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ABSTRACT

Postharvest losses of sweet orange fruits in Nigeria are considerable and often impacts negatively on economic
returns and food security. Edible oil coatings have the potential to extend shelf life and enhance postharvest fruit
quality. This study evaluated the effect of edible coatings of Moringa and sesame seed oils on biochemical
quality of sweet orange fruits stored under ambient conditions. Harvested fruits of Ibadan sweet and Valencia
cultivars were coated with Moringa seed oil (MSO) and Sesame seed oil (SSO) at three concentrations (0%, 1%
and 2%) to determine the effect on biochemical attributes of fruits over a 30 day period. The experiment was a
2x2x3 factorial laid out in Completely Randomized Design (CRD) and replicated 3 times. Results indicated
significant influence of treatments on biochemical attributes evaluated. Ibadan sweet had higher pH, reducing
sugar and Vitamin C while Valencia recorded higher titratable acidity (TA) and total soluble solids (TSS). Fruits
coated with SSO had lower TA and TSS but higher pH except on day 30, while those treated with MSO had
comparatively higher TA, TSS, Vitamin C and reducing sugar. There was a clear pattern of increase in Vitamin
C as oil concentration increased. Generally, TA and TSS increased as storage duration increased while pH,
reducing sugar and Vitamin C content deceased with time. Fruit coating improved postharvest quality of orange
fruits with MSO doing better than SSO. These can therefore be used to preserve postharvest quality of sweet
orange fruits.
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1. Introduction

Citrus spp. (Rutaceae) is believed to be the most
widely produced fruits in the world. In 2017,
production was put at 146,599,168 tons with
oranges accounting for 50% of total citrus
production. Other citrus species under production
are mandarin and tangerines (22.8%), lemons and
limes (11.7%), and grapefruit and shadok. (6.2%)

(FAO, 2017). Among factors accounting for its
importance are the high concentration of ascorbic
acid in the fruit pulp and the high industrial
potential  (Davies and  Albrigo, 1994).
Internationally, citrus fruit market consists of the
processed fruit, represented mainly by extracted
orange juice, and the fresh fruit market (Olife et
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al., 2015). Although juice extraction, holds
precedence over fresh whole fruit for direct
consumption. Spain is the leading country for
exports of fresh produce (FAO, 2013).

Major citrus producing countries in the world are
China, followed by Brazil, USA, India, Mexico
and Spain (FAOSTAT, 2017). In Nigeria, there is
a sizeable level of production of citrus especially
sweet oranges. Nigeria has been ranked 9" in
global citrus production. Much of the production
resides within the middle belt region (Aiyelaagbe
et al., 2001), with Benue state taking the overall
lead (Avav and Uza, 2002). Although produce
from the country does not feature in the
international market (UNCTAD, 2010), there
however, seem to exist an informal market in
citrus fruits between Nigeria and some of her
neighbours particularly Niger and Chad. This is in
addition to a more or less robust internal market
for fresh fruits. At any rate, as obtain elsewhere,
citrus cultivation has both financial and nutritional
benefits to the producers (Otieno, 2020).

Postharvest fruit losses are a problem globally,
being more serious in developing than the
developed countries (Hodges et al., 2011). This is
particularly true of perishable commaodities such
as fruits and vegetables (Aulakh et al., 2013). In
Nigeria, there are substantial post harvest losses of
fresh fruits including citrus. Measures commonly
employed elsewhere in control of postharvest food
losses such as chemical  preservatives,
refrigeration, controlled and modified atmosphere
packaging (Zhang and Quantick, 1997) may not
be applicable in the Nigerian rural context due to
unreliable power supply. Use of chemical
preservatives is laden with consumer safety
concerns.
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In the light of the above, a search for effective
options that are cheap, safe and familiar at the
rural level has become impetrative. Edible oil
coatings have been credited with extending shelf
life of fruits (Park, 1999), improving appearance
and consumer appreciation of treated fruits (Perez-
Gago et al., 2006), and exhibiting microbial action
against decay organisms. Moringa and sesame
seeds are commonly found in Nigeria. However,
the use of their oil extracts in preservation of fresh
fruits has not been studied, at least not to any
appreciable degree. The objective of this study
therefore was to investigate effects of moringa and
sesame seeds oils on biochemical changes of two
sweet orange Vvarieties stored under ambient
conditions.

2. Material and Methods

Mature fruits of sweet orange varieties - Ibadan
sweet and Valencia - were harvested from a
private farm in Vandeikya Local Government
Area of Benue State. Each variety was harvested
from one stand and fruit placed in plastic crates
and transported under cool weather to Makurdi for
the storage trial in April, 2018.

Sufficiently dried seeds of Moringa (Moringa
oleifera) and sesame (Sesamum indicum) were
subjected to local cold press extraction method to
extract the oil. A 1g carboxyl methyl cellulose
(CMC) was dispersed in 100ml distilled water
with glycerol at 0.5% (v/v) was added as
plasticider. The dispersion was heated at 85 °C for
5 minutes with subsequent cooling at room
temperature (Sayanjali et al., 2011). Sesame seed
oil (1% and 2% v/v) and moringa seed oil (1% and
2% v/v) were incorporated into CMC coating
solutions. Orange fruits were previously immersed
in sodium hypochlorite solution (1% v/v) for 5
minutes and then washed with potable water and
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left for 1hr to air dry. The fruits were then
immersed for three minutes in the coating
solutions containing different combinations of
CMC essential oil concentrations (0, 1 and 2 %)
and gently shaken with a glass stem for 1 minute.
The fruits were dried on a nylon filter to drain the
excess liquid and packed in a netted plastic
container. These were stored under ambient
conditions in the laboratory.

The experiment was a 2x2x3 factorial made up of
variety (Ibadan Sweet and Valencia), edible oil
type (Moringa seed oil, MSO, and Sesame seed
oil, SSO) and oil concentration (0%, 1% and 2%).
Factorial combinations were arranged in
completely randomized design (CRD) with 3
replicates. The 0% acted as the control and was
made up of distilled water only. Each
experimental unit had 36 fruits giving a total of
1296 fruits. Biochemical changes, namely, total
soluble solids, ascorbic acid, reducing sugar, pH
and titratable acidity were monitored at 5-day
intervals up to 30 days of fruit storage.

Biochemical changes were estimated based on
standard procedures as outlined by the Association
of Official Analytical Chemists (AOAC, 2005).
The total soluble solids (SS) (°Brix) content was
determined with a digital refractometer (Model HI
96801, Hanna Instruments, Sao Paulo, Brazil), and
the result was expressed as °Brix (Meng et al.,
2008).

Determination of titratable acidity (TA) was done
with phenolphthalein as an indicator with 0.1 N

NaOH, and the result was expressed as
mmolHp/100 g of fruit (Meng et al., 2008).

Reducing sugar was determined by titrating 100
ml of diluted juice against Fehling’s solution till
the appearance of brick red precipitates. A pH
meter (Model No HANNA B 417) was employed
for determination of pH value. Ascorbic acid
content was measured using 2, 5-6
dicholorophenol indophenols’ method described
by A.O.A.C (2005).

Analysis of Variance (ANOVA) was performed
on all data collected using Genstat statistical
software. Significant means were separated using
the least significant difference (F-LSD) procedure
at 5% probability level.

3. Results and Discussion

Key weather variables that prevailed during the
period of the experiment are summarized in Table
1. Temperature varied from 29.8 to 34.0 °C.
Relative humidity ranged from 65.8 to 80.6%.
Unlike temperature, RH generally increased from
the beginning of the study to the end. Table 2 is a
summary of the main effects of variety, oil type
and concentration on total soluble solids (TSS)
content of stored sweet orange fruits. Valencia
Late had a significantly higher TSS (°Brix)
compared to Ibadan sweet. Throughout the
duration of the experiment, oil type did not have
consistent influence on fruit TSS. At 10 days of

Table 1: Temperature and Relative Humidity during the period of storage

Days in storage

Weather variables

0 5 10 15 20 25 30
Av. Temp (°C) 32.75 34.04 32.75 30.52 29.80 31.2 30.14
R. H (%) 65.8 64.28 67.92 78.32 79.46 77.56 80.56
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Table 2: Effect of variety, oil type and concentration on Total Soluble Solids (TSS) (°Brix) of stored

sweet orange fruits

Days in storage

Treatment 0 5 10 15 20 25 30
Variety

Ibadan Sweet 12.0 114 10.7 11.8 13.0 12.7 13.1
Valencia Late 12.6 13.3 13.3 14.3 15.7 13.9 15.1
LSD (.05 0.06 0.50 0.19 0.18 0.13 0.12 0.13
Oil Type

MSO 12.3 12.3 12.1 13.0 135 13.4 14.7
SSO 12.3 12.3 11.8 13.1 15.2 13.3 13.5
LSD (0.05) NS NS 0.19 NS 0.13 NS 0.13
Oil Concentration (%)

0 12.3 12.1 11.8 13.3 154 14.5 14.6
1 12.3 12.2 11.9 13.1 14.1 11.9 13.2
2 12.3 12.7 12.3 12.8 135 13.6 14.5
LSD (.05 NS NS 0.23 0.23 0.16 0.14 0.16

NS — Non Significant; MSO — Moringa seed oil; SSO — Sesame seed oil

storage, fruits coated with MSO showed higher
TSS values. Ten days later, the reverse was the
case, although at the end of the storage period,
MSO coated fruits recorded higher TSS values
than those coated with SSO. Oil concentration
showed significantly higher values at 10 — 30 days
of storage. Interestingly, as from 15 days of
storage, control fruits had higher TSS than coated
ones. However, at the end of storage (30 days),
uncoated fruits and those coated with 2 % edible
oil gave statistically similar TSS values which
were higher than those of the 1 % oil
concentration.

Effect of the factors on reducing sugar content is
presented in Table 3. Ibadan sweet showed
superior reducing sugar levels throughout the
period of the experiment except at 5 days of
storage. From 5 — 15 days, MSO had more
favourable effect on reducing sugar content than
SSO. Though no significant effect on this quality
was observed between MSO and SSO, it was
evident that coated fruits gave statistically higher
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reducing sugar values than the uncoated ones
throughout the storage period.

Varietal influence on titratable acidity (TA) was
significant  throughout the study duration.
Generally, Valencia recorded higher levels of
titratable acidity than Ibadan sweet (Table 4). Also
fruits coated with MSO were generally higher in
TA concentration except at 25 and 30 days of
storage when those differences cancelled out.
Coating of fruits also led to higher production of
TA compared to those that were not coated.
Influence of sweet orange variety, edible oil type
and concentration on pH of stored fruits is
presented in Table 5. Generally, fruits of Ibadan
sweet variety had higher pH values than those of
Valencia. Effect of oil type on pH of stored fruits
was not consistent. It was observable that coating
of fruits with edible oils at 1% and 2% gave rise to
fruits with lower pH values.

All three factors — variety, edible oil type and
concentration — significantly influenced vitamin C
content of fruits throughout the period under
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Table 3: Effect of variety, oil type and concentration on reducing sugar content (%) of stored sweet

orange fruits

Days in storage

Treatment 0 5 10 15 20 25 30
Variety

Ibadan Sweet 6.3 6.2 5.8 5.4 5.0 4.7 4.4
Valencia Late 5.4 6.3 5.0 4.7 4.3 4.0 3.6
LSD (0.05) 0.06 0.08 0.09 0.05 0.06 0.13 0.07
Oil Type

MSO 5.9 5.8 55 5.1 4.8 4.4 4.0
SSO 5.9 5.7 5.3 5.0 45 4.3 4.0
LSD (0.05) NS 0.08 0.09 0.05 NS NS NS
Oil Concentration (%)

0 5.6 5.6 5.3 49 4.4 4.1 3.7
1 5.8 5.8 5.4 5.1 4.8 4.5 4.3
2 5.8 5.8 55 5.2 4.7 4.5 4.1
LSD (0.05) 0.10 0.10 0.11 0.06 0.07 0.16 0.08

NS — Non Significant; MSO — Moringa Seed Qil; SSO — Sesame Seed Qil

consideration (Table 6). Ibadan sweet maintained
a consistent lead in vitamin C content throughout
the period of the experiment. MSO also showed a
better ability to retain vitamin C content of fruits
as storage progressed. Coating of fruits enhanced

their ability to retain vitamin C. Generally, an
increase in vitamin C reduction was observed as
oil concentration moved from 0% to 2%.

Significant interaction was observed between

Table 4: Effect of variety, oil type and concentration on titratable acidity (%) of stored sweet orange

fruits

Days in storage
Treatment 0 5 10 15 20 25 30
Variety
Ibadan Sweet 0.68 0.86 1.65 1.16 1.10 1.13 0.96
Valencia Late 0.45 1.01 1.54 1.61 1.24 1.47 1.24
LSD (o.05) 0.01 0.07 0.05 0.01 0.02 0.08 0.04
Oil Type
MSO 0.57 0.99 1.61 1.39 1.32 1.30 1.09
SSO 0.57 0.88 1.58 1.38 1.02 1.29 1.09
LSD (o.05) NS 0.07 NS 0.01 0.02 NS NS
Oil Concentration (%)
0 0.57 0.90 1.38 1.79 1.19 1.29 0.85
1 0.57 1.10 1.61 1.25 1.06 1.49 1.52
2 0.56 0.81 1.79 1.12 1.26 1.11 0.92
LSD (o.05) NS 0.08 0.04 0.02 0.03 0.09 0.05

NS — Non Significant; MSO — Moringa Seed Sil; SSO — Sesame Seed Oil

CURR. INNOV. AGRI. SCI., 2(3), JULY, 2025



622 UGESE & IORDYE, Edible oil coatings influenced biochemical properties of fruits

Table 5: Effect of variety, oil type and concentration on pH of stored sweet orange fruits

Days in storage

Treatment 0 5 10 15 20 25 30
Variety

Ibadan Sweet 4.1 4.1 3.6 3.8 3.8 3.9 3.9
Valencia Late 4.6 3.9 3.7 3.6 3.8 3.8 3.6
LSD (.05 0.01 0.17 0.01 0.01 0.01 0.04 0.02
Oil Type

MSO 4.4 4.0 3.6 3.7 3.7 3.7 3.8
SSO 4.4 4.0 3.6 3.7 3.8 4.0 3.7
LSD (.05 NS NS NS NS 0.01 0.04 0.02
Oil Concentration (%)

0 4.4 4.1 3.7 3.5 3.8 3.8 3.9
1 4.4 3.8 3.6 3.8 3.8 3.6 3.6
2 4.4 4.1 3.5 3.8 3.8 3.8 4.1
LSD (.05 NS 0.20 0.02 0.01 NS 0.04 0.02

NS — Non Significant; MSO — Moringa Seed Qil; SSO — Sesame Seed Qil

variety and oil concentration on vitamin C content
of stored fruits (Table 7). Although vitamin C
content of fruits increased with increase in oil
content for both varieties, at 30 days of storage, 1
% oil concentration gave significantly higher
vitamin C content (28.6%) compared with the 2 %
oil concentration (27.8%). Generally, there was an
increase in TSS and TA as storage progressed
while reducing sugar, pH and vitamin C content
decreased with increase in time of fruit storage.

The higher TSS values of Valencia, as compared
with Ibadan sweet conforms to established
opinion. Valencia has been noted as the most
widely cultivated sweet orange cultivar globally
(Saunt, 1990). It has also been acclaimed the most
preferred by consumers due to its attractive colour
and high TSS and juice content (Davies and
Albrigo, 1994). Processors also place high value
on it as they utilize it in blending with lower
quality juices to improve their taste. It is thus
obvious that this variety could be consumed as
fresh fruit and as processed juice. Since seeds
coated with MSO had higher TSS at the end of the
storage period, it is logical that this coating be
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adopted for better retention of TSS particularly
when storage period is to be extended.

TA and pH followed similar pattern. Thus,
surprisingly, Valencia had higher TA than Ibadan
Sweet. Although the percentage fruit weight loss
of the two varieties as earlier reported (Ugese et
al., 2018) did not show statistical significance, it
is very likely that juice volume of Ibadan Sweet
was a bit higher than that of Valencia. As such for
equivalent volume of juice tested, TA tended to be
higher in Valencia than Ibadan Sweet.
Unfortunately, juice volume was not measured in
this experiment. Otherwise, results could purely
be based on varietal differences that may have
little or nothing to do with juice volume.

It is surprising that Ibadan Sweet contained
statistically more Vitamin C than Valencia, which
is acclaimed the most popular sweet orange
variety worldwide (Saunt, 1990). This may give
additional impetus to the rising popularity of
Ibadan Sweet among Nigerian citrus growers
particularly those in Benue State.
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Table 6: Effect of variety, oil type and concentration on Vitamin C content (mg 100g™) of stored sweet

orange fruits

Days in storage

Treatment 0 5 10 15 20 25 30
Variety

Ibadan Sweet 87.8 62.1 57.9 47.6 42.6 32.2 26.9
Valencia Late 75.3 54.4 475 405 35.6 28.6 23.8
LSD (o.05) 0.72 0.88 0.78 0.94 0.63 0.48 0.57
Oil Type

MSO 81.5 59.3 53.0 45.2 40.8 31.9 26.5
SSO 81.5 57.1 52.3 43.0 38.4 29.0 24.2
LSD (o.05) NS 0.88 NS 0.94 0.62 0.48 0.57
Oil Concentration (%)

0 81.5 54.9 50.6 39.9 36.9 28.6 23.1
1 81.5 58.9 52.5 45.1 40.1 30.3 26.1
2 81.5 60.8 55.0 47.2 40.2 32.3 26.5
LSD (o.05) NS 1.08 0.96 1.15 NS 0.59 0.69

NS — Non Significant; MSO — Moringa Seed Qil; SSO — Sesame Seed Qil

Table 7: Interactive effect of variety and oil concentration on Vitamin C content (mg 100g™) of stored

sweet orange fruits

Oil Concentration

Days in storage

Variety (%) 0 5 10 15 20 25 30
Ibadan sweet 0 87.8 57.1 55.0 40.5 39.5 29.8 24.4
1 87.8 63.3 56.9 50.5 445 32.0 28.6
2 87.8 65.8 61.6 51.9 43.3 349 27.8
Valencia 0 75.3 52.6 46.2 39.2 349 27.5 22.4
1 75.3 54.5 48.0 39.7 35.3 28.7 23.6
2 75.3 55.9 48.3 42.6 37.1 29.7 25.3
LSD (.05 NS 1.53 1.35 1.63 1.09 0.83 0.98

The usefulness of sweet orange is largely
accounted for by its high content of vitamin C
which is considered a very important anti-oxidant.
MSO coating enhanced the levels of Vitamin C in
fruits compared with SSO. Since citrus fruits are
largely valued for their Vitamin C content, any
coating material that minimises its degradation
during storage is considered an asset. Vitamin C
has been noted to be highly degradable in storage

(Wilhelmina, 2005) and could be particularly so
under ambient conditions.

Increase in TSS and TA with storage duration as
obtained in this study is contrary to reports by
Alhassan et al. (2014) and Faasema et al. (2011).
It is however consistent with a number of other
studies. Echeverria and Ismail (1987) observed
biochemical changes in four varieties of citrus in
storage. There was an increase in TSS of
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“Hamlin” oranges, “Robinson” tangerines and
Palestine limes. TSS of Marsh grapefruit however,
remained unchanged. Similar observations have
been made by Samad et al. (2019) in China lime
(Citrus aurantifolia) and Rapisarda et al. (2008) in
mandarin. Increase in TSS in storage could be due
to a breakdown of organic compounds to simpler
sugars (Faasema et al. 2011). Echeverra and
Ismail (1987) found a positive correlation between
TSS and sucrose content of Hamlin oranges.
Sugars and acids are major constituents of citrus
fruit that define its quality. However, they also
serve as respiratory substrates. As such, their
concentration during storage could depend on
postharvest storage conditions such as storage
duration, temperature humidity, and application of
coatings, among others (Echeverria and Ismail,
1987). Variable postharvest storage conditions as
well as genetic factors may therefore account for
the seeming contradictory results that are often
reported by different researchers.

Temperature has been noted as the most important
environmental factor affecting the postharvest life
of horticultural commodities due to its influence
on respiration rate. For every 10 °C increase in
temperature, there is a 2 to 3-fold increase in
respiration rate which reduces shelf life of the
produce by half or more. (Chowdhury, 2018).
Marcilla et al. (2006) who stored citrus fruits at
temperatures ranging from 3 — 25 °C reported that
acidity of fruits stored at higher temperatures (20-
25 °C) was lower than that of fruits stored at lower
(5-15 °C) temperatures. It is probable that at
higher temperatures, the organic acids were more
rapidly used up in respiration, thereby lowering
TA values. Temperature range in the course of the
study reported herein was 29.80 — 34.04 °C. This
is high enough to accelerate the process of
biochemical reactions. But to what extent high
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temperatures accelerate conversion of organic
acids to simpler sugars (increasing some
biochemical traits) or takes them up in respiration
(reducing some biochemical traits) seem not to
have been clearly articulated. In other words, the
pattern of biochemical changes in stored fruits
arising from the influence of high temperatures
does not seem to be universal. Suffice it to state
that genotype, storage duration, coating or the
absence of it, environmental factors during storage
(Echeverria and Ismail, 1987), stage of fruit
maturity at harvest (Alhassan et al., 2014), and
their possible interactions may all influence the
pattern of biochemical changes that occur.

A decrease in pH values of fruits as observed in
this study is consistent with results obtained by
Alhassan et al. (2014), although stage of harvest
of fruits appeared to have influenced their results.
For full ripe fruits, pH increased from 3.75 — 4.09.
The pH of half ripe and mature green fruits
witnessed a decrease from 4.03 — 3.84 and 4.03 —
3.88 respectively. There was a general decrease in
vitamin C content of fruits as storage progressed.
Samad et al. (2019) observed such trend in China
lime (Citrus aurantifolia). Postharvest storage
conditions have been known to increase losses of
Vitamin C. In particular, higher temperatures and
longer storage durations drastically depreciates
Vitamin C content of fruits and vegetables (Lee
and Kader, 2000). In a 21 days storage trial using
evaporative cooling system, ldah et al. (2010)
reported a decrease in ascorbic acid content from
7.52 to 0.49%. Total sugar content also decreased
from 0.65 to 0.25%. In another study, Hamedani
et al. (2012) observed a decrease in fruit quality
parameters in storage namely, TSS, TA and
ascorbic acid. It appears somewhat strange that
Alhassan et al. (2014) and Faasema et al. (2011)
rather found increases in ascorbic acid content of
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citrus fruits stored under ambient

conditions.

tropical

Generally, Vitamin C is highly susceptible to
losses during postharvest handling and storage
(Wilhelmina, 2005). The higher content and
retention of Vitamin C by Ibadan Sweet variety
compared with Valencia could be due purely to
genotype (Lee and Kader, 2000). For most part of
the storage period, coated fruits had lower TSS
than uncoated ones or at least showed such
tendency. Samad et al. (2019) found that fruits of
China lime treated with garlic extract had lower
TSS values than control fruits. In bell pepper,
Abad Ullah et al. (2017) reports that coating of
fruits drastically delayed increase in TSS
compared with non-coating. In tomato, Ali et al.
(2010) also found that coating fruits with 10%
gum Arabic delayed increase in TSS of the fruit.
Application of edible coatings led to higher TA
values in contrast to the control.

Vitamin C retention was better when fruits were
coated with edible materials. This is corroborated
by reports of Samad et al. (2019) in China lime
where considerably higher amounts of Vitamin C
were obtained by treating fruits with garlic and
ginger extracts. Similar observation was made in
bell pepper coated with gum Arabic (Abad Ullah
et al., 2017), and in tomato (Eltoum and Babiker,
2014). Ayranci and Tunc (2004) ascribed such
effects as they found in apricots and green peppers
to be due to a reduction in oxidation of organic
acids leading to enhanced levels of ascorbic acid
in coated fruits. MSO enhanced vitamin C
retention better than SSO. Since Vitamin C is
crucial in defining nutritional quality of citrus,
storage with MSO may be more beneficial.

In conclusion, TSS and TA were found to increase
with time while pH, reducing sugar and ascorbic
acid reduced as storage progressed. Essential oil
coatings enhanced biochemical attributes of fruits
with the 2% concentration exerting better effects.
As such, the oils, particularly MSO can be utilized
to delay postharvest quality deterioration of sweet
orange fruits under ambient storage conditions.
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