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Fig. 4: Titratable acidity (as  citric  acid%) of valencia orange fruits coated after harvest with different concentrations of Trans Jojoba
Oil (TJOCs) and stored at 5°C for 60 days. Values are the means of 3 replicates of 5 fruits each. The letters represents LSD
at 0.05 level

Fig. 5: Ascorbic acid  content  of valencia orange fruits coated after harvest with different concentrations of Trans Jojoba Oil
(TJOCs) and stored at 5°C for 60 days. Values are the means of 3 replicates of 5 fruits each. The letters represents LSD at
0.05 level

11.48%)  respectively. Whereas, control fruits had the Exported wax (E wax) and 25% TJO coated fruits had equal
least significant value (11.34%) with respect to all acid  content  (0.79%) at the 8th week storage at 5°C of the
treatments under investigation. three successive seasons.

Titratable Acidity (TA %): Concerning the changes of Ascorbic acid content: Ascorbic acid content (Vitamin C)
titratable acidity (TA) of Valencia orange fruits due to the of Valencia orange fruit showed a progressive and
coatings of TJO and cold storage treatments, (Fig. 4), significant decrease due to coatings with isomerized
there was a slight significant increase in fruit acid content Jojoba wax under cold storage period including control
as the storage period progresses, however, it decreased fruits (Fig. 5).
with increasing Trans Jojoba Oil concentrations. After 8 weeks of cold storage at 5°C, it is remarkable

At the end of the storage period, control fruits to conclude  that,  uncoated  fruits (control) lost 13.50%
showed the highest significant titratable acidity content of its vitamin C content compared with 3.35% in the
(0.84%) compared  with  its  initial  value at harvest content of orange fruit coated with 30% Trans Jojoba Oil.
(0.78%) The lowest acid value (0.77%) was recorded in The same trend was observed at shelf-life period, when
fruits  previously waxed with 30% TJO. Meanwhile, both treated orange fruits are transferred from cold storage at
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5°C and kept at 20°C for one week. The differences alternatives to CA storage, offered a potential extension
between treatments, storage period and their interaction of storage life in apples [23] and  Grapefruit [11, 22] over
were significant. air  storage.  In  contrast to gas exchange, the resistance

DISCUSSION the coating thickness than on the type of coatings [5]. 

In  the  present  study,  the  first  applications of for  postharvest  life of citrus fruit because of removing
Trans Jojoba Oil  (TJO) coatings, maintained the quality the natural wax of citrus peel through the handling in
of Valencia  orange  fruits  up  to  8 weeks storage at 5°C. packinghouses [6, 22]. There are two major problems limit
Respiration  rate were indicative of significant increase the long-term storage capability of citrus fruits: the first:
rate till the peak value (4 weeks), followed by reduction is pathological breakdown, leading to decay; the second:
trend  during  the second month of cold storage relative is physiological breakdown, resulting in the appearance
to TJO treatments. The Application of Jojoba-based of the various rind disorders [24]. In this study, Valencia
waxes  significantly  reduced  internal  O levels and orange  fruits  coated  with different concentrations of2 

increased  internal  CO   and  were consistent with the TJO could be stored for 8 weeks at 5°C without2

reports  of  Hagenmaier  and  baker  [7], Ergun et al. [9] pathological breakdown (rots) as shown in (Table 2).
and Petracek et al. [22]. They found that there was no While, physiological breakdown as softening appearance
relationship between the gas permeability of the coatings ranged between 5.36-3.49% with directly proportional to
and the concentration of oxygen and carbon dioxide TJO concentrations. These results of TJO treatments
inside the fruits. These findings indicate that the O  and confirmed the previous findings of Huating [6] who2

CO  gases do not leave the fruits according to their observed that the Chilling Injury (CI) percentage score2

permeability values but that there is apparently another higher than 5% will indicate that the fruit’s appearance is
pathway through which the passages of the gases take damaged and thus has an impact on the consumer’s
place. Moreover, Mannheim and Soffer [5] and purchasing decision. Moreover, Petracek et al. [22]
Hagenmaier and Shaw [14] claim that there are two suggested that postharvest pitting as physiological
pathways for gas exchange: (1) the coatings forms an disorder can be controlled by improving the gas
additional barrier on the peel through which the gas must permeability of applied wax citrus peel barrier. In addition,
be permit or (2) the coatings plug openings in the peel [5]. similar  significant trend of decay percentage at 20°C
In addition, Saftner et al. [23] explain these findings that (shelf or  marketable life) were noticed in TJO-coated
the coatings were additionally inhibiting the out migration fruits. While, the softening incidence during shelf-life
of ethylene and possibly other volatile from the fruit. period increased by approximately 1.4% than decay
During storage at 20°C, fruits produced high amounts of percent through cold storage at 5°C for one or two
CO but with lower values in TJO coating treatments than months (Table 2). Also Huating [6] and Ergun et al. [9]2 

uncoated fruits which are inconformity with that reported suggested that marketable life  was extended of waxed
by Ergun et al. [9] and Petracek et al. [22]. fruits due to the appearance of decay and slight fungal

Regarding the effectiveness of TJO treatments in decay on fruit surfaces in former treatments compared
reducing fresh weight loss percent and maintaining good with unwaxed fruits. 
visual appearance in Valencia orange fruits (either at Upon soluble solids (SSC) and titratable acid (TA)
storage at 5°C or marketable period at 20°C), were similar content, were not significantly affected either by coatings
(Table 1). This was reported for citrus fruits by or cold storage duration (Fig. 3 and 4), which are similar to
Hagenmaier and Shaw [2], Ergun et al. [9], Saftner et al. that reported byBalduin et al. [8], Ergun et al. [9] and
[23]and Parat  et  al.  [24]  on mamy sapote fruits and Landaniya and Sonkar [17] on mandarin, mamy sapote
‘Gala’  apples.  In  almost all cases, waxed commodities fruits and mango, respectively. Bums and Echeverria [25]
lost weight more slowly than unwaxed controls. In fact, reported that wax application had no effect on acidity (%)
weight  reduction  has  been recommended as a criterion and brix level of stored ‘Valencia’ fruits. Although TA
of good waxing [14]. However, it would go too far to showed a slight increase throughout storage period, the
recommend by Hagenmaier and Shaw [14] that the highest TJO concentration (30%) had the lowest acid
permeability  for  citrus  coatings, as barriers should be value relative to waxed and control fruits.
low  for  water  vapor  to  reduce  transpiration  as  much In all cases investigated, a significant decrease of
as possible. Moreover, the use of wax-based coatings vitamin C could be observed in Valencia orange fruit
treatment in refrigerated air storage, as potential between  the initial value and the Vitamin C content at the

of  peel  to water vapor transport is more dependent on

Decay was mentioned as one of the limiting factors
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end of storage period. Mahrouz et al. [26] had the same 5. Mannheim, C.H. and T. Soffer, 1996. Permeability of
findings in the waxing treatments of Clementine citrus different  wax  coatings  and  their effect on citrus
fruits. fruit quality. J. Agric. Food Chem., 44: 919-923.

CONCLUSIONS on  chilling injury of grapefruit cultivars. Hort. Sci.,

It  can  be  concluded that, the first utilization of 7. Hagenmaier,  R.D.  and  A.B. Baker, 1993. Reduction
Trans  Jojoba  Oil (TJO) as Valencia orange fruit coating in gas exchange of citrus fruit by wax coatings. J.
is promising wax than the other investigated coating Agric. Food Chem., 41: 283-287.
materials, especially in the range of 20-30% 8. Baldwin, E.A., J.K. Burns, W. Kazokas, J.K. Brech,
concentrations. It can be predicted that TJO coating’s R.D. Hagenmaier, J. Bender and E. Pesis, 1999. Effect
resistance  to  gas  exchange  is  strongly  influenced its of edible coatings with different permeability
ability  either  by  blocking  pores  on the surface of the characteristics on mango (Magnifera indica L.)
fruit  or,  acting  as  barriers  not only to gases migration ripening during storage. Postharvest Biol. Technol.,
to restrict respiration, but also to water vapor transfer 17: 215-216.
reducing  transpiration  and  weight  loss.  Finally, TJO 9. Ergun,  M.,  S.A. Sargent; A.J. Fox, J.H. Crane and
wax can use successfully without any additives as D.J.  Huber,  2005.  Ripening  and quality responses
coating product from natural source. It is substitute or of mamy sapote fruit to postharvest wax and 1-
alternative  to  commercial wax used in handling citrus methylcyclopropane treatments. Postharvest Biol.
fruit  for  export.  Valencia   orange   fruit   coated  with Technol., 36 : 127-134. 
TJO  stored  in  a  good  quality  up  to 8 weeks, which 10. Bagby,  M.O.,   1985.   Comparison   of  properties
was  enough  period  for  sea or land shipment for and function of Jojoba oil and its substitutes.
exported citrus fruit. Proceedings  of  six international conference on
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