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4-Low density polyethylene (LDPE)
5-High density polyethylene (HDPE)
6-Polypropylene cast (CPP)
7-Mitutoyo

8-Water Activity (aw)

9-Relative humidity (RH)
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Table 1 Percentage of relative humidity created

Saturation T+1°C 25+2°C
solution
NaCl 80.01+0.23 76.16+0.39
CaCl, 38.23+0.44 31.54+0.63
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Table 2 Investigating the effect of “Relative humidity xtemperaturexlight” on percentage weight difference of samples

Treatment HDPE LDPE CPP Control
L(RH)xL(T)xDark -0.186+0.004f -0.166+0.018¢ -0.112+0.019™ -2.214+0.036™
L(RH)xL(T)xLight -0.229+0.004° -0.115+0.003¢ -0.125+0.009™ -2.484+0.099™
L(RH)xH(T)xDark -0.572+0.014° -0.541+0.000? -0.319+0.012™ -3.158+0.060™
L(RH)xH(T)xLight -0.667+0.0012 -0.573+0.016° -0.364+0.042™ -3.260+0.097"
H(RH)xL(T)xDark +0.083+0.0179 +0.055+0.005° +0.003+0.00™ +6.508+0.445"
H(RH)xL(T)xLight +0.077+0.009¢ +0.034+0.000° +0.013+0.00™ +6.663+0.456™
H(RH)xH(T)xDark +0.462+0.021¢ +0.380+0.021° +0.131+0.005" +8.258+0.401"
H(RH)xH(T)xLight +0.558+0.004°¢ +0.390+0.002° +0.167+0.030™ +9.513+0.301"™

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low,
H: High, T: Temperature, RH: Relative Humidity
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Table 3 Investigating the effects of “Relative humidity, temperature and light” and intraction effects “Relative

humidityxtemperature”, “temperaturex light” and “Relative humidityx light” on percentage weight difference of samples

Treatment HDPE LDPE CPP Control
L(RH) -0.413+0.079? -0.349+0.079? -0.230+0.0442 -2.779+0.170°
H(RH) +0.295+0.082° +0.215+0.065°  +0.079+0.028"  +7.735+0.491%

L(T) 0.144+0.025° 0.092+0.020° 0.063+0.021° 4.467+0.811™
H(T) 0.564+0.0282 0.417+0.0332 0.245+0.038? 6.047+1.090"
Dark 0.326+0.075" 0.285+0.071"™ 0.141+0.043"™ 5.034+0.934"™
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Light 0.382+0.090™ 0.278+0.081"™ 0.167+0.049™ 5.480+1.067™
L(RH)x L(T) -0.207+0.012° -0.140+0.016° -0.118+0.009¢ -2.349+0.089¢
L(RH)x H(T) -0.619+0.0282 -0.557+0.0112 -0.341+0.0222 -3.209+0.055¢
H(RH)x L(T) +0.080+0.008¢ +0.044+0.006¢ +0.008+0.003¢ +6.585+0.264°
H(RH)x H(T) +0.510+0.029° +0.385+0.009° +0.149+0.016° +8.885+0.416%

L(T)xDark 0.134+0.031™ 0.110+0.033™ 0.058+0.032™ 4.361+1.253™
L(T)x Light 0.153+0.044" 0.075+0.023"™ 0.069+0.032™ 4.573+1.221™
H(T)xDark 0.517+0.033™ 0.460+0.047"™ 0.225+0.055™ 5.708+1.482™
H(T)xLight 0.612+0.031"™ 0.481+0.053"™ 0.265+0.060™ 6.386+1.810™
L(RH)xDark -0.379+0.1122 -0.353+0.109™  -0.216+0.060™ -2.686+0.274"
L(RH)xLight -0.448+0.1262 -0.344+0.132™  -0.244+0.071"™ -2.872+0.231™
H(RH)xDark +0.272+0.110° +0.217+£0.094"™  +0.067+0.037"  +7.383+0.561"
H(RH)xLight +0.317+0.139° +0.212+0.103™  +0.090+0.046™  +8.088+0.852™

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity
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Table 4 Investigating the effect of “Relative humidity xtemperaturexlight” on hue angle of samples

Treatment HDPE LDPE CPP Control
L(RH)xL(T)xDark 25.17+£0.78™ 24.03£0.79™ 23.10+0.90™ 26.46x0.592
L(RH)xL(T)xLight 25.00+0.70™ 24.25+0.65"™ 23.45%0.74" 23.56+ 0.69°
L(RH)xH(T)xDark 27.26+£0.97™ 26.93+0.70™ 28.30£0.77™  26.32+0.66 2
L(RH)xH(T)xLight 28.25+1.25™ 27.87+1.10™ 28.40+£0.75™  28.33x0.97°?
H(RH)xL(T)xDark 19.48+0.87™ 18.74+0.38"™ 18.43+0.31™  18.32+0.35°
H(RH)XL(T)xLight 18.90+0.69™ 17.46+0.75™ 19.32+0.64™  20.01+0.67°¢
H(RH)xH(T)xDark 26.72+1.07™ 26.50+0.86"™ 28.55+1.23"™  26.21+ 1.031°2
H(RH)xH(T)xLight 28.91+0.75™ 29.46+0.91™ 27.78+1.00™  26.82+0.75?

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity
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Table 5 Investigating the effects of “Relative humidity, temperature and light” and intraction effects “Relative
humidity<temperature”, “temperaturex light” and “Relative humidityx light” on hue angle of samples

Treatment HDPE LDPE CPP Control
L(RH) 26.42+0.50% 25.77+0.47% 25.81+0.53% 26.17+0.442
H(RH) 23.50+0.76° 23.04+0.82° 23.52+0.80° 22.84+0.65°

L(T) 22.14+0.57° 21.12+0.55° 21.07+0.46° 22.09+0.54°
H(T) 27.79+0.512 27.69+0.472 28.26+0.46% 26.92+0.442
Dark 24.66+0.64" 24.05+0.59™ 24.59x0.74™ 24.33+0.61"™
Light 25.27+0.72" 24.76+0.79" 24.74+0.66™ 24.68+0.60™
L(RH)x L(T) 25.09+0.51° 24.14+0.50° 23.274£0.57° 25.01+0.54°
L(RH)x H(T)  27.76+0.78? 27.40+0.65* 28.35+0.53% 27.33+0.61°
H(RH)x L(T)  19.19+0.55° 18.100.43° 18.87+0.36° 19.160.41°
H(RH)x H(T)  27.82+0.68°  27.98+0.69°  28.17+0.78°  26.52+0.63%

L(T)xDark 22.33+0.82™ 21.38+0.70° 20.76+0.67™ 22.39+0.91™

L(T)x Light 21.95+0.80™ 20.86+0.86° 21.38+0.64" 21.78+0.60™

H(T)xDark 26.99+0.71" 26.72+0.54% 28.42+0.71" 26.27+0.60™
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H(T)xLight 28.58+0.71™ 28.66+0.722 28.09+0.61"™ 27.57+0.62"™
L(RH)xDark 26.22+0.65™ 25.48+0.60™ 25.70+0.79™ 26.39+0.43™
L(RH)xLight  22.63+0.78™ 26.06+0.73" 25.93+0.73™ 25.94+0.76"™
H(RH)xDark 23.10+1.01™ 22.62+0.93™ 23.49+1.22™ 22.27+0.98™
H(RH)xLight  23.91+1.16™ 23.46+1.38™ 23.55+1.06™ 23.41+0.86"™

Temperature, RH: Relative Humidity

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
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Table 6 Investigating the effect of “Relative humidityxtemperaturexlight” on chroma of samples

Treament HDPE LDPE CPP Control
L(RH)xL(T)xDark 20.42+1.18™  20.79+0.58™  0.97™+19.79 ns 22.83+1.73
L(RH)xL(T)xLight 19.41+1.16™  18.28+0.62™  0.83 "+ 18.87 s 20.33+0.82
L(RH)xH(T)xDark 17.63+1.00™  17.75+0.90™  0.73™+18.01 " 0.38 £16.74
L(RH)xH(T)xLight 17.87+1.49™  17.23+0.72"™  0.55™+ 17.74 ns 1,26 +20.28
H(RH)xL(T)xDark 11.89+0.76™  11.56+0.77"  0.64"+ 13.32 ns13.52+1.03
H(RH)xL(T)xLight 12.02+0.46™  13.58+1.04" 12.86+0.40™ s 12.78+0.76
H(RH)xH(T)xDark 15.18+0.78"™ 16.19+0.96™ 17.57£1.16™ " 16.62+0.44
H(RH)xH(T)xLight ~ 16.73+1.34™  16.89+1.20™  0.64"+ 15.58 " 17.03+0.63

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity

Table 7 Investigating the effects of “Relative humidity, temperature and light” and intraction effects “Relative

LEIY3

humidityxtemperature”, “temperaturex light” and “Relative humidityx light” on chroma of samples

Treatment HDPE LDPE CPP Control
L(RH) 18.84+0.61* 18.51+0.40* 18.60+0.40° 20.05+0.65?
H(RH) 13.95+0.53" 14.55+0.58" 14.83+0.46° 14.98+0.45°

L(T) 15.94+0.74™ 16.05+0.65™ 16.21+0.58"™ 17.36+0.84™
H(T) 16.85+0.59™ 17.01+0.47™ 17.23+0.41"™ 17.67+0.43™
Dark 16.28+0.65™ 16.57+0.63" 17.17+0.56"™ 17.43+0.71™
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Light 16.51+0.70" 16.49+052™ 16.27+0.45™ 17.60£0.63™
L(RH)x L(T) ~ 19.92:0.82° 19.53:t0.49° 19.33+0.63" 2158+0.97°
L(RH)x H(T) ~ 17.75:0.88° 17.49+0.57° 17.88:0.45% 18.51+0.74"
HRH)x L(T) ~ 11.95:043° 1257+0.67° 13.09:0.37° 13.15:0.63°
H(RH)x H(T) ~ 15.95:0.78" 16.54+0.76° 16.58+0.68° 16.82+0.38"
L(T)xDark  16.16+1.12™ 16.171.07" 16.55+0.88" 18.17+1.38"
L(T)x Light ~ 15.72+0.98" 15.93+t0.77™ 15.87+0.77" 16.55+0.96™
H(TxDark 1641067 16.97+t0.67™ 17.790.67" 16.68+0.28™
H(T)xLight ~ 17.30+0.99™ 17.06:0.69" 16.66+0.47™ 18.65+0.77"
L(RH)xDark  19.03+0.81" 19.27+0.61° 18.90+0.62" 19.79+1.08™
L(RH)xLight ~ 18.64£0.94™ 17.75:0.48° 18.31x0.50" 20.30+0.73"
H(RH)xDark  13.53:0.63™ 13.88+0.77° 15.44+0.79" 15.07+0.64"
H(RH)xLight ~ 14.38:0.85™ 1523+0.85° 14.22+0.47™ 14.90£0.65™

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity
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Table 8 Investigating the effect of “Relative humidity xtemperaturexlight” on a/b ratio of samples

Treatment HDPE LDPE CPP Control
L(RH)xL(T)xDark  2.15+0.07" 2.27+0.08° 2.38+0.10™ 2.02+0.05¢
L(RH)XL(T)xLight  2.17+0.07™ 2.24+0.07¢ 2.33+0.08™ 2.32+0.08°
L(RH)xH(T)xDark  1.97+0.09" 1.98+0.06¢ 1.87+0.06™ 2.04+0.06°
L(RH)xH(T)xLight  1.90+0.09" 1.93+0.09¢ 1.86+0.06™ 1.88+0.08¢
H(RH)xL(T)xDark  2.89+0.13" 2.96+0.06° 3.01+0.05™ 3.03+0.06?
H(RH)xL(T)xLight  2.97+0.11" 3.25+0.15? 2.89+0.10™ 2.78+0.10°
H(RH)xH(T)xDark  2.03+0.10™  2.03+0.07¢  1.88+0.09™ 2.07+0.10¢
H(RH)xH(T)xLight  1.83+0.06™ 1.79+0.06 1.93+0.08™ 2.00+0.06¢

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity

Table 9 Investigating the effects of “Relative humidity, temperature and light” and intraction effects “Relative
humidityxtemperature”, “temperaturex light” and “Relative humidityx light” on a/b ratio of samples

Treatment HDPE LDPE CPP Control
L(RH) 2.05+0.04° 2.11+0.04*> 2.11+0.05° 2.06+0.04°
H(RH) 2.43+0.09* 2.51+0.10*° 2.43+0.092 2.47+0.08?

L(T) 2.54+0.07*  2.68+0.08% 2.65+0.06? 2.54+0.072
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H(T) 1.93:0.04° 1.93+0.04° 1.89:0.04°  2.00+0.04°

Dark 2.2620.07" 2.31+0.07™ 2.29+0.08"  2.29+0.07™

Light 2.21+0.08™ 2.30+0.10™ 2.25:0.07"  2.24+0.06™
L(RH)x L(T) 2.1620.05° 2.25+0.05° 2.36+0.06°  2.17+0.06"
L(RH)x H(T) 1.94+0.06° 1.96+0.05° 1.87+0.04°  1.96+0.05°
H(RH)x L(T) 2.93+0.09° 3.10+0.08° 2.95+0.06°  2.91+0.06°
H(RH)x H(T) 1.93+0.06° 1.91+0.05° 1.90+0.06°  2.03+0.06>
L(T)xDark 2.52+40.11"  2.62+0.09° 2.70£0.09"  2.53+0.11"
L(T)x Light 257+0.11" 2.74%0.13* 2.61#0.09™  2.55+0.08™
H(T)xDark 2.00£0.07" 2.01+0.05° 1.88+0.05"  2.05+0.06™
H(T)xLight 1.860.05" 1.86+0.06° 1.90+0.05%  1.94+0.05™
L(RH)xDark 2.06+0.06™ 2.13+0.06™ 2.13+0.08"  2.03+0.04°
L(RH)xLight 2.03:0.06™ 2.08+0.07" 2.10:0.07"  2.10+0.07°
H(RH)xDark 2.4620.12" 2.50+0.11™ 2.44%0.13"  2.55:0.11°
H(RH)xLight 2.4020.13" 2.52+0.17™ 2.41%0.12"  2.39+0.10°

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity
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Table 10 Investigating the effect of “Relative humidityxtemperaturexlight” on total colour difference of

samples
Treatment HDPE LDPE CPP Control
L(RH)XL(T)xDark  8.21+1.26™ 8.64+0.67™ 8.19+1.01™  11.06+1.982
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L(RH)xL(T)xLight 8.03+1.03®  6.27#0.63™  6.67=0.96™ 8.59+0.90
L(RH)xH(T)xDark  6.67+1.06™  7.01+1.02"  7.17+0.76" 4.68 +0.34°
L(RH)xH(T)xLight  7.73x1.57"  7.09+0.91™  7.15+0.74™  9.00 +1.37 ®
H(RH)xL(T)xDark  4.37#0.63™  504+0.72"  3.36+0.59™ 4.27 +0.60
H(RH)xL(T)xLight ~3.70+0.65"  3.93+0.74™  3.06+0.27™ 3.65+0.40°
H(RH)xH(T)xDark  4.45+0.58™  4.60+0.69™  533+1.40™ 4.84+0.48°
H(RH)xH(T)xLight 5.92+1.04™  526£1.16™  4.01+0.33™  4.34+0.44°

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity

Table 11 Investigating the effects of “Relative humidity, temperature and light” and intraction effects “Relative
humidityxtemperature”, “temperaturex light” and “Relative humidityx light” on total colour difference of samples

Treatment HDPE LDPE CPP Control
L(RH) 7.66+0.61° 7.25+0.42*  7.29+0.43% 8.33+0.71°
H(RH) 4.61+0.38° 471+0.42°  3.94+0.40° 4.28+0.24

L(T) 6.08+0.54" 5.97+0.42™  5.32+0.49"™ 6.89+0.71"
H(T) 6.19+0.57™ 5.99+0.49"™  5.91+0.47™ 5.72+0.47™
Dark 5.92+0.51" 6.32£0.45"™  6.01+0.55™ 6.21+0.66"
Light 6.34+0.60" 5.64+0.46™  5.22+0.40"™ 6.40+0.55"
L(RH)x L(T) 8.12+0.80™ 7.45+0.51"™  7.43+0.70™ 9.82+1.09°
L(RH)x H(T) 7.20+0.93" 7.05+0.67™  7.16+0.52™ 6.84+0.83"
H(RH)x L(T) 4.03+0.45™ 4.48+0.52™  3.21+0.32"™ 3.96+0.36°
H(RH)x H(T)  5.19+0.60" 4.93+0.66™  4.67+0.72" 4.59+0.32¢

L(T)xDark 6.29+0.80" 6.84+0.61"  5.78+0.76™ 7.66+1.23"

L(T)x Light 5.87+0.75™ 5.10+0.53™  4.86+0.62" 6.12+0.71"

H(T)xDark 5.56+0.64™ 5.80+0.65™  6.25+0.80™ 4.76+0.29™

H(T)xLight 6.82+0.94" 6.18+0.75"  5.58+0.51™ 6.67+0.86"

L(RH)xDark 7.44+0.82" 7.83£0.62"  7.68+0.63"™ 7.87+1.19™
L(RH)xLight 7.88+0.92" 6.68+0.55"™  6.91+0.59™ 8.80+0.81™
H(RH)xDark 4.41+0.42™ 4.82+0.49™  4.35+0.77™ 4.55+0.38™
H(RH)xLight  4.81+0.64" 459+0.69™  3.54+0.23"™ 4.00+0.30™

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity
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Table 12 Investigating the effect of different storage conditions on hue angle of samples compared to the first time
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Treatment HDPE LDPE CPP Control
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L(RH)xL(T)xDark 25.17+0.78° 0.79°+ 24.03 0.90°+ 23.10 0.59%+ 26.46
L(RH)xL(T)xLight 25.00+0.70° 0.65°+ 24.25 0.74°+ 23.45 0.69°+ 23.56
L(RH)xH(T)xDark 27.26+0.97®  0.70°+ 26.93 0.77°%: 28.30 0.66 % 26.32
L(RH)xH(T)xLight 28.25+1.25%  1.10®+27.87 0.752+ 28.40 0.97%+ 28.33
H(RH)XL(T)xDark 19.48+0.87¢ 0.38%+ 18.74 0.31°+18.43 0.35¢+18.32
H(RH)xL(T)xLight 18.90+0.69¢ 0.759+17.46 0.64°+19.32 0.67°+20.01
H(RH)xH(T)xDark 26.72+1.07®  0.86 "+ 26.50 1.23% 28.55 1.03%+ 26.21
H(RH)xH(T)xLight 28.91+0.752 0.912+ 29.46 1.00%+ 27.78 0.75%+ 26.82
hue angle of sample with low moisture first time ~ 17.64+0.79°¢ 17.64+0.79¢ 17.64+0.79°¢ 17.64+0.79°¢
hue angle of sample with high moisture first time  0.45°+ 17.91 0.45%+ 17.91 0.45°+17.91 0.45%+17.91

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity
Table 13 Investigating the effect of different storage conditions on a/b ratio of samples compared to the first time

Treatment HDPE LDPE CPP Control
L(RH)xL(T)xDark 2.15+0.07° 2.27+0.08° 2.38+0.10°¢ 2.02+0.05¢
L(RH)xL(T)xLight 2.17+0.07° 2.24+0.07" 2.33+0.08°¢ 2.32+0.08°¢
L(RH)xH(T)xDark 1.97+0.09% 1.98+0.06% 1.87+0.06¢ 2.04+0.06¢°
L(RH)xH(T)xLight 1.90+0.09 1.93+0.094 1.86+0.06 1.88+0.08
H(RH)xL(T)xDark 2.89+0.132 2.96+0.06? 3.01+0.05% 3.03+0.062
H(RH)xL(T)xLight 2.97+0.11° 3.25+0.152 2.89+0.10° 2.78+0.10°
H(RH)xH(T)xDark 2.03+0.10% 2.03+0.07°d 1.88+0.09¢ 2.07+0.10¢
H(RH)xH(T)xLight 1.83+0.06° 1.79+0.06¢ 1.93+0.08¢ 2.00+0.06¢

a/b ratio of sample with low moisture first time 3.17+0.142 3.17+0.142 3.17+0.142 3.17+0.142
a/b ratio of sample with high moisture first time 3.10+0.092 3.10+0.092 3.10+0.09% 3.10£0.092

Means followed by the same letter within a column are not significantly different (p<0.05). L: Low, H: High, T:
Temperature, RH: Relative Humidity
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The aim of this study was to evaluate the effect of storage conditions “relative
humidity”, “temperature” and “light”, each one at two levels (high and low),
on the weight and color of dried seedless barberry after 120 days' storage. The
effect of conditions was statistically analyzed in a completely randomized
design experiment based on factorial. After adjusting the moisture content
barberry color were measured for both samples. The samples in weights of
100g in the bags made of low density polyethylene (LDPE), high density
polyethylene (HDPE) and polypropylene cast (CPP) were packaged and
coded. Then samples were placed in a given storage conditions. Based on the
results, all the hue angle and a/b ratio have not changed in all the packaging
samples of films in the condition of “high relative humidity, low temperature
and darkness” and “high relative humidity, low temperature and brightness”
after 120 days of storage. The lowest difference in weight was observed in
both samples packaged in bags of LDPE and HDPE films, at the same
conditions. Also, in all the packaging samples at the “high relative humidity x
low temperature” state, the lowest hue angle, lowest chroma and highest a/b
ratio were observed, whilst at the similar state, the lowest difference in weight
in samples packaged in polypropylene cast film bags was observed.
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