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Abstract: The storage temperature is one of the most important factors affecting on the fruit peels composition
and quality after harvesting. The pink grapefruit (Citrus paradise L.) peels was subjected in current study to
examine the effect of different storage conditions on phytochemical constituents, the antioxidant activity and
constants of peels oil. The phytochemical constituents of the pink grapefruit peels such as lycopene, phenolics,
flavonoids and vitamin C were assessed the level of their concentrations for examine their antioxidant activities
and the effect of storage on those components. The antioxidant effects was determined from the changes in
acid value, peroxide number, conjugated diene and triene contents and the delay of rancidity of pink grapefruit
peels oil during storage conditions for 60 days in refrigerator temperature at 8 £1°C and for 40 days in room
temperature at 16+ 4°C. Results of a proximate composition of pink grapefruit peels during storage conditions
showed that significantly decreased (P = 0.05) in moisture, carbohydrate and energy values at most storage
periods. On the other hand, protein, fat, fiber and ash contents were significantly increased (P < 0.05) in most
different storage periods. The Antioxidants components such as: Lycopene, total phenolics and total
flavonoids content; as well as, antioxidant activity of pink grapefruit peels were significantly increased (P =
0.05) during storage conditions, while, ascorbic acid levels were significantly (P < 0.05) decreased during
storage periods at different storage conditions. The rates of increase in antioxidant activity of samples stored
at room temperature were higher than in the refrigerator. The contents of peroxide number, conjugated diene
and triene was significantly (p = 0.05) increased for most storage periods at room temperature (16+ 4°C), while,
non-significant differences (p = 0.05) were found during storage periods at refrigerator temperature (8 £1°C).
On the other hand, acid value was significantly decreased (p < 0.05) after 20 days of storage at room
temperature, while, non-significant differences (p < 0.05) were found during storage periods at refrigerator
temperature. The storage at refrigerator temperature (8 £1°C) improved the shelf-life of pink grapefruit peels and
to maintain health promoting compounds.

Vegetables and some fruits such as citrus, cherries,
grapes, pineapples, that have a respiration rate which at
a given temperature, remains fairly constant, or even fall
slightly, during the post-harvest period [1]. As the fruit
matures on the tree, the pulp becomes juicy and sweet
(or acid in lemons and limes) and remain so for a long time.
The most important characteristic of freshly harvested
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INTRODUCTION fruits and vegetables is that, they are still alive and

respiring [2]. Transpiration is one of the major processes
that affect commercial and physiological deterioration
of fruits and vegetables, it induces wilting, shriveling
and loss of firmness, crispness and succulence all
components of freshness. The desiccation resulting from
moisture loss reduces the commercial value of the product
adversely affecting its appearance, texture, flavour and
weight [3].

Corresponding Author:

Manal Abdel Hamid Mahmoud Hassan, Food Science and Technology Department,

Faculty of Agriculture, Assiut University, Assiut 71526, Egypt.



World J. Dairy & Food Sci., 12 (2): 115-123, 2017

Citrus fruits are highly consumed worldwide as fresh
produce, juice and most often the peel is discarded as
waste which contains a wide variety of secondary
components with substantial antioxidant activity in
comparison with other parts of the fruit [4]. Therefore, a
large amount of peel is produced every year. Citrus peel,
the primary waste, is a good source of molasses, pectin
and limonene and is usually dried, mixed with dried pulps
and sold as cattle feed [5]. Citrus peels are subdivided
into the epicarp or flavedo (coloured peripheral surface)
and mesocarp or albedo (white soft middle layer). The
grapefruits as agents able to lower blood pressure
interfere with calcium channel blockers and the grapefruit
juice having anti-genotoxic effects [6, 7].

Citrus (Citrus L. from Rutaceae) is one of the most
popular world fruit crops, contains active phytochemicals
that can protect health. In addition to this, it provides an
ample supply of vitamin C, folic acid, potassium and
pectin. The contribution of citrus species in deterrence of
life threatening diseases have been assessed [8, 9] and it
has been reported that citrus fruits, citrus fruit extracts
and citrus flavonoids exhibit a wide range of promising
biological properties due to their phenolic profile and
antioxidant properties [10].

Lycopene is a phytonutrient and an antioxidant
which is responsible for the characteristic deep red colour
of fruits and their food products. Lycopene act as an
antioxidant reduces oxidative stress. It may play a
significant role in many health concerns, including
cardiovascular disease, diabetes, cancer, osteoporosis,
liver disease, cataracts and male infertility. Lycopene a
carotenoid without pro-vitamin-A is present in many fruits
and vegetables. Fruits and vegetables that are high in
lycopene olive, gac, tomatoes,
watermelon, pink grapefruit, pink guava, papaya, sea
buckthorn, wolfberry and rosehip [11].

Major bioactive compounds known for health
benefits are phytochemicals, especially phenolics in fruits
and vegetables. Studies have reported that plant
phenolics are not only present in edible parts of plant but
their presence with multiple biological effects has also
been reported in non-edible parts of the plants. Many
researchers found out that the citrus plants contain a wide
range of flavonoids constituents which is the secondary
metabolites compound from plants. Although flavonoids
glycosides can had a wide range of biological activities,

include autumn

the protective role of flavonoids in living systems was
mostly due to their antioxidant potential, which is related
to transfer of reactive oxygen species (ROS), chelation of
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metal catalysts, activation of antioxidants enzymes and
inhibition of certain type of oxidases and colon cancer
[12,13].

Citrus byproducts are promising sources of bioactive
ingredients and of valuable technological and nutritional
properties. These byproducts can be used as ingredients
and food additives [14, 15] in food industry for their cheap
valuable component [16]. Peels are generated as the
primary citrus byproducts represent about 50-65% of
fruit weight during processing. These byproducts
discarded and considered as a huge load to the
[17, 18, 19]. In Egypt
Mediterranean countries, a major quantity of the citrus
peels does not process. Some efforts were made to use
these residues as livestock feed [20, 21].

Among antioxidant vitamins, vitamin C plays several
roles in human health [22]. More than 90% of the vitamin
C in human diets is supplied by fruits and vegetables,
being citrus fruits the most important sources of vitamin
C because of the large quantities consumed [23, 24].
Also, peels are good
compounds can be extracted and employed as natural
antioxidants to prevent oxidation of some foods or may be
utilized in designing functional foods [25, 26]. Citrus peels

environment and many

citrus source of phenolic

described as rich source of unique phenolic compounds
citrus, especially the
glycosides (mainly naringin, hesperidin, narirutin and neo
hesperidin). Huge amounts of flavanones and many
polymethoxylated flavones which are very rare in other
plants are contained in citrus peels [27, 28].

Citrus peel oils have been used widely in beverages,
cosmetics, pharmaceuticals and perfumery industry,
whereas seed oils are used in cooking and for treatment of
leather and textile. The quality, freshness and uniqueness
of citrus oils are major considerations pertaining to their
value and applications. However, large amounts of
volatile components, as well as unsaturated compounds,
render the oils unstable and prone to change with time
and storage conditions. Most of the qualitative changes
of citrus peel oil during storage occur due to evaporation,
oxidation, polymerization, rearrangement and cyclization
of some labile constituents in the presence of heat, light,
oxygen, moisture and catalysts resulting in the loss of
volatile components and formation of off-flavor artifacts
[29, 30].

In recent years, white and pink grapefruits

to characteristic flavanone

(Citrus paradise Macf.) have attracted much attention
because of their nutritional and antioxidant properties.
High levels of bioactive flavanones glycosides, namely,
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naringin and narirutin, have been reported in seed and
peel residues released after grapefruit juice extraction,
although further research is required to explore the
composition of this fruit variety and its byproducts in
more detail [31, 32, 33].

The aim of this study was to investigate the effect of
different storage conditions; refrigerator temperature
(8 £1°C) for 60 days, room temperature (16 4°C) for
40 days the phytochemical constituents, the
antioxidant activity of the pink grapefruit peels and the
chemical constants of oil extracted from peels during
these conditions.

on

MATERIALS AND METHODS

Materials

Samples: Pink grapefruit (Citrus paradise L.) foster
variety was brought from botanical farm - Faculty of
Agriculture - Assiut University in January 2017. The
fruits studied were botanically classified using the
synthetic proposal of Mabberley [34]. Morphological
characterization of the sample (8 fruits analyzed) was
performed (Table 1) for botanical description
weight, shape other  distinctive general
characters, such as peel (flavedo and albedo) thickness
and the smoothness of the surface, number of segments
of the endocarp and seeds presence were described
according to horticultural criteria defined by Hodgson
[35].

and

Storage Samples: The fruits were gathered either
directly from trees and shrubs and stored. For examination
only healthy looking fruits were chosen (without
mechanical damages and bacterial infection) and mature
(Fig. 1).

The fruits were stored for 60 days at refrigerator
temperature (8 £1°C) and for 40 days at room temperature
(16+4°C) (shelf life) (Fig. 2). Every 20 days (refrigerator);
10 days (shelf life) the fruit peels (outer yellow layer and
inner white layer) were taken, cut into a cube size
approximately 4x4x4 mm3 and dried at 50°C in hot-air oven.
The dried samples were milled then the whole yellow flour
was analyzed.

Experimental Methods

Proximate Composition: Moisture, crude protein, crude
oil, crude fiber and ash were determined as described in
the AOAC methods [36]. Triplicate determinations were
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carried out for each sample and the means were reported.
The total carbohydrates content was determined by
difference according to FAO [37] as follows:
Carbohydrate % < 100 — (protein % =+ ash % + lipid % +
crude fiber %). The caloric value was calculated using
value of 4 k.cal/g for protein, carbohydrates and 9 k.cal/g
for fat according to Livesy [38].

Lycopene and Ascorbic Acid: Lycopene content of
samples extract was determined using a colorimetric
method by Rao et al. [39]. Lycopene of samples was
extracted with hexane, methanol and acetone (2:1:1) for 1h.
Absorbance of the extract at 502 nm was measured using
spectrophotometer against the blank extract solvent.
Ascorbic acid was determined according to the method
described by Sahlin et al. [40]. The results were expressed
as mg/100 g dry weight (DW).

Total Phenolic, Favonoid Contents and Antioxidant
Activities Assay: The total phenolic compounds of
samples was determined using modified Folin-Ciocalteu
colorimetric method [41], while the aluminium chloride
colorimetric assay was used for flavonoids determination,
as described by Marinova et al. [42]. The hydrogen
peroxide scavenging ability of samples was used to
determine antioxidant activity assay according to the
method of Ruch et al. [43].

Chemical Constants of Pink Grapefruit Peels Qil: The
oil of pink grapefruit peels was extracted by n-hexane
during storage conditions (at room temperature and
refrigerator), the oil was used to determine the chemical
constants; acid value, peroxide number, conjugated diene
and triene. Free fatty acid (acid value) content was
determined according to the method outlined in the
TUPAC [44]. Peroxide value was determined according to
the method described in A.O.C.S. [45]. Contents of
conjugated dienes (CD) and conjugated trienes (CT)
were calculated according to the method described by
Fathi et al. [46] which is based on the measurement of
solution absorbance (5 mg of oil sample dissolved in 10
mL cyclohexane) at 234 and 270 nm for CD and CT,
respectively.

Statistical Analysis: The experimental data were
subjected to an analysis of variance (ANOVA) for a
completely randomized design using a statistical analysis
system [47].
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Table 1: Morphological characterization of pink grapefruit purchased in botanical farm

Sample Weight (g) Shape Skin

Flavedo (mm) Albedo (mm)  Segments number Seed number

Pink grapefruit 325.56 Subglobose

Smooth dotted

2.00 4.00 12 48

Fig. 1: Pink grapefruit (Foster variety)

Fig. 2: Storage of pink grapefruit at room temperature and refrigerator

RESULTS AND DISCUSSION

Approximate Composition of Pink Grapefruit Peels
During Storage: The moisture contents of pink grapefruit
peels stored at room temperature, refrigerator was shown
in Fig. (3) and Fig. (4). It was clear that the moisture
content of grapefruit peels decreased significantly
(P = 0.05) during the storage periods at room temperature
or refrigerator with the continuation of the storage period
as it was 82.42% at the beginning of storage and
decreased to 57.83% after 40 days of storage at room
temperature (16+ 4°C) while it decreased to 55.95% after
60 days of storage in the refrigerator (8 £1°C).

From the results in Fig. 3 and Fig. 4, it can be
observed that the rate of moisture loss after 40 days was
29.83% at room temperature and 21.63% at refrigerator
temperature after 40 days. There is a gradual decrease in
the moisture content in the grapefruit peels as a result of
the transpiration process occurs in the fruits, which leads
to water loss, noting that the rate of transpiration at room
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temperature is higher than that occur in the refrigerator
due to temperature difference between the room and
refrigerator. In postharvest study by Shimshon et al. [48]
showed that water loss of citrus fruits during storage is a
factor in the postharvest weight loss. It causes
accelerated softening and loss of attractive appearance of
fruits. The resultant water stress enhances senescence.
Loss of weight involves mainly the peel, not the pulp of
the fruits. As the peel is a major marketing feature, peel
appearance is as important economically, if not more than
the flavour of the pulp.

Approximate composition of pink grapefruit peels
during storage conditions for 60 days in refrigerator
(8 £1°C) and for 40 days at room temperature (16+ 4°C)
are presented in Table 2. From these data it could be
noted that, protein, fat, fiber and ash contents were
significantly increased (P < 0.05) in most different storage
periods. The highest rates of protein, fat, fiber and ash
contents were found (49.61%, 85.22%, 62.23% and 38.90%
respectively) in samples stored in the refrigerator at end
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Fig. 3: Moisture content of pink grapefruit peels stored at room temperature (shelf life)
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Fig. 4: Moisture content of pink grapefruit peels stored at (8 £1°C) (refrigerator)

Table 2: Proximate composition (g/100 g dry peel) of pink grapefruit peels during storage conditions (at room temperature and refrigerator)

Storage period (days) Crude Protein Crude fat Crude Ash Crude fiber Total carbohydrates The caloric value (Kcal/100g)
Shelf life 0 6.43 3.79 2.78 8.22 79.08 376.15
10 6.50 4.14 3.29 9.61 76.46 369.10
20 7.01 5.48 3.76 10.72 73.03 369.48
30 7.29 6.23 3.90 11.21 71.37 370.71
40 8.41 6.46 4.02 11.38 69.73 370.70
Refrigerator 0 6.43 3.79 2.78 8.22 79.08 376.15
20 6.85 6.47 3.36 9.65 73.67 380.31
40 8.31 6.75 3.69 10.44 70.81 377.23
60 9.62 7.02 4.51 11.42 67.43 371.38
L.S.D 0.05 0.28 0.21 0.13 0.38 4.67 5.18

storage time (Table 2), these increments may be due to the
decreasing of moisture content during storage time in all
samples. On the other side, non-significantly decreased
(P = 0.05) in total carbohydrate in most storage periods,
except for end of storage period was significantly
decreased (P 0.05) when compared with zero time
(Table 2). The highest rate of low carbohydrate was found
(14.73%) in samples stored in the refrigerator at end
storage time. It is known that the peel of fruits is a living

<
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system containing active enzymes that continue to work
even during storage causing the respiration process
which occurs in the peels [3]. The process of respiration
due to analysis of carbohydrates by enzymes, producing
carbon dioxide and heat energy leading to evaporation of
water from the peels. So the moisture content, total
carbohydrates was decreased during storage on room
temperature or refrigerator and the oil, protein, ash, crude
fiber was increased as a result of that decrement.
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Table 3: Bioactive components and antioxidant activity of pink grapefruit peels during storage conditions (at room temperature and refrigerator)

Storage Vitamin C Lycopene Total phenolics Total flavonoids Antioxidant activity
period (days) (mg vit C/100g D.W.) (mg lycopene /100g D.W.) (mg GAE/ 100 g D.W.) (mg catechin /100g D.W.) (scavenging H,O, molecules /100g D.W.)
Shelf life 0 52.26 42.93 1078.16 173.85 51.91
10 44.22 45.18 1152.96 192.58 52.10
20 32.16 46.09 1183.76 205.03 52.30
30 21.11 47.83 1210.51 218.75 52.43
40 18.09 49.85 1274.65 227.35 52.59
Refrigerator 0 52.26 42.93 1078.16 173.85 51.91
20 35.18 49.12 1092.85 183.50 52.17
40 32.16 50.64 1154.29 196.73 52.38
60 24.12 5118 1186.37 21045 52.56
L.S.D 0.05 2.61 1.81 1.81 7.56 0.27

Table 4: Acid value, peroxide number, conjugated diene and triene contents of pink grapefruit peels oil during storage conditions (at room temperature and

refrigerator)

Storage period (days) Acid value (mg of KOH/g of oil) Peroxide value (meq O,/kg oil) Conjugated diene Conjugated triene

Shelf life 0 3.17 2.88 0.22 0.07
10 2.63 3.43 0.33 0.18
20 2.01 4.93 0.44 0.23
30 1.38 7.59 0.52 0.29
40 1.27 9.89 0.60 0.33

Refrigerator 0 3.17 2.88 0.22 0.07
20 2.86 3.15 0.27 0.11
40 2.42 4.24 0.32 0.15
60 2.30 5.12 0.38 0.18

L.S.D 0.05 0.61 1.72 0.07 0.05

Table (2) also contains energy values; it is clear that
from these values there is a decrease in their values with
increased storage period at room temperature. Also, there
is a relationship between the contents of oil, protein,
carbohydrates and energy values, as a result of the
difference in these contents whether it decrease or
increase, this effects on the caloric values calculated from
those contents. The caloric value was ranged from
376.15 Kcal/100g to 371.38 Kcal/100g; from 370.70
Kcal/100g to 376.15 Kcal/100g for grapefruit peels samples
stored at refrigerator and room temperature, respectively.

Bioactive Components and Antioxidant Activity of Pink
Grapefruit Peels: Data presented in table 3 showed the
bioactive components such as: ascorbic acid, lycopene,
total phenolic compounds and total flavonoids content;
as well as, antioxidant activity of pink grapefruit peels
during storage conditions for 60 days in refrigerator
temperature at 8 £1°C and for 40 days room temperature at
16+ 4°C.

Ascorbic acid levels were significantly (P < 0.05)
decreased in pink grapefruit peels during storage period.
The reduction rates of ascorbic acid at the end of the
storage period of the storage at room temperature
(65.38%) were higher than in the refrigerator (53.84%).
On the other side, lycopene, total phenolic compounds
and total flavonoids content were increased in pink
grapefruit peels during storage period. The increment
rates of lycopene, total phenolics, total flavonoids

content at the end of the storage period were recorded
16.12%; 19.21%, 18.22%; 10.04%, 30.77%; 21.05% for shelf
life and refrigerator, respectively.

In general antioxidant activity gives an indication of
the efficiency of the antioxidant compounds found in the
treatments and their ability to act as antioxidants. Data in
Table (2) revealed that antioxidant activity of pink
grapefruit peels slightly increased and did not change
significantly during the entire experimental period at
deferent temperatures during storage period. The rates of
increase in antioxidant activity at the end of the storage at
room temperature (1.31%) were higher in peels which
stored in refrigerator (1.25%). Although the rates of
phenolic compounds, flavonoids and lycopene increased
during periods of storage, the rate of increased,
antioxidant activity of grapefruit peels was affected during
this period, may be due to the rate of decreased in
ascorbic acid content (Table 3). These results agree with
the observation that fruits and vegetables show a gradual
decrease in ascorbic acid content as the temperature or
time at storage increases. The observed effect of
temperature conditioning and/or storage time on ascorbic
acid degradation could be explained due to direct
oxidative destruction of ascorbinase activity, or by
indirect degradation through polyphenol oxidase,
cytochrome oxidase and peroxidase activity. Ascorbic
acid is very susceptible to chemical and enzymatic
oxidation during storage of fruits and vegetables. The
decreasing in vitamin C content due mainly to oxidation of
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ascorbic acid to dehydroascorbic acid, but ascorbic acid
was probably protected by the ascorbate-sparing effect of
the polyphenols that may be attributed to their higher
redox potential as compared to ascorbic acid [49, 50, 51].

Acid Value, Peroxide Number, Conjugated Diene and
Triene Contents of Pink Grapefruit Peels Oil: Acid
value, peroxide number, conjugated diene and triene
contents of pink grapefruit peels oil during storage
conditions for 60 days in refrigerator temperature at
8 +1°C and for 40 days in room temperature at 16+ 4°C are
presented in Table (4).

It is important to noted that acid value was
significantly decreased (p = 0.05) after 20 days of storage
at room temperature (16+ 4°C), while, non-significant
differences (p < 0.05) were found during storage periods
at refrigerator temperature (8 £1°C) Table (4).

On the other hand, peroxide number, conjugated
diene and triene contents were increased linearly during
storage periods different storage
Significantly increased (p < 0.05) in peroxide number,
conjugated diene and triene contents of most storage
periods at room temperature (16+ 4°C), while, non-
significant differences (p < 0.05) were found during
storage periods at refrigerator temperature (8 £1°C). The
increasing in peroxide number, conjugated diene and
triene contents may be due to the oxidation of some fatty
acids involved in the composition of oil and helped to
increase the temperature during storage at room
temperature. These results are in good agreement with
those obtained by Hyang and Masayoshi [29].

at conditions.

CONCLUSION

A proximate composition, the phytochemical
components as well as, antioxidant activity and stability
of oil extracts of pink grapefruit peels, clearly affected by
storage periods and different storage conditions. The
storage at refrigerator temperature (8 +£1°C) improved the
shelf-life of pink grapefruit peels and to maintain health
promoting compounds.

REFERENCES

1. Hardenburg, R.E., A.E. Watada and C.Y. Wang, 1986.
The commercial storage of fruits, vegetables and
florist and nursery stock. Agricultural Handbook of
the United States Department of Agriculture, 66: 30.

121

2.

10.

11.

12.

Snowdown, A.L., 1988. A review of the nature
and causes of post- harvest deterioration in
fruits and vegetables, with especial reference to
those in international trade. Biodeterioration,
7: 585-602.

Ben, Y., S. and R. Rodov, 1999. Post-harvest
physiology and pathology of vegetables. 2™ Edn.,
New York: Jerry, A.D. Jeffry, K.B
EdsMercelBekker, Inc.

Manthey, J.A. and K. Grohmann, 2001. Phenols in
citrus. peel byproducts. Concentrations of
hydroxycinnamates and polymethoxylated
flavones in citrus peel molasses. J. Agric. Food
Chem., 49: 3268-3273.

Bocco, A., M.E. Cuvelier, H. Richard and C. Berset,
1998. Antioxidant activity and phenolic composition
of citrus peel and seed extracts. J. Agric. Food Chem.,
46:2123-2129.

Assis, C.R.C.L., H.HH.M. Hermsdorff and J. Bressan,
2013. Anti-inflammatory properties of orange juice:
possible favorable molecular and metabolic effects.
Plant Foods Hum Nutr, 68: 1-10.

Sica, D.A., 2006. Interaction of grapefruit juice
and calcium channel blockers. Am. J. Hypertens.,
19: 768-773.

Anagnostopoulou, M.A., P. Kefalas, V.P.
Papageorgiou, A.N. Assimopoulou and D. Boskou,
2006. Radical scavenging activity of various
extracts and fractions of sweet orange flavedo
(Citrus sinensis). Food Chem, 94: 19-25.
Guimara“es, R., L. Barros, J.C.M. Barreira, M.J. Sousa,
A M. Carvalho and I.C.F.R. Ferreira, 2009. Targeting
excessive free radicals with peels and juices of citrus
fruits: grapeftruit, lemon, lime and orange. Food Chem.
Toxicol., 48: 99-106.

Montanari, A., J. Chen and W. Widmer, 1998. Citrus
flavonoids: a review of past biological activity
against disease. In: Manthey, J.A., Buslig, B.S. (Eds.),
Flavonoids in the Living System. Plenum Press, New
York, pp: 103-113.

Dhembare, A.J. and S.L. Kakad, 2105. Evaluation of
Lycopene Contents from Various Fruits and
Processed Food. Journal of Basic Sciences, Special
Issue on BiolPPF, pp: 50-53.

Chidambara, M.K.N., J. Kim, A. Vikram and B.S. Patil,
2012. Differential inhibition of human colon cancer
cells by structurally similar flavonoids of citrus. Food
Chemistry, 132: 27-34.

and



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

World J. Dairy & Food Sci., 12 (2): 115-123, 2017

Heim, K.E., Tagliaferro and D.J. Bobilya, 2002.
Flavonoid antioxidants: chemistry, metabolism and
structure-activity relationship. Journal Nutritional
Biochemistry, 13: 572-584.

O'Shea, N., E.K. Arendt and E. Gallagher, 2012.
Dietary fiber and phytochemical characteristics of
fruit and vegetable by -products and their recent
applications as novel ingredients in food products.
Innovative Food Sci. Emerging Technol., 16: 1-10.
Puupponen-Pimia, R., A.M. Aura, K.M. Oskman-
Caldentey, P. Mylla'rinen, M. Saarela, T. Mattila-
Sandholm and K. Poutanen, 2002. Development of
functional ingredients for gut health. Trends Food
Sci. Technol., 13: 3-11.

Galanakis, C. M., 2012. Recovery of high added-value
components from food wastes: conventional,
emerging  technologies and  commercialized
applications. Trends Food Sci. Tech., 26: 68-87.
Nayak, B., F. Dahmoune, K. Moussi, H. Remini,
K. Madani, S. Dairi, O. Aoun and M. Khodir, 2015.
Comparison
accelerated-assisted solvent extraction for recovery
of polyphenols from Citrus sinensispeels. Food
Chem., 187: 507-516.

Ramful, D., E. Tarnus, O.1. Aruoma, E. Bourdon and
T. Bahorun, 2011. Polyphenol composition, vitamin C
content and antioxidant capacity of Mauritian citrus
fruit pulps. Food Res. Int., 44: 2088-2099.

Wang, Y.C., Y.C. Chuang and H.W. Hsu, 2008. The
flavonoid, carotenoid and pectin content in peels of
citrus cultivated in Taiwan. Food Chem., 106: 277-284.
Chedea, V. S., P. Kefalas and C. Socaciu, 2010.
Patterns of carotenoid pigments extracted from two
orange peel wastes (valenciaand navel var.). J. Food
Biochem., 34: 101-110.

Farhat, A., A.S. Fabiano-Tixier, M.E. Maataoui,
J.F. Maingonnat, M. Romdhane and F. Chemat, 2011.
Microwave steam diffusion for extraction of essential
oil from orange peel: kinetic data, extract’s global
yield and mechanism. Food Chem., 125: 255-261.
Harris, J.R., 1996. Ascorbic acid: Biochemistry and
biomedical cell biology. In J.R. Harris (Ed.),
Subcellular biochemistry (pp: 25). New York: Plenum
Press.

DelRho, J.A., M. C. Arcas, O. Benavente-Garclia,
F. Sabater and A. Ortun’o, 1998. Changes of
polymethoxylated flavones levels during
development of Citrus aurantium (cv. Sevillano)
fruits. PlantaMedica, 64: 575-576.

of microwave, ultrasound and

122

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ortun”o, A., M.C. Arcas, O. Benavente-Garclia and
J.A. Del Rlyo, 1999. Evolution of polymethoxylated
flavones levels during development of tangelo Nova
fruits. Food Chemistry, 66: 217-220.

Albishi, T., J.A. John, A.S. Al-Khalifa and F. Shahidi,
2013. Phenolic content and antioxidant activities of
selected potato varieties and their processing by-
products. J. Funct. Foods, 5: 590-600.

Patil, B.S., G.K. Jayaprakasha, K.N. Chidambara
Murthy and A. Vikram, 2009. Bioactive compounds:
historical perspectives, opportunities and challenges.
J. Agric. Food Chem., 57: 8142-8160.

Swapna, S.R. and M. R. Bhaskar, 2013. In vitro
screening and identification of antioxidant activities
of orange (Citrus sinensis) peel extract in different
solvents. Int. J. Pharm. Bio. Sci., 4: 405-412.

Wang, L., J. Wang, L. Fang, Z. Zheng, Z. Dexian,
S. Wang, S. Li, C.T. Ho and H. Zhao, 2014.
Anticancer activities of citrus peel polymethoxy
flavones related to angiogenesis and others. Biomed.
Res. Int., 2014: 1-10.

Hyang-Sook, C. and S. Masayoshi, 2002. Effects of
Storage Conditions on the Composition of Citrus
tamurana Hort. ex Tanaka (Hyuganatsu) Essential
Oil. Bioscience, Biotechnology and Biochemistry,
66: 439-443.

Simon, M.N., H. Ukeda and M. Sawamura, 1996.
Changes in the Volatile Composition of Yuzu
(Citrus junos Tanaka) Cold-Pressed Oil during
Storage. J. Agric. Food Chem., 44: 550-556.
Kelebek, H., 2010. “Sugars, organic acids, phenolic
compositions and antioxidant activity of Grapefruit
(Citrus paradisi) cultivars grown in Turkey.
Industrial Crops and Products, 32: 269-274.

Zhang, M., C. Duan, Y. Zang, Z. Huang and G. Liu,
2011. The flavonoid composition of flavedo and juice
from the pummel cultivar (Citrus grandis(L.) Osbeck
and the grapefruit cultivar (Citrus paradisi) from
China. Food Chemistry, 129: 1530-1536.
Castro-Vazquez, L., M.E. Alanén, V. Rodriguez-
Robledo, M.S. Pérez-Coello, I. Hermosin-Gutierrez,
M.C. Diaz-Maroto, J. Jordan, M.F. Galindo and
M. Arroyo-Jiménez, 2016. Bioactive Flavonoids,
Antioxidant Behaviour and Cytoprotective Effects
of Dried Grapefruit Peels (Citrus paradisi Macf.).
Oxidative Medicine and Cellular Longevity, Article ID
8915729, pp: 1-12.

Mabberley, D.J., 1997. A classification for edible
Citrus (Rutaceae). Telopea, 7: 167-172.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

World J. Dairy & Food Sci., 12 (2): 115-123, 2017

Hodgson R.W., 1986. Horticultural Varieties of Citrus.
In Wardowski, W.F., S. Nagy and W. Grierson, Fresh
Citrus Fruits. Macmillan UK.

AOAC, 2000. Official Methods of Analysis (17" ed.),

Association of Official Analytical Chemists,
Arlington, VA., USA.
FAO, 1982. Natural additives from industrial

wastes. Research Continues, AinChams University,
31: 567- 577.

Livesey, G., 1995. Metabolizable
macronutrients. American Journal
Nutrition, 62: 1135S-11428S.

Rao, A.V., Z. Waseem and S. Agarwal, 1998.
Lycopene content of tomatoes and tomato products
and their contribution to dietary lycopene. Food
Research International, 31: 737-741.

Sahlin, E., G.P. Savage and C.E. Lister, 2004.
Investigation of the antioxidant properties of
tomatoes after processing. Journal of Food
Composition and Analysis, 17: 635-647.

Singleton, V.L., R. Orthofer, R.M. Lamuela-Raventos
and P. Lester, 1999. Analysis of total phenols and
other oxidation substrates and antioxidants by means
Method Enzymol.,

energy of
of Clinical

of Folin-Ciocalteu
299: 152-178.
Marinova, D., F. Ribarova and M. Atanassova, 2005.
Total phenolics and total flavonoids in Bulgarian
fruits and vegetables. J. Univ. Chem. Technol.
Metallur, 40: 255-260.

Ruch, R.J., S.J. Cheng and J.E. Klaunig, 1989.
Prevention of cytotoxicity and inhibition of
intracellular communication by antioxidant catechins
isolated from Chinese green tea. Carcinogenesis,
10: 1003-1008.

TUPAC, 1987. Standard Method for the Analysis of
Oils Fats and Derivatives, 7" Ed., C. Paquot (edr.)
Blackwell Scientific publications.

reagent.

123

45.

46.

47.

48.

49.

50.

51.

A.O.C.S, 1992. Official methods and Recommended
practices of the American Oil Chemists Socity,
4%end., AOCS Press. Champaign, Additions and
Revisions, Method Cd, 18-90.

Fathi, A., M. Sahari, M. Barzegar and H.N. Badi, 2013.
Antioxidant activity of Saturejahortensis L. essential
oil and its Application in Safflower Oil. J Med Plants,
12: 51-67.

SAS, 2000. SAS Users Guide. Statistical Analysis
System, 2000 ed. SAS Institute, Inc., Cary, N.C., M.S.
Taga, E.E Miller and D.E. Pratt, 1984. Chia seeds as a
source of natural lipid antioxidants. Journal of
American Oil Chemical Society, 61: 928-993.
Shimshon, B.H., E.G. Eliezer and B.H. Moshe, 1994.
Citrus fruits. In encyclopeadia of agric. Sci. by
Charles, J.A. and Ellen, M.R. Eds. vol 1. Academic
press, New York.

Buettner, G.R., 1993. The pecking order of free
radicals and antioxidants: Lipid peroxidation, a-
tocopherol and ascorbate. Archives in Biochemistry
and Biophysics, 300: 535-543.

Chaudhary, P.R., G.K. Jayaprakasha, R. Porat and
B.S. Patil, 2014. Low temperature conditioning
reduces chilling injury while maintaining quality and
certain bioactive compounds of ‘Star
Ruby’grapefruit. Food Chemistry, 153: 243-249.
Galani, Y.J.H., M.P. Mankad, A.K. Shah, N.J. Patel,
R.R. Acharya and J.G. Talati, 2017. Effect of Storage
Temperature on Vitamin C, Total Phenolics, UPLC
Phenolic Acids profile and Antioxidant Capacity of
Eleven Potato (Solanumtuberosum L.) Varieties.
Hortic. Plant J., 3: 73-89.



