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Table 1. Titratable acidity, total soluble solids, bioactive compounds and antioxidant capacity
Gas) &S oo
Storage time (days)

A Al

Acidity (%)
@l e sl loie
(Final content) (initial content)
0.14 + 0.05"8 (Day 9) 0.24 +0.0324 sals
0.20 £ 0.04"A (Day 12) 0.24 + 0.0324 G1
0.15 + 0.04%B (Day 9) 0.24 + 0.0324 G2
0.16 + 0.04 B (Day 15) 0.24 + 0.0324 G3
014 + 0.05 8 (Day 12) 0.24 + 0.0324 G4
Joloee sl Slse JS
Total soluble solids (TSS)
sl ke adsl o
(Final content) (initial content)
185+ 1.2"8 245+1.7% ool
20+£0.3%8 245+1.7% G1
19.0+0.88 245+1.7% G2
215+05¢ 245+1.7% G3
19.0+1.8"8 245+1.7% G4
(o5 agae )5 1+ 1SS ol Jolan 5 sloe) JS S Ly
Total polyphenols (TPP) (mg GAE/100 g fresh fruit)
sl e adgl Jlaia
(Final content) (initial content)
26.1+3.2%8 57.2 £45% ool
315+1.7% 572 £45% G1
27.9+26" 572 £45% G2
35.4+2.1"%8 572 £45% G3
30.8 + 3.5 57.2 £45% G4
(036 ogee 0,5 Vo 2 02S )5 ko) LoaSgiggdls
Flavonoids (mg catechin/100 g fresh fruits)
el e adgl jlade
(Final content) (initial content)
0.87 +£0.02%8 3.5 £0.09% sals
1.78 £ 0.005°B 3.5 £0.09% G1
1.46 + 0.036 % 3.5 £0.09% G2
2.01+0.009¢8 3.5 £0.09% G3
1.83+0.02¢8 3.5 +£0.09 G4
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@l lade sl jlade
(Final content) (initial content)
2.36+0.3%8 57+0.2%A sals
3.12+02° 57+02% G1
2,98 +0.3%8 5.7+0.2%A G2
3.87£0.4% 5.7+0.2%A G3
3.21+0.6% 5.7+0.2% G4
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Antioxidant capacity (umol of TE/100 g)

@l lade sl jlade
(Final content) (initial content)
69.8 +£7.21% 115+£10.1% sals
80.4 + 8.46"8 115+£10.1% G1
67.0 £ 10.5%8 115+10.1% G2
86.5+7.31% 115+10.1% G3
78.1 £9.31%8 115+10.1% G4
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Means with the same letter(s) are not significantly different at 5% level of probability. Data include mean +
standard error.
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Fig. 1. Respiration rate of black fig fruit under the influence of different gas treatments in different storage times
(Values represent the mean =+ standard deviation; n=3. Columns with different small letters and capital
letters differ statistically in means of different treatments and means of samples in different days;
respectively (P<0.05)).
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Fig. 2. Weight loss percentage of black fig fruit under the influence of different gas treatments in different storage
times (Values represent the mean =+ standard deviation; n= 3. Columns with different small letters and
capital letters differ statistically in means of different treatments and means of samples in different days;
respectively (P<0.05)).
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Table 2. Kinetic parameters of weight loss for control and G3 gas treatment of black fig fruits at different

temperatures.
R? GoyV K lais JO% CC) 5,5 slos
K value (1/day) treatment Storage temperature (°C)
0.985 3.35 controly sels
0.910 2.29 G3 45 s 4
0.983 6.38 controly sals
0.887 4.27 G3 &35 s 10
0.994 7.11 controly sals
0.860 6.02 G3 45 s 15
170.4 G3 ;5 s 181.2 :wals (ool J5395) 53k Jbsd (5,0
G3 control Activation Energy (kJ/mole)

STy Ol pands

Lo Lot 53y Splis loy a8 L (o —all ¥ JISEN 8,5 1o (6,065 o) > 5o Wndiges 4S5, (sl il

wnls L 1y Ky sloyally 15 et (lgee (o2 yeS G4 5 B3 (sla Lo il Lial3l baoges ) 53, 2
ala>dle a5 wisF les ams oo (LaS (6055 oy ok 50 oo 08 ezl )3 | LF L olidy) Gl palS - Y S
w5l ce 615 sine Dol glls byl sl g S8 digas b aF Cesl B3 (38 L 4y Logspo L* Sl oy 55aS 5555 oo
liis, Lals ailes )T Jlaie ralSiasl e S b- olids, jsme o 5, ol ,Slo L* Jluie a5 e 51 .(P<0.05)

2,5 WY glo alaly 3l o)l Jow 51 6 )l o jo L Ol s conl (614K (o 50 digad

y=34.524¢ 0.0
y=33.201g003%

y=33.350¢-0041x

y=34,093e0.0%2x
y=32.303¢ 0035

R%2=0.970
R%=0.997

R%=0.951
R%=0.990
R2=0.914

dalis diges — (VY) akal,
Gl BeuS 5— (OF) akal,
G25;5cuS 5 — (V0) akal,
G355 S 5 — (15) alayl,
Ghi5 S 5 — (1Y) alal,

IS ol yo aS s sbler il oo ol il alizes (gladiges 1o (Lg,S) S5, ol &l e saimslid oY IS

S il 5 i 5,08 Sl o Sl a8l 2015 (500 ey el 3 ol ol 03, 53 Lo e 055 om0
2l & Cond (568 Sy b BB (555 Jland 50 00l (6 IS5 (slaaiged Log)S jlade 09y sl 59, 4 Camad 0900 S,
odwl Cowody polie .auii cdslive (5,0 Sxe s G4 (655 Jlewd g dges (pl o a5 Wiz 2 (P<0.05) o5 a5 badigas
Bg (Yo 8) o,Ken g Solomon slacsls b aslie

3,5 s YV B VA slo ol b 5 b Joe ) 5,145 o 9 8* Sy

y=- 115516009
y==- 9.8802¢0044

y=- 9.942660053x

y=- 10.735¢0035
y=- 11.217e008x

R%=0.970
R?=0.868
R?=0.966
R?=0.887
R%=0.842

TOA

ol diges — (YA) alal,
Gl 5 — (14) akal,
G2;8cuS 5 — (Y1) alall,
G35 BeuS 5 — (V) akal,
Gl BeusS 5 — (YY) abal,


http://journal-irshs.ir/article-1-653-en.html

[ Downloaded from journal-irshs.ir on 2025-12-06 |

(V1) FFA G FFY slodmio Foylais FF als 5l (el ;558 5 pole alxo

o2l 53 45 6 sbislan bl o ol b8, el Cilies (ladigas ;o ol dpsl; Slake Ol i odims lid z -F S
o aygly aS ols Lt gl ol Lml3l 6)ag S oy Lial3dl b obias yel o) yo alb argly e 0 o samlin IS
Lol (P <0.01) 0,5 a5 G2 5 Gl s (glodiges 4 s (5 5eS et yos b B3 (35 Lo )0 o (5 ,)agS5 (slodigas
(P<0.05) cusls (5,508 sl G4 aiges b
10,5 Cord g0l )l Jow SIYY LYY slealal, 3.bb (o IS o o b &l s

y= 0.2524g01457% R?=0.987 aals iges — (YY) bl
y= 0.30660092x R?=0.970 Gl BeaS 5— (YF) abayl,
y= 0.2373¢01422 R?=0.932 G255 cus 5 — (Y0) alal,
y=0.2266¢ 00924 R%2=0.958 G35 B euS 5 — (Y#) alal,
y=0.181800978 R?=0.922 Gl iS5 — (YY) alal,

Ol ams o il ()l ae jo b ol 18, Gl b Ao o ) K, IS Ol Gliee Gl oY S

oolainl Jyame S Ky owe Sleosasr i 6l Jolie Ojgods all o b* ga* L* olae ) dal a5 sall
S5y pess Blod 1) e s (0 508 B3 (6515 oS 5 50 ol gl diged Sgub oo oddlive S (] ;0 4S5 gk 098 o
Sl sire AMS1GA 3Gl Jlos b g (P <0.05) 009y ylo s G2 g J S slojlons b jland cpl gl a5 sl ool yLis

o5las

llioe YV B YA laakal) 3ol 5 (s &)90a () (o 55 AR &l is
y=1.75x+0.573 R?=0.967 dals diges — (YA) akal,
y=1.07x+0.584 R?=0.988 Gl s 5 — (Y4) abaf,
y=1.35x+1.29 R2=0.934 G255 euS 5— () abayl,
y=0.997x+0.306 R?=0.984 G3 B 5— (V) alay,
y=1.028x+2.01 R?=0.899 G4 35S 5 — (YY) akay,

555 s 53 3enS1pid h Sallad GRal3dl 5 DLdg IS 1 by IS G201 g 58 ol (w1l 5 JLozod
il Laipe a1 09750 518 ST (63 5 O5eST Oliee b (eor3il Sllad Gl 5 il (Sloses g Jpazmo
Yool G3 (6315 [lows j0 oo (g diwy 5ld 0900 0 9e Ldigad can ;0 S5, yieS ol a5 (Fakhrian et al., 2010)
Jeds 15 44525 5| oo 13 (otn ;5356 Jgammo S, jasil ;3 COZ 3325 bl o s (5305 bl s 5236 Loy
0z jlaie (2als 5 CO: jlaie (ialidl alawlyas sl 5 9110 ,5 « L9 @15 )0 gl jiaS 4o il oo allaSS) o
.(Salunkhe et al., 1991) ¢l ool i l38

f04


http://journal-irshs.ir/article-1-653-en.html

[ Downloaded from journal-irshs.ir on 2025-12-06 |

OhlKas 5 ol gide

a0 &l 14

—e—C: control

85 —e—G1:25% N2, 70% CO2, 5% 02
+—G2: 95% N2, 0% CO2, 5% 02

—e—G3:60% N2,35%C02, 5% 02

12 §

30

—e—C: control

—e—G1:25% N2, 70% CO2, 5% 02
G2:95% N2, 0% CO2, 5% 02

—e—G3:60% N2,35%C02, 5% 02

10
% s —e—G4: 25% N2,0% CO2, 5% 02 —e—G4: 25% N2,0% CO2, 5% 02
= $— .
] E 3 g 8
a® 20 ) 8
§: 3
3 3 35
2, 5 .
9 15 ¢ B ~ T
a ¥
becA " aC aD
10 a abB
cdeA bC abC
cB
¢ eA beC <D
2 cdeB
deC
eB
0 eC
0 s 10 15 20 0
i . 0 a 6 8 10 12 14 16 18
(G3)) oles st
. 235 oY)
Time (days) Time (:a\'s)
120 -
[a
—ae— C: control 16
1% —e— G1:25% N2, 70% CO2, 5% 02 a i
62:95% N2, 0% CO2, 5% 02 —_
Im bA =
80 —e— G3: 60% N2,35%C02, 5% 02 S, " 4 /
. © C 4 7 4
o —e— G4: 25% N2,0% €02, 5% 02 _1 § e aD
7 & ) E 10 G i b=
9 & 60 RE A < abeC
< =2 s . ¥ B )
3 .E 8 T a
g s 'T' bB —e—C: control
a - /
0 i Y aB B —e—G1:25% N2, 70% €02, 5% 02
°
B § bB il 62:95% N2, 0% €02, 5% 02
20 Wil B B —e—G3:60% N2,35%C02, 5% 02
2 deB —e—G4:25% N2,0% C02, 5% 02
eC eB
0 0
0 2 a 6 8 10 12 14 16 18 [ a 6 10 12 14 16 18
(595 ple3 (395) ples

Time (days)

Time (days)

s (gl alizes slayle 45 638 Ciliden (6l slosd il o olons il (slo digod ;5 5, oloymal by Sl iy - IS5

£S5 aw Jolo (:Sike polie) (AE) S5, IS lpais (0 9 o1 4yl ol (g (log,S) Sy s (e (0 iy,
Syl saimoylis S5 By g calisie sl ylesd lo Sl oo sle] Soli Kl S8 By il jlre Byl

(il o inlej] ki slasg, o aiges (xSl
Fig. 3. Changes in color parameters of black fig fruits under the influence of different gas treatments at different
storage times: a) L* value, b) chroma value, ¢) hue anlge value, and d) Total color difference (AE) (Values
represent the mean + standard deviation; n = 3. Columns with different small letters and capital letters differ
statistically in means of different treatments and means of samples in different days; respectively)
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Table 3. Kinetic parameters of color changes for control and G3 gas treatment of black fig fruits at different
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temperatures.
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Fig. 4. Changes in firmness of black fig samples under the influence of different gas treatments at different storage

times (Values represent the mean + standard deviation; n=3. Columns with different small letters and

capital letters differ statistically in means of different treatments and means of samples in different days;
respectively)
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Table 4. Kinetic parameters of firmness changes for control and G3 gas treatment of black fig fruits at different
temperatures.
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G3 Control Activation Energy
(kd/mole)
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(Garcia et al., 2012; Ibrahim et al., 2017 & Kahramanoglu, 2019) cewl ouls ol 55 3 Sldlas
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Table 5. Percentage of fruits infected with fungus during the test period.
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Values represent the mean =+ standard deviation; n=3. Columns with different small letters and capital letters
differ statistically in means of different treatments and means of samples in different days; respectively
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Fig. 5. Sensory scores for the attributes on the hedonic scale. Average scores (scale 1-9) for off-flavor (axis 1),
sweetness (axis 2), sourness (axis 3), red-purple color (axis 4), shrinkage (axis 5), swelling (axis 6) and
overall acceptability (axis 7).
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The objective of this study was to examine the influence of different gaseous composition
inside the packaging atmosphere of black fig variety of Estahban region. Different percentages
of oxygen, carbon dioxide and nitrogen (N2) were used as treatments G1 (5% oxygen, 70%
carbon dioxide and 25% nitrogen), G2 (5% oxygen, 0% carbon dioxide and 95% nitrogen), G3
(5 percent oxygen, 35% carbon dioxide and 60% nitrogen), G4 (5% oxygen, 0% carbon dioxide
and 25% nitrogen, partial vacuum) and control (normal air). Fig fruits were packed and samples
were stored at 4°C until the fruit quality and marketability were lost. At the beginning of the
experiment and at the end, the amount of acidity, soluble solids, bioactive compounds and
antioxidant capacity were determined. Respiration rate, color, firmness and weight changes
were measured every three days. Results revealed that the physicochemical characteristics of
all treatments decreased with time and fruits became softer and color changed by passage of
time. During storage, fruits depending on the package atmosphere and storage time, lost their
initial weight as 9-38%. The G3 (60% N2, 35% CO- and 5% O-) gaseous composition was
effective in delaying the occurrence of the respiratory climacteric peak and extending fruits
shelf life. After determining the best treatment, the fruits packed in modified atmosphere with
G3 treatment and control samples were stored at 4, 10 and 15°C until losing marketability and
their weight loss, color and firmness were simultaneously evaluated. This was done to study
the kinetics of quality changes during storage. All changes were accelerated at higher
temperatures. This trend was observed at higher rates in control samples compared to G3
treatment. Examining the overall acceptance of the samples showed that the average scores
given in all treatments decreased during the storage time.

Keywords: Fig (Ficus carica L.), modified atmosphere packaging, weight loss, respiratory
peak, texture, color
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