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Table 1 Chemical compounds identified in cardamom essential oil by GC-MS

Chemical compounds Retention Time (min) Abundance (%)
D-Limonene 7.07 1.66
a-Pinene 9.71 0.745
1-Terpineol 10.63 0.08
Sabinene 11.33 1.855
B-Myrcene 12.15 0.96
Linalyl Propionate 12.57 0.19
1,8-Cineole 14.4 27.415
Nerol 14.77 0.06
y-Terpinene 15.24 0.46
cis-sabinene hydrate 15.46 0.18
Geraniol 15.87 1.375
a-Terpynolene 16.49 0.30
E-Citral 16.57 0.21
Linalool 17.52 6.17
Neryl Acetate 20.33 0.14
4-Terpineol 20.47 1.86
a-Terpineol 21.18 4.338
Linalyl acetate 24.32 2.805
a-Terpenyl acetate 29.54 46.705
Geranyl acetate 29.96 0.735
trans-Caryophyllene 315 0.09
B-Selinene 34.04 0.45
y-Cadinene 35.06 0.17
Feranesol 37.18 1.045
e sas plad PH (s b 2las .02 sdalie (4/39£0/05) pH Q‘r}-"z'3

25 malS cpl oS el il ials ol e b

e b e S sbdise s PH O ol s ol
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Table 2 Effect of edible coating and storage time on pH changes of white cheese samples*

Treatment Day 1 Day 7 Day 15 Day 30 Day 60
Control 4.74+0.1%7  4.62+0.13%4 4.47+0.07° 4.42+0.04% 4.39+0.05°®
WPI 4.740.04* 4.6740.04% 4.69+0.005* 4.62+0.1% 4.59+0.09%8

WPI-1% CEO  4.68+0.13*  4.6540.12* 4.62+0.08* 4.62+0.08 4.6+0.12*®
WPI-15% CEO  4.71+0.06"*  4.71+0.08* 4.67+0.09* 4.63+0.11%* 4.6+0.11%®
WPI-29% CEO 4.7240.1 4.66+0.06™ 4.66+0.09* 4.64+0.1 4.6440.05*
*Data are reported in three replications in terms of (Mean + SD value).

** The similar small letters (a-c) in each row and the similar capital letters (A-B) in each column indicate a
significant no difference (p<0.05) based on the Duncan test between the data.

(WPI): whey protein isolate edible coating; (WPI-1% CEO): whey protein isolate edible coating + 1%
cardamom essential oil; (WPI-1.5% CEO): whey protein isolate edible coating + 1.5% cardamom essential oil;
(WPI1-2% CEOQ) whey protein isolate edible coating + 2% cardamom essential oil.
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Table 3 Effect of edible coating and storage time on PV changes of white cheese samples*

Treatment Day 1 Day 7 Day 15 Day 30 Day 60
Control 0.5140.03%™  0.8+0.27%% 1.05+0.15%4 1.56+0.33" 2.1240.07%"
WPI 0.49+0.01%*  0.760.37°* 0.91+0.49°A 1.17+0.26%8 1.73+0.24%
WPI-1% CEO 0.49+0.02°4 0.6940.33** 0.8240.51° 0.89+0.15"¢ 1.44+0.04%5¢
WPI-1.5% CEO 0.5+0.02°* 0.6140.27*4 0.6840.28"* 0.7440.03°¢ 1.21+0.1%P
WPI-2% CEO 0.4840.2°A 0.5240.04** 0.5840.02°* 0.6440.02°¢ 0.9740.21%°

*Data are reported in three replications in terms of (Mean + SD value).
** The similar small letters (a-d) in each row and the similar capital letters (A-D) in each column indicate a
significant no difference (p<0.05) based on the Duncan test between the data.
(WPI): whey protein isolate edible coating; (WPI-1% CEO): whey protein isolate edible coating + 1%
cardamom essential oil; (WPI-1.5% CEO): whey protein isolate edible coating + 1.5% cardamom essential oil;
(WPI1-2% CEO) whey protein isolate edible coating + 2% cardamom essential oil.
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Table 4 Effect of edible coating and storage time on TBA changes of white cheese samples*

Treatment Day 1 Day 7 Day 15 Day 30 Day 60
Control 0.19440.01%"™  0.586+0.1%" 1.119+0.1°A 1.694+0.04A 2.141+0.01*
WPI 0.17340.01*4  0.501+0.12%48  0.962+0.03°“®  1.408+0.19"" 1.63840.14%
WPI-1% CEO  0.185+0.007%"  0.454+0.1%48¢  0.839+0.11%¢  1.236+0.2°%¢ 1.692+0.33%
WPI-1.5% CEO  0.196+0.01%  0.339+0.19%5¢  0.648+0.26°°C  0.783+0.25°°  1.466+0.12%C
WPI-2% CEO  0.18440.006"*  0.256+0.01%C  0.47740.09°°  0.873+0.23°°°  1.238+0.16%

*Data are reported in three replications in terms of (Mean + SD value).
** The similar small letters (a-e) in each row and the similar capital letters (A-D) in each column indicate a
significant no difference (p<0.05) based on the Duncan test between the data.
(WPI): whey protein isolate edible coating; (WPI-1% CEO): whey protein isolate edible coating + 1%
cardamom essential oil; (WPI-1.5% CEO): whey protein isolate edible coating + 1.5% cardamom essential oil;
(WPI1-2% CEO) whey protein isolate edible coating + 2% cardamom essential oil.
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Table 5 Effect of edible coating and storage time on FFA changes of white cheese samples*

Treatment Day 1 Day 7 Day 15 Day 30 Day 60
Control 0.355+0.01%"  0.54640.05% 0.598+0.1°A 0.713+0.08%"  0.833+0.09*
WPI 0.318+0.06"  0.477+0.09%A 0.525+0.1% 0.616+0.09%'®  0.683+0.16%®
WPI-1% CEO 0.331+0.06"*  0.448+0.11%*  0.481+0.12%*  0.561+0.2%® 0.614+0.08%
WPI-1.5% CEO  0.351+0.07%*  0.428+0.09%4 0.436+0.1%"  0.536+0.12*®  0.583+0.05%®
WPI-2% CEO 0.32+0.04"*  0.37540.08®*  0.412+0.07%* 0.4740.09%® 0.533+0.12%

*Data are reported in three replications in terms of (Mean + SD value).
** The similar small letters (a-d) in each row and the similar capital letters (A-B) in each column indicate a
significant no difference (p<0.05) based on the Duncan test between the data.
(WPI): whey protein isolate edible coating; (WPI-1% CEO): whey protein isolate edible coating + 1%
cardamom essential oil; (WPI-1.5% CEO): whey protein isolate edible coating + 1.5% cardamom essential ail;
(WPI1-2% CEO) whey protein isolate edible coating + 2% cardamom essential oil.

Simy 4S5 dald L 5l S Ll slaws bl oodls 3y
Clld g 1y LU Cy oplas Slpd olS S
o 52 [35] s 0l 85 S Wl s Sl
o e by Sladised 5o 8L AL, Al L,
Fsbo Jio (oS5 S OGS DS L SSsman S
ool ol 55158 dals 2y 4 ged & o S T s
log CFU/Q) <55 « silsa slag S slws S5k
oy iy o oali o (4110 5 4/64 4120 5/06
45 5o Sl e 5 ol Jite oS5 S O35S L el

[36] s 55

ac

BWPL
BWPL+1%CEQ
AW+ L3%CEO
BWPL+2% CEQ

Day 15 Day 30
Storage period (Days)

Fig 1 Bacterial count of white cheese samples with
edible coating during storage
Different small letters (a-€) indicate a significant
difference (P<0.05) during the storage period.
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Table 6 Effect of edible coating and storage time on mold & yeast growth of white cheese samples*
Treatment Day 1 Day 7 Day 15 Day 30 Day 60

Control 0 o™ 1.068+0.17°A 1.75+0.5" 4.139+0.09*

WPI oA oA 0.40540.15®®  1.169+0.08°®  2.17140.21%®
WPI-1% CEO 0 (0 0% 0% 0%
WPI-1.5% CEO 0 (0 0% 0% 0%
WPI-2% CEO 0 o4 0% 0% 0%

*Data are reported in three replications in terms of (Mean + SD value).
** The similar small letters (a-d) in each row and the similar capital letters (A-C) in each column indicate a
significant no difference (p<0.05) based on the Duncan test between the data.
(WPI): whey protein isolate edible coating; (WPI-1% CEO): whey protein isolate edible coating + 1%
cardamom essential oil; (WPI-1.5% CEOQ): whey protein isolate edible coating + 1.5% cardamom essential ail;
(WPI1-2% CEOQ) whey protein isolate edible coating + 2% cardamom essential oil.
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Cheese packaging as one of the processes has an important effect on
increasing the shelf life and quality of cheese. The aim of this study was
to package Iranian white cheese using edible coating based on whey
protein isolate (WPI) containing different levels of cardamom (Elettaria
cardamomum L.) essential oil (CEO) (0, 1, 1.5 and 2%) during storage.
Samples were examined for physicochemical, microbial and sensory
changes during 60 days of storage. The chemical compounds of CEO
were also identified by GC-MS. In the analysis of the chemical
composition of CEO, two main compounds including a-terpenyl acetate
(46.705%) and 1.8-cineole (27.415%) were identified. Examination of
pH changes showed that the pH of all samples decreased significant
during storage (P<0.05). On the last day of storage, the lowest amount
of peroxide was in the cheese sample coated with 2% CEO (0.97+0.21
meq O./kg). The results of changes in TBARS in coated white cheese
samples during storage showed that two samples of white cheese coated
with WPI enriched with 1.5 and 2% CEO had the lowest Thiobarbituric
acid reactive substances levels were from the 7th day to the end of the
storage period. In microbiological analysis, the lowest population of
total bacteria on the last day of storage was in the white cheese sample
enriched with 2% CEO (2.431+0.56 Log cfu/g). The results of sensory
evaluation showed that the edible coating based on WPI containing
1.5% of CEO had more desirable sensory properties than other coatings.
According to the results of the present study, it can be stated that edible
coatings containing plant essential oils can be used in packaging and
coating of white cheese to increase its quality and safety.
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