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Table 1- The central compound design for coating optimization based on a* factor in the peeled apple samples

Non-Code Variable Coded variables

Treatment X1 X2 X3

CMC, PEC Citricacid Ascorbic acid

1 -1 -1 -1
2 -1 -1 1
3 -1 1 -1
4 -1 1 1
5 1 -1 -1
6 1 -1 1
7 1 1 -1
8 1 1 -1
9 -1.682 0 0
10 1.682 0 0
11 0 -1.682 0
12 0 -1.682 0
13 0 0 -1.682

14 0 0 1.682

1 0.5 0.5
1 0.5 1
1 1 0.5
1 1 1
2.6 0.5 0.5
2.6 0.5 1
2.6 1 0.5
2.6 1 1
0.44 0.75 0.75
3.14 0.75 0.75
1.8 0.32 0.75
1.8 1.17 0.75
1.8 0.75 0.32
1.8 0.75 1.17
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Table 2 - Results of analysis of variance of independent variables on color factor a * apples

Source of Coded regression No code regression Degrees of F P
change coefficient coefficient freedom
X1 -0.87 -0.543 1 33.99 **<0.0004
X2 -0.29 -3.3757 1 3.84 0.08
X3 -0.42 0.7378 1 7.92 *0.02
X2 -0.2 -1.2604 1 1.66 0.2
X1Xz -0.3 3.3375 1 2.88 0.1
X1X3 -0.2 -2.5125 1 1.63 0.22
X2? -0.1 -2.2085 1 0.77 04
Xa2Xs 0.2 3.34 1 112 0.3
X3? -0.1 -1.7843 1 0.5 0.49
Model - 9 5.95 **0.009
Lack of fitness - 5 1.8 0.3
R? - 0.87 - - -
RZagj - 0.72 - - -

% Indicating meaningfulness at the 5% probability level and ** indicating meaningfulness at the 1% level.
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Figure 1- Response surface diagram of the effect of
various levels of carboxymethylcellulose-pectin
concentration and citric acid (A), carboxymethyl
cellulose-pectin and ascorbic acid (B), ascorbic acid
and citric acid (C), on factor * a



WAA Jlo /Y oplass YA als / Slie mlio slojimgsy @ puls

w9 035 (B e dum VAA

> usdly

GAde g s SdS 595 S Sl page Jole il
s @il Gie F JSE ol SIELE6 T gai
an | Qs O 9 Lok 5 sad (oSt 5 sla
G, LS G s aase olas Ol D, A4 )
L 7o gl 59 golssine AL uald & s (sl
GialS Lol Jids s sad salagiadis slads sad
Selooand dadas (slew 85000 s o sme il (A8
el Joles b5l SO el s 5 sl
St oaalS Ko Jele T a3 el sliaws
A0kdsy (VAVY OlSes 5 Sl ) wsly oo il
099 (lasdisn LeaiSly cie s (EAK L da o 5
Ol a5 (Bl (pinea 5 salgoma (alS
SRiad 50wl oSl (Sad 053 5l WIS e e
Ladss 4 o S a8 (Y- Y oLKaa 5 ) wlie
oty ol ooy BB b sad suls Qb canew
61365 B aas S w5 S Sl sl (s 5ls
Shs o) ol Sl dane ¥ osles Lo GiA Y oae @
O sladsa bogoliine ol dly bl
o Sulis) oL 5 ulsdl wols las iy
ccrasy o €S B0,S I8 (VAVY GllKas
5o Ve Ol ams slusIT L osad suls i gy dud (5,8
aul gl =il dd o) Sl daj0 0 slos o (5,1a6SS
S ool glas Sas pdagly e S Lda 1, s
5 o S5 b snd (658 5 550 o AR 5y
O @bl i (A S G calily s siae oLl
oS bas 5l sles Lo 6010 S50 VY (b s )
L s oo Ol g HEALL 50 092 5o paeulSay SIS [V - ]
paealS GBSy U8 o (ol 5)len S
O 5o sla s pie sladS (ad a5 51 5 aas (K
(Yo Y sealy)

VY EECURE T PO SR VS ) I/AVA A 008
sael cuus diugs Jyesd b swd oS slacuw
oS80 (oSS 5au 4 D) e g Sad s b
il Jol Lo i gad (AS sla il )l (55, dags Jldisg
ua“g.; K 4:;3._&_..:.4.4.:‘ cd\}l;.o ML; J‘JA us}‘) ‘CASLA :Q:)J
038 =8l

Losad suly (i gy sl Hu 5 @bl a5
$oleSS D0 4 Sl an wals sla a5 g J e
el el 5 5Se 5wl ol Kl da s 0= gley o
oly Gl g slacaa (o @bl ws e S ula glas
00 (Y JSa) cndles aals Lea b (g lu e BEA)
}aie-‘d QA.K sad (_;):\ig:}-&-u\,: b;l:s (SLAg..\f.a.u ‘(_s"j"'&JS.”,
Jte Jneoo eSooas oy of ofisn Bl
-‘L]JAS Q‘J-QAJ sad auls J@ﬁ Q&SJLS o _‘}JJL.U
s 0 sles Ho oSS B VD) aa wala la
o B WS I8 bl e ol Satile
@ola e BMAN aS ol Las ads sal 05 9 bl ) 5ae
aalds gladsgad 5 sl suly i 5 sladi gad Oy

.(Y"VQ‘J&Adj‘;uulé\g\))@i‘dldj;\s

0aé
0243 =
¢a2
Weight ** =
Loss(%) ¢ e
0.06 - =]
ans é
002 ;
h e

Sample

3908 ) s oudd (6 yaS S g3 e (05 9 S8 (aSilae Y Jsud
(Y)aaled 4 gad (V) yla ik g3 43 903 0°C (sLoa o
Figure 2- Average weight loss of apple peeled after
9 days at a temperature of 5 °C of the coated sample
(1), the control sample (2)

Different words show a significant difference in the
Duncan test (P <0.05).
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Figure 5- Average soluble solids peel apple after 9
days at a temperature of 5 ° C, covered apple (1),
control apple (2)

Different words show a significant difference in the

Duncan test (P <0.05).
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Figure 3- shows the average power of apple peeled
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Different words show a significant difference in the
Duncan test (P <0.05).
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Different words show a significant difference in the
Duncan test (P <0.05).
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Figure 7 - peeled apples after 9 days of storage at 5 °
C: no cover (a), covered (b).
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Table 3- Sensory evaluation analysis of peeled
apples
Sampels Texture taste Order colour
Fresh 3.6+0.5a 3.7+0.55a 3.65+0.77a 4.15+0.51a
coated
apple
Peeled 1.65+0.4b  2.240.22b  1.55+0.44b
apple

No coated  2.224+0.72b
apple

Different letters represent a significant difference in the
Duncan test (P <0.05), the values of + each number
shows the standard deviation obtained from three
repetitions.
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Effects of pectin-carboxymethyl cellulose-based coatings containing
antibrowning agents on some physico-chemical properties of fresh-cut Red
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Introduction: Coating of fresh-cut fruits by biopolymer coatings containing bioactive materials are
one of the methods and effective ways to prevent undesirable quality changes during storage.
Enzymatic browning is an important factor in reducing the shelf-life of freshly squeezed apples,
which is due to the release of the enzyme and its contact with the substrate (phenolic matter)
through the cutting. Formulation and production of active carboxymethylcellulose-pectin-based
active coatings containing citric acid and ascorbic acid and their effectiveness in improving the
qualitative characteristics of apple peelings, which have been peeled during storage. In the present
study, natural substances found in fruits were used for coatings formulations and a mixture of
pectin-carboxy methyl cellulose polysaccharides as based biopolymers and ascorbic acid and citric
acid were used as materials inhibited enzymatic browning. Measured tests include determination of
weight loss Samples were weighed after 9 days of storage in cold storage. Also, tissue texture
determination and determination of tissue firmness using a manual pentometer, soluble solids
content (Bx) with refractometer, titreable acidity in malic acid in 100 ml of juice, colorimetry of
samples using a device The colorimetric method was evaluated based on Hunterlab's parameters
and Photoshop software and Sensory Hedonic test (consumerism) by 10 randomized (from female
students 22 to 25 years old) and 5-point method.

Material and methods: At first, optimization of active-blend edible coating formulation was
investigated by response surface methodology (RSM) based on the minimum a * (red - green) in
fresh-cut apples and for this purpose, central composite design with three variables (concentration
of carboxymethyl cellulose-pectin, ascorbic acid and citric acid) three replicate and 18 treatments
were used.

Results and discussion: In this way, the coating solution of containing 3.14% carboxymethyl
cellulose-pectin, 1.17% ascorbic acid and 1.17% citric acid (%w/v) was determined as best coating
solution. Then effects of optimized coating on quality of fresh-cut apples were studied.

Conclusion: Although there is no significant difference among coated and uncoated apples after 9
days (P<0.05) but the results of firmness test showed that coated fresh- cut apples maintain initial
texture better than control. The acidity values were higher in coated apples compared to un coated
apples (0.41 and 0.17, respectively). Coating caused to decrease in overall color change of fresh-cut
apples after 9 days. The use of coating resulted to better flavor, texture, color, aroma and
appearance acceptability in comparison to the control sample and there is a significant difference at
the 5% level between the samples. Comparison of the data on the content of soluble solids in coated
and uncoated peelable apples showed that the difference was not significant at 5% level. Hunter's
colorimetric parameters were compared to the coated peelable apples and uncoated samples at day 1
and ninth of storage. AE in fact, the degree of color difference shows the samples of the ninth day
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with the first day. The values of AE for the coated sample are lower, the values of the color
parameters (a, b and L) are less pronounced in the coated sample than in the first day. Edible
coatings can delay the progress of this reaction by reducing the contact of oxygen with fruit tissue,
as well as the presence of anti-browning agents such as ascorbic acid and citric acid in active
coatings, exacerbating the inhibitory effect. Which can reduce the pH and hence decrease the
activity of the enzyme in the phenolase and make the copper cofactor chelate. The results of the
Hedonic evaluation of peeled apples showed that there was a significant difference in the level of
5% between the final color absorbance of coated samples and uncoated samples. Sensory evaluators
significantly increased the scoring of the samples and more accurately recognized it. The results of
analysis of variance showed that the final aromas of freshly squeezed apples were affected by the
coating and prevented the decrease in aroma. After 9 days of storage, the taste of the coated samples
was score higher.

Keywords: Fresh cut apple, active edible film, Pectin-CMC



