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Table 1 ANOVA Interaction of polyamine and chitosan on hull phenolic compounds, kernel phenolic
compounds, PPO activity, and antioxidant activity of pistachio fruit during storage

Means squares

Source of

variation df Hull phenolic Kernel phenolic PPO activity Antioxidant activity
compounds compounds
Block (B) 2 0.002 0.0006 0.00001 0.0001
Polyamine (P) 3 0.13 ** 0.055 ** 0.00005 ** 0.0006 **
Chitosan (C) 1 0.17 ** 0.02 ** 0.0002 ** 0.08™
Storage (S) 2 0.85 ** 0.14 ** 0.000007 ** 0.005 **
PxC 3 0.004 ** 0.002 ** 0.00003 ** 0.0006 **
PxS 6 0.005 ** 0.008 ** 0.00004 * 0.0003 *
CxS 2 0.01 ** 0.002 ** 0.00003 ** 0.003 ™
PxCxS 6 0.005 ** 0.003 ** 0.003 ** 0.0004 ™
Error 49 0.0003 0.0003 0.0003 0.0002
CV (%) 2.96 3.50 542 4.89

** significant (P<0.01), *-significant (P<0.05) and ns- not significant (P<0.05)

Lol o SKen 5 Sloslil Ol 5 0135208 dapel L e

OS5 e s doys S il a3 6l ne i

Al

P S S 5



ks

O 5 0Ly,

<

SRS

25 oS 5

e

S sl Lo Lajles s ke 4l ol e L

VS)_\{bjfo.\.hLi.n

o

QL»J?J\JJ'_:J)'_sL»Q_l;éleSJI)UL

ols

b3 S s 53 re LS

Lo

L.u [y )l.}

oj\_\.'u\

~

G S Sl Sl dm s 0 6
(Y /*)Jiéjfoﬂuwbﬁwﬁg";)yuo”

Les

3
J

SIS

e S b aS Sl Ul sl 3 Ol s Ol 508

b

-\.‘a)).f c_,\...faj

W Spermine OSpermidine

B Putrescine

O Control

AR,
T

R,

e e P
s s

S A
SRANARRRR
]

o o R A A R
TN oy Ry R

[ 5l B b i i B B B8 B i

Chitosan (1%)

Control

(A B 40d proe ones Sua)
spunodutod sroudyJ Ml

Storage time (day)

Fig 1 Interaction of polyamine and chitosan on hull phenolic compounds of pistachio fruit during storage
Bar significant standard error. Columns with different letters are significantly different at P > 0.05 (LSD).
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Fig 2 Interaction of polyamine and chitosan on kernel phenolic compounds of pistachio fruit during storage

Bar significant standard error. Columns with different letters are significantly different at P > 0.05 (LSD).
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letters are significantly different at P > 0.05 (LSD).
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Fig 4 Interaction of polyamine and chitosan on PPO activity of pistachio fruit during storage
Bar significant standard error. Columns with different letters are significantly different at P > 0.05 (LSD).

Table 2 ANOVA Interaction of polyamine and chitosan on hull anthocyanin, L* index, Chroma index,
hue index and hull water content of pistachio fruit during storage

Storage time (day)

Source of dar Means squares
variation Anthocyanin L* index Chroma index  Hhue index Hull water
Block (B) 0.00001 26.04 474 0.00001 29.81
Polyamine (P) 0.00005" 0.05™ 272" 0.0001 ™ 7528
Chitosan (C) 0.0002 ** 822.79 ** 37737 * 0.02 ** 262.88 **
Storage (S) 0.000007** 1039 ™ 11943 ** 0.0004 ** 141.39 **
PxC 0.00003 ** 3135 6.60 ** 0.0006 ™ 3236 **
PxS 0.00004 * 26.54™ 10.98 0.0001 ™ 2.08™
CxS 0.00003 ** 28.63 1 3.86 ** 0.0001 ** 8.76 *
PxCxS 0.003 ** 7777 ** 3.74 ** 0.00004 ™ 5.28%
Error 0.0003 23.32 1.66 0.000007 2.92
CV (%) 542 12.18 3.70 2.52 542
** — significant (P<0.01), *-significant (P<0.05) and ns- not significant (P<0.05)
R @ Control Putrescine W Spermine O Spermidine
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Fig 5 Interaction of polyamine and chitosan on hull anthocyanin content of pistachio fruit during storage
Bar significant standard error. Columns with different letters are significantly different at P > 0.05 (LSD).
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Fig 6 Interaction of application polyamine and chitosan coating on hull water content of pistachio fruit during
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Bar significant standard error. Columns with different letters are significantly different at P > 0.05 (LSD).
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Table 3 ANOVA Effect of polyamine and chitosan on percentage of
pistachio fruit browning

Source of df Means squares
variation Fruit browning
Polyamine (P) 2 639.67
Chitosan (C) 1 47472
PxC 2 55317
Error 12 12.81
CV (%) 9.53

** — significant (P<0.01), *-significant (P<0.05) and ns- not significant (P<0.05)
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Fresh pistachio plays an important role in our diet due to phenolic compounds and antioxidant
potential. Browning is one of the main problems of fresh pistachio fruits. Therefore, to maintain the
quality of pistachio fruit and evaluation of fruits color changes and browning an experiment was
conducted as block completely randomizes design as factorial with three factors: perharvest
polyamines forms applications: putrescine, spermidine, and spermine at 1 mM; chitosan (0 and 1%)
and storage periods (0, 20 and 40 days of storage) with three replications on ‘Akbari’ cultivar. In this
study fruits and hull water, hull and shell indices, pigments, hull and kernel phenolic compounds,
polyphenol oxidase and antioxidant activity were measured. The results showed that hull and kernel
phenolic compounds, polyphenol oxidase, antioxidant activity, anthocyanin, hull water, hull color
indices were decreased during storage period and perharvested application of polyamines maintained
these traits during storage. Among polyamines, putrescine had the highest influence on these traits
compared to spermidine and spermine. The results also showed that chitosan application also
maintains hull and kernel phenolic compounds, polyphenol oxidase, antioxidant activity, anthocyanin,
hull water, hull color indices in pistachio treated-fruits and untreated-fruits with polyamines during
storage. The results also indicated that combined application of putrescine and chitosan had the
greatest effect on maintaining pistachio characteristics and reducing the percentage of fruits browning
during storage. Therefore, according to the results of this study, the use of putrescine with a
concentration of 1 mM before harvest following chitosan coating can plays an important role in
maintaining the quality of fresh pistachio fruit during 40 days of storage.
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