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Storage conditions are important factors for fruit jam quality and antioxidant  pyplished Date: September 9, 2016
potential. The effects of storage time and temperature on stability of bioactive com-
pounds such as total phenolics and flavonoids and total antioxidant capacity of orange
jam were investigated. The jam samples were stored for a period of 30 days at 25
and 35°C. Total phenolic content of samples was determined by the Folin-Ciocalteu
method. Antioxidant capacity was determined by spectrophotometric methods and was
based on the evaluation of free-radical scavenging activity (FRSA) using DPPH rad-
ical and ferric reducing power (FRP). In the current study, the results showed that by
the end of storage, the bioactive compound contents and antiradical activity decreased
significantly. Also, extremely significant correlation (p < 0.001) was observed between
phenolic and flavonoid contents, and antioxidant capacity (FRSA and FRP) of orange DOI: 10.15436/2476-1869.16.1063
jam. Regardless of the phenolic compound loss after storage, orange jams are good
sources of substances with antioxidant potential.
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Introduction

Several epidemiological studies suggest that diets rich in phytochemicals and antioxidants perform a protective role on
health. Phenolics are important secondary plant metabolites and are widely distributed in many fruits and vegetables!!). Among
fruits, citrus fruits are rich sources of bioactive compounds such as flavonoids, phenolic acids and vitamin C, which display potential
health-promoting effects. Dietary intake of phenolics has been associated with reduced risk of chronic diseases, such as heart disease
and cancer, probably due to their antioxidant properties’¥. Many studies have suggested that the major antioxidant activity in fruits
is due to the presence of phenolic compounds.

Due to seasonal effects on the fruit availability and their shelf life limit, it is interesting to determine whether fruit-derived
products such as jams could also represent good sources of bioactive compounds. Jams are usually produced by cooking fruits with
sugar and other additives such as pectin and citric acid*?). Literature data indicate that quality parameters of foods are affected
by many factors including storage temperature and duration, packaging material, and oxygen concentration. The effect of storage
on degradation of bioactive compounds and total antioxidant capacity was investigated in strawberry!®, blackberry!”), strawberry,
cherry, apricot, fig and orange jams®. However, to the best of our knowledge there are few papers worldwide and none in Algeria
concerning the effects of storage temperature on the phytochemical contents and antioxidant capacity of orange jam. Hence, the
objective of the current study was to evaluate the changes in the phytochemical (total phenolics and flavonoids) contents and anti-
oxidant capacity of commercial orange jam marketed in Algeria, during storage at two different temperatures.
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Material and Methods

Chemicals

Folin—Ciocalteu reagent, and methanol were from Bio-
chem, Chemopharma (Montreal, Quebec); sodium carbonate
was from Sigma-Aldrich (Switzerland); aluminium chloride
and potassium ferricyanide were from Biochem, Chemophar-
ma (Georgia, USA); gallic acid was from Prolabo (Montreuil,
France) and 1,1-diphenyl-2- picrylhydrazyl (DPPH) was from
Sigma—Aldrich (Germany).

Samples and preparation of extracts

Three units each from two batches of orange jam mar-
keted in Algeria were used in the current investigation. Based
on the details indicated on the label, jam is composed of fruits,
sugar (sucrose), pectin, citric acid and preservative (E202).
The samples were divided into two groups. The first group was
stored at 25°C and the second at 35°C. The tested parameters
were determined before storage of samples, and after 3, 6, 9, 12,
15 and 30 days

Extracts were prepared by mixing one gram of sample
with 20 ml of 50% acetone. After agitation and centrifugation at
5000 rpm for 15 min, the extracts were recovered after filtration.

Determination of Total Phenolic Contents (TPC)

The phenolic content of extracts was determined with:
the Folin-Ciocalteu reagent using the method of Singleton and
Rossi). Briefly, acetone extract (200 uL) was mixed with 1/10
(v/v) diluted Folin-Ciocalteu reagent (700 puL) and 7.5% sodium
carbonate (400 pL). The mixture was incubated at room tem-
perature for 90 min, and the absorbance was measured at 765
nm (Uviline 9400 UV-visible spectrophotometer, Secomam,
France). TPC were expressed as mg gallic acid equivalents per
100 g of jam (mg GAE/100 g).

Determination of Total Flavonoid Contents (TFC)

The flavonoid content of the extracts was determined
according to the procedure described by Quettier-Deleu et all'l,
One thousand microlitres of sample were mixed with 1 mL of
aluminium chloride. The mixture was allowed to stand at room
temperature for 10 min. Absorbance was measured against the
blank at 410 nm. TFC were expressed as mg quercetin equiva-
lents per 100 g of jam (mg QE/100 g).

Antioxidant activities

1. Free Radical Scavenging Activity (FRSA): The 2, 2 diphe-
nyl-1-picrylhydrazyl (DPPH) radical was used to measure the
antioxidant activity of jam!'l. Each extract (500 uL) was added
to 1 mL of methanolic DPPH solution. The decolorizing process
was measured at 517 nm after 30 min of reaction and compared
to a blank control. The antioxidant activity was expressed as mg
gallic acid equivalents per 100 g of jam (mg GAE/100 g).

2.5.2. Ferric Reducing Power (FRP): The ferric reducing pow-
er of the extracts was measured according to Oyaizu!'? One hun-
dred microlitres of extract were mixed with 250 uL of phosphate
buffer (0.2 M, pH 6.6) and 250 pL of 1% potassium ferricyanide.
After incubation for 20 min at 50°C, 250 uL of 10% trichlo-
roacetic acid and 850 uL of distilled water were added to the
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mixture, and finally 170 pL of 0.1% ferric chloride were added.
The absorbance was measured at 700 nm. Gallic acid was used
as a standard and ferric reducing power was expressed as mg
GAE/100 g of jam.

Statistical analysis

Data were analyzed using infostat software. Analysis of
variance was performed by ANOVA procedure with two factors;
the model included the effects of storage time and temperature.
Means were separated by LSD analysis at a least significant dif-
ference of P < 0.05 value. Experiments were conducted in tripli-
cates. Correlations were performed using the correlation matrix
of STATISTICA 5.5 software at three different significant levels
(0.05, 0.01 and 0.001).

Results and Discussion

Phenolic compound content

Phenolic compounds are the most abundant antioxi-
dants in the human diet, and are widespread constituents of fruits
and vegetables. These compounds are of considerable interest
due to their antioxidant properties. The changes in total phenolic
content during storage of orange jam are presented in Figure 1.
The initial total phenolic content of analyzed samples is 70 mg
GAE/100 g. Rababah et al®l. reported a total phenolic content of
44 mg GAE/100 g of orange jam. This difference may be due to
fruits variety used, the degree of maturity and elaboration pro-
cess.

The statistical analysis revealed that storage time and
temperature have an influence on total phenolic content as de-
termined by Folin-Ciocalteu assay. Content of these compounds
decreased significantly (p < 0.05) during storage under the ex-
perimental conditions applied. Significant losses in total pheno-
lics (17 - 20%) were observed as a result of storage, after 30
days at 25°C and 35°C. These results were consistent with the
findings of De Moura et al’” and Poiana et alt'*! who reported a
decrease in phenolic content in strawberry and blackberry jams
after 3 months at 20°C and 6 months at 10 and 20°C, respective-
ly. Also, Rababah et al® concluded a decrease in total phenolic
compounds of orange jam stored at 25°C for 5 months. The re-
duction in phenolic content could mainly be resulted from oxi-
dation and polymerization reactions.

Figure 1: Effect of storage on phenolic compound content of orange
jam.

Flavonoid content
Flavonoids are among the most studied phytochemicals
in plant foods and include a large number of different molecules
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which may result in diverse biological activities!'). However,
the literature available is poor in references about evolution of
orange jam flavonoid content during storage. A significant (p <
0.05) loss in total flavonoid content of the analyzed jam (Figure
2) was observed after 30 days of storage; the content of these
bioactive compounds decreased by 19 and 30% at 25 and 35°C,
respectively. Similar results were reported by Zafrilla et all'*! for
flavonol contents of strawberry jams stored 6 months at 20°C. In
addition, Igual et al® found a loss from 29 to 39% for flavonoids
in grapefruit jam during storage (90 days at room temperature).

Figure 2: Effect of storage on total flavonoid content of orange jam.

Antioxidant activity

In order to assess the antioxidant capacity of orange
jam during storage, two methods based on different reaction
mechanisms were determined. The first is radical scavenging
activity which is based on the extract ability to neutralize DPPH
radical; the second is ferric reducing power (FRP) which is
based on the ability of extract to reduce Fe*.

1. Free radical scavenging activity: Fruits generally possess a
good antioxidant activity, which is linked to their high contents
of phenolic compounds. Numerous studies have suggested that
the phytochemical content and corresponding antioxidant activ-
ity of fruits and their processed products contribute to their pro-
tective effect against chronic and degenerative diseases. Because
the evaluation of the antioxidant capacity of foods commonly
consumed in the diet is of great importance, antioxidant capacity
of orange jam during storage was evaluated by DPPH radical
scavenging activity method (Figure 3). The results showed that
initial free-radical scavenging activity of orange jam was re-
duced by 48.5 and 56% after 30 days storage at 25 and 35°C, re-
spectively. Statistically, interaction time-temperature factor had
significant effects on antioxidant potential. According to Amak-
ura et all!l, radical scavenging activity of bayberry, blackcurrant,
blackberry, blueberry, raspberry, red currant and strawberry jam
decreased by 50 - 60%. The results of our study agreed with
those of Wicklund et al''® who reported a reduction in antioxi-
dant activity of strawberry jam. A loss of 50% was reported by
Rababah et al® in orange jam stored for 5 months at 25°C.

2. Ferric reducing power: The presence of reductants causes
the reduction of Fe** ferricyanide complex to the ferrous form;
Fe?* is monitored by measuring the formation of Perl’s Prussian
blue at 700 nm. The ferric reducing power may serve as a signif-
icant indicator of the antioxidant potential. Prior to storage, the
analyzed jam exhibited a ferric reducing potential of 15.3 mg
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GAE/100 g. As shown in figure 4, storage caused a decrease of
22 and 29% of reducing power of orange jam stored for 30 days
at 25 and 35°C, respectively. This decrease could be attributed
to the destruction of phenolics compounds. These results were
consistent with data reported for bilberry jam!"* and strawber-
ry jam!'®. Also, Poiana et al!'¥} indicated that reducing power of
strawberry, sweet cherry and sour cherry jams decreased by 19,
15 and 11%, respectively, after a storage of 3 months at 20°C.

Figure 3: Effect of storage on free radical scavenging activity of orange
jam.

Figure 4: Effect of storage on ferric reducing power of orange jam.
Correlations

Correlation analysis was used to explore the relation-
ship between different measured variables. The correlation ma-
trix presented in Table 1 revealed correlation between bioactive
compound content and antioxidant activity. A highly positive
correlation was observed between total phenolic and flavonoid
contents (R? = 0.94). The antioxidant capacity of samples was
influenced by the content of bioactive compounds; FRSA and
FRP activities were extremely and significantly correlated (p <
0.001) with TPC (R? = 0.81 and R? = 0.95, respectively) and
TFC contents (R? = 0.84 and R? = 0.91, respectively). This in-
dicates that these compounds are a major responsible for free
radical scavenging ability and ferric reducing power of the in-
vestigated jam. Similar results were reported by Patras et all®
for antioxidant activity and total phenolic content of strawber-
ry jam. A highly positive correlation (R? = 0.74) was found by
Rababah et al® between total phenolics and antiradical activity
of orange jam. Poiana et al'*! and Danijela et all'”! have also
reported that DPPH radical scavenging capacity and ferric re-
ducing power were positively correlated with total phenolic and
flavonoid contents of bilberry and strawberry jams. A highly
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positive significant correlation was also observed between both
antioxidant assays FRSA and FRP (R? = 0.90); this may be due
to the presence of molecules displaying simultaneously antirad-
ical and reducing properties.

Table 1: Correlation matrix between phytochemical content and antiox-
idant activity of orange jam.

Parameter Total' Total. FRSA FRP
phenolic | flavonoids

Total 1.00

phenolics

Total 0.94*** 1.00

flavonoids

FRSA 0.81*** 0.84*** 1.00

FRP 0.95%** 0.91%** 0.90%** 1.00

FRSA: free radical scavenging activity; FRP: ferric reducing power
**%p < 0.001: extremely significant correlation.

Conclusion

The results of the present study confirmed that storage
resulted in a decrease of bioactive compounds such as phenolic
compounds and flavonoids, and antioxidant activity of commer-
cial orange jams. Since there is a great interest in these com-
pounds because of increasing evidences of beneficial effects to
human health, it is important to know to what extent they are
affected by storage time and temperature. Phenolic compounds
and antioxidant activity of orange jams were relatively low at
high storage temperatures. Thus, the effects of storage on the
phytochemicals and antioxidant capacity of fruit jams should be
considered prior to selection of storage conditions.
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