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Abstract. Citrus is an important fruit produced in the Pakistan. The peel and waste of citrus after juice
extraction is mostly wasted which contain important antioxidants and polyphenols. In current study citrus
waste after juice extraction was utilized in the production of broiler meat as a feed ingredient, which have
positive effects on antioxidant level of the meat. Chicken breast nuggets were prepared from that meat
resulting in positive effect on Thiobarbituric acid reactive substances (TBARS) and 2,2-diphenyl-1-
picrylhydrazy (DDPH) activity of the nuggets. The pH of the nuggets reduced as the citrus waste
supplementation in the feed of the broilers increased, color L* and b* values of the nuggets were reduced,
and color a* value was increased as the citrus waste supplementation in the feed of the broilers increased.
Texture and water holding capacity of the nuggets have significant effect due to interaction effect of storage
and treatments.
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Introduction

Chicken meat and its products are used worldwide due to many nutritionally important
components which are good for human health i.e., low lipid contents and higher amount
of polyunsaturated fatty acids, which are higher than that in any red meat (Jittrepotch et
al., 2006). The major cause of deterioration of chicken meat and meat product is oxidation,
especially autoxidation because of higher amount of polyunsaturated fatty acids in the
meat of chicken which caused in the quality deterioration and off flavor, which can lead
to serious health problems (Mohamed et al., 2008). Lipid oxidation in the meat causes
undesirable changes by oxidizing fats enzymatically and non-enzymatically.
Autoxidation is a chain reaction and causes the meat to deteriorate (Cheng, 2016). The
control or minimizing the effect of oxidation is of greater interest for food industry.
Oxidation of fats in the meat can be controlled by many strategies including animal
dietary supplementation, processing, special packaging and use of antioxidants (Amaral
etal., 2018). Because of oxidation problems in meat and meat products the trend of using
synthetic antioxidants in broiler meat and meat products is increasing and possibility of
toxicity of synthetic antioxidants is a concern for consumers using these products
(Prasetyo et al., 2008).

The antioxidant potential of broiler meat and its meat products can be enhanced by
feeding broilers with natural antioxidants in feed like alpha-tocopheryl acetate and
alphalipoic acid (Sohaib et al., 2012). Alpha tocopherol acetate is effective antioxidant in
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breaking of chain reactions of the oxidation of fats in foods (Miller et al., 2005). Arshad
et al. (2011) working on vitamin E supplementation in feed of broiler meat observed that
vitamin E as a source of natural antioxidant is effective in reducing oxidation of meat and
meat products more than the control treatments. Kumar and Tanwar (2010) added ground
mustard in the chicken meat nuggets and found that the treatments having mustard have
greater potential of antioxidants and TBARS value of the treatments, with ground mustard
have enhanced antioxidant potential as compared to treatment which were made without
ground mustard. Citrus waste as a feed for different animals have studied and proven
effective in enhancing antioxidant levels of animals and cost of production also reduced
as citrus waste substituted the costly ingredients of feed.

Agricultural wastes including fruit wastes i.e. banana peel, citrus rind etc. are
biodegradable and polluting agents for environment if not recycled and reused. But
research has explored the importance of this waste material as source of nutrients for
plants, animals and birds. Hence, fruit wastes are processed and utilized not only as
supplements in food commaodities but also as source of nutrients for plants (Arshad et al.,
2018).

In the current study the broiler meat was produced using citrus waste supplementation
as a feed ingredient. Meat produced from the citrus supplemented waste was incorporated
in nuggets and observed for antioxidant and quality profile with objectives to enhance
antioxidant profile of chicken meat products and to observe effect of natural antioxidants
from broiler meat on storage properties of the nuggets.

Material and methods

The broiler birds of genus Gallus Domesticus were reared with experimental feed in
the Research Farm of Institute of Animal Nutrition in University of Agriculture
Faisalabad, Pakistan. Total of 225 birds were used in the study with 15 birds in each
treatment. There were three replications of each treatment. The feed of broiler was made
with the addition of citrus waste at five different proportions of citrus waste i.e., 0%, 2.5%,
5%, 7.5% and 10% using substitutional method and are indicated as MNo, MN2.5, MN5,
MN7s, and MNio, respectively. The birds were reared for 42 days with standard
conditions of food, water, and other environmental conditions. The temperature at the
farm was maintained as 25-30°C with regular supply of water. Lightning was provided
for at least 12 hours a day. After 42 days, birds were slaughtered and the breast meat of
the broiler of different treatments was used for the preparation of meat nuggets.

Formulation for broiler meat nuggets

Five treatments of nuggets made with different chicken meat were fed on citrus
supplemented feed having citrus waste level as 0%, 2.5%, 5%, 7.5% and 10%. The
ingredients for preparation of nuggets were weighed and mixed according to the recipe
(Table 1). The meat was washed with tap water, deboned manually and minced using
electric mincer (MG 100). The broiler meat and onions were mixed in a meat mixer for
five minutes, and then all other ingredients were added according to recipe and mixed
using meat mixer to provide a uniform blend. The mixture was extended in a thin layer
(10 mm thickness) and shaped into discs of 30 mm diameter (50+1 g/piece) to form a
nugget. The nuggets were dipped in plain flour and bread crumbs separately and baked at
180°C till attaining the desire color and texture. The nuggets were also stored at -20°C for
further analysis for different parameters at 0, 15 and 30 days of the storage.
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Table 1. Recipe of the nuggets prepared from the broiler’s breast meat fed on the feed with
addition of citrus waste

Sr. No Name of the ingredient Quantity used

1 Chicken boneless 500g
2 Egg 01

3 Black pepper 12¢
4 Garlic paste 15¢
5 Onion 150g
6 Plain flour 120g
7 Bread crumbs 70g
8 Salt 15g

Quality analysis of nuggets

Color of the Nuggets was determined with the method described by El-Gasim and
Al-Wesali (2000) using hunter lab color measurement device in AARI Faisalabad. The
pH of the nuggets prepared with chicken meat was determined as described by Sallam et
al. (2004). Water activity of meat nuggets was measured following the method of
El-Gasim and Al-Wesali (2000) using combination of a ventilated humidity and
temperature probe. The humidity and temperature probe automatically showed the water
activity value when it was placed on the meat samples. Water holding capacity of broiler
meat nuggets was determined according to the method of Qiao et al. (2001). The nuggets
samples were placed in 11 cm diameter filter paper between Plexiglas plates and pressed
at 2000 psi pressure for 1 minute. The water holding capacity was measured using formula
as indicated in Eq. 1.

. . 100x (total juice area—meat film area) xwater/squire inch filter paper
Water Holding capacity = . /54 PP (Eq.1)

Total moisture (mg) of original sample (sample weight in (mg) X %moisture)\

Thiobarbituric acid reactive substances (TBARS) assay was measured following the
method of Asghar et al. (1989). The per-oxidative reaction was initiated by adding ferrous
sulphate and hydrogen peroxide to the nuggets samples held in a water bath at 37°C.
One mL sample prepared in buffer solution (0.1 M KCI: 0.05 M NaOH; 0.13 M Lactic
acid) with pH 5.3-5.4 was withdrawn at 30 min intervals for a period of 120 min and
mixed to a same volume of solution of Thiobarbituric acid (0.4%), trichloroacetic acid
(10%), and hydrochloric acid (0.25 N). The mixture was heated in a boiling water bath
for 15 min and then cooled. After centrifugation, absorbance of supernatant was measured
at 532 nm. The extent of samples lipid peroxidation was calculated using the formula as
indicated in Eq. 2.

. sample absorbance—blank) xTotal sample volume
n — Moles of Malondialdehydes = (samp ) P (Eq.2)
0.00156%x1000 (per mL)

The DPPH radical scavenging activity of broiler meat nuggets was determined
following the method of Jung et al. (2010). The antioxidant activity of meat muscles
fractions estimated by measuring scavenging abilities to DPPH stable radicals. A sample
of 125 uL was mixed with 0.0012 M DPPH solution followed by the addition of 95%
MeOH up to final volume of 4 mL. The absorbance of the resulting solution and the blank
was recorded after 30 min at room temperature. The disappearance of DPPH was noted
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using spectrophotometer (CESIL CE7200, England) at 515 nm. Inhibition of free radicals
by DPPH in percent (%) was calculated using formula as presented in Eqg. 3.

Inhibition (%) = [100 X (A blank- A sample) -+ A blank (Eq.3)

Statistical analysis

The data obtained from treatments and replications were subjected to statistical
analysis using statistical program SAS version 9.0 to determine the level of significance
by two-way factorial ANOVA and Least Significant Different test as described by Steel
etal. (1997).

Result and discussion
TBRAS of the nuggets

TBARS is the standard to evaluate oxidation of meat and meat products. The higher
value of TBARS shows that product is towards the oxidation. Figure 1a shows that the
TBARS of chicken meat nuggets was significantly influence due to interaction effect of
effect of treatment and storage. TBARS value of the nuggets reduced in the treatments
(MN71o) of the nuggets which was prepared from the meat of the broilers that were fed on
the feed with the higher levels of citrus supplemented feed and higher values of the
TBARS were observed in the control treatment (MNo) at storage of 30 days. However,
the TBARS value of the nuggets increased with the storage time but this increase was
minimum in the treatment which was made from the chicken meat which have higher
antioxidants from the citrus waste. Sohaib et al. (2013) observed the quality of the nuggets
which was made from the chicken meat that were fed on the feed with alpha lipoic acid
and alpha tocopherol was higher as compared to the control treatment. He observed that
the TBARS value of the nuggets was high in the control treatment and low on the
treatment which were prepared from the meat which have higher level of alpha lipoic acid
and alpha tocopherol. Divya and Singh (2013) investigated addition of bitter melon
extract as a source of natural antioxidant in the chicken meat nuggets. It was observed
that addition of bitter melon in the chicken nuggets at 1% level improved the antioxidant
properties via TBARS of the nuggets and the nugget controlled more lipid oxidation with
bitter guard as a source of antioxidant. Mishra et al. (2015) observed increased in the
TBARS value of the dehydrated chicken meat balls stored at ambient temperature for
45 days and also decrease in the TBARS value was observed when treated meat with rice
flour was used.

DPPH activity

The data for DPPH activity of the nuggets prepared with the broiler breast meat fed on
the natural antioxidants from the citrus waste is presented in the Figure 1b and Figure 1c,
that shows nuggets have significant effects for DPPH activity due to treatments and
storage life.

The mean values showed that maximum DPPH activity of nuggets was observed in
MNz1o, which was prepared from meat of broilers that were fed on 10% citrus
supplemented feed while minimum DPPH activity value was observed in MNo, the meat
of that treatment was taken from the broilers group which were fed on control feed. This
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difference in the DPPH activity of different treatment is correlated with the amount of
citrus waste used in the feed of broiler, as citrus waste is a rich source of phenolic
substances like flavonoids which possess antioxidant activity and the natural antioxidants
in the meat of the broilers raised DPPH activity. The DPPH activity of nuggets reduced
during storage because of the loss in the polyphenolic contents of the meat.
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Figure 1. Interaction effect of citrus waste supplementation and storage on TBARS (a) and
individual effect of citrus waste supplementation (b) and storage (b) on chicken meat nuggets

O’Sullivan et al. (2004) added different level of tocopherol acetate (vitamin E),
rosemary (0.10%), sage (0.10%) and tea catechins (0.01%) in the feed of the broilers and
concluded that nuggets made from the breast meat of broilers fed on the vitamin E alone
have better antioxidant activities as measured by DPPH activity. Maliluan et al. (2013)
added rice bran instead of wheat flour by substitution method in the formulation of the
chicken nuggets and observed that antioxidant activity of the nuggets enhanced when rice
bran was added in the nuggets however the sensory qualities of the nuggets decreased by
adding rice bran.

pH of nuggets

The data for pH of the nuggets prepared with the broiler breast meat fed on the natural
antioxidants from the citrus waste is presented in the Figure 2, that shows that the nuggets
have significant effects for treatments and storage life. pH value of the nuggets showed
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that maximum value of the pH was observed in the treatment which was made from the
broiler meat which were fed on the control feed. Increased in the concentration of citrus
waste in the feed of broiler decreased the pH of nuggets made from the broiler meat. pH
value of nuggets increases as the storage period proceeded. Banerjee et al. (2012)
prepared goat meat nuggets with broccoli powder extract as an antioxidant and observed
decline in the pH of the nuggets when broccoli powder extract was used at the
concentration of 2%. Yadav and Sanyal (1999) reported that pH of the nuggets was
increased when antioxidants were added in the nuggets and pH also increased with storage.
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Figure 2. Effect of citrus waste supplementation (a) and storage (b) on pH of chicken meat
nuggets

Color of nuggets
Color L* value of nuggets

The data for the color L* value of the nuggets is presented in the Figure 3a, which
shows that the significant effects for the color L* value of the nuggets for treatments and
storage was observed. The highest mean value (67.24) for color L* of nuggets was
observed for treatment prepared with the meat of broilers fed on treatment plan MNg
(control) which reduced significantly and lowest value of the color L* value of the
nuggets was observed for the treatments of nugget prepared from meat of broilers fed on
10% citrus waste supplemented feed (MN1o). It is evident from the results that increase
in level of citrus waste supplementation in feed increase the natural compound deposition
in meat leading to a reduced of color L* value of nuggets. Decreasing trend for color L*
value of the broiler meat nugget from zero-day interval to 30 days’ interval was observed.

Bosale et al. (2011) evaluated functional chicken nuggets for quality and sensory
parameters. They also observed decrease in the color value of the nuggets when ground
carrot and mashed sweet potatoes were used as a functional ingredient in the chicken
nuggets, which support current investigations. Naveena et al. (2008) observed decline in
color for broiler nuggets when they were stored at freezing temperature and color of the
nuggets changed from red to brown which was due to the formation of metmyoglobin in
broiler meat. O’Sullivan et al. (2004) found increase in the color L* value of the chicken
nuggets during storage when the meat of the broiler was used which was fed on Rosemary
(0.10%) as a natural antioxidant in the feed.
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Color a* value (redness) of nuggets

The data for the color a* value of the nuggets is presented in the Figure 3b, which
shows significant effects for treatments and storage of the nuggets prepared from the
broiler breast meat fed on the citrus waste supplemented feed. Maximum mean value for
color a* of nuggets was observed for MN1o which was prepared with the meat of the
broilers which were fed on maximum citrus waste contents (10%) whereas minimum
mean value for color a* values of nuggets was observed for MNo which was prepared
with the meat of the broilers which were fed on control feed (0% citrus waste). Similarly,
potential variation was observed when the nuggets were stored for 30days under freezing
conditions. Hunter a* values of chicken nuggets containing natural antioxidants in the
feed of the broiler was also found increase by O’Sullivan et al. (2004) in their studies,
which support findings of the current studies. Verma et al. (2013) in their studies observed
increase in the color a* value of the sheep meat nuggets when they added guava powder
in the nuggets.

Color b* value (yellowness) of color of nuggets

The data for the color b* value of the nuggets is presented in the Figure 3c, which
shows significant effects for treatments and storage of the nuggets prepared from the
broiler breast meat fed on the citrus waste supplemented feed. Maximum mean value for
color b* of nuggets was observed for MNo, the meat of which treatments was used from
broilers that were reared on control feed (0% citrus waste in feed), whereas minimum
value for b* values of color of nuggets was observed under MN1o, the meat of which
treatments was used from birds that were reared on feed with maximum citrus waste
contents (10% citrus waste in feed). The color b* value of the nuggets also increased as
the storage period proceeded from 0 day to 30 days. Chandralekha et al. (2012) reported
that chicken meat balls incorporated with pomegranate rind powder extract as a source of
natural antioxidant, secured significantly higher color value than all other treatments but
the color value decreased during storage. Similar results have been reported by Kala et al.
(2007) in refrigerated chicken patties who observed increased in the color b* value.

Texture (shear force) and water holding capacity of the nuggets

The data for texture of the nuggets prepared with the broiler breast meat fed on the
natural antioxidants from the citrus waste is presented in the Figure 4a and 4b, which
shows that the nuggets have significant effects for treatments and storage life. Maximum
value for texture of the nuggets was observed after 30" days of storage whereas minimum
value for texture of nuggets was observed after 0 days’ interval. Texture values for
nuggets increased from 0 day to 30 days of the storage. The results of current
investigations are in line with the studies of Ruiz-Ramirez et al. (2005) who concluded
that texture become harder as the storage period of the nuggets proceeded. Moran et al.
(2012) reported lower values for shear force in groups of the nuggets in which antioxidant
was used as compared to the control groups.

The data for the water holding capacity of nuggets is presented in the Figure 4c, which
shows significant interaction effect of treatments and storage on water holding capacity
of nuggets prepared from the broiler breast meat fed on the citrus waste supplemented
feed. The highest value of water holding capacity of nuggets was observed in MNio
(nuggets prepared from the breast meat of the broilers which were fed on 10% citrus waste
supplemented feed) at 10 days of storage period while lowest was observed for MNg
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(nuggets prepared from the breast meat of the broilers which were fed on control feed) at
0 days of storage. Water holding capacity of the nuggets increased as the storage time
proceeded from O day to 30 days. Kikki et al. (2014) reported similar results in their
studies, they worked on development of functional chicken nuggets with the addition of
fermented bamboo shoots, beet root and cabbage. They observed that nuggets with the
cabbage incorporation possesses higher score for water holding capacity. Golsuch and
Alvarado (2010) observed increased in the water holding capacity of the broiler normal
and pale breast fillet, when used different marinating techniques. However, Arun et al.
(2008) working on the effects of full fat soy paste and textural soy protein on the quality
and shelf life of the goat meat nuggets on freeze storage observed non-significant effects
on the water holding capacity of the nuggets.
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Figure 4. Individual effect of citrus waste treatment (a) and storage (b) on texture and
interaction effect of treatment and storage on water holding capacity (c) of chicken meat
nuggets

Conclusion

In the current findings citrus waste after juice extraction is used in the broiler meat
production, the meat was further utilized in the nuggets preparation. The results showed
positive effects on quality and the antioxidant profile of the nuggets. The citrus waste is
normally wasted and in this study it is utilized for meat production. The study may be
effective for the industry of food processing. Further studies might be conducted to
increase utilization of citrus waste for different food products under different
environmental conditions where different varieties of both citrus and the broiler chicken
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can be tried for manufacturing of meat, eggs, and meat products. In this way the citrus
waste may be properly utilized for the benefits of human being as it is good source of
natural antioxidants that is usually wasted after juice extraction.
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