young,s Modulus (YM)
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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
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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* 1.26+0.05° 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).

Olpe o dinsed 1S (Shst ok 4 ojlas 0553l
5 Pl e er 5 (2013) stos e (s il
2o el ol b w gl tals (2010) Ol ses
5 Sl wnlis b p Wb 4 goles, olS o lae 03555
Loged 1S OAS wl oW 4 e by elas
2ol b 4 ik S Ws B8 i [25 12]
Ol ook b OV ladisy sl 1) ot ldlas
53 agmse Jle laos S L oslas 53 3 g s S LS 5
Gl 05 yai 3pdomn b ol ol 45 53y SISy oo
R Y-SR U T C R o N TIPS TR R W
335 o

Glottnn Gla il s oge Dloo sast 5l O3Sl 4 (s pdy 34k
sl 5> e S SG S) 05eSl &S L el sl se
5 el OaeldnST e Sl el sl gla STy
b Bl S s a5 Al o Ua oy O pmlilinS|
2ok obas O3l 5l Jels ml bl e g
sdal 3 Jsdr 3 Sl aalis ol s 0581 4 (s addsh
wnlld (b a sl oslas 033l L oas sl 0L CLJ NG
(P<0.05) (s,ls sme sk & 05081 40 (6 A3 540 Olpe S
sbas 0355 s old Cugby Ol SRl S
S Bl O3S & (i3 sE Olpee SR s Wl e
i (b O3Sl @ G Rdpdeh Ol I 2 elis
[24] s 3 eamlis o250 o jlias 035380 S 55 S50t

2. Siripatrawan

93

aallas (555 2 (2015) O lSan 5 " slel e Ja 5 i ol
sbalin bl oS olae b LS wlss A
[22] s 5

LaH.,é S s Ol 5ee =3-3

ol Sl el b Ol by o gpdbih Ol
el o 5158 3 U 5 5l o plas il gl lile
Eol sl ojlas 03533l &S das e 0L 3 Jsis ol
» ol a ek (p<0.05) spme I
oo bl el ss S ojlas 2 MIC 5 16 lachle
olas IMIC (5l s 5 aals s O b 4 s i3
Upe rfeS 2K elalie (gobme Syl by
bl w0 ol S gpdil
5 el s S eialis (0/92(g M/m?s.Pa)]10%)
A o> b SU e Jb (s O by 4 s ddsi Sl
S8 0] as esalie golaielS ojlae 0353
e oobas 035580 I s Wb sl Sod aals ksl
wab Jlb (s O Sl @ s pddsi Gl s Wls
5l sd] Coale sjlae Sl 4 a5 L s [23]
S a a4 sl el 8l
il 5l ndls Ol s 2 K05 G Sl 023 S 0 O
G gy EalS o el Ll [ 3l Sy 2 O oS
Sl 35 amss 53 5335 o (s acds Slae s IS0 o
e oon  [28] Al RIBI G ey sl o

ARl S 4 g pdidsh SalS (s S aS sl LA

1. Jaramillo


http://dx.doi.org/10.52547/fsct.17.102.145
https://fsct.modares.ac.ir/article-7-41371-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/fsct.17.102.145 ]

sl 56 53 ol sl oslas Jl e s 4

&‘)&*’“J@f”\}:’ﬁj")\ﬁ

Table 3 Permeability properties of sago starch films containing various concentrations of Withania
Somnifera extract

Oxygen Permeability
(g m/m*.s.Pa)10"°)

water vapor permeability Film
(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).

Swla Slo g -5-3

4 Jpdr > Sl walss slaghd 225 4 Caglie Olpe
olas Bl LIE S ob Ol ml ol edd SolS
38 Sl w228 caglie el o by
walis s (Ul K 18/5) iis caglie o S
@B Ll pl A sdalie sl oslas 2MIC ¢ - SL.
S Wagad SIS Ll s s (2011) O 5 TSl s
sl Caslie JalS o O S WA a Olomy ilal 03538
O35 s glandlae 53 pman [28] w LS s riS o
b S Sl Sl pme SRalS o (golalls o las
el ohd 28 caslie ials [20] 80 oL s sk
O35 a3 Wb Sl o Cle 4 Wls e Sl
g 4 el (RIS Caglie 3L oLy o jlas
03533 ool S1Adk e gl WG Sl 5o ey (glse i
O o SASp 5 8 sl s 4 odd ol oglas
55 A S sl Sl s el ety Koy
[24 19 il iS22 4 Cslhe

Dbl Sl edas Ol (S i B b sbajl L sSB
5 Sl o228 5 Jlesl G s Oud o0 b b oL b
(4 Jsax) mls tibe ohd g plsilanil Olse sdins OLE
S abi U Jb bl s s oS sl OLES
olas 2 MIC 5 ol 50 & by ()3 1212)
e dals i a by e (Aoys 3B) lade oS 5 sl
o Sl il o w5l o plas 035380 (ol 4L 3L
A CnSs 4 B Jgb sbsyl (p<O.05) Sls e il
- S ol > s 5 (SaS e A8 W @ oslas

1. Bonilla

154

W&J —4—3

(e SNV g iy DL 3 e gla e li 1 S
sbebl bl 5lasl e o glua cilis 5 )
Sl s slagks SO s 5b 4 5L ojlas
A (UL Gl o bap b 11 Asl e IS
@ Sl eks wsls ol 4 Jsar s (25)) b”s (s329)
w1l MICS o jlas doys alsl Loas sl ol K, 5Jt0
o Sl asls s sdde e s L2212 2 MIC
chle s hais fals ol bl ool atdly a8 Ky, ASL .
R sl o3 b gxe 3L ojlas 2ZMIC 1/5
oolas 03335 b bl 1s sdalie dals (s 5 (95/6) coslis
ks ollae s sl Bl b sa sl mll ol
b il glasslas 035380 s LT asls s
6 sl eslas 05 Swlsl [20] wleas 518 SI,
Sl el iy S 05l @ 2 em s M6
S5 S DS S s dlS e el ) Wil
53 okt bl s Sl man 55l oslas 53 3 e
2 Sl el s [26] sl bagls 05 5 e Jb
olas 27] LS04l olas ol O sS Jub Wl S,
el 0l 5,158]25] e gl

0358 b Sl o eals 0Lz (4) st s &S sk Olea
Solgme b a4 lid Ol baddd by olas
Culis Larls Jliie op eSS 5 ol wl zals (P<0/05)
o3 S aalzZMIC e Lol olas sl Wl 3
(2014) 0San 5 LV s b se Gadod ) s e
Coiled Ol il Chale ol L L S 518 &S el
[2] i s Lol


http://dx.doi.org/10.52547/fsct.17.102.145
https://fsct.modares.ac.ir/article-7-41371-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/fsct.17.102.145 ]

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

DOI 10.29252/fsct.17.05.13

st mlho s p5le

o by (IS 1AT5) KL dode Ulpe op il oS
o aby e (UKL B07) jlaie o a8 5 dals 450
ol (S b 4 asb e sl eslas 2 MIC g5l
o5 imn ssb 42 MICe 1 MIC S sl ey soslas i
2ol mli S KL Jsde als el (p<0.05)
Fsho obd 4 (ol ojlae 0353 5 Kb e jtalS

[19] ws esalie oL SU

b33l Ol SRl s alie bl ol o CSs i
J5) s Somslas 03sp s oS i b U b

[24] A sanlin Sl ks ol » o 4 (s
SES 4 IS S i) s b SOL s
o 3l 5 AL e gl o daly S s cl L2ES
g Ygera 5 S Jole USTSE Gee
sl 0L (4 Jsar) Kb dsde mls 5 Oy IS

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+1.44°  0.35+0.07° 1.0+0.1° 95.62+0.7% Starch
1154.0£179.0®  5.2+41.08° 22.14+1.69%°  4.40+0.45° 1.60+0.5° 95.0+0.5°  Starch/1-MIC

823.6+25.1h° 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% 18.530.45"

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).
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Fig 2 Amount of absorption (a) and transmission (b) ultraviolet of sago starch films containing various
concentrations of Withania Somnifera extract
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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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Fig 3 Total phenol content (a) and DPPH radical-scavenging activity (b) of sago starch films containing various
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
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