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Jojoba Oil as a Novel Coating for Exported Valencia Orange Fruit
Part 1: The Use of Trans (Isomerized) Jojoba Oil
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Abstract: The first utilization of Trans (Isomerized) Jojoba Oil for coating of Valencia orange fruits (Citrus
sinensis), as a novel waxing material and an alternative to the usual wax used in citrus packinghouses for export
fruits was studied. Trans Jojoba Oil (TJO) was prepared via 1somerization of Jojoba Oil under optimized
conditions to fulfill the coating properties. Hand coated fruits were stored at 5°C up to 60 days before
transferred to 20°C for one week as shelf-life period. Waxed orange fruits were compared with untreated ones
(control) and also those treated with Exported wax (E. wax) as a simulation of commercial wax. Fruit quality
characteristics (weight loss, decay percentages, respiration rate, ssc, acidity and ascorbic acid content) were
evaluated periodically at removal from cold storage and after holding at 20°C. TJO treatments were markedly
reduced the weight loss and respiration rate than that of control fruits. Whereas, Equal significant values of
E-wax treatment and the highest TTO concentration (30%) were observed. Moreover, coated fruit stored for two
months at 5°C withstand free from microbial pathogenic incidence, but with softening symptoms ranged
between 3.49-3.36% with inversely proportional to the isomerized Jojoba concentrations. Although, SSC
showed significant differences due to TIO treatments throughout storage period, titratable acid comntent
showed lower decrease percent as TJO concentrations increased, but with a slight increase than its initial
content at harvest. Ascorbic acid (Vit. C) content had significant decrease by expanding cold storage period
with slight loss in fruits coated with highly concentrations of isomerized jojoba wax. In conclusion, data
mdicated that 20-30% of Trans Jojoba Oil concentrations proved to be the most capable treatments in
maintaining Valencia orange fruit quality up to 60 days storage at 5°C. Moreover, TIO was found efficient
enough for coating fruits equal to the export wax and more promising than any other coating materials.
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INTRODUCTION Wax coatings have been shown to

extend

In fruit handling process in the packinghouses, the
natural waxes m skin fruit are removed. It 1s mmperative
that these natural protectants are replaced by different
coatings. Citrus fruit are commonly waxed to give the fruit
a shiny, attractive appearance and excellent barrier
properties [1-3]. Fruit coatings are used commercially to
improve outward appearance; fruit coating and protective
film treatments also modify the internal atmosphere of fruit
and, as much, have great potential as shelf life extending
treatments for apples and other fruits [4-6].

postharvest quality of fruit and vegetable crops by
limiting gas exchange and reducing water loss, skin
discoloration, fruit deterioration and should not cause
partial anaerobic conditions [7-9]. Since, most waxes used
1n fruit coating are mainly waxes belong to the non-polar
lipid classes and prevent the molecule spreading. It is
objective to use other forms of waxes such as Jojoba O1l,
which modified via isomerization to produce Trans JTojoba
Wax [10-12].

As far as we know, waxing of Valencia orange fruit
with Trans Jojoba Oil (TTO) has not been utilized for such
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citrus fruits. Tt is considered as a novel waxing material for
the Valencia orange fruits m citrus packinghouses for
export, as an alternative to the usual wax coatings,
Trans Jojoba Oil (Tsomerized) can be used in this respect
[2, 12-14]. Converting the double bonds of Tojoba Oil,
which 1s commonly known as liquid wax, from cis to trans
diastereomers produces a soft wax with a low melting
point. The results of the oxidation stability of the oil
indicate excellent stability [16]. The Trans-Tsomerized oil
and other Jojoba o1l derivatives have a wide range of
mndustrial uses [6, 15-17].

The present study focuses on the evaluation of the
mfluence of Trans Jojoba Oil (TJO) concentrations as
conventional coating wax mn mamtaiing Valencia orange
fruit quality during cold storage and shelf-life period as a
simulation of handling and shipment of citrus fruits for
export.

MATERIALS AND METHODS

Fruit: Valencia orange fruit (Citrus sinensis) were
obtamed from a private orchard (Dina) in Cairo-Alex road
district, Giza Govemnorate. Fruits were picked from 15
vears old trees grown in sand-loam soil and were similar
in growth and received common horticulture practices.
Mature orange fruits, undamaged, free from apparent
pathogen infection, uniform m shape, weight and color,
were harvested at the mid of May of 2003, 2004 and 2005
in the full color stage and average weight of 224.3 gm and
transported to the laboratory. The
measuremennts were determined.

mitial  quality

Fatty acids and alcohols composition of jojoba oil: The
fatty acids and alcohols compositions of jojoba oil
(unpublished data) were carried out as follows: the oil
was firstly saponified and subsequently acidified, to
liberate the free fatty acids, followed by methylation of
the product [18]. The methylated product as well as the
alcohols fraction was separately subjected to capillary
GLC analysis.

Transformation of jojoba oil to trans (Isomerized) oil
(TJO): Jojoba oil (Todine value, 85; saponification value,
93 and acid value, 0.2) was obtained from FEgyptian
Company for natural oils. The cis unsaturated fatty acids
of the o1l were functionalized at the bond region to trans-
fatty acids. This isomerization acquires the fatty acids
solid waxy properties. Among the different methods
published for isomerization, Arnon method [15] was
selected for transformation of liquid jojoba o1l mto solid
state as follows:
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A solution of 500 gm oil in 500 ml petroleum ether
(60-80°C) and 50 ml of 2 M NaNO, was heated until
reflux and then 16 ml of 6 M HNO, was added by
drops within 5 min after which heating was continued for
15-20 min. The hot solution was immediately transferred
to a separatory fumnel and was washed with hot water
(50°C, 5x50 ml) until pH 7 was reached. The solvent was
evaporated and the residue was left in a beaker to solidify.
The melting point of the product was determined. The
conversion of cis-fatty acids of Jojoba o1l to trans-fatty
acids was followed by Infra-red spectrophotometry (IR)
since the trans fatty acids have a strong characteristic
absorption in the infrared region of the spectrum at 10.36
microns, while the cis forms of these acids do not have a
comparable absorption in this area [15]. The product was
subjected to IR analysis to prove the transformation of cis
double bonds to trans.

Fruit coating treatments: Coating of the selected
Valencia orange fruits was carried out with TTO at the
concentrations of (5,10, 15, 20, 25 and 30%) admixed with
Jojoba oil. Thus, the molten TTO and the hot JO (60°C)
were mixed thoroughly before the coating process. The
selected fruits, which randomly subjected to the different
isomerized Jojoba wax, were hand coated (0.4 ml per fruit)
at 254+1°C and subsequently air dried.

The coated orange fruits were compared with
commercial export wax (E-wax) and also with uncoated
fruits (control). Exported wax which used in citrus
packinghouses was obtained from Egyptian company
for mechanical and electrical industries. The composition
of the Export wax in the form of water emulsion, posses
22% solids materials was contained (shellac, kalaphonia,
polyethylene emulsifier and water).

Treated and untreated fruits put m carton boxes
(6 kg in two layers of fruits), stored at 5°C+1 and relative
humidity 85-90% for 60 days as simulation of export
shipment and the imtial quality measurements were
determined. At 15 days mtervals, fruit sample (15 fruits for
each treatment) was removed from cold storage to
determine fruit quality assessments and shelf life at
20°C and 55-60% RH was examined too.

Fruit quality assessments

Weight loss: Fruits were periodically weighed and the
loss 1n mass weight was recorded for each replicate. Data
were calculated as percentage.

Decay percent: Decayed fruits (physiological and
microbial decay) were discarded in each sample and

decay percent was recorded till the end of experiment.
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Respiration rate: Individual fruits for each treatment
were weighed and placed in 2-liter jars at 20°C. The jars
were sealed for 3h with a cap and a rubber septum.
The resulting O, and CO, samples of the headspace were
removed from the septum with a syringe and injected into
Servomex Inst. Model 1450C (Food Pack Gas Analyzer)
to measure oxygen and carbon dioxide production.
Respiration rate was calculated as m1 CO, kg™ h™' [19].

Soluble Solids Content (SSC): Individual Valencia
orange fruits were ground in an electric juice extractor
for freshly prepared juice. Soluble solids content was
measured using a T/C hand refractometer Instrone (Model
10430 Brix-readings 0-30 ranges Bausch and Lomb Co.
Calif., USA [20].

Titratable Acidity (TA): Total acidity (expressed as citric
acid %) was determined by titrating 5-m! juice with 0.1N
sodium hydroxide using phenolphthalein as indicator [20].

Ascorbic acid (Vitamin C): Ascorbic acid content was
measured using 2, 5-6 dichlorophenol indophenols’
method described by A.O.A.C.[20].

Experimental design and statistical analysis: The design
for this experiment was a Completely Randomized Design
(CRD) with three replications. Data were analyzed with the
Analysis of Variance (ANOVA) procedure of MSTAT-C
program. When significant differences were detected,
treatment means were compared by LSD range test at
the 5% level of probability in the three investigated
seasons [21].

RESULTS

The transformation of jojoba o1l to trans solid waxy
material via isomerization by Arnon method [15] gave a
good yield (40%) and the product has melting point of
45°C. The formation of trans double bonds was proved
by IR spectroscopy (Fig. 1).

TR absorption of the product shows a strong
absorption at 10.36 microns, which is characteristic to
trans-isomers, indicating the transformation of cis-fatty
acids mto trans-fatty acids. The GLC analysis of
original Jojoba oil (unpublished data) showed the
presence of Ty, Cyy, and C;;, eicosaenoic acid, linoleic
acid and oleic acid respectively) with long chain fatty
alcohols (eicosenol, C,; and docosenol, C,,).

Fruit quality evaluation

Weight loss percent: Weight loss mainly consists of
losses of water through transpiration and carbon gas
exchange. Fruit weight loss was directly proportional to
the storage period, as shown in (Table 1). The average
weight loss percentage of Valencia orange significantly
increased gradually with extending storage period up to
60 days at 5°C as well as after holding at 20°C for 7 days
(shelf-life).

Although, Trans Jojoba Oil (TIO) treatments caused
lower significant weight loss than control fruits, the
percentage of weight loss decreased as the concentration
of TIO increased (Table 1). After two months of storage
at 5°C, the most pronounced loss (5.41%) was recorded in
Valencia fruits coated with 30% TJO compared with
uncoated fruits (control, 8.73%) and was significantly

Table1: Weight loss percent of Valencia orange fruits coated after harvest with different concentrations of Trans Jojoba oil coatings (TJOCs) and stored at
5°C for 60 days and kept at 20°C for 7 days (shelf-life)

4weeks at 5°C 8 weeks at 5°C
Trans Jojoba Oil Coatings (TJOCs) At transfer 7 days at 20°C At transfer 7 days at 20°C
TJO 5% 4,42b40.042 0.71££0.015 8.03b+0.070 1.333j+0.017
TIO 10%% 4.20c+0.038 0.65fg+0.023 7.64¢+0.061 1.28ij+0.021
TJO 15% 4.13¢£0.053 0.60fgh+0.015 7.09d+0.056 1.23jk+0.012
TJIO 200 4.07¢+£0.023 0.53gh+0.017 6.24e+0.046 1.15k+0.010
TJO 25% 3.71d+0.045 0.50h+0.012 5.83{1+0.068 1.12k£0.017
TIO 300 3.66d+0.066 0.47h+0.015 5.51h+0.061 1.08k+0.012
E-wax 3.61d+0.029 0.58fgh+0.023 5.58g+0.049 1.14k+0.010
Control 4.73a+0.147 0.89e+0.012 8.73a+0.066 1.38i+0.015
L8D at 0.05 of storage (S) 0.049 0.046
LSD at 0.05 of Coatings (C) 0.098 0.091
L8D at 0.05 (SxC) 0.139 0.129

Data are means of three replicates of 5 fiuits each. (Average of three seasons)

175






