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Background and Objectives: Apples are one of the most important
horticultural products that are increasingly considered for preservation and
post-harvest issues. Therefore, it is necessary to use safe methods to control
spoilage and maintain the quality of apple fruit during storage. Cinnamon
(Cinnamomum blume), known as the camphor tree, native to Asia and
Australia, has about 50 species of evergreen trees and shrubs. Some of
them are ornamental, fragrant or like Ceylon cinnamon, a tree with
medicinal properties. Cinnamon essential oil has antifungal and
antibacterial properties, which are probably related to the content of
orthometoxy cinnamaldehyde. Chitosan is used in antimicrobial films and
edible films due to its inhibitory properties against many pathogens and
fungi. Chitosan is able to form a semi-permeable layer on the skin of the
fruit. As a result, the rate of fruit respiration reduces fruit quality and is
effective in increasing fruit storage time. This study was conducted to
investigate the effect of chitosan and cinnamon extract coating on
increasing the quality and shelf life of apple fruit (/R[4 variety).

Materials and Methods: Fruits treated with chitosan (1.5%) and three
levels of cinnamon extract (0%, 5%, 10%) with control were cold stored at
0.5°C under 90% of relative humidity. During three month storage, various
physicochemical, microbial, and sensory tests were performed. These
experiments were analyzed in a completely randomized design by SAS
software.

Results: The differences in the characteristics between the treated fruits
compared to the control showed the effectiveness of the treatments in most
quantitative and qualitative characteristics of apple fruit. In this regard, the
highest tissue stiffness in the second month, with 30.65 N / mz, and the
lowest weight loss (2.87%) and overall microbial count (15.33 CFU log /
g) in the third month were related to the samples coated with cinnamon
extract + chitosan. According to the mean comparison of TSS, pH and
acidity of apple fruit, the highest percentage of soluble solids (TSS) along
with highest pH and lowest acidity was obtained using chitosan +10%
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cinnamon as coating formulation. The most significant measured properties
were weight loss, stiffness, acidity, soluble solids and overall microbial
count.

Conclusion: The results showed that the effect of treatment on most traits
was significant. Comparative studies between control samples, chitosan
and cinnamon extract proved that the storage period of apple fruit may be
increased by controlling microbial load and maintaining fruit quality.
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Figure 3- Mean comparisons effects of interaction between storage time and treatments on acidity
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Figure5- Mean comparisons effects of interaction between storage time and treatments on microbial growth
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Table 3- Analysis of variance related to physical properties during storage using cinnamon and chitosan treatments
Square means &l o . Kle

>

3L _ e
sl CopA 5B =R Uiy als <313l C.
. . . Co, Tissue i Source of variance
L skin a skin b skin . Weight Loss DF
stiffness
44/41™  111/43 ™ 43/55 ™ 51727 39/77"" 0/007" 3 Treatment ,l.s
sk * sk ok ok s 5oLl Ole g
486/75 69/54 367/79 2/665 126 0/32 2 SO
Storage time
sk sk sk sk Obe L
46/73™  69/99 42/53™  2/638 2/28 0/012 6 ST
Treatment x time
21/07 12/47 18/06 4/685 0/483 0/001 2 Error -
9/90 13/42 17/30 2/71 10/10 4 CV%) Sl jois g

Sl pme pde 5 Ao 55 0 oy ) CE“J’JBJ.‘”‘T“:JJJ 4 NS g s sk
** Significance level at P<0.01. *Significance level at P<0.05, NS: Not-significant
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Table 4- Mean Comparisons of physical properties in the application of treatments using Duncan's multiple range test

Sy 2l Sz S5 S 2 (85303 Co [SCIPgY v 055 s Dles
2
L* a* b* Tissue stiffness Weight Loss Treatment
ab a ab C d a Jals A‘;}"‘;
45/55 £1/01 29/55 +0/6 24/66 +0/3 2464 +59 23/23+0/1 2/68 £0/03
Control sample
s
45/69 £1/03®  21/35+0/3° 24/35 +0/3%® 3204+98° 24/85 +0/3¢ 2/7 £0/03* _”‘“5
Chitosan
%0 oo L 015558
44/64 £1/03 ® 27/70£0/5 21/93+0/3° 2088 +68° 28/16 £0/4* 2/22 £0/02° Chitosan with 5%
cinnamon
%N+ 13 L Ol 28
49/63 +£1/04" 26/66 +0/5° 27/30 £0/4°* 3883 +99° 26/34+0/4° 2/22 +0/02° Chitosan with 10%

cinnamon
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Figure 6- Mean comparisons effects of interaction between storage time and treatments on weight loss
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Figure 7- Mean comparisons effects of interaction between storage time and treatments on tissue stiffness
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Figure 8- Mean comparisons effects of interaction between storage time and treatments on CO,
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Table 5- Mean comparisons effects of interaction between storage time and treatments on skin color indices with

Duncan's multiple range test

$255 SrPp LTS (sle) 0L Sles
b * a* L* Time (month) Treatment
22/2520/09 ¢ 30/10 =073 2 40/75+1/9% 1
31/46 +0/1 % 26/09+0/2 ¢ 54/61 +£2/2% 2 Control .als
20/28 +0/03° 32/48 +0/3 ® 41/28 +1/9% 3
31/01 £0/1% 19/07 +0/1 49/92 +2%¢ 1
25/16 £0/08 > 18/34 +0/1° 49/77 £2 2 chitosan of; s
16/87 £0/01% 26/65 +0/2°¢ 37/38 +0/03° 3
25/24 +0/08 " 18/88+0/1° 48/43 +1/8*4 1 10 s ls b 013 528
27/02 £0/09 ** 35/10 +£0/4° 50/09 +2/1 % 2 Chitosan with 5%
13/51 £0/01°¢ 31/12+0/3 2% 35/39 +1/1° 3 cinnamon
26/22 +0/05** 28/17 £0/2*¢ 47/59 £1/7 ¢ 1 TN msls b Ol 5
32/77+0/1° 26/67 +0/1° 55/90 +2/2°* 2 Chitosan with 10%
22/91+0/03% 25/14 +0/1¢ 45/41 +1/6% 3 cinnamon

Sl e S (O jx ) e) Jolize ol S
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Table 6 - Analysis of variance related to sensory properties during storage using cinnamon and chitosan treatments

Square means e 1 Sl

aor s

; Sy b
5 Ci S K G gy SO -5l s 150
S 5 F = — Pk e Source of variance
Acceptance Pomace color skin color Odor Texture Flavor (%) DF
Lo
97/06 ** 4/63 ns 2/54 ns 41/66 *  39/81ns  59/95 ** 3 o
Treatment
Lo LSl Ol
465%* 544/4 ** 539/5 FE  479/8%% 475 %% 675/ ** 2 e
Storage time
Ole 3 X sles
3/73 ns 7/40 ns 10/88 ns  4/86 ns  6/48ns  12/73 ns 6 S0 Xt
Treatment x time
2/97 22/22 15/27 11/11 15/27 12/50 2 Error s
2/63 7/41 6/13 524 6/09 5/59 4 (CV %) o o

** Significance level at P<0.01

Dls sxa r.uﬂ.@);o Aoy ) CEMJ))‘J@M%J} 4 NS 5 % ckx

YA

. *Significance level at P<0.05, NS: Not-significant
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Table 7- Mean comparisons effects of interaction between storage time and treatments on sensory properties using
Duncan's multiple range test

Sy S oy S 5 il b (ob) 0l o
Acceptance Pg:)r;gfe skin color odor Texture flavor Time Treatment
70 £2/01° 70 £1/6% 70 £2/01%® 70 £1/4® 70 £1/2°% 70 £1/2%® 1
L
61/66 £1/2%  63/33+12*  63/33£1/2% 60+1/2% 61/66 +£1/2°*  63/33 +1/1 2 C“’ ,
ontro
55 +0/2¢ 58/33 £0/8  58/33+0/2% 55 +0/2¢ 56/66+0/6° 50 +0/8 " 3
71/33 £2/1° 70 £1/9%® 70 £1/2 68/33 +£1/8% 70 £2/01% 70 £2/01%° 1
ol
63/33 £1/4  63/33£12%  61/66£0/8  61/66 £1/2% 63 £1/2% 61/66£1/1% 2 Ch,”“s
X 1tosan
58/33+0/2 " 55+0/2¢ 8/33+£0/2%  58/33+0/9% 55+0/7" 55 +0/7¢ 3
75 £2/5° 73/3342/2°  73/3342/2°  73/3342/3%  73/33+2/2°  73/33 £2/2° 1 L OsS
b cd be be be be e L}:};Jb
70 +2/02 61/66 £1/6 65+1/5 66/66+1/8 65 £1/7 66/66+1/2 2 .
Chitosan
M 0,
6541/9° 5833124  5510/1° 60£1/2% 63 £1/6% 60£2/2% 3 With5%
cimnamon
71/66 £2/2° 70 £1/6® 70 £2/2%° 70 £1/9%®° 70 £2/01% 70 £2/04 1 L Ol sS
65+£1/8°¢ 61/66£1/2°¢  61/66 £1/2%¢  61/66 £1/2%¢ 63 +1/2% 61/66 +0/9 2 AR
Chitosan
60 +1/1¢ 58/33£0/8°  58/33£0/2%  58/33+1/1%  58/33£1/02%"  58/33 £0/2% 3 with10%
cinnamon
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