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INTRODUCTION

ABSTRACT

Strawberry fruits have a very short shelf-life owing to their high degree of
perishability. This study aimed to determine the efficacy of chitosan (CH)
incorporated with olive oil residues (OOR) coatings on overall quality of cold-
stored strawberry fruits compared to watery wax incorporated with thiabendazole.
Strawberries were sprayed after infected with Rhizopus stolonifer with six different
coating formulas and uncoated fruits. Indeed, all freshness and microbiological
parameters were significantly increased in uncoated fruits compared to coated
fruits. Amazingly, the coated strawberry using CH-OOR 2% was reduced
significantly the gradual decline in their contents of total phenolics, flavonoids and
their antioxidants. Likewise, it was the lowest fruits in decayed area, fungal count
and malondialdehyde development. Then, fruits were coated with CH-OOR
showed uniform coating distribution, since it was impossible to see any pores.
Therefore, coating treatments with CH-OOR was improved the membrane
integrity and increased the keeping quality.

PRACTICAL APPLICATIONS

Edible coatings could be an effective way for delaying the ripening process and
extending the shelf-life stability of strawberry during postharvest. The effectiveness
of chitosan (CH)-olive oil residue (OOR) as a novel edible coating, in comparison
with watery wax-thiabendazole was approved. The applicability of those films to
maintain microbiological and freshness quality in strawberry during postharvest
was succeed. Incorporation of OOR into CH increased its antifungal property
against R. stolonifer in vivo and in vitro. Coating by CH-OOR reduced phenolics,
flavonoids and antioxidants decomposition in coated fruits compared to uncoated.
CH-OOR was able to slow down the gas exchange by reducing the CO, of coated
strawberry, which reduced their malondialdehyde development. Commercially,
CH-OOR could be explored as a novel and potential natural coating to substitute
the synthetic agents in fruit packaging industries. The coating cost could increase
the total cost about 6-8% where shelf-life and keeping quality was improved.

2011; Brahmi et al. 2012; Keskin et al. 2012; Terpinc et al.

Egypt is ranked globally as the first olive production in 2012; Esteve et al. 2015). Thus, it may be incorporated with
quantity per hectare to be 97.88 Hg/Ha (Fao 2013a). Sur- edible films (Ozge et al. 2013). Afterwards, Egypt was con-
prisingly, a large amount of total phenolic compound tributed by 5.5% in the global production of strawberry to
(TPC), antioxidant activity (AOA) and antimicrobials agents be 242.297 tons, occupies the fifth production country
can be extracted from olive oil residues (OOR) (Lafka et al. worldwide (Fao 2013b). It’s unique, highly desirable aroma
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and phytochemicals (Van De Velde et al. 2013). The patho-
genic microorganisms may be growth in fruit’s surface dur-
ing postharvest. Thus, it can be promote decay, produce
mycotoxins and degraded phytochemicals (Matthes and
Schmitz-Eiberger 2012). Commonly, these challenges might
be fixed using coating by commercial wax incorporated with
some additives such as thiabendazole (TBZ). However, it
caused some dangerous side effects (List 2005). Therefore,
modern trend by using some natural polymers such as chito-
san (CH) incorporated with natural additives was recently
discussed.

CH (poly B-(1,4) N-acetyl-p-glucosamine) is linear poly-
saccharides, derived from exoskeleton of invertebrates by
deacetylation of chitin (Meng et al. 2008). It is the second
most abundant polysaccharide after cellulose (Martinez-
Camacho et al. 2010). It is a very promising biopolymer
because it’s environmental friendly, good film-forming prop-
erties (Aider 2010), good mechanical properties included
selective permeability to gases (CO,/O,) (Coma 2008), anti-
bacterial activity (Bordenave et al. 2007; Bourtoom and
Chinnan 2008; Ziani et al. 2008), antifungal activity (Fernan-
dez-Saiz et al. 2009; Aider 2010; Ojagh et al. 2010b), AOA
(Ben-Shalom and Fallik 2003) and produced from renewable
sources with low cost (Conte et al. 2013). Surely, it’s harmless
to humans (Ojagh et al. 2010a), nontoxic (Han ef al. 2004;
Ribeiro et al. 2007), GRAS (Kean and Thanou 2010) and
approved by USFDA (Jayakumar et al. 2005; Prabaharan and
Mano 2006). The plant extracts are safe, natural and classi-
fied as GRAS in food industry (Ayana and Turhan 2009).
Therefore, food residues extracts can be incorporated with
CH to control the mold fungal and keep the fruits quality
such as in citrus (Shao et al. 2015), blueberries (Yang et al.
2014), strawberries (Perdones et al. 2014; Yang et al. 2014).

However, to our knowledge, there is no scientific literature
available regarding the effect of OOR incorporation with
antifungal CH coatings on the postharvest quality character-
istics of strawberry fruits. Therefore, the present study has
been undertaken with the objective of elucidating the poten-
tial of CH only or combinations with OOR on shelf-life
extension and quality improvement of cold-stored strawber-
ry fruit comparing with commercial waxing watery wax
(WW)-TBZ.

MATERIALS AND METHODS

Reagents and Solutions

1, l-diphenyl-2 picrylhydrazyl radical (DPPH’), 2-(3, 4-
dihydroxyphenyl)—3, 5, 7-trihydroxy-4H-chromen-4-one
(Quercetin) and 6-hydroxy-2,5,7,8-tetramethylchroman car-
boxylic acid (Trolox) were obtained from Sigma Aldrich,
Germany. 2, 6-dichlorophenol-indophenol and Folin—Cio-
calteu reagent were obtained from Fluka Biochemical,
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Switzerland. Gallic acid, Serva, Biochemical, New York. Chi-
tosan 95% deacetylation, Oxford, India. Thiabendazole
(TBZ) and water wax (WW), Fomesa Fruitech, S.L., Spain.

Microbial Strains and Media

Rhizopus stolonifer ATCC 14037 was obtained from Cairo
Microbiological Resource Center (MIRCEN), Fac. of Agric.,
Ain Shams Univ., Cairo, Egypt. Rose bingle agar No. 401992
and Sabouraud agar No. 402005 were obtained from Biolife,
Italy.

Raw Materials

Olive (Olea. europaea var. Kronakii) residues included olive
leaves and olive pomace from the crop of summer session
2012 was obtained from the Cairo for oil industry, industrial
zone, 6th October city, Egypt.

Fresh strawberry fruits (Fragaria ananassa. var. Festival)
were obtained from Abo-Rahia farm, Toukh city, Egypt.

Methods

Olive Processing Residues Preparation and Extraction. The
obtained olive residues in fresh status were transferred
immediately to the analytical lab. Both residues were dried
by oven dryer (Tit Axon S.R.L via Canova, Italy) at 40-50C
gradually for 12 h. Subsequently, these were milled by grind-
er (Severin, type 3871, Germany) and passed through a 60
mesh sieve to obtain fine homogenous powder. Then they
were immediately packed in dark glass jars then kept at
—18 = 1C until use.

Conversely, both OOR were mixed with ethanol 80% as
(1:20, w/v) individually in dark bottles with shaking at
120 rpm for 24 h. The mixture were filtered through filter
paper Whatman No.1 and the filtrates were collected, then
solvents were removed by rotary evaporator (NE-1-Rikakikai
Co., LTD, Japan) at 40C. The obtained extracts after evapo-
ration were lyophilized (CHRIST, ALPHA 1-4D plus, Ger-
many) then kept at —18 + 1C until further uses according to
(Lafka et al. 2011; Mohagheghi et al. 2012).

Culture Propagation. The R. stolonifer was inoculated
on Sabouraud agar and incubated at 28C for 5 days. Fungal
spore suspension was prepared by washing the 5-old day’s
cultures using 10 mL tween 80 solution 10 mL/L using glass
rod to make a stock suspension solution. Spores content by
Thoma’s cell with light microscopy were counted to calculate
the inoculums volume.

Film Formation. The incorporated CH films with freeze-
dried ethanolic olive leaf extracts (OLE) and ethanolic olive
pomace extracts (OPE) were prepared according to Gol et al.
(2013) with some modifications. A 20 g/L CH was dispersed
in an aqueous solution of glacial acetic acid (0.5%, v/v) at
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40C. The solution was heated and agitated constantly for 12 h
then the pH was adjusted to 5.6 with 1 N NaOH. Subsequent-
ly, glycerol 1.6% was added as a plasticizer (Sdnchez-Gonzalez
et al. 2011). The solution was stirred overnight at room tem-
perature (25 = 3C), then the OLE and OPE were added to
reach a final concentration of 1 and 2% (v/v). CH-OLE and
CH-OPE were mixed to achieve complete dispersion.

Strawberry Fruits Coating Treatments. Strawberry
fruits were sorted for uniform size, color, maturity and for
being free of visible defect as well as decay. The fruits were sani-
tized by sodium hypochlorite solution (250 ppm) and then
washed by distilled water. The coating solutions (as described
above) were sprayed on the whole strawberries’ surface using a
Multi-function hand 2L pressure sprayer (Ningbo Synkemi.
Co., type SK-2B, China) in twice (~60 s) and air-dried at room
temperature for 2 h. Seven groups of samples were prepared in
total uncoated (control), coated with CH (2% w/v), coated
with CH-OLE (1% w/v), coated with CH-OLE (2% w/v), coat-
ed with CH-OPE (1% w/v), coated with CH-OPE (2%w/v),
coated with WW-TBZ 0.1% as positive control according to
Zhang and Quantick (1997). Fruits were packed in boxes [~3
fruit (80 = 5 g) per box] and warped with polyethylene sheets,
then stored at 4 = 1C for 16 days. The quality attributes of
uncoated and coated fruits were evaluated at the beginning of
the experiment (i.e., 0 days) and after 4, 8, 12, 16 days.

Quality Attributes of Coated Strawberry Fruits. Weight
Losses. The weight of fruits was recorded at the beginning of
the experiment (i.e., 0 day) and every 4 days. The difference
between the initial weight and each weight of the fruits was
considered as a total weight loss. The results were expressed as
percentage weight loss according to AOAC (2000).

Determination of Total Soluble Solids, Titratable Acidity
and Total Sugar. After remove the decayed area from all
samples, the strawberry puree was prepared using Hemi-
sphere fruit juice machine multifunctional ALIEXPRESS,
Co., China, then it was used to evaluate the different quality
parameters. The total soluble solids (TSS) and total sugar
(TS) was determined according to AOAC (2000). The titrat-
able acidity (TA) was determined according to Bassetto ef al.
(2005). The results were expressed as citric acid equivalent.

Ascorbic Acid. The ascorbic acid (AA) content in strawber-
ry fruits during storage periods were determined by using
2,6-dichlorophenol-indophenol titrimetric method accord-
ing to Thimmaiah (1999). A pure AA was used to prepare a
standard solution (1 mg/mL). The AA content was expressed
as mg/100 g, dw.

Anthocyanin Content. The anthocyanin content of straw-
berry fruits were analyzed according to Fuleki and Francis
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(1968) with some modification. A 5 g samples were
extracted with 45 mL of acidified ethanol (95% ethanol: HCI
1.5N 85:15) for 2 h in the dark then filtered through What-
man No.l filter paper. Absorbance was measured at 535 nm;
the results were expressed as mg/100 g, dw.

Total Phenolics Content. The TPC for acetone extracts of
strawberry were determined according to Pineli et al. (2011).
In brief, 200 pL of each extract was mixed with 1 mL of 10-
fold diluted Folin—Ciocalteu reagent, after 5 min the reaction
was stopped by 1 mL of 7.5% Na,CO; then 1.5 mL distilled
water was added. The mixture was incubated in dark for 60
min then the absorbance at 760 nm was measured. The TPC
was expressed as milligrams of gallic acid equivalents (GAE)
(mg of GAE/100 g, dw) using the following equation:

Y-0.0201 x + 0.0538 (R*-0.99) 1)
where: Y is the concentration and x is the absorbance.

Total Flavonoids. Total flavonoids content (TF) for acetone
extracts of strawberry was determined according to Mohdaly
et al. (2012). A 0.5 mL aliquot of 2% AICl; ethanolic solu-
tion was added to 0.5 mL of extracts and mixed well then
kept for 1 h and the absorbance at 420 nm was measured.
The final concentration of TF was expressed as quercetin
equivalent (QE) (mg QE/g, dw) which was calculated using
the following equation based on the calibration curve:

Y-0.037x+0.1363 (R*-0.98) (2)
where: Yis the concentration and x is the absorbance.

Antioxidant Activity. The AOA of acetone extracts of straw-
berry fruits were evaluated according to Pineli et al. (2011).
A 0.1 mL from extract was added to 3.9 mL of DPPH" meth-
anolic solution (0.0025 g/100 mL) then the absorbance at
517 nm was measured after the solution had been allowed to
stand in the dark for 60 min and measured at 517 nm. The
final results were expressed as micromoles of Trolox equiva-
lents (TE) per gram of dry weight (umol TE/g, dw).

Determination of Deterioration of Strawberries Tis-
sue. Malondialdehyde (MDA) contents were
according to Hong ef al. (2012). Fruits pulp (2.0 g) from each
sample individually was homogenized in 6 mL of 10% tri-
chloroacetic acid and then centrifuged for 15 min at 6,000 X g.
The supernatant phase was collected and 2 mL was mixed with
6 mL of 0.6% thiobarbituric acid. The mixture was heated up
to 100C for 20 min, quickly cooled down and centrifuged at
6,000 X g for 10 min. The supernatant was collected and absor-
bance was measured at 450, 532 and 600 nm. The MDA con-
centration was calculated according to the following equation:

measured
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MDA = [(645 X (A532— A600)) - (056 X A450)] (3)

where: Asz,. Absorbance at 532 nm, Agg: Absorbance at
600 nm, Ayso: Absorbance at 450 nm and 6.45 as well 0.56
are a consonant.

Microstructure  Analysis. The surface and cross-section
microstructure of strawberry skins which coated by CH film,
CH-OLE (2%), CH-OPE (2%) and uncoated fruits were exam-
ined under a scanning electron microscope (SEM). Tissues from
fruits were fixed in 4% glutaradehyde in 0.2 M sodium cocody-
late buffer (pH 4.1) for 4 h, then fixated later in osmium tetra-
oxide for 2 h. Fixed tissues were rinsed in same puffer three
times and dehydrated through a graded ethanol series 10 to
100% for 10 min ended by 30 min in final concentration. The
specimens were transferred on cupper slide and dehydrated
using critical point dryer with liquid carbon dioxide, then coat-
ed with gold using (SI50A Sputter coater-Edwards-England).
Finally, the specimens were examined and photographed using
SME (JXA-840A, Electron Probe Micro analyzer-JEOL, Japan).

Effect of Coating on the Growth of R. Stolonifer Fungal
Strains. The effect of CH-film, CH-OOR-incorporated films
and WW-TBZ were evaluated in vivo against R. stolonifer
according to Magbool ef al. (2010) with minor modifications.
The strawberry fruits was disinfected with sodium hypochlorite
(250 ppm) for 2 min, then rinsed in sterilized water for 2 min
and left until they dried completely. Subsequently, cross-shaped
wounds were made on fruit using sterilized puncher. Immedi-
ately, strawberry fruits were inoculated similarly by R. stolonifer
spores suspension (10> spores/mL). After 15 min, the inoculat-
ed fruits were coated by prepared coating solutions. Uncoated
and coated fruits were stored at 4 = 1C for 16 days. Mold
growth of inoculated fruits was checked each 4 days by measur-
ing of the decay area by Standard Gage Vernier Calipers (micro-
ntesa, Co., South Africa) and follow up the fungal count.

Statistical Analysis

The statistical analysis was carried out using SPSS program
(ver. 19) with multifunction utility regarding to the experi-
mental design under significance level of 0.05 for the whole
results and multiple comparisons were carried out applying
LSD according to Steel et al. (1997).

RESULTS AND DISCUSSION

Freshness Parameters of Strawberry Fruits
during Cold Storage

Weight Loss. The effect of CH-OOR films on weight loss
in strawberry fruits during cold storage was investigated;
data was shown in Table 1. The weight loss increased during
a prolonged storage period. Surely, coating treatments
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reduced significantly (P < 0.05) the weight loss compared
with uncoated fruits. Obviously, significant difference (P <
0.05) was found between CH incorporated film and TBZ
coating. The lowest weight loss in strawberry at the end of
storage period was 5.64% using CH-OLE 1%. The formed
CH film on surface of coated fruits delayed the migration of
moisture. These coating strategies to reduce the weight loss
during storage were used in strawberries as recently men-
tioned (Gol et al. 2013).

Total Soluble Solids. The TSS of both uncoated and
coated strawberry fruits during cold storage was represented
in the same table. Clearly, TSS level at the beginning of stor-
age was 5.30%. They are increased at the end of storage in
both uncoated and coated fruits. The increasing in TSS dur-
ing storage was mentioned by Rivera-Lopez et al. (2005),
due to the breakdown of starch into soluble sugars or the
hydrolysis of cell wall’s polysaccharides (Crouch 2003).Con-
troversial, uncoated fruits exhibited TSS higher than coated
fruits with CH or CH-OOR reached to 8.43%. Obviously,
the TSS contents increased quickly in uncoated fruits, con-
versely increased regularly in all coated fruits. Conversely,
coated strawberry with CH-OPE 2% recorded the lowest
incremental rate in TSS reached to 6.53%. Our results
assured that the filmogenic property of CH or CH-OOR
exudes efficient permeable films for vegetables coating. It
may seem to work as pores barrier reducing O, exchange.
Also they may suppressing ethylene evolution process (Dong
et al. 2004). These results are lined with those mentioned by
Hong et al. (2012) and Gol et al. (2013).

Total Sugars. Contrariwise, the effect of coating materials
on TS in strawberry fruits during cold storage was examined;
data was exposed in Table 1. Obviously, the increasing of
storage period was correlated with increasing of TS. Like-
wise, significant difference (P < 0.05) was observed between
coating and uncoated fruits. However, no significant differ-
ence (P > 0.05) was obtained between coated fruits with
CH-OLE 2% and CH-OPE 2% or between coated fruits
with CH, CH-OLE 1% and CH-OPE 1%. Undoubtedly, the
uncoated fruits recorded the highest fruits in contents of TS
at the end of storage period compared with coated fruits.
Then, the coated strawberry with CH-OPE 2% and CH-
OLE2% scored the lowest TS contents. The conversion of
starch to soluble sugars is continuing during storage (Beau-
dry et al. 1989), resulting in increase of TS as storage period
was elongated (Crouch 2003). Also, Velickova et al. (2013)
suggested that coating of strawberry using CH improved the
reduction rate in TS very low compared with uncoated
strawberry.

Titratable Acidity. The effect of coating on the TA of
strawberry fruits was shown in the same table. The initial TA
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TABLE 1. EFFECT OF CHITOSAN (CH) AND CH-BASED FILM WITH OLIVE OIL RESIDUE (OOR) ON FRESHNESS PARAMETERS OF STRAWBERRY

FRUITS DURING COLD STORAGE AT 4 + 1C (MEAN = SD)

Freshness parameters

Storage Weight loss Total soluble Total Titerable MDA
Treatments period (day) (%) solid °Brix sugar (%) acidity (%) (mmol g~ fw)
Un coated 0 - 5.30+0.15% 4.78 +0.20% 0.60 = 0.03%F 2.55+0.11%"
4 472 +0.73%" 6.23+0.15% 4.16 +0.80% 0.48 +0.029° 3.11=0.09%
8 7.09+0.26"® 7.60 +0.109¢ 5.97 £0.21°¢ 0.32£0.02 3.90 = 0.12¢%¢
12 10.42 +0.829¢ 7.97 +0.15® 7.00+0.16"™ 0.23+0.017® 6.12+0.03P
16 14.70 = 1.13%° 8.43+0.15 7.51+0.22F 0.17 £0.01%* 11.95 = 0.44%
CH 0 - 5.30 +0.15% 4.78 +0.20% 0.60 +0.03%° 2.55+0.11%
4 3.89 +0.89% 5.90 +0.10 4.29 = 0.06°" 0.52 +0.02°¢ 2.57+0.01%"
8 4.24 +0.93% 6.73+0.15% 5.23+0.17°C 0.40 + 0.02°® 2.97 +0.03®
12 6.89 + 0.80°® 7.20 +0.10%¢ 5.91 = 0.04%° 0.26 +0.01°" 4.64 +0.029¢
16 8.67 =0.63°C 7.50 =0.109¢ 6.21 +0.03% 0.22 +0.05* 7.60 = 0.04%°
WW-TBZ 0 - 5.30 £0.15% 4.78 £0.208 0.60 =0.03*° 2.55+0.11%4
4 4.33+0.96% 6.03+0.15% 4.28 +0.02°" 0.53 +0.025¢ 2.95 +0.06¢
8 5.47 +0.38°® 6.70 +0.179¢ 5.58 + 0.064¢ 0.33+0.01%8 2.45 +0.00%"
12 8.43+0.71 7.00 +0.10% 6.06 = 0.08°° 0.24 +0.02%4 5.11+0.10%¢
16 9.79 +0.62™ 7.70 +0.10°¢ 6.89 +0.16°F 0.20+0.01°4 8.62+0.15P
CH-OLE 1% 0 - 5.30+0.15%" 4.78+0.21% 0.60 =0.03%° 2.55+0.11%4
4 2.25+0.604 6.00 +0.10® 4.25+0.20°" 0.54+0.01°¢ 2.66+0.10°"
8 2.50 + 0.54%* 6.47 =0.15 5.18 + 0.02°¢ 0.38 +0.02°° 2.85+0.07®
12 5.50 + 0.56%® 6.67 =0.15< 5.79 +0.03° 0.30 +0.024 3.61+0.05°¢
16 7.28 +0.299¢ 7.20=0.10° 6.05 + 0.07° 0.27 £0.014 6.31=0.02°
CH-OPE 1% 0 - 5.30*0.15* 478 +0.21% 0.60 =0.03% 2.55+0.11%"
4 2.26 +0.65% 593+0.12%® 4.31+0.17° 0.57 +0.02® 2.56 + 0.09%*
8 3.14+0.15% 6.00 +0.10°¢ 5.17 +0.30°¢ 0.33+0.02*A 2.86+0.02®
12 4.48 +1.04°¢ 6.33+0.15°° 5.67 = 0.06°° 0.32+0.01 3.95 +0.20C
16 5.64 + 0.56°° 7.13+0.15F 6.11+0.17F 0.29+0.01°% 7.04 +0.08%°
CH-OLE 2% 0 - 5.30 +0.15% 4.78 £0.21%® 0.60 +0.03% 2.55+0.11%
4 1.87 £0.97% 5.70 +0.10°® 4.29+0.11°" 0.54 +0.02°° 2.50 +0.14°A
8 3.54+0.89% 5.90+0.10% 5.05 * 0.25°¢ 0.46+0.01 2.69+0.07%4
12 4.60+0.51< 6.27 =0.15°¢ 5.34 +0.09%° 0.38+0.01% 3.09 +0.07%
16 6.45 = 0.64°° 6.97 =0.12°° 5.81+0.11% 0.30 +0.029 5.28 +0.10°¢
CH-OPE 2% 0 - 5.30 =0.15% 4.78+0.21% 0.60 = 0.03% 2.55+0.11%4
4 2.03+0.12 5.50 =0.10%" 4.11 +0.08%A 0.56+0.01° 2.66+0.22°4
8 3.06 + 0.62°° 5.83+0.15%® 5.06 = 0.10°¢ 0.50 +0.019¢ 2.82 +0.05
12 3.87 +0.75%® 6.03 +0.15% 5.38+0.01%° 0.39+0.02% 3.16 = 0.05%
16 6.65 + 0.49C 6.53 +0.15%C 6.00 + 0.66°° 0.30+0.01% 5.83+0.13%°
n=3.
a, b, ¢ Means with the same letter in the same column for each formula are not significantly different (P> 0.05).
A, B, C: Means with the same letter in the same column for each storage period are not significantly different (P> 0.05).

was 0.60%; however it was decreased at the end of storage to
be 0.24%. Combined CH with OLE and OPE were reduced
the acidity reduction significantly compared with uncoated
or coated fruits with CH only or WW-TBZ. Generally, sig-
nificant difference (P < 0.05) was found between all treat-
ments, except CH-OLE 2% or CH-OPE 2%, hence all of
them recorded the lowest decremental rate in TA to be 0.29
and 0.30%, respectively. Also, uncoated fruits were scored
the highest decreases in TA contents reached to 0.17%. For
explanation, the changes in TA are significantly affected by
the rate of metabolism (Clark et al. 2003) especially respira-
tion, which consumed organic acids and therefore decline

Journal of Food Quality 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.

the acidity during storage (Maftoonazad et al. 2008; Ghafir
et al. 2009), this also may cause fruit senescence (Chan et al.
2004). Retention of acidity decreases has been reported pre-
viously in coated strawberry fruit with CH-beeswax coatings
(Gol et al. 2013).

Malondialdehyde. MDA content have been used as
direct indicator of cell membrane injury and index of cell
oxidative damage (Xu et al. 2009). As shown in Table 1.
MDA contents in strawberry pulp increased during cold
storage period. Obviously, the uncoated fruits recorded sig-
nificantly higher MDA than coated fruits. To enumerate that
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TABLE 2. EFFECT OF CHITOSAN (CH) AND CH-BASED FILM WITH OOR ON PHYTOCHEMICALS AND ANTIOXIDANT ACTIVITY OF STRAWBERRY

FRUITS DURING COLD STORAGE AT 4 + 1C (MEAN = SD)

Phytochemicals analysis

Storage TPC TF Anthocyanin Ascorbic acid AOCA
Treatments period (day) (mg 100 g7 ") (mg 100 g7 (mg 100 g7 ") (mg 100 g7 ") (mg 100 g7 ")
Un coated 0 2.03 +0.06* 5.51 +0.80% 43.69 + 0.46%° 53.58 + 1.14% 16.69 = 0.06%
4 1.45 + 0.02%° 2.14+0.02°° 50.53 + 1.70%° 42.43+1.77%° 7.80 + 0.80°°
8 0.85 = 0.02°¢ 1.16 = 0.04%¢ 60.43 = 0.76% 30.86 + 0.97°¢ 6.80 = 0.67°C
12 0.56+0.01%® 0.29+0.03% 4711 +0.48% 20.84 = 1.40%® 1.93+0.71%
16 0.23+0.01%4 0.10 =0.02%A 22.3+0.92%4 9.27 £1.27°A 0.65 +0.10%
CH 0 2.04 +0.06% 5.51 +0.80% 43.69 + 0.46%° 53.58 + 1.14°¢ 16.81 + 0.04%
4 1.80 = 0.02°° 2.37+0.12°° 53.10 = 0.28"8 45.46 + 1.25® 10.89 + 0.399°
8 1.00 = 0.02°¢ 2.26 +0.02°¢ 64.09 + 1.07°¢ 42.27 +1.70¢ 7.54 +1.045¢
12 0.81=0.02% 1.01 +0.05°8 72.65+1.29 33.83+2.08% 4.16+0.52®
16 0.42 +0.014 0.92 +0.024 61.59 = 1.20¢ 22.95 + 1.404 1.95 + 0.404
WW-TBZ 0 2.02 =0.05% 5.51 + 0.80% 43.69 = 0.46%" 53.58 + 1.14% 16.66 = 0.06%
4 1.80 = 0.02°° 2.67 +0.07%° 53.03 = 0.46® 43.63 +0.54°° 9.54 +0.13P
8 0.99 = 0.02°¢ 2.24 +0.06°¢ 61.71=1.255¢ 38.92 + 0.87°¢ 7.20 +0.94°¢
12 0.75+0.01%® 0.98 + 0.03%° 68.86 + 1.19°° 28.31 + 1.38"8 1.84 +0.25%°
16 0.31+0.02°4 0.53+0.07°* 54.75 = 0.90"® 18.88 + 1.45°4 1.35 % 0.06°"
CH-OLE 1% 0 2.05+0.06 5.51 +0.80°° 43.69 + 0.46°" 53.58 + 1.14% 16.89 = 0.03%
4 1.93+0.01P 2.56 +0.07°¢ 53.89 +0.18"8 47.05 + 1.69%° 8.72 +0.35°°
8 1.22 +0.029¢ 2.62 +0.07% 72.04 + 1.024¢ 44.26 + 1.009¢ 8.10 + 0.63C
12 0.99 +0.02°® 1.31+0.03% 77.72 £ 1.14% 38.29 + 1.66°® 4.35+0.29%®
16 0.47 £0.01°%"  1.04+0.04% 71.73 £0.929¢ 29.90 = 0.84% 3.20 + 0.40°"
CH-OPE1% 0 2.04+0.06* 5.51 +0.80°° 43.69 + 0.46°" 53.58 + 1.14% 16.8 +0.03%
4 1.88 +0.02°P 2.55+0.05< 55.05 =+ 0.76¢ 46.83 = 1.16°9° 10.22 +0.979°
8 1.13+0.02¢¢ 2.47 =0.05< 72.71 £ 0.599¢ 42.43 +0.47° 7.26 =0.20%
12 0.97 +0.01® 1.12 +0.05° 83.83 + 1.96°F 36.04+1.61% 3.61+0.80°®
16 0.41+0.01 0.92+0.04°  79.61 +1.04°° 28.83 = 1.45% 2.73+0.42%
CH-OLE 2% 0 2.08 +0.07% 5.51 +0.80% 43.69 + 0.46%° 53.58 + 1.14°¢ 17.00 = 0.03%
4 1.97 £ 0.02° 4.43 +0.22%0 55.05 =+ 0.28¢ 51.62 +0.81°0 12.72 =1.21%P
8 1.38 +0.01°¢ 3.93+0.23C 75.09 = 0.74°¢ 4729+ 1.41°%C 11.78 20.71%¢
12 1.14+0.01°8 2.10 +0.04°® 90.43+=1.01P 42.95+0.19% 8.61 +0.70°
16 0.63+0.02" 1.50 = 0.05" 89.02 + 1.48™ 35.46 +0.61" 6.06 + 0.569"
CH-OPE2% 0O 2.06 =0.07%° 5.51 + 0.80% 43.69 = 0.46°" 53.58 + 1.14% 16.92 = 0.03*
4 1.94 + 0.00¢ 4.71+0.317 56.82 = 0.37%® 51.82 + 1.65°0 12.95 +0.78°0
8 1.26 +0.02% 3.67 +0.09%¢ 78.70 + 1.38/C 47.36 +0.92°¢ 10.83 = 0.549¢
12 1.02 +0.02¢8 2.05+0.14°%8 95.32 +1.20% 40.09 + 1.73™ 6.61=0.70%
16 0.56 +0.00%*  1.29+0.07°" 91.65 = 0.48%° 32.81x1.634 4.46 = 0.47%
n=3.
a, b, ¢ Means with the same letter in the same column for each formula are not significantly different (P> 0.05).
A, B, C: Means with the same letter in the same column for each storage period are not significantly different (P> 0.05).

the MDA in uncoated strawberry to be 5.52 mmol/g, fw,
however, it reached in strawberry coated with CH-OLE 2%
to 3.22 mmol/g, fw. Generally, strawberry were coated with
CH-OLE 2% recorded the lowest incremental rate of MDA
at different storage periods. The dramatically increase of
MDA in uncoated strawberry, resulted soft and pale tissues.
However, coating treatment was improved the membrane
integrity and increased the keeping quality. Moreover, coat-
ing with Nano-packaging materials was extended the shelf-
life stability of fresh strawberry fruits (Yang et al. 2010) and
in apple (Shao et al. 2012).

Phytochemicals Parameters of Strawberry
Fruits during Cold Storage

Total Phenolics Contents. The effect of coating on TPC
contents in strawberry fruits during cold storage was studied
and data was presented in Table 2. Coating treatments signif-
icantly (P < 0.05) decreased the TPC degradation compared
with uncoated fruits. For example CH-OLE 2% recorded the
lowest degradation rate of TPC. Obviously, the TPC
decreased rapidly in uncoated fruits compared with coated
fruits. The lowest decreases in TPC were showed in coated
strawberry fruits with CH-OLE 2% to be 0.63 mg GAE/g.

Journal of Food Quality 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.
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TABLE 3. EFFECT OF CHITOSAN (CH) AND CH-BASED FILM WITH
OOR MICROBIOLOGICAL ATTRIBUTES OF STRAWBERRY FRUITS DUR-
ING COLD STORAGE AT 4 + 1C (MEAN =* SD)

Microbiological parameters

Storage Decayed R. stolonifer
Treatments period (day) area (mm) (CFU g”)
Un coated 0 2.00 +0.0%* 2.64 +0.39%4
4 8.50+0.71° 4.10+0.07°8
8 16.50 £ 0.71¢ 6.09 +0.079¢
12 20.00 + 0.0 10.16 +0.07™
16 26.50 +0.71% 12.15+0.03%
CH 0 2.00 +0.0% 2.64 +0.39%
4 5.50 +0.71% 3.06 + 0.06%
8 11.50 £ 0.719¢ 4.80+0.27%8
12 12.50 =0.719P 5.09 = 0.04%
16 17.50 = 0.71¢°F 8.10 = 0.07%¢
WW-TBZ 0 2.00 +0.0% 2.62 +0.36%
4 8.25 + 1.06%® 3.06 +0.01%
8 12.5+0.71¢ 5.15+0.03"®
12 17.5+0.71¢0 6.09 +0.07%¢
16 20.00 0.0 10.07 £ 0.1°
CH-OLE 1% 0 2.00 +0.0% 2.64+0.39%
4 5.25 + 1.06% 2.95+0.03%
8 7.50 +0.71°¢ 3.77 £0.16"8
12 7.50 +0.71°¢ 4.44 +0.17°¢
16 10.50 +0.71P 6.98 +0.05°P
CH-OP 1% 0 2.00 +0.0%* 2.64 +0.39%4
4 4.75 +0.35¢ 3.04+0.01%
8 8.75 + 0.35 4.05 +0.02%
12 10.50 +0.71P 4.99 +0.03¢
16 13.50 +0.71% 7.15+0.03%
CH-OLE 2% 0 2.00 +0.0% 2.64 +0.39%
4 3.25+ 1.06% 2.58+0.07%"
8 6.25 +0.35% 3.57+0.11%®
12 6.00 = 1.41%¢ 4.12 +0.07%¢
16 8.00 = 1.41%° 5.94 = 0.03%°
CH-OPE 2% 0 2.00 +0.0% 2.64 +0.39%
4 4.00 +1.41°8 2.80 +0.16"
8 6.00 +0.71%C 3.94+0.07®
12 7.75 +0.35°° 4.12 £0.07%¢
16 9.00 + 1.41°F 6.05+0.01°P
N=3.

a, b, ¢ Means with the same letter in the same column for each for-
mula are not significantly different (P> 0.05).

A, B, C: Means with the same letter in the same column for each
storage period are not significantly different (P> 0.05).

Conversely, the highest decreases in TPC were observed in
uncoated fruits reached to 0.22 mg GAE/g at end of storage
period. Obtained data noticed that CH-OOR may work as
protective barrier on the fruit surface and reduce the oxygen
supply. This finding was similar to reported results by Gol
et al. (2013) and Wang and Gao (2013). Nevertheless, the
decrease in TPC in longer storage period might be due to
break down of cell structure released phenolics to be expo-
sure to enzymatic oxidation (Macheix and Fleuriet 1990).
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Total Flavonoids. The variation in TF content during
cold storage of uncoated and coated fruits was presented in
the same table. For the uncoated and coated fruits, TF con-
tent was progressively decreased during storage till the end
of storage period recording greater decreases in uncoated
fruits. Indeed, significant difference (P < 0.05) in TF content
was noticed between all coated and uncoated fruits. Howev-
er, no significant difference (P > 0.05) was found between
both CH-OLE 1% and CH-OPE 1%, or between CH-OLE
2% and CH-OPE 2%. Expressively, the loss in TF in uncoat-
ed fruits was extremely rapid compared with coated fruits,
namely the coated fruits with CH-OLE 2%. The lowest
decrease in TF recorded 1.50 mg QE/100 g. These results are
in agreement with Wang and Gao (2013) who suggested that
the CH coating of strawberry fruits reducing the decreases in
TF content.

Anthocyanin Contents. Surprisingly, during the pre-
liminary stage of cold storage the uncoated as well as
coated fruits showed a significant increase in anthocya-
nins as presented in Table 2. In contrast, the increase of
anthocyanins in coated strawberry during this period was
higher than uncoated strawberry. Gol ef al. (2013) con-
veyed that during storage the fruits become redder and
darker due to releasing the anthocyanins from the cell as
a result of cell wall decomposition. After 12 days of stor-
age, a gradual decline of anthocyanins was observed in
strawberry fruits. A significant difference (P < 0.05) was
observed between coated or uncoated fruits. The coated
fruits with CH-OPE 2% recorded the highest anthocya-
nins content. Conversely, the uncoated fruits recorded
the lowest anthocyanins to be 73.23 mg/100 g. While its
recorded 44.81 mg/100 g. Indeed, edible coating can act
as a gas barrier during cold storage to reduce the O, and
CO, exchange. They also prevent the anthocyanins oxida-
tion upon decomposition of cell wall. The presented
results asserted that applying of CH-OOR films signifi-
cantly reduced the anthocyanins deterioration as men-
tioned by Tzoumaki et al. (2009).

Ascorbic Acid. Data in Table 2, showed the effect of
CH-OOR coating on AA content of strawberry fruits dur-
ing cold storage. Obviously, the contents of AA in both
coated and uncoated fruits gradually decreased with stor-
age period elongation. Regardless coating treatment, AA
was decreased 53.57 to 25.44 mg/100 g. Indeed, coating
materials inhibited the deterioration of AA significantly.
Likewise, coated strawberry with CH-OPE 2% caused
delay in AA degradation rate. In addition, no significant
difference (P > 0.05) was found between coated strawber-
ry with CH-OLE1% and CH-OPE1%. However, the lowest
decrease in AA was observed in coated fruits with CH-
OLE 2% to be 35.45 mg/100 g at end of storage period.
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0 day 4 day 8 day 12 day 16 day

Uncoated

CH 2%

CH-OLE 1% |

CH-OPE 1%

CH-OLE 2%

CH-OPE 2%

FIG. 1. EFFECT OF CH AND CH-OOR WITH DIFFERENT CONCENTRATION ON R. STOLONIFER GROWTH IN STRAWBERRY FRUITS DURING STOR-
AGE AT 4+ 1C

The CH incorporated films may reduce O, diffusion, slow  Similar results have been mentioned that CH-films retard-
down the ripening rate, consequently better preserve AA  ed the decrease of AA in strawberry fruits (Gol et al. 2013;
and may delay senescence of fruits (Xing et al. 2011). Wang and Gao 2013).

8 Journal of Food Quality 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.



|. KHALIFA ET AL.

Strawberry surface

Uncoated
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Cross section

_‘b

80pm

FIG. 2. SCANNING ELECTRON MICROGRAPHS OF SURFACE AND CROSS-SECTION OF COATED APPLE FRUITS WITH DIFFERENT FORMULAS OF
CH-OOR CHITOSAN (CH) AND INCROPORATED CHITOSAN WITH OLIVE OIL RESIDUES (CH-OOR) FILMS

Antioxidant Activity. The stability of AOA in uncoated
and coated strawberry fruits during cold storage was studied
and showed in Table 2. Similarly, during the storage period
the AOA decreased, especially uncoated fruits were decreased
rapidly compared with coated fruits. Arguably, the AOA
decreased significantly (P < 0.05) from 16.69 to 6.80 umol

Journal of Food Quality 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.

TE/g in uncoated strawberry after 8 days. In contrast, coated
fruits recorded slow decreases in AOA during cold storage.
However, low decremental rate had been observed in coated
fruits. Coating of strawberry fruits with CH-OLE 2% or
CH-OPE 2% exhibit the lowest decreases rather than WW-
TBZ 0.1%. No significant difference (P > 0.05) was found
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among CH, CH-OPE 1% and CH-OLE 1%. A few studied
were found about the effect of edible films coating prevented
the loss of AOA in strawberry (Wang and Gao 2013).

Microbiological Examination of Infected
Strawberry Fruits during Cold Storage

Generally, the infected area was increased with increasing the
storage periods from 2 to 15 mm as illustrated in Table 3.
Indeed, the decayed area of fruits reduced significantly com-
pared with uncoated fruits. Consequently, the fruits were
coated with CH-OLE 2% recorded the highest fruit in
decrease of decayed area compared with both CH and WW-
TBZ coated and uncoated fruits. Obviously, the highest
observed area was 26.50 mm in uncoated strawberry at the
end of storage. While, lowest observed area was 8.00 mm in
strawberry with CH-OLE 2%. The CH and CH-OOR were
more effective than commercial coating material (WW-
TBZ) on growth of fungal strains as portrayed in Fig. 1.
These motivated results could encourage the food handlers
to replace the chemical coating materials with presented
coatings formulas in this study. El-Ghaouth et al. (1991) sug-
gested that CH induces chitinase, as defense enzyme cata-
lyzes the hydrolysis of chitin, preventing or delayed fungi
growth on fruit surface. Also, these results are complimenta-
ry to those of Park et al. (2005).

The fungal count of R. stolonifer as logarithmic number (log
cfu/g) was presented in Table 3. The fungal count of R. stoloni-
fer was increased rabidly during the cold storage in uncoated
fruits. The lowest fungal count was recorded with coated fruits
with CH-OLE 2% or CH-OPE 2%. It’s bearing in mind that
the growth of fungi strains on the surface or the cross section
of the fruit being one of the causes of corruption for these
fruits and malformed appearance. It leads to increase the
weight loss for these fruits (see obtained weight loss analysis
results). CH-OOR films were more effective in controlling of
fungal growth during cold storage compared with either com-
mercial waxing or CH only as shown in Table 3. These finding
are confirmed by Rodriguez et al. (2003) and Park et al. (2005)
who reported that CH coating delayed the growth of Rhizopus
sp. and Cladosporium sp. in strawberry and pizza.

Microstructure of Strawberry Fruits

In order to study the homogeneity of CH or CH-OOR coat-
ing films on strawberry surface, the micrographs and cross-
section of both uncoated and coated strawberry fruits were
photographed using SEM and accessible in Fig. 2. It was
observed that strawberry coated with CH or CH-OOR
showed uniform coating distribution, since it was impossible
to see any noncoated cellular structure, while pores weren’t
observed in these coated samples. The higher percentage of
covered surface relates to the higher water vapor resistance
which slowed respiration process and water loss as observed
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in coated strawberry with CH-OLE 2% and CH-OPE 2%.
Also, The CH coating made the surface of the material was
covering all irregularities in the fruits skin. This indicated
that the extensibility of the liquid dispersion on the covered
fruit surface plays an important role in limiting water migra-
tion from the samples (Villalobos-Carvajal et al. 2009).

CONCLUSIONS

The results of the present study asserted that the coatings by
CH or CH-OOR have a beneficial impact on the quality reten-
tion of cold stored strawberry fruits. The coatings by CH-
OOR were the most effective approach for quality preservation
of strawberry fruits especially CH-OLE 2%. Regarding it
resulted in a significant delay in weight loss, TSS, TS, TA, AA,
anthocyanins and had positive effects on maintaining higher
concentrations of TPC, TF and their AOA. The use of OOR
also maintained lower activities of cell wall deterioration as cal-
culated by MDA. Likewise, the incorporation of OOR to CH
enhanced it antifungal activity as shown against R. stolonifer
counted and decay area. Hence, coatings of strawberry fruits
by CH-OOR may be useful for improving the postharvest
quality and shelf-life comparing with CH only or WW-TBZ.

ACKNOWLEDGMENT

The authors gratefully acknowledge the financial support
from the Benha university project [Utilization of some agri-
cultural wastes in food and feed processing — A/1/2] during
2013-2015.

REFERENCES

AIDER, M. 2010. Chitosan application for active bio-based films
production and potential in the food industry: Review. LWT-
Food Sci. Technol. 43, 837-842.

AOAC. 2000. Official Methods of Analysis, 17th Ed., Assoc. of
Official Analytical Chemists, Virginia.

AYANA, B. and TURHAN, K.N. 2009. Use of antimicrobial
methylcellulose films to control Staphylococcus aureus during
storage of kasar cheese. Packaging Technol. Sci. 22, 461-469.

BASSETTO, E., ANGELO PEDRO, J., ANA LUIZA, P. and
RICARDO ALFREDO, K. 2005. Delay of ripening of ‘Pedro
sato guava with 1-methylcyclopropene. Postharvest Biol.
Technol. 35, 303-308.

BEAUDRY, R.M., SEVERSON, R.E, BLACK, C.C. and KAYS, S.J.
1989. Banana ripening: Implications of changes in glycolytic
intermediate concentrations, glycolytic and gluconeogenic
carbon flux, and fructose 2, 6-bisphosphate concentration.
Plant Physiol. 91, 1436-1444.

BEN-SHALOM, N. and FALLIK, E. 2003. Further suppression of
Botrytis cinerea disease in cucumber seedlings by chitosan-

Journal of Food Quality 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.



|. KHALIFA ET AL.

copper complex as compared with chitosan alone.
Phytoparasitica 31, 99-102.

BORDENAVE, N., GRELIER, S., PICHAVANT, E. and COMA, V.
2007. Water and moisture susceptibility of chitosan and paper-
based materials: Structure—property relationships. J. Agric.
Food Chem. 55, 9479-9488.

BOURTOOM, T. and CHINNAN, M.S. 2008. Preparation and
properties of rice starch—chitosan blend biodegradable film.
IWT-Food Sci. Technol. 41, 1633—-1641.

BRAHMI, E, MECHRI, B., DABBOU, S., DHIBI, M. and
HAMMAMI, M. 2012. The efficacy of phenolics compounds
with different polarities as antioxidants from olive leaves
depending on seasonal variations. Ind. Crops Prod. 38,
146-152.

CHAN, H.L., DUCK, S.A., SEUNG, C.L., HYUN, J.P. and DONG,
S.L. 2004. A coating for use as an antimicrobial and
antioxidative packaging material incorporating nisin and
atocopherol. J. Food Eng. 62, 323-329.

CLARK, C.J.,, MCGLONE, V.A. and JORDAN, R.B. 2003.
Detection of brownheart in ‘braeburn’apple by transmission
NIR spectroscopy. Postharvest Biol. Technol. 28, 87-96.

COMA, V. 2008. Bioactive packaging technologies for extended
shelf life of meat-based products. Meat Sci. 78, 90-103.

CONTE, A., ANGIOLILLO, L., MASTROMATTEO, M. and DEL
NOBILE, M.A. 2013. Technological options of packaging to control
food quality. INTECH, Chapter 16. http://www.intechopen.com/
books/food-industry/technological-options-of-packaging-to-con-
trol-food-quality (accessed 26 July 2016).

CROUCH, 1. 2003. 1-Methylcyclopropene (Smartfresh™) as an
alternative to modified atmosphere and controlled atmosphere
storage of apples and pears. Acta Hortic. 600, 433-436.

DONG, H., CHENG, L., TAN, J., ZHENG, K. and JIANG, Y.
2004. Effects of chitosan coating on quality and shelf life of
peeled litchi fruit. J. Food Eng. 64, 355-358.

EL-GHAOUTH, A., ARUL, J., PONNAMPALAM, R. and
BOULET, M. 1991. Chitosan coating effect on storability and
quality of fresh strawberries. J. Food Sci. 56, 1618-1620.

ESTEVE, C., MARINA, M.L. and GARCIA, M.C. 2015. Novel
strategy for the revalorization of olive (Olea europaea) residues
based on the extraction of bioactive peptides. Food Chem. 167,
272-280.

FAO. 2013a. Production of olive. http://faostat.fao.org/site/339/
default.aspx (accessed 26 July 2016).

FAOQ. 2013b. Production of strawberry. http://faostat.fao.org/site/
339/default.aspx (accessed 26 July 2016).

FERNANDEZ-SAIZ, P, LAGARON, J.M. and OCIO, M.]J. 2009.
Optimization of the biocide properties of chitosan for its
application in the design of active films of interest in the food
area. Food Hydrocoll. 23, 913-921.

FULEKI, T. and FRANCIS, EJ. 1968. Quantitative methods for
anthocyanins. J. Food Sci. 33, 266-274.

GHAFIR, S.A., GADALLA, S.0., MURAJEL B.N. and EL-NADY,
M.E. 2009. Physiological and anatomical comparison between
four different apple cultivars under cold-storage conditions.
Afr. J. Plant Sci. 3, 133-138.

Journal of Food Quality 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.

EFFECT OF CHITOSAN-OLIVE OIL PROCESSING RESIDUES

GOL, N.B., PATEL, P.R. and RAQ, T.V.R. 2013. Improvement of
quality and shelf-life of strawberries with edible coatings
enriched with chitosan. Postharvest Biol. Technol. 85, 185-195.

HAN, C., ZHAO, Y., LEONARD, S.W. and TRABER, M.G. 2004.
Edible coatings to improve storability and enhance nutritional
value of fresh and frozen strawberries (fragaria X ananassa) and
raspberries (Rubus ideaus). Postharvest Biol. Technol. 33, 67-78.

HONG, K., XIE, J., ZHANG, L., SUN, D. and GONG, D. 2012.
Effects of chitosan coating on postharvest life and quality of
guava (Psidium guajava L.) fruit during cold storage. Sci. Hort.
144, 172-178.

JAYAKUMAR, R., PRABAHARAN, M., REIS, R.L. and MANO,
J.E. 2005. Graft copolymerized chitosan present status and
applications. Carbohydr. Polym. 62, 142-158.

KEAN, T. and THANOU, M. 2010. Biodegradation, biodistribution
and toxicity of chitosan. Adv. Drug Del. Rev. 62, 3-11.

KESKiN, D., CEYHAN, N., UGUR, A. and DURGAN, D.A. 2012.
Antimicrobial activity and chemical constitutions of west
anatolian olive (Olea europaea L.) leaves. Food Agric. Environ.
10, 99-102.

LAFKA, T., LAZOU, A.E., SINANOGLOU, V.J. and LAZOS, E.S.
2011. Phenolic and antioxidant potential of olive oil mill
wastes. Food Chem. 125, 92-98.

LIST, D. 2005. Reregistration eligibility decision for thidiazuron.
Environ. Protect. 4, 1-12.

MACHEIX, J.J. and FLEURIET, A. 1990. Fruit Phenolics, CRC
Press, Boca Raton, Florida, USA, Chapter 1, https://books.
google.com.eg/books?uid=101081738461572877252&hl=en
(accessed 26 July 2016).

MAFTOONAZAD, N., RAMASWAMY, H.S. and MARCOTTE,
M. 2008. Shelf-life extension of peaches through sodium
alginate and methyl cellulose edible coatings. Int. J. Food Sci.
Technol. 43, 951-957.

MAQBOOL, M., ALL, A., RAMACHANDRAN, S., SMITH, D.R.
and ALDERSON, P.G. 2010. Control of postharvest
anthracnose of banana using a new edible composite coating.
Crop Protect. 29, 1136-1141.

MARTINEZ-CAMACHO, A.P., CORTEZ-ROCHA, M.O.,
EZQUERRA-BRAUER, J.M., GRACIANO-VERDUGO, A.Z.,
RODRIGUEZ-FELIX, E., CASTILLO-ORTEGA, M.M., YEPIZ-
GOMEZ, M.S. and PLASCENCIA-JATOMEA, M. 2010.
Chitosan composite films: Thermal, structural, mechanical and
antifungal properties. Carbohydr. Polym. 82, 305-315.

MATTHES, A. and SCHMITZ-EIBERGER, M. 2012. Polyphenol
content and antioxidant capacity of apple fruit: Effect of
cultivar and storage conditions. J. Appl. Bot. Food Quality 82,
152-157.

MENG, X,, LI, B,, LIU, J. and TIAN, S. 2008. Physiological
responses and quality attributes of table grape fruit to chitosan
preharvest spray and postharvest coating during storage. Food
Chem. 106, 501-508.

MOHAGHEGH]I, S.A., POORAZARANG, H., HEMATYAR, N.
and ELHAMIRAD, A. 2012. Phenolics in potato peels:
Extraction and utilization as natural antioxidants. World Appl.
Sci. J. 18, 191-195.

"


http://www.intechopen.com/books/food-industry/technological-options-of-packaging-to-control-food-quality
http://www.intechopen.com/books/food-industry/technological-options-of-packaging-to-control-food-quality
http://www.intechopen.com/books/food-industry/technological-options-of-packaging-to-control-food-quality
http://faostat.fao.org/site/339/default.aspx
http://faostat.fao.org/site/339/default.aspx
http://faostat.fao.org/site/339/default.aspx
http://faostat.fao.org/site/339/default.aspx
https://books.google.com.eg/books?uid=101081738461572877252&hl=en
https://books.google.com.eg/books?uid=101081738461572877252&hl=en
https://books.google.com.eg/books?uid=101081738461572877252&hl=en
https://books.google.com.eg/books?uid=101081738461572877252&hl=en

EFFECT OF CHITOSAN-OLIVE OIL PROCESSING RESIDUES

MOHDALY, A.A., HASSANIEN, M.ER., MAHMOUD, A,,
SARHAN, M.A. and SMETANSKA, 1. 2012. Phenolics
extracted from potato, sugar beet, and sesame processing by-
products. Int. J. Food Prop. 16, 1148-1168.

OJAGH, S.M., REZAEI, M., RAZAV], S.H. and HOSSEINTI,
S.M.H. 2010a. Development and evaluation of a novel
biodegradable film made from chitosan and cinnamon essential
oil with low affinity toward water. Food Chem. 122, 161-166.

OJAGH, S.M., REZAFI, M., RAZAVI, S.H. and HOSSEINI,
S.M.H. 2010b. Effect of chitosan coatings enriched with
cinnamon oil on the quality of refrigerated rainbow trout.
Food Chem. 120, 193—-198.

OZGE, E.Z, CAM, B. and TURHAN, K.N. 2013.
Characterization of antimicrobial polylactic acid based films. J.
Food Eng. 119, 308-315.

PARK, S.L., STAN, S.D., DAESCHEL, M.A. and ZHAO, Y. 2005.
Antifungal coatings on fresh strawberries (fragaria X ananassa)
to control mold growth during cold storage. J. Food Sci. 70,
202-207.

PERDONES, A., VARGAS, M., ATARES, L. and CHIRALT, A.
2014. Physical, antioxidant and antimicrobial properties of
chitosan cinnamon leaf oil films as affected by oleic acid. Food
Hydrocoll. 36, 256-264.

PINELL L.O., MORETTI, C.L., DOS SANTOS, M.S., CAMPOS,
A.B., BRASILEIRO, A.V., CORDOVA, A.C. and CHIARELLO,
M.D. 2011. Antioxidants and other chemical and physical
characteristics of two strawberry cultivars at different ripeness
stages. J. Food Comp. Anal. 24, 11-16.

PRABAHARAN, M. and MANO, J.E. 2006. Chitosan derivatives
bearing cyclodextrin cavitiesas novel adsorbent matrices.
Carbohydr. Polym. 63, 153-166.

RIBEIRO, C., VICENTE, A., TEIXEIRA, J.A. and MIRANDA, C.
2007. Optimization of edible coating composition to retard
strawberry fruit senescence. Postharvest Biol. Technol. 44, 63-70.

RIVERA-LOPEZ, ., VAZQUEZ-ORTIZ, FA., AYALA-ZAVALA,
J.E, SOTELO-MUNDO, R.R. and GONZALEZ-AGUILAR,
G.A. 2005. Cutting shape and storage temperature affect overall
quality of fresh-cut papaya cv. ‘maradol’ J. Food Sci. 70, s482—
5489.

RODRIGUEZ, M.S., RAMOS, V. and AGULLO, E. 2003.
Antimicrobial action of chitosan against spoilage organisms in
precooked pizza. J. Food Sci. 68, 271-274.

SANCHEZ-GONZALEZ, L., PASTOR, C., VARGAS, M.,
CHIRALT, A., GONZALEZ-MARTINEZ, C. and CHAFER, M.
2011. Effect of hydroxypropylmethylcellulose and chitosan
coatings with and without bergamot essential oil on quality
and safety of cold-stored grapes. Postharvest Biol. Technol. 60,
57-63.

SHAQ, X.E, TU, K., TU, S. and TU, J. 2012. A combination of heat
treatment and chitosan coating delays ripening and reduces
decay in “gala” apple FRUIT. J. Food Quality 35, 83-92.

SHAO, X.E, CAO, B., XU, E, XIE, S., YU, D. and WANG, H.
2015. Effect of postharvest application of chitosan combined
with clove oil against citrus green mold. Postharvest Biol.
Technol. 99, 37-43.

12

I. KHALIFA ET AL.

STEEL, R., TORRIE, J. and DICKEY, D. 1997. Principles and
Procedures of Statistics: A Biometrical Approach, 3rd Ed.,
McGraw-Hill, New York, NY.

TERPING, P, CEH, B., ULRIH, N.P. and ABRAMOVIC, H. 2012.
Studies of the correlation between antioxidant properties and
the total phenolic content of different oil cake extracts. Ind.
Crops Prod. 39, 210-217.

THIMMAIAH, S.K. 1999. Standard Methods of Biochemical
Analysis, Kalyani Pub., Ludhiana pp 44.

TZOUMAKI, M.V,, BILIADERIS, C.G. and VASILAKAKIS, M.
2009. Impact of edible coatings and packaging on quality of
white asparagus (Asparagus officinalis L.) during cold storage.
Food Chem. 117, 55-63.

VAN DE VELDE, E, TAROLA, A.M., GUEMES, D. and
PIROVANI, M.E. 2013. Bioactive compounds and antioxidant
capacity of camarosa and selva strawberries (fragaria x
ananassa duch.). Foods 2, 120-131.

VELICKOVA, E., WINKELHAUSEN, E., KUZMANOVA, S.,
ALVES, V.D. and MOLDAO-MARTINS, M. 2013. Impact of
chitosan-beeswax edible coatings on the quality of fresh
strawberries (Fragaria ananassa cv camarosa) under commercial
storage conditions. LWT-Food Sci. Technol. 52, 80-92.

VILLALOBOS-CARVAJAL, R., HERNANDEZ-MUNOZ, P,
ALBORS, A. and CHIRALT, A. 2009. Barrier and optical
properties of edible hydroxypropyl methylcellulose coatings
containing surfactants applied to fresh cut carrot slices. Food
Hydrocoll. 23, 526-535.

WANG, S.Y. and GAO, H. 2013. Effect of chitosan-based edible
coating on antioxidants, antioxidant enzyme system, and
postharvest fruit quality of strawberries (fragaria x aranassa
duch.). IWT-Food Sci. Technol. 52, 71-79.

XING, Y, LL, X, XU, Q., YUN, ], LU, Y. and TANG, Y. 2011.
Effects of chitosan coating enriched with cinnamon oil on
qualitative properties of sweet pepper (Capsicum annuum L.).
Food Chem. 124, 1443-1450.

XU, W,, PENG, X,, LUO, Y., WANG, J., GUO, X. and HUANG, K.
2009. Physiological and biochemical responses of grapefruit
seed extract dip on ‘redglobe’ grape. LWT-Food Sci. Technol.
42, 471-476.

YANG, EM,, LI, HM,, LI, E, XIN, Z.H., ZHAO, L.Y., ZHENG, Y.H.
and HU, Q.H. 2010. Effect of Nano-packing on preservation
quality of fresh strawberry (Fragaria ananassa duch. Cv
fengxiang) during storage at 4° C. J. Food Sci. 75, C236-C240.

YANG, G, YUE, J., GONG, X., QIAN, B., WANG, H., DENG, Y.
and ZHAQ, Y. 2014. Blueberry leaf extracts incorporated
chitosan coatings for preserving postharvest quality of fresh
blueberries. Postharvest Biol. Technol. 92, 46-53.

ZHANG, D. and QUANTICK, P.C. 1997. Effects of chitosan
coating on enzymatic browning and decay during postharvest
storage of litchi (Litchi chinensis sonn.) fruit. Postharvest Biol.
Technol. 12, 195-202.

ZIANIL K., OSES, J., COMA, V. and MATE, J.1. 2008. Effect of the
presence of glycerol and tween 20 on the chemical and physical
properties of films based on chitosan with different degree of
deacetylation. LWT-Food Sci. Technol. 41, 2159-2165.

Journal of Food Quality 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.



	l

