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ABSTRACT

The antioxidant potency of Tomato peel powder (TP) or Pomegranate peel powder (PP) at
different levels in chicken sausages was evaluated and compared to Butylated hydroxy
toluene (BHT) as synthetic antioxidant. The chemical, physical, cooking, microbiological and
sensorial properties of different chicken sausages treatments stored at -18°C for 4 months
were monthly determined. The results revealed that the thiobarbituric acid (TBA) values of
chicken sausage were decreased with increasing PP or TP levels. The positive effect of PP on
TBA value was higher than those of TP. The water holding capacity (WHC) of chicken
sausages was improved by adding PP or TP. The highest WHC value was recorded with TP
(1.5%) chicken sausage at the end of storage period. The PP or TP chicken sausages recorded
lower cooking loss values compared to control through the storage period. The total bacterial
count and sporeforming bacteria of chicken sausages decreased by adding PP or TP during
storage period. The coliform and yeasts & molds were not detected through storage period for
different studied chicken sausages. Sensory scores indicated that the addition of PP or TP at
different levels improved all studied sensorial characteristics. The TP (2.5%) chicken sausage
treatment scored the highest values of all studied sensorial characteristics at the end of storage
period followed by TP (2%) and PP (2.5%) chicken sausage treatments. Therefore, the TP or
PP can be used in chicken sausages as a safe and cheap source of natural antioxidant to
protect chicken sausages from lipid oxidation and improve cooking and sensorial properties.

Key words: Chicken sausage, tomato peel powder, pomegranate peel powder, antioxidant,
butylated hydroxy toluene (BHT), thiobarbituric acid (TBA).

INTRODUCTION

In the past few years, increasing demand
towards convenience foods has led to
increased production and consumption of
ground meat products. Grinding of meat
disrupts the integrity of muscle membranes
and exposes lipid membranes to metal ions
and facilitates the interaction of pro-
oxidants with unsaturated fatty acids
resulting in generation of free radicals and
propagation of oxidative reaction Devatkal
et al. (2010). Lipid oxidation is a major
cause of off-flavor in meat and meat
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products as well as deterioration limit shelf-
life via changes in flavor, texture, color, and
nutritional value of meat. These variations
would result in a product that is
unacceptable for human consumption.
Hence, it is necessary to prevent and reduce
the lipid oxidation during storage of meat
and meat products that can effectively
prolong the shelf life of these products
Zhang et al. (2013). The addition of
antioxidants into processed meat products is
one of the accepted methods to delay the
onset of lipid oxidation by reacting with
free radicals and quenching the metal ions.
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Antioxidants are compounds that are
capable of donating hydrogen (Ho")
radicals for pairing with other available free
radicals to prevent the propagation reaction
during the oxidation process. This
effectively minimizes rancidity, retards
lipid oxidation, without any damage to the
sensory or nutritional properties, resulting
in maintaining quality and shelf-life of meat
products. Antioxidants reduces or prevent
the oxidation and have ability to counteract
damaging effects of free radicals in tissues
and thus are believed to protect against
cancer, atherosclerosis, heart disease and
several other diseases (Juntachote et al.,
2006). The use of natural antioxidants has
the advantage of being more acceptable by
the consumers as these are considered as
non-chemical. In addition, they don’t
require safety tests before being used.
Moreover, natural antioxidants are reported
to be more powerful than the synthetics.
The demand for natural antioxidants has
recently increased because of the toxicity
and carcinogenicity of synthetic antioxidants
the attention is now being paid to increasing
the use of natural antioxidant to overcome
the diffidence of synthetic antioxidant and
it is proved as safe and more effective
compare to synthetic antioxidants. Plant
extracts having good antioxidant and
antimicrobial properties so it will help in
preservation of food. The use of synthetic
antioxidants like Butylated hydroxyl
toluene (BHT), Butylated hydroxy anisole
(BHA) and Tertbutyl hydroquinone
(TBHQ) in food has been decreased due to
their suspected action as promoters of
carcinogenesis, as well for the general
consumer rejection of synthetic food
additives (Mutahar et al., 2012).

Pomegranate (Punica granatum L.) rind
is an inedible part/byproduct obtained
during processing of pomegranate juice.
Rind and seeds of pomegranate fruits have
been demonstrated to be high in antioxidant
activity Devatkal et al. (2010). Pomegranate

peel or rind extract had scavenging activity
against super oxide anions and inhibitory
action on low density lipoprotein oxidation
Li et al. (20006).

Tomatoes (Solanum Ilycopersicum L.)
are widely consumed either raw or after
processing and can provide a significant
proportion of the total antioxidants in the
diet (Martinez-Valvercle et al., 2002).
Tomatoes constitute the predominant
source of lycopene and phenols in diet
(George et al., 2004). The peel fraction of
tomato waste contains lycopene up to five
times more than the pulp (on wet basis),
(Kaur et al, 2008). The lycopene is
responsible for the antioxidant activity of
tomatoes, which are related to the extensive
conjugation of double bonds, since it
quenches the singlet oxygen.

Hence, this study was performed to
improve the quality of chicken sausage
using tomato peel powder and pomegranate
peel powder as natural antioxidants and to
determine their effects on chemical,
physical, microbiological, coocking
characteristics and sensorial properties of
this products during freezing storage.

MATERIALS AND METHODS

Materials
Preparation of Peel Powders
Pomegranate peel powder

Pomegranate (Punica granatum L.)
fruits were washed then cut manually, and
the peels of pomegranate fruits were
manually removed and their edible portions
were carefully separated. The peels were
dried in an air-oven drier (DHG-9140A;
Yiheng Instrument Co., Ltd., Shanghai,
China) at 40+1°C for 48 h. The dried peels
were ground to a fine powder and passed
through a 30-mesh sieve then packed in
polyethylene bags and stored at -18 °C until
used (Qin et al., 2013).
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Tomato peel powder

The tomato (Solanum lycopersicum L.)
fruits were washed and boiled for 5 min in
water then separated manually. peel was
dehydrated at 50°C for 24 h in a ventilated
oven and ground to a fine powder then
packaged in polyethylene bags and stored at
-18°C until used (Namir et al., 2015).

Preparation of chicken sausage

The chicken sausage was prepared
using the formula (Bails ef al., 2011)
indicated in Table 1. The dried ingredients
(salt, sugar, refined wheat flour, spice mix,
condiment mix) were added to the chicken
breasts meat and visceral fat and skins and
mixed .This mixture was divide to 10 parts,
the first part saved as a control, the second
part supplemented with 0.15% Butylated
hydroxy toluene (BHT), the other parts
supplemented with (1%, 1.5%, 2%, 2.5%)
tomato peel powder (TP) or pomegranate
peel powder (PP) The all chicken sausage
samples were then placed in natural casings
and stored at -18°C for 4 months. The all
chicken sausage samples were monthly
analyzed for chemical, physical, cooking,
microbiological and sensorial properties
monthly.

Chemical Analyses

The moisture, protein, fat and ash contents
were analysed according to AOAC method
(AOAC, 2012) Carbohydrates content were
then calculated by subtracting the total of
other components (moisture, protein, fat,
and ash) from the total value (100%). The
pH value of chicken sausage was determined
using a calibrated pH meter (ED11 pH
meter-Hunvary made in  Romania)
according to the method described by
Sebranek et al. (2001). Total volatile
nitrogen (T.V.N) was determined according
to Malle and Poumeyrol (1989).

Thiobarbituric Acid (T.B.A)

The thiobarbituric acid was determined
according to Witte et al. (1970).

Physical analysis

Water Holding Capacity (WHC) was
determined by filter press method as
described by Wierbicki and Deatherage
(1958).

Cooking Properties of Chicken Sausage
Cooking loss (%)

The chicken sausage samples were
weighted before and after cooking to
determine cook loss according to the
method of Lee et al. (2008) using the
following equations:

rawweight—cookedweight

Cookingloss% = x100

rawweight
Change in length and diameter

Change in length and diameter for
chicken sausage was measured on cooked
samples as mentioned by George and
Berry (2000)

Microbiological Analyses of Chicken
Sausage

Total plate count agar was determined by
the method described by APHA (1992)
using plate count agar at 37°C for 48h. The
coliforming bacterial count of chicken
samples was determined according to
ICMSF (1996) using Violet Red Bill Agar
medium at 37°C/24 h. Yeast and mould
count and sporeformes count were
determined by the method described by
APAH (1992) wusing the following
equations: N = Ny- Kt Antonio et al. (2015)

Sensory Evaluation

Samples of chicken sausage were
sensorially evaluated according to the
method described by Garecia et al. (2009).

Statistical analysis

The statistical analysis was carried out
using one way analysis of variance
(ANOVA) under significant level of 0.05
for the whole results using Duncan’s test
was applied the statistical program Costat
(Ver. 6.400) according to Steel er al.
(1997). To as certain the significant among
means of different samples.
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Table (1): Chicken sausage formula.

Hussien, et al.

Ingredients Control (%) Treatment
TP PP

T, T, T, T, T, T, T, Ty
Chicken breast meat 60 60 60 60 60 60 60 60 60
Visceral fat and skin 10 10 10 10 10 10 10 10 10
Ice crystal 14 14 14 14 14 14 14 14 14
Salt 3 3 3 3 3 3 3 3 3
Sugar 1 1 1 1 1 1 1 1 1
Refined wheat flour 5 5 5 5 5 5 5 5 5
Spice mix 2.5 2.5 2.5 25 25 2.5 2.5 25 25
Condiment mix 4.5 4.5 4.5 45 45 4.5 4.5 45 45
BHT 0.15% - - - - - - - -
TP powder 1 1.5 2 2.5 - - - -
PP powder - - - - 1 1.5 2 2.5

T,= tomato peel powder 1%,

T;= tomato peel powder 2%,

P;= pomegranate peel powder 1%,

P;= pomegranate peel powder 2%,
BHT= Butylated hydroxy toluene 0.15%

RESULTS AND DISCUSSION

Chemical Characteristics of Chicken
Sausage during Frozen Storage Period

The changes in chemical properties of
chicken sausage contains tomato Peel
powder (TP) and pomegranate peel powder
(PP) as antioxidants during frozen storage
at -18°C for 4 months are presented in
Table 2. It could be noted from the obtained
results that the pH value of chicken sausage
contains tomato peel powder (TP),
pomegranate peel powder or Butylated
hydroxy toluene (BHT) significantly
decreased with progressing of storage
period and reached the lowest values at the
fourth month of storage period. Also, the
pH of control decreased from the third
month of storage period. The pH values
slightly decreased with increasing of TP or
PP powder concentrations. These results are
in accordance with the findings of EI-Nashi
et al. (2015) who found that the pH of beef
sausage with 1,2 and 3% pomegranate peel
powder reduced during the storage period.
A decrease in the pH value of beef sausage

T,= tomato peel powder 1.5%

T,= tomato peel powder 2.5

P,= pomegranate peel powderl.5%
P,=pomegranate peel powder2.5%
Control = without addition

containing tomato peel have been reported
by Moawad er al. (2012) and Salem
(2013). The results show that the moisture
of all chicken sausage treatments decreased
with increasing of storage period. The
decrease in moisture of control chicken
sausage was higher than those of with TP,
PP or BHT allover storage period. Also, the
moisture content was decreased with
increasing of TP or PP level. The moisture
of TP chicken sausage samples was lower
than those of with PP during storage period.
The loss in moisture of sausage during
storage period may be due to moisture
vapor migration from the surfaces of the
samples as a result of difference in vapor
water pressure with the surrounding cold air
(El-Nashi et al., 2015). The protein content
was significantly decreased as the storage
period increased.

The decrease in protein content of
treated chicken sausage samples during
storage period could be explained by the
loss of soluble protein associated with the
loss of water content of chicken sausage
and may be associated to activity of
proteolytic bacterial enzymes. Slightly
significant differences were observed in
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Table (2): Changes in chemical properties of chicken sausage supplemented with
tomatoes peel powder (TP) and pomegranate peel powder (PP) as antioxidant
during storage at -18°c for 4 months.

Storage
period Treatment
(month)
Control BHT T, T, Ts T, Py P, P; P,
pH
0 6.6bA 6.5bc A 6.8aA 6.6bA 6.5bc A 62dA 6.8aA 6.6bA 6.5bc A 64cA
1 65abA  63cdB 65abB  64bcB 62dB 58¢eB 6.6aB 64bcB  64bcA 63dA
2 6.5aA 6.1deC 63bcC 62cdC 6eC 57fBC 64abC 62cdC 6.1deB 6eB
3 63aB 6cdCD  62abC  60cdD 59dC 56eC 6.1bcD 6.0cdD 59dC 56eC
4 6.1aC 59bD 59bD 57cE 5.6cdD 54e¢fD  59bE 57cE 55deD 53fD
Moisture
0 68 aA 67b A 67b A 67b A 65cA 67bA 67b A 67b A 67bA 65cA
1 58dB 60bB 58dB 59¢B 60 bB 60bB 58dB 58dB 60bB 6laB
2 5047fC  53.66dC 52.02¢C 545cdC 5813bC 58.80abC  552¢C 5539cC 5896abC 5932aC
3 4554gD 4925efD 49.013fD 49.98 deD 51.99¢D 5356bD 508dD 5185¢D 5385bD 5588aD
4 4384fE 4385fE 4589¢E 4895dE 49.80dE 5259bE 4595e¢E 4957dE 5132¢cE  5396aE
Protein
0 112gA  115fA  120cA 123bA 12.8aA 129aA  1153fA 11.59efA 11.71de A 11.8dA
1 11.1deB 11.0ebB 11.61cB 1222bB 12.62aB 1270aB 11.00eB 1122dB 11.60cB 11.72c AB
2 11.0efB  1085fB 1142d C 12.0bB 12.13bB 1233aC 1090fB 11.11eBC 1145cdBC 11.6¢BC
3 105 gC 1063fgC 11.12¢D 11.79bC 11.82bC 1200aD 1069fC 1095e¢eC 113dC 1149cC
4 1000hD 1030gD 11.00cdD 11.11c¢D 1149bD 11.85aD 1051fD 107e¢D 109dD 11.1¢cD
Fat
0 1354fE 13.55¢fE 1460b E 1470bE 15,00aD 1430cD 13.60efE 13.63efD 13.73deD 1390dE
1 1380fD 1390efD 1500cD 1530bD 15.62aC 1571aC 1380fD 1399e¢C 1400eC 1430dD
2 1399fC 1430eC 1540cC 1550cC 16.51bB 16.75aB 1400fC 1410fC 1430eB 14.62dC
3 1440deB 14.80cB 1560bB 15.72bB 16.80 aA 16.88aB 1423eB 1444dB 1479cA 1491¢ B
4 1490fA 1520eA 1583cA 1600cA 16.89b A 1730aA 1451hA 1469gA 1495fA 1550dA
Ash
0 230dE  240cdE 243bcdE 2.53bcE 2.60bE 290aE 238cdC 241bcdC 250bcD 2.56bcC
1 250deD 260dD 281cD 3.11bD 333aD 350aD  240eC 243deC 255deD 2.60dC
2 28leC 301dC 322¢C 341bC 357bC 391aC 280eB 2.80eB 28leC 295deB
3 313eB 331dB 353c¢cB  3.60cB 412bB 432aB  291fB 293fB 3.14deB 349cA
4 340cdA 351cA  3.85bA 385bA 442 aA 455aA 329aA  336dA  342cdA  352cA
Carbohydrate
0 496eE  555cE  397gE 347hE 45fE 290IE  549c¢E 574bE  5.17dE 6.82aE
1 146bD 1250dD 1258dD 1037f D 843¢gD 8.09hD 148aD 1436cD 1185eD 1038fD
2 21.73aC 18.18bC 1794cC 1459fC 9.661C 821jC 171dC 166eC 1248gC 1151hC
3 2643aB  2201bB 20.62cB 1891eB 1527¢B 13241B 2209bB 1983dB 1692fB 1423hB
4 27.86aA  27.14bA 2343dA 20.09fA 1740h A 13.71JA 2574cA 2168eA 1941gA 15921A
Total volatile nitrogen (T.V.N)
0 938cE 980aE 9.71abE 9.57bE 9.66 abE 9.80aE 9.67abE 956bE 9.72abE  9.80aE
1 1591hD 1290aD 1490bD 14.00dD 13.80eD 1320gD 1430cD 1350fD 13.00hD 12311 D
2 2490aC 17.00d C 23.80aC 22.00abC 19.10bcdC 17.50dC 21.30abcC 18.00cdC 1720dC 1621dC
3 342aB 2021B 322bB  295c¢B 262¢B 259fB  284dB 259fB 235gB  2141hB
4 4021aA  3000iA 3940bA 3720dA 3380fA  3190hA 3790cA 3510dA 3250gA 2930jA

T,= tomato peel powder 1%,

T, = tomato peel powder 2.5%,

T,= tomato peel powder 1.5%

BHT= Butylated hydroxy to luene 0.15%
P,= pomegranate peel powder 1%, P,= pomegranate peel powder 1.5% P;= pomegranate peel powder 2%,
P4= pomegranate peel powder 2.5%,
Means with the same capital letters in the same column are not significantly different;
Means with the same small letters in the same raw are not significantly different

Control= without addition

T;= tomato peel powder 2%,
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respect of protein content of PP chicken
sausage treatments. This may be due to the
lower protein content of PP (Kumar and
Neeraj, 2018). Fat and ash contents of TP
chicken sausage treatments were higher
than those of with PP through storage
period and these contents increased with
increasing storage period. Carbohydrate
content increased with progressing of
storage period and was higher with PP
chicken sausage treatments compared to TP
treatments. These results were in agreement
with those of El-Nashi et al. (2015).
Finally, the data (Table 2) showed that the
total volatile nitrogen (TVN) content of all
chicken sausage treatments increased
with progressing of storage period. The
increase of TVN for control was higher
than those of with TP, PP or BHT and this
may be due to the antimicrobial effect of TP
or PP compounds, especially proteolytic
microorganisms which breaks down of
protein resulting in TVN (Kanatt et al.,
2010; Agourram et al., 2013).

Changes in Thiobarbituric acid (TBA)
Value

Lipid oxidation is one of the main limiting
factors for the quality and acceptability of
meat and meat products. Thiobarbituric acid
(TBA) value (malonaldehyde mg/ kg) is
used as an index for measuring oxidative
rancidity which takes place in meat
products during storage. Table 3 shows the
effect of PP or TP on the oxidative stability
of chicken sausage during frozen storage.
The data showed that the TBA value use
increased as the storage time increased. The
TBA wvalues of chicken sausage were
decreased with increasing PP or TP levels.
The positive effect of PP on TBA value was
higher than those of TP. These results are in
agreement with Naveena ef al. (2008) as
well as El-Gharably and Ashoush (2011)
who found that pomegranate peels powder
improved the storage stability of meat
products especially at refrigerated storage
by reducing the rate of lipid oxidation
expressed as TBARS values of prepared
samples. Pomegranate peels are reported to

possess significant antioxidant activity due
to their polyphenolic compounds and other
biochemical compounds that mainly
contribute to the antioxidant activity
(Kumar and Neeraj, 2018). Also, Salem
(2013) found that positive effect of tomato
peel on TBA of beef sausage may be due to
the antioxidative activity of lycopene
present in tomato.

Physical Characteristics of Chicken
Sausage during Storage Period

The changes in water holding capacity
(WHC) of different chicken sausage
treatments during storage period are
illustrated in Table 4. The results showed
that the water holding capacity (cm®) of
chicken sausage is decreased as storage
time increased. The decrease in WHC may
be due to the protein aggregation or to the
biochemical changes associated with
cooling of meat products, as reported by
Qin et al. (2013). The reduction in WHC
values at the end of refrigerated storage
could be ascribed to the loss of water by
evaporation, rather than to any improvement
of water holding capacity. The highest
WHC value was recorded with TP (1.5%)
chicken sausage at the end of storage
period. These results are in agreement with
those reported by Moawad et al. (2012).

Cooking Characteristics of Chicken
Sausage during Storage Period

Cooking characteristics of different PP
or TP chicken sausage treatments were
presented in Table 5. It could be noticed
from the results that, the cooking loss of all
studied treatments increased with increasing
of the storage period. The PP or TP chicken
sausages recorded lower cooking loss
values compared to control through the
storage period. The PP or TP at 2% showed
almost the same effect of BHT on cooking
loss. These results are in agreement with
those obtained by Gibriel ez al. (2007) and
Abdel Fattah et al. (2016) who reported
that, the cooking loss was progressively
increased as the period of storage increased.
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Table (3): Changes in Effect of tomato peel powder and pomegranate peel powder on
thiobarbituric acid (TBA) malonaldehyde mg/kg during storage at -18°C in
chicken sausage for 4 months.

Treatment Storage period (month)
Zero 1 2 3 4

control 0.1092a E 0.390aD 0.642 ab C 0.992aB 1.490 aA
BHT 0.1196aC 0.191 bc C 0.390cB 0.659d A 0.790 de A
T, 0.1192aD 0.380ab C 0.691 aB 0.731 bcd B 1.1373b A
T, 0.1116 aD 0.379ab C 0.513 abec C 0912abB 1.1369b A
T; 0.1146 aD 0.275 abc D 0.525 abc C 0.851 abd B 1.1303b A
T, 0.1142aD 0.191 bc D 0.420c C 0.668 d B 0.9385cd A
P, 0.1169aE 0.310 abc D 0.511 abe C 0.881 abc B 1.1013 bc A
P, 0.1128aD 0.300 abc C 0.493 bc B 0.841 abd B 0.995 bc A
P; 0.1116 aD 0.193 bc D 0.405cC 0.710 cd B 0.980 bc A

P, 0.1128aC 0.163cC 0371cB 0.696 cd A 0.716 ¢ A

T;= tomato peel powder 1%,
T;= tomato peel powder 2%,
P,= pomegranate peel powder 1%,

T,= tomato peel powder 1.5%

T,= tomato peel powder 2.5%

P,= pomegranate peel powder 1.5%
P;= pomegranate peel powder 2%, P,= pomegranate peel powder 2.5%
BHT= Butylated hydroxy toluene 0.15%  control=without addition.

Means with the same capital letters in the same raw are not significantly different.
Means with the same small letters in the same column are not significantly different.

Table (4): Changes in water holding capacity (WHC cmz) of tomato peel powder and
pomegranate peel powder chicken sausages during storage at -18°C for 4

months.
Treatment Storage period (month)
Zero 1 2 3 4

control 8.88b A 6.65eB 5.77fC 4.035h D 395¢gD
BHT 9.66 aA 8.65 cB 7.42dC 6.23 gD 5.82fE
T 9.69 aA 9.66aB 8.73aB 7.04dC 6.69 ¢ D
T, 9.66 aA 9.60aB 8.28bB 820aB 7.80aC
T3 9.70 aA 9.55bB 820bB 8.00bC 7.76 aD
T4 9.68 aA 9.00dB 7.88cC 7.66 ¢ D 734bE
P, 838cA 7.89dB 7.35dC 6.85e¢D 6.42dE
) 840c A 7.98dB 7.28dC 6.57tD 6.15¢E
Ps 839cA 7.87dB 7.06 ¢ C 6.34 gD 6.09¢E
P, 842cA 7.81d B 7.00eC 6.21 gD 6.00c E

T;= tomato peel powder 1%,
T;= tomato peel powder 2%,
P,= pomegranate peel powder 1%,

T2= tomato peel powder 1.5%

T,= tomato peel powder 2.5%

P,= pomegranate peel powder 1.5%
P;= pomegranate peel powder 2%, P,= pomegranate peel powder 2.5%
BHT= Butylated hydroxy toluene 0.15%  control=without addition.

Means with the same capital letters in the same raw are not significantly different.
Means with the same small letters in the same column are not significantly different.
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Also, the diameter and length (Table 5)
of all studied treatments showed the similar
trend of cooking loss. The improved
cooking characteristics of different PP the
chicken sausage samples may be due to the
physiochemical properties of pomegranate
peels powder as a water binding material
which was the most important factor in
improving cooking characteristics of meat
products (El- Nashi ez al, 2015).

Changes in Microbiological Properties of
Tomato Peel Powder and Pomegranate
Peel Powder Chicken Sausages during
Storage at -18°C for 4 Months

The results of changes in microbiological
properties of PP or TP chicken sausages
during storage at -18°C are presented in
Table 6. It could be observed that the total
bacterial count of control significantly
increased with progressing of storage
period. The total bacterial count of PP or
TP chicken sausage samples reduced with
increasing storage period or PP &TP levels.
The lowest total bacterial count was
recorded with PP (2.5%) chicken sausage
treatment and this may be due to
antimicrobial effect of PP or TP especially
at high level. Also, the sporeforming
bacterial count of all PP or TP chicken
sausage treatments reduced allover storage
period. The coliforming bacterial count was
7x10" for all studied treatments at zero time
of storage period, but not detected during
the studied storage period for all studied
treatments because of pH and temperature.
Yeasts and molds were not detected from
zero time until the end of storage time for
all studied treatments due to microbial
properties of tomato peel powder and
pomegranate peel powder. The observed
results are in agreement with the results of

Al-Zoreky (2009), Kanatt et al. (2010)
Agourram et al. (2013) and Salem (2013).

Changes in Sensorial Properties of
Tomato Peel Powder and Pomegranate
Peel Powder Chicken Sausages during
Storage at -18°C for 4 Months

Sensory evaluation is an important
indicator of potential consumer preferences.
sensorial characteristics, appearance, color,
tenderness, juiciness, flavor and overall
acceptability of PP or TP chicken sausage
samples were evaluated and the results are
presented in Table 7. It could be noticed
that, all sensory characteristics are decreased
with increasing the storage time but it
generally acceptable. The TP (2.5%) chicken
sausage treatment scored the highest values
of all studied sensorial characteristics at the
end of storage period followed by TP (2%)
and PP (2.5%) chicken sausage treatments.
The lowest sensorial characteristics were
recorded with control chicken sausage.
These results are in agreement with those
obtained by Hoe et al. (2006) and Salem
(2013) who reported that the addition of
tomato peel increased the color scores and
beef sausage were found to be more
acceptable by the panelists. Also, EI-Nashi
et al. (2015) reported that the addition of
pomegranate peel improved the sensorial
characteristics of beef sausage.

Conclusion

It could be concluded from the obtained
results that, the addition of pomegranate
peel (PP) or Tomato peel (TP) at different
levels (1, 1.5, 2, 2.5%) improved all studied
sensorial characteristics. The TP (2.5%)
chicken sausage treatment scored the
highest values of all studied sensorial
characteristics at the end of storage period
(4 months) at -18°C followed by TP (2%)
and PP (2.5%) chicken sausage treatments.
Hence, the Tomato or pomegranate peels
can be added to chicken sausage as a
natural antioxidants to produce healthy
product and to prolong of shelf life.
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Table (5): Change in cooking characteristics of tomato peel powder and pomegranate
peel powder chicken sausages during storage at -18°C for 4 months.

storage Treatment
period
(Month) Control BHT T, T, T; Ty P, P, P; P,
Cooking loss
(%)
0 1330aD  1236bD  1210cdE  1220bcE  12.33bE 11.90¢E  12.00deE 1221bcE 12.00deE 1150 E
1 163aC  154bC 145¢D 142gD 13.0gD 13.0dD  140eD  139eD  13.62fD  13.5fD
2 2530aB  1930eB  2200bC  20.91dC 17.90f C 17.60gC  21.60cC  2084dC 1942¢C 1740hC
3 31.25aA  25.00cA  25.00cB  2490c¢B 2580bB  24.00eB  2500cB  2490cB  2470dB  23.10f B
4 31.20aA  25.00hA  2750bA  27.10cA 2600dA  2590deA 25.80cA 25.60fA 2528gA 24201 A
Length (%)
0 100dD  1L1bE 1L1bE 102 ¢E 1.1bE 166aE  1LIbE  9.09¢E 9.09¢ E 1LIbE
1 146aC  1231D 142bD  141bcD 13.8¢f D 134gD 140cdD 139deD  13.7fD  13.0hD
2 16.6aB  155dC 158bC  15.7bcC 150fC 148gC  156c¢dC 152e¢C  149fgC  148gC
3 1666aB  160bB 160bB  159bcB 159 be B 157dB  159bcB  159bcB  158cdB  155¢B
4 200aA  185deA  189bA  187cA 18.5de A 179gA 186cdA 184eA  1818fA  17.6hA
Diameter (%)

0 83aE 80bE 80bE 79bE 7.6 cE 72¢E  79dE  76bE 75¢E 73dE
1 120e¢D  109gD 125aD  123bD 11.8dD 112fD 11.8dD 115gD  109gD  103hD
2 162aC  129¢C  13.9bC 13.6¢C 133dC 13.0aC  137¢C  134dC  128fC  12.6gC
3 174aB  159fB 17.0b B 16.7¢B 164 dB 161eB  165dB  162¢B  159fB  152gB
4 183aA  163eA  172bA  17.0cA 169¢A 165dA 170cA  166dA  162¢A  159fA

T,= tomato peel powder 1%, T,= tomato peel powder 1.5%

T;= tomato peel powder 2%, T,= tomato peel powder 2.5%

P;= pomegranate peel powder 1%, P,= pomegranate peel powder 1.5%

P;= pomegranate peel powder 2%, P,= pomegranate peel powder 2.5%

BHT= Butylated hydroxy toluene 0.15% Control=without addition

Means with the same capital letters in the same raw are not significantly different.
Means with the same small letters in the same column are not significantly different.

Table (6): Changes in microbiological properties (log cfu/g) of chicken sausage
incorporated with dried tomatoes peel and pomegranate peel at -18°c during

storage.
Storage period Control BHT T, T, T; T, P, P, P; Py
Total bacterial count
0 22233X10°j E - 5360X10°b A 3.750x10°e A 4.0100x10°a A 441x10° c A 342x10°gA  31IxI°TA  333x10°h A 4210x10°d A 3425X10°fA
1 2625X10°aD  2975X10°bB  118250X10°cB  1.1025X10°dB  1.050X10°eB  9.6650X10°fB 93250X10°gB 7.1625X10°hB  62050X10°IB  4.3500X10*j B
2 294x10°aC  3.92x10°b C 72x10°¢ C 69x10°d C 6.7x10*e C 6.50X10° fC 54x10°gC 32x10°h C 250X10°IC  225X10%j C
3 234433X10°a B 2.41666X10°bD 6.6427X10°cD  590733X10°d D  532250X10°eD  4.42433X10° fD 2.94133X10° gD 2.52700X10°h D 1.93933X10°i D 1.63733X10?j D
4 236783X10°a A 2.16983X10° g E 391750X10°bE  3.68500X10°cE  2.90783X10°dE  2.70266X10°e E 2.69416X10°’fE 2.125X10°hE  4.50116X10'iE 1.19266X10' j E
Spore forming bacteria
0 275X10° aE 2.800x10°bE  2.880x10°feE  2.840x10” bc E 2.80x10’¢c E 270x10°cE  2715x10°dE  2855x10°dE  2.670x10°¢E  2.855x10°¢ E
1 395x10°aD  3.750x10°eD  2.72x10’abD 3.70x10°b D 3.69x10°b D 367x10eD  350x10°c¢D  345x10°dD  320x10°eD  3.15x10* fD
2 475x10°aC  3810x10°bC  4.70x10°fC 4.66x10° g C 4657X10°hC  3800X10°iC  399x10°cC  393x10°dC  3.80x10°eC 3.65x10°iC
3 9762X10°aB  3875X10°bB  947X10°cB 930X10°d B 8.15X10°fB 742X10°¢gB  1507x10°eB  1395x10°hB  1347X10°iA  7.40X10°jB
4 9937X10°a A 5910X10° bA  3.15X10° cA  2.625X10°d A 19I5XI0°fA  1650X10°gA  2125X10°eA  1530X10°hA  1.100X10°iB  7.97X10°j A
T,= tomato peel powder 1%, T,= tomato peel powder 1.5%
T;= tomato peel powder 2%, T,= tomato peel powder 2.5%
P,= pomegranate peel powder 1%, P,= pomegranate peel powder 1.5%
P;= pomegranate peel powder 2%, P,= pomegranate peel powder 2.5%

BHT= Butylated hydroxy toluene 0.15%  Control= without addition
Means with the same capital letters in the same raw are not significantly different
Means with the same small letters in the same column are not significantly different
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Table (7): Change in sensory properties of tomato peel powder and pomegranate peel
powder chicken sausage during storage at -18°C for 4 months

Treatment Storage period (month)
Zero 1 2 3 4
General apperance
Control TcA 6dB 5dC 5dC 4dD
BHT 8bA 8§bA 7bB 7bB 6bC
T, TcA T7c A 7b A 6¢cB 6bB
T, TcA 6dA 6¢cB 6¢cB 5¢C
T; 8bA 8§bA 7bB 7bB 6bC
Ty 9aA 9aA 9aA 8aB 7aC
P, TcA 6dA 6¢cB 5dC 5¢C
P, 6d A 6dA 6CcA 5dB 5¢C
P; 6dA 6dA 6CcA 6CcA 5¢B
Py TcA TcA 6¢cB 6¢cB 5¢B
Color
Control 7bA 6¢cB 5dC 4dD 4dD
BHT Tb A 6¢cB 6¢cB 5¢C 5¢C
T, 6CcA 6¢cA 5dB 5¢B 5¢B
T, Tb A 7b A 6¢cB 6bB 5¢cC
Ts 7b A 7b A 7bB 6bB 6bB
Ty 8aA 8 aA 8 aA 7aB 7aB
P, 6¢cA 6¢cA 5dB 5¢B 5¢B
P, 6CcA 6CcA 6CcA 5¢B 5¢B
P; 6¢cA 6¢cA 6¢cA 6b A 5¢B
P, 7 aA 7bA 6cB 6b B 5¢C
Flavor
Control 7b A 5¢B 4dC 4dC 4dC
BHT 7b A 6¢cB 5¢cC 4cD 4cD
T, 6CcA 6CcA 5dB 5¢B 5¢B
T, 7b A 7b A 6bC 6bB 5¢C
Ts 8b A 7bB 6 aA 6bC 6bC
Ty 8 aA 8 aA 8dB 7aB 7aB
P, 6¢cA 6¢cA S5cA 5¢B 5¢B
P, 6CcA 6CcA 6CcA 5¢B 5¢B
P; TcA TcA 6¢cB 6bB 5¢C
P, TbA 7b A TcA 6bB 5¢C
Tenderness
Control Tb A 6dB S5eC 5dC 5dC
BHT 7b A TcA 6dB 6dB 6dB
T, TcA TcA 6dB 6¢cB 5¢C
T, 7b A 7b A TcA 6bB 6¢cB
Ts 8 aA 8b A 8cA 7bB 7bB
Ty 8aA 8 aA 8 aA 8 aA 7aB
P, TcA 6¢cB 6dB 5¢C 5¢C
P, TcA TcA 6¢cB 5¢C 5¢C
P; 7b A 7b A TcA 6bB 5¢C
P, TbA 7b A 7b A 7b A 6cB
Juiciness
Control Tb A 6¢cB 6¢cB 5cC 5¢C
BHT 7b A 6¢cB 6¢cB 6b B 5¢C
T, Tb A 6¢cB 6¢cB 6bB 5¢C
T, Tb A 7b A 7b A 6bB 6bB
Ts 7b A 7b A 7b A 6bB 6bB
Ty 8aA 8 aA 8 aA 7aB 7aB
P, 7b A 6¢cB 6¢cB 5¢C 5¢C
P, Tb A 7b A 6¢cB 6bB 5¢C
P; 7b A 7b A 6¢cB 6bB 5¢C
P, 7bA 7b A 7b A 6bB 6bB
Overall acceptability
Control 7b A 6¢cB 5¢cC 5¢C 5¢C
BHT 6CcA 6¢c A 6b A 5¢B 5¢B
T, 7b A 6¢cB 6bB 6bB 5¢C
T, 6CcA 6¢cA 6b A 6b A 5¢B
Ts 8 aA 8 aA 7aB 7aB 6bC
Ty 8aA 8 aA 7aB 7aB 7aB
P, Tb A 6¢cB 5¢cC 5¢C 5¢C
P, 7b A 6¢cB 6bB 5¢C 5¢C
P; Tb A 7b A 6bB 6bB 5¢C
P, 6CcA 6CcA 6bA 5¢B 5¢B
T,= tomato peel powder 1% T,= tomato peel powder 1.5%  T;= tomato peel powder 2%, T4= tomato peel powder 2.5%
P,= pomegranate peel powder 1%, P,= pomegranate peel powder 1.5% P3;= pomegranate peel powder 2%,
P4= pomegranate peel powder 2.5% BHT= Butylated hydroxy toluene 0.15% control=without addition

Means with the same capital letters in the same raw are not significantly different
Means with the same small letters in the same column are not significantly different
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