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2. Controlled/ Modified Atmosphere Packaging (CAP/MAP)
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4. Firmness
5. TA-XT Plus Texture Analyser, UK
6. Flat probe
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1. 2, 4,6 tripridyl-Striazin (TPTZ)
2. 2,2- diphenyl- 1- pykryl hydrazyl
3. Henkelman, A200Gerhardt model
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Fig 1. Changes of (a) O, and (b) CO; levels inside the different barberry packages during storage at 4 °C. Error bars shows standard

deviation (SD). Non-similar uppercase and lowercase letters in each column indicate a significant difference among atmosphere type and
storage period, respectively, according to the Tukey test (P<0.05).
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Fig 2. Changes of (a) O, and (b) CO. levels inside the different barberry packages during storage at 25 °C. Error bars shows standard

deviation (SD). Non-similar uppercase and lowercase letters in each column indicate a significant difference among atmosphere type and
storage period, respectively, according to the Tukey test (P<0.05).
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Table 1. Moisture content changes (%) of barberries inside different packages during storage at 4 and 25 °C

Storage day
Temperature Packaging type SIS oo
(7 G E g 7 14 21 28
Harvestingday=81.6+2.5

(¢} 76.1+3.0Bab 73.942.9Ab 74.3+3.5Aab 77.5£3.5Aa

soc CD 77.5+3.5ABa 74.6+3.4Aa 75.1+2.9Aa 78.1+4.0Aa
CDD 76.2+3.1ABab 74.0+3.0Ab 78.1+3.1Aa 78.9+3.5Aa

D 79.1+2.7Aa 75.7+3.4Aa 77.0+4.0Aa 78.4+3.4Aa

C 76.8+2.8Aa 75.6+3.0Aa 73.6+2.6Aa 72.2+1.2Aa

25 oC CD 74.9+1.9Aa 73.3+2.3Aa 70.7+2.7Aa 68.9+3.5Aa
CDD 75.1+1.9Aa 74.1+3.1Aa 72.6+2.6Aa 69.2+2.6Aa

D 74.9+1.8Aa 73.8+1.8Aa 73.1+3.3Aa 71.4+23Aa

a2 g0 Lt (S5 903l (bl 52 a0y0 O o ;0 Led o (gl s 5 (g 2 50 i S ] o me BB Sz 5 55 Al g >

P<-1-t)

Non-similar uppercase and lowercase letters indicate a significant difference in columns and rows, respectively for each temperature

according Tukey test (P<0.05).
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Table 2. Weight loss changes (%) in different barberries packages during storage at 4 and 25 °C

Storage day
Temperature Packaging type SN gloj
s SNk £ 7 14 21 28

C 0.75+0.25ABc 1.99+0.09Bb 2.41+0.12Ca 2.41+0.02Ba

400 CD 0.44+0.08ABc 2.76+0.12Ab 2.99+0.16Bb 3.46x0.26Aa
CDD 0.84+0.21Ac 2.96+0.09Ab 3.05+0.13Aa 3.86+0.29Aa

D 0.37+0.08Bc 2.09+0.10Bb 2.76+0.08Ba 2.24+0.35Aa

C 1.40+0.29Cc 4.10+0.62Bb 6.24+0.78Bab 7.64+1.66Ba

25 0¢ CD 4.27+0.16Ac 10.4+1.44Ab 14.15+2.09Ab 21.29+3.15Aa
CDD 4.34+0.35Ac 10.95+2.06Ab 15.31+2.15Ab 22.16+2.15Aa

D 2.98+0.23Bc 5.71+1.00Bb 7.35+0.85Bb 11.12+1.30Ba

w23 e L3 (S5 Ggasl el 00,5 0 o p Led o sl Sl 5 G5 8 50 i A |y s IS SasS 5 55 altie i By

P<-1-0)

Non-similar uppercase and lowercase letters indicate a significant difference in columns and rows, respectively for each temperature

according Tukey test (P<0.05).
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Table 3. Titratable acidity, anthocyanins, and ascorbic acid changes of barberries inside different packages during storage at 4 °C

Characteristics Packaging type Storage day
=S oyl SR £ 9 STCSIE SRS
7 14 21 28
Harvesting day=4.7+0.13
C 4.08+0.42Aa 3.51+0.17Bab 3.89£0.12Ba 3.24+0.10Cb
. cD 4.19+0.15Aa 4.33+0.43Aa 455+0.13Aa 4.45+0.21Aa
Acidity (%) CDD 4.32+0.09Ab 4.350,13Ab 4.71+0.04Aab 4.910.29Aa
(Lyagap D 4.39+0.08Aa 3.93+0.10ABb 3.49+0.17Cc 3.82+0.19Bhc
Harvesting day=659.3+6.3
C 668.4+1.3Aa 622.6+11.5Ab 611.0+3.6Ab 548 4+3.6Ac
i cD 608.6+4.9Bb 637.7+4.7Aa 571.4+10.5Bc 542.5+3.6Ad
Anthocyanin cDD 555.1+2.1Ca 581.0+8.8Ba 475.1+20.2Ch 389.5+12.0Bc
(mg/100g) D 607.6+3.6Ba 515.1+30.1Cb 473.4£17.0Cb 492.5+19.5Cb
( &wilwgiImg/1009)
Harvesting day=7.28+0.389.7
Ascorbicacid C 5.87+1.20ABa 4.94+0.31Cab 4.09:0.17Bb 3.74+0.26Bb
(mg/100g) cD 7.73+0.99Aa 7.14+0.24Aa 6.34+0.21Aab 5.38+0.31Ab
St 55l cbD 6.09+0.53ABa 6.15+0.27Ba 4.11+0.31Bb 3.03+0.25BCc
D 5.53+0.30Ba 4.66+0.20Ch 3.81+0.40Bc 3.23+0.20Cc
(mg/100g)

2300 (L (S5 gail bl p 00y0 0 s ;5 Lo 52 sl Sl 5 g 2 50 i ) 0 giee ST SsS 5 5 alie it By >

P<e1-0)

Non-similar uppercase and lowercase letters indicate a significant difference in columns and rows, respectively for each temperature

according Tukey test (P<0.05).
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Table 4. Titratable acidity, anthocyanins, and ascorbic acid changes of barberries inside different packages during storage at 25 °C

Characteristics Packaging type

Storage day

S sl G d £ 99 (395 &IN5 oo
7 14 21 28
Harvesting day=4.7+0.13
Acidity (%) (¢} 3.48+0.20Aa 3.86+0.14Aa 3.51+0.17Aab 3.15+0.13Ab
(4 0sl%) CD 3.75+0.18Aa 3.84+0.34Aa 3.75+0.28Aa 3.72+0.63Aa
o CDD 4.02+0.34Aa 4.27+0.52Aa 4.32+0.78Aa 4.43+0.61Aa
D 3.55+0.37Aa 3.77+£0.08Aa 3.33+0.04Aa 3.25+0.75Aa
Harvesting day=659.3+6.3
Anthocyanin C 593.8+25.9Ba 535.7+23.1ABab 591.7+22.4Aa 515.9+34.7Ab
(mg/100g) CD 667.1+9.5Aa 592.6+19.7Ab 472.5+22.1Bc 401.1+36.8Ba
( ils25IMg/100 g) CDD 631.2+28.8ABa 509.5+19.2Bb 412.5+32.3Bc 341.2+20.8Bd
C D 663.0+25.5Aa 515.6+32.2Bb 418.1+19.5Bc 384.4+39.1Bc
Harvesting day=7.28+0.389.7
Ascorbic acid C 5.67+0.62Aa 3.35+0.66Bb 2.43+0.58ABb 2.32+0.42Ab
(mg/100g) CD 6.63+0.64Aa 5.52+0.63Aab 3.98+0.99Abc 3.04+0.84Ac
Sty g5l Sl CDD 6.09+0.80Aa 3.81+0.51Bb 2.13+0.33Bc 1.91+0.49Ac
- . 5.27+0.72Aa 3.20+0.50Bb 2.37+0.51ABb 2.13+0.69Ab
(mg/100 g)

a2 o0 (L (S35 Ggail bl aoys O s ;3 Lo 52 sl Sl 5 5 2 50 i A ]y I e BB Sz 5 S5 e 8 By >

P<-1-0)

Non-similar uppercase and lowercase letters indicate a significant difference in columns and rows, respectively for each temperature

according Tukey test (P<0.05).
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Table 5. Total phenolic compounds and antioxidant activity changes of barberries inside different packages during storage at 4 °C

Characteristics Packaging type

Storage day

S oyl &y (392) GINF o
(S Al 7 14 21 28
Harvesting day=197.1+4.4
Phenolic compounds C 162.8+2.1Ba 156.1+1.4Ba 143.9+1.9Aa 136.5+11.0ABa
(mg/100g) CD 190.3+3.9Aa 173.5+6.0Aa 163.4+9.5Aa 159.7+20.1Aa
Js s els s CDD 139.6+2.5Ca 157.3+4.4Ba 147.1+4.9Aa 121.2+11.2Ba
D 135.6+8.7Ca 119.5+2.1Ca 110.7+£10.4Ba 105.3+15.2ABa
(mg/100 g)
Harvesting day=72.9+2.3
RSCorph (%) Cc 63.6+6.7Aa 59.0+3.7Bab 54.9+3.6Abc 50.3+3.0Ac
ISl Jlee 08 CD 61.2+4.7Ab 66.3+3.0Aa 54.5+2.8Ac 39.2+4.2Cd
CDD 53.4+2.3Ba 52.1+4.5Ca 54.4+3.6Aa 45.2+4.1Bb
DPPH (%) D 58.1+2.3ABa 49.1+5.4Cb 38.9+3.2Bc 35.3+3.2Cc
Harvesting day=99.4+4.1
FRAP (mmol/l) C 71.4+4.6Ba 68.8+5.1Cab 62.2+3.8Bb 65.2+8.3Aab
SasSilsl oy CD 84.2+6.3Aa 83.5+3.4Aa 73.545.8Ab 59.35.0ABc
CDD 68.0+3.9Bb 78.4+3.3Ba 62.7+3.6Bc 55.3+6.1Bd
(e Immol/l) D 57.2+6.5Ca 48.7+3.5Db 42.3+6.0Cc 39.845.8Cc

1) s sine S| Sog8 g 55 By, (P<100) ail oo (S5 9m5] bl 32 0oy B o 53 I sine M 392y Kol alion o By >
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Non-similar uppercase and lowercase letters indicate a significant difference in columns and rows, respectively for each temperature

according Tukey test (P<0.05).
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Table 6. Total phenolic compounds and antioxidant activity changes of barberries inside different packages during storage at 25 °C

Characteristics Packaging type

Storage day

5 elsl &y (G92) &I o
Ry 7 14 21 28
Harvesting day=197.1+4.4
Phenolic compounds C 175.1+2.7Aa 176.3+2.6Aa 148.6+3.1Ab 132.5+6.1Ac
(mg/100g) CD 170.7£6.0Aa 158.2+11.0Aab 139.8+19.9Aab 128.5+18.5Ab
Js e elus 5(mg/100 g)  CDD 156.1+5.7Ba 162.4+12.4Aa 155.1+15.1Aa 148.1+20.1Aa
D 173.84£5.7Aa 156.8+1.7Ab 164.1+6.7Aab 150.2+8.0Ab
Harvesting day=72.9+2.3
Cc 61.0+5.5Aa 53.5+6.0ABab 47.3+4.5Aab 43.3+7.5Ab
RSCoppr (%) CD 60.9+5.9Aa 57.2+5.2Aa 42.2+4.0Ab 32.243.8Ab
s, e ,8DPPH CDD 59.7+5.0Aa 53.1+8.9ABab 44.5+6.3Aab 36.4+5.8Ab
D 56.5+6.6Aa 40.3+2.1Bb 40.9+4.9Ab 33.4+2.4Ab
(%)
Harvesting day=99.4+4.1
FRAP (mmol/l) C 68.8+2.0Aab 78.8+10.1Aa 66.2+7.8Aab 55.4+9.9Ab
o8l FouSilol ps CD 75.3+10.1Aa 65.9+15.0Aa 60.2£10.0Aa 49.45.8ABa
mmol/) CDD 66.0+8.8Aa 60.2+10.2Aa 51.7+11.1Aa 45.2+5.2ABa
D 75.8+8.7Aa 51.9+9.4Ab 43.8+9.9Ab 36.2+6.2Bb
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Non-similar uppercase and lowercase letters indicate a significant difference in columns and rows, respectively for each temperature

according Tukey test (P<0.05).
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Fig 3. Changes of barberry firmness inside different packages during storage at (a) 4 °C and (b) 25 °C. Error bars shows standard deviation
(SD). Non-similar uppercase and lowercase letters in each column indicate a significant difference among atmosphere type and storage
period, respectively, according to the Tukey test (P<0.05).
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Table 7. Decay incidence (%) in barberries packages during storage at 4 °C and 25 °C

Storage day
Temperature Packaging type (39) &IN5 (3o
(7 G E g5 7 14 21 28

Cc 2.0+1.0Bc 2.3+1.5Cc 20.7+4.0Cb 29.0+3.6Ca

40C CD 8.3+1.5Ac 27.0£2.6Ab 39.7+4.5Bb 73.0+8.2Ba
CDD 5.3x1.5Ac 12.7+2.1Bc 73.31+5.5Ab 95.7+4.-Aa

D 0.0£0.0Bc 4.3+1.5Cc 25.3+4.2Cb 42.0+5.3Ca

C 8.3+1.5Cc 27.3+2.5Cb 32.0+4.6Dab 37.0+£3.0Ca

25 0C CD 18.4+4.6Bd 39.3+4.2Bc 67.3+3.5Bb 97.0+2.0Aa
CDD 29.3+4.5Ad 63.0+£6.0Ac 84.0+4.6Ab 96.7+2.1Aa

D 14.3+2.5BCc 43.3+4.5BCb 45.0+4.0Ca 53.7+4.0Ba
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Non-similar uppercase and lowercase letters indicate a significant difference in columns and rows, respectively for each temperature

according Tukey test (P<0.05).
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Abstract

The aim of this study was to investigate the effect of relative atmosphere of COj,and pre-treatment of
disinfection on the physicochemical and microbial properties of fresh barberry during storage. For this purpose,
after removing the foliage, part of the barberry fruit was packed in LDPE/PET packages with a thickness of 45u
and under the CO, relative atmosphere (CD). Some of the fruits were first disinfected with commercial solution
and then packaged under the natural atmosphere (D) or under a CO, relative atmosphere (CDD). The barberry
fruits without disinfection and packaged under the natural atmosphere were considered as control (C). Results
showed at 28" day, the levels of O, and CO, in C packages at 4 °C reached to 2.8% and 19.3%, respectively and
at 25 °C reached to 5.2% and 18.4%, respectively, while in CD and CDD packages, the amount of CO, inside
the package, at the end of storage period at 4 °C decreased to 30% and 35% and at 25 °C decreased to 38% and
41%. At the end of 28 days, the moisture loss and weight loss in CD and CDD samples were higher than other
samples, especially at 25°C (weight loss more than 21%), while the acidity increased in these samples. At the
end of 28 days of storage at 4°C, the lowest content of anthocyanins, phenolic compounds, ascorbic acid, the
DPPH scavenging capacity and the ferric reducing antioxidant power were related to the CDD, D, CDD, D, and
D samples, respectively which they exhibited 40.6, 46.6, 58.4, 51.6, and 60% decline compared to harvest time.
The lowest values of the above compounds at 25 C were related to CDD, CD, CDD, CD, and D samples, which
lost by 48.2, 34.8, 73.8, 55.7, and 63.6%, respectively in comparison to harvest time. At the end of the storage
period, the lowest firmness (at 4 and 25 °C, 0.66 N and 0.49 N) and the highest decay (at 4 and 25 °C, 95.7%
and 96.7%) were related to the CDD. It seems that the CO, atmosphere does not have the ability to maintain the
quality of fresh barberry and the pre-treatment of disinfection intensified unfavorable conditions.
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