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1- Reological characterization
2- Encapsulation
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Table 2- Mean comparison of main effects (galbanum gum, cumin essential oil and calcium chloride) for different attributes
of sweet cherry (Prunus avium Cv. Siah Mashhad) at harvest time and 15 days of storage at 2+1 °C

Z —_ 3 ‘73: £ -

g 3ﬁ¢ 3 - = g — % < ’lu‘é _E .=~
R ¥E 5 ) § - JE z 3g8s _E= RE=z
) = 22 ERe - L PN Ne S = — K E 32> R
= K = B3 A EANCEC ~ o X a = JEARCY s =) AN e
. [ - Do PV = "ijccn 2 = 9 0 = _@ 3:¢=
38 }:E __i&‘@, 3 - A= n =2 33,45 \’%54 2
5 2203 L - TE 2 E i 2% =EE

e Y ? E 3% 2% g =7

z 3 -

UL")
Cudloy 3.925 1.111 11 5.995 80.644 0.002498 0.0199 76.093 31.255 0.618
Harvest
time
4l dowo
Galbanum gum: A

0,

Avlw(\(;)% 4.136a* 0.928a 13.417a 4.158¢ 74.571b 0.002500a  0.0225a 50.981¢ 20.569d 0.447¢

0,

A\i}/(\l/)@ 3.952b 1.011a 12.167b 5.399a 78.781a 0.002622a  0.0209a 92.153a 39.449a 0.745a

0,

A\i]/(\zl)A) 4.031b 0.978a 11.667b 5.261ab 78.493a 0.002586a  0.0213a 88.538a 36.896b 0.761a

0,

A\i//(\g)/)A) 4.047ab  0.929a 12.417b 4.770b 76.403ab  0.002501a  0.0224a 74.532b 29.201c¢ 0.576b
o 09 5 (il

Cumin essential oil: B
]ill/f)o 4.132a 0.886¢ 12.688a 4.692a 76.329a 0.002523a  0.0219a 70.575b 30.296b 0.601b
Bil(/})()o 4.028b 0.933b 12.469a 4.883a 77.047a 0.002552a  0.0217a  76.417ab  31.552ab  0.631ab
Bil(/%)()o 3.964b 1.097a 12.094a 5.116a 77.811a 0.002582a  0.0217a 82.661a 32.743a 0.664a

sl IS

Calcium chloride: C

0,

CVIW(\O/)A) 4.089a 0.919b 12.938a 4.567b 75.636b 0.002534a  0.0224a 66.745b 29.293b 0.572b

0,

C\i}/(\l/)ﬁ 3.993b 1.004a 11.896b 5.228a 78.489a 0.002571a  0.0212a 86.357a 33.766a 0.692a

)05 o b (gl xe cglis Sl (gl arebdsia yg0l 3l o3zl b aoys B Jlainl pdaw 13 oy (sly Gl By syl (slognSibe gt yo i
*Variables in the same column for each variable having different letters are significantly different (p< 0.05) based on Duncan’s
multiple range test.



14

Sl 9 S SS9 2 S 195 9 o 1) bl cazm yb dowo iy il

dlow o8y (WIS Cilliseo ©liuo 1 oalS g IS 9 w039 5 (bl e )b Rowo (pinigy Aillas Ol T 1Sl o =Y Jgua

G 595 S 0gWas 81,8 ilw s 13 YEY glod 45 (6,0 51 w39, ¥+ (Prunus avium Cv. Siah Mashhad) sg.ie

3,5 Sl as d Ve glod

Table 3- Mean comparison of main effects (galbanum gum, cumin essential oil and calcium chloride)
for different attributes of sweet cherry (Prunus avium Cv. Siah Mashhad)
after 30 days of storage at 2+1 °C an additional one day at 20°C

@»n =
g P 3 - = 3 < BN g -
3% LR SRS NN : Y2 gl Z a2
15 g 33 Igf g 12z FE< {4z SE§E 34r 2%
: ) ; v ) B ) = <
33 = 3 E §re DT 45T 3ER 5= 335 wmgz F=E3
r: i; 3 %E 32 = 57f zZz S w3E
T R I
< 2
a2 )b dowo
Galbanum gum: A
Al
(0% 4.595a* 0.757b 13.917a 4.025b 74.728a  0.002638a  0.0338a 30.700d 10.299¢  0.186b
W/V)
A2
(1% 4.429b 0.883a 12.917b 4.692b 76.728a  0.002792a  0.0327a 69.672a 25.061a  0.457a
W/V)
A3
2% 4.474b 0.839ab 12.833b 4.563a 76.636a  0.002703a  0.0329ab 58.621b 23.606a  0.498a
W/V)
A4
(3% 4.572a 0.774b 13.667ab 4.176b 75.109a  0.002641a  0.0336ab 46.354¢ 15.237b  0.219%
W/V)
o 0325 bl
Cumin essential oil: B
]?3/1()0 4.526a 0.766b 13.594a 4.209a 75.238a  0.002670a  0.0337a 48.003b 15.675¢  0.298b
B2
(100 4.536a 0.808ab 13.344a 4.396a 76.023a  0.002685a  0.0332a 51.428ab  18.501b  0.343a
ul/1)
B3
(200 4.493a 0.867a 13.063 4.475a 76.139a  0.002725a  0.0329a 54.579a 21.476a  0.379a
ul/1)
ol 8 IS
Calcium chloride: C
Cl1
(0% 4.534a 0.755b 13.813a 4.151b 74.877a  0.002639a  0.0344a 46.276b 15.049b  0.299b
W/V)
C2
(1% 4.502a 0.873a 12.854b 4.569a 76.724a  0.002748a  0.0320b 56.276a 22.052a  0.380a
W/V)

B85 o b (gl xe cglis (S 905l 51 0alizusl b duoyd B Jlazn] paw 55 oy (ly s By (sl (slouSilo gt yo 3
*Variables in the same column for each variable having different letters are significantly different (p< 0.05) based on Duncan’s

multiple range test
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Figure 1- Interaction between galbanum gum Xcalcium chloride on pH of juice during 15 days of storage at 2+1 °C (A1=0%,
A2=1%, A3=2% and A4=3% W/V galbanum gum. C1=0% and C2=1% W/V calcium chloride)
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Figure 2- Interaction between galbanum gum Xcalcium chloride coating on PAL enzyme activity of sweet cherry fruit texture

15 and 30 days of storage at 2+1 °C an additional one day at 20 °C (A1=0%, A2=1%, A3=2% and A4=3% W/V galbanum
gum. C1=0% and C2=1% W/V calcium chloride)
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Figure 3- Interaction between galbanum gum Xcalcium chloride coating on total phenol of sweet cherry fruit texture 15 and

30 days of storage at 2+1 °C an additional one day at 20 °C (A1=0%, A2=1%, A3=2% and A4=3% W/V galbanum gum.
C1=0% and C2=1% W/V calcium chloride)
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Figure 4- Interaction between galbanum gum Xcalcium chloride coating on total phenol of sweet cherry fruit texture 15 days
of storage at 2+1 °C (A1=0%, A2=1%, A3=2% and A4=3% W/V galbanum gum. C1=0% and C2=1% W/V calcium chloride)
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Figure 5- Interaction between galbanum gum Xcumin essential oil coating on total flavonoid of sweet cherry fruit 30 days of

storage an additional one day at 20 °C (A1=0%, A2=1%, A3=2% and A4=3% W/V galbanum gum. B1=0ul/l, B2=100ul/l and
B3=200pl/l cumin essential oil)
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Introduction: Galbanum, an aromatic oleo-resin gum, is produced from Umbelliferae plant and genus Ferula with
the common Persian name “Barije”. Ferula gummosa Boiss. Plants are endemic flora of the mountain ranges of
northern Iran. Cuminum cyminum is an edible medicinal plant, which is widely distributed in Iran, Turkey, India, Egypt
and Central America countries. Calcium (Ca’") is a secondary messenger that plays pivotal roles (such as cell wall
structure, signaling in fruit ripening and ethylene biosynthesis) in regulating physiological functions in fruits, vegetables
and flowers during postharvest life. Sweet cherry is one of the most popular fruits among consumers because of its good
taste and abundant nutrients and bioactive components such as phenolic compounds and flavonoids. This fruit is a
highly perishable product due to its high respiration rate and rapid softening process at room temperature, which
ultimately cause the color changes, weight loss, browning and changes of nutrients and restrict its shelf life. Several
studies have demonstrated that the postharvest life of sweet cherries can be extended by different preservation
techniques, such as refrigeration, synthetic chemical fungicides, modified atmosphere packaging, osmotic treatments,
hypobaric treatments, heat treatments and edible coating. In the last several years, edible coatings have been widely
studied for the preservation of fruits and vegetables. Edible coating with semipermeable films might extend the
postharvest life of sweet cherry through a reduction of moisture migration, gas exchange, respiration and oxidative
reaction rates.

Materials and Methods: Healthy, uniform in size, shape, color fruits were selected from sweet cherries collected
from an orchard in Kahriz located in Urmia. Effects of galbanum gum (0, 1, 2 and 3% W/V), cumin essential oil (0, 100
and 200 pl/1) and calcium chloride (0 and 1% W/V) coating on the physiological and quality responses of sweet cherry
(Prunus avium Cv. Siah Mashhad) fruit were investigated. The fruits were coated, and stored at 2+1 °C and 90-95%
relative humidity for 30 days and then transferred to 20 °C for an additional 1 day. The quality of sweet cherries
analyzed on the initial day, day 15 of storage at 2+1 °C and day 30 of storage at 2+1 °C with an additional one day at 20
°C. Different qualitative and physicochemical attributes including pH, total soluble solid, titrable acidity, fruit water
content and moisture percentage, proline, malondialdehyde, phenyl alanine amonialyase (PAL) enzyme activity and
nutraceutical (total phenol and flavonoid) evaluations were performed. Statistical analysis of data was done by SAS
(version 9.4) and mean comparisons were performed using Duncan's multiple range test.

Results and Discussion: Significant differences were observed in fruit coated with galbanum gum 1% W/V, cumin
essential oil 200 pl/1 and calcium chloride 1% W/V as compared to the control. The coating applications including gum,
cumin essential oil and calcium chloride resulted in the slower rise of pH and TSS and were effective in maintaining
higher titrable acidity, fruit water content, moisture percentage, PAL enzyme activity, total phenol and flavonoid.
Coating with 1% W/V galbanum gum combined with 1% W/V calcium chloride resulted in highest increase of PAL
enzyme activity and total phenol 15-day after storage, which effectively prevented rapid decline enzyme activity and
phenolic compound to the end of storage. The combined coating of galbanum gum 2% W/V with CaCl, 1% W/V or 200
pl/l cumin essential oil significantly maintained total flavonoid 30-day after storage in 2+1 °C an additional 1 day in
20°C; These treatments are not significantly different with galbanum gum 1% W/V with CaCl, 1% W/V or 200 pl/l
cumin essential oil. Concomitantly proline content (0.002748 mlgr/gr F.W.) was at higher levels and malondialdehyde
(0.0320 mmol/gr F.W.) at lower levels in tissues of treated fruit with 1% W/V CaCl, compared with those of control
fruit at the end of storage.
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Conclusion: Fruit and vegetables are highly perishable, and the causes of postharvest losses can generally be
ascribed to physiological deterioration associated with the consumption of the internal water and reserve substances. In
addition, increasing public concern towards healthy foods has contributed to the promotion of interest in the
development of alternative (Safe) methods for controlling postharvest decay and deterioration. These results suggest
that galbanum gum, cumin essential oil and CaCl, treatments delayed the development of senescence process ‘Siah
Mashhad’ sweet cherry by reducing the rate of quality parameters deterioration and polyphenol compound and also
maintaining the structural integrity of cell membrane. Application of 1% W/V galbanum gum coating combined with
1% W/V CaCl, might be enhanced low temperature tolerance by maintaining quality parameters, antioxidant compound
and shelf life of sweet cherry fruits.
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