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Abstract

Total phenolic (TPC), total flavonoid (TF), carotenoids and vitamin C contents were shown
to be 4109, 2050 mg GAE/100 g, 3889, 1665 mg catechin/100 g, 3.86, 0.25 mg/100 g and 75.07,
65.76 mg/100 g D.W in MPP and MKP, respectively. The obtained bioactive compounds indicated
that MPP (65%) had a higher antioxidant capacity than MKP (50%). The incorporation of mango by-
product powder significantly altered the beef sausage’s physico-chemical, microbiological and sensory
criteria. Especially the addition of MPP at a high concentration (2%) was retarding the development of
lipid oxidation and, consequently, the deterioration of quality, such as microbial and color parameters
stability of beef sausage stored at 4°C for 12 days. The utilization of mango by-products as an
antioxidant and antimicrobial natural preservative was investigated in beef sausage instead of synthetic
preservatives, which are becoming avoided. Results showed that the higher concentration of MPP (2%)

had a greater antioxidant effect than Butylated Hydroxy Toluene (BHT), which delayed lipid oxidation,
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had the lowest values of TBA, and showed great microbial and color parameter stability. So, the shelf

life of beef sausage was extended for more than 12 days at T5, meanwhile, it reached only 7 days in T1

(BHT 200 ppm). The results indicated that mango by-product powder effectively inhibited microbial

growth and lipid oxidation without altering refrigerated sausages’ physical and sensory properties.

Keywords: mango kernel, mango peel, antioxidant, antimicrobial, sensory quality

Introduction

High-quality protein sources include either fresh or
processed meat. Most meat products contain a certain
amount of fats due to their importance in sensory
parameters such as texture, flavor, and appearance.
These sensory traits make meat products more attractive
and accepted by consumers [1]. However, due to a higher
susceptibility of fat to oxidative degradation, the fat may
negatively affect the nutritional and sensory quality
despite this advantage [2]. One of the first processed
foods that man ever created was sausage. Hundreds of
sausage varieties worldwide have a significant social and
economic impact [3]. Dehydration, fermentation, and
lipid oxidation are the main chemical changes of sausage
during and after manufacture, as well as microbial
changes. One of the primary methods for preventing lipid
oxidation is using antioxidants, which may help manage
and reduce the oxidation in meat products [4]. Because
synthetic antioxidants such as butylated hydroxytoluene
(BHT), butylated hydroxyanisole (BHA), propyl gallate
(PG) and tert-butyl hydroquinone (TBHQ) may pose
a health risk to consumers, there is a growing interest
in natural antioxidants [5]. Additionally, due to their
toxicity and potential for cancer, the Food and Drug
Administration (FDA) restricted the use of synthetic
antioxidants [6]. As a result, searches for naturally
occurring compounds with antioxidant activity have also
increased significantly recently. Several waste materials
(by-products) are produced by processing agricultural
products. There is a need to reduce or eliminate these by-
products to achieve sustainable agriculture. A significant
step toward preserving the environment’s balance could
be using by-products as natural antioxidants in the food
industry. Moreover, these by-products are usually rich
in phenolic compounds that could have high antioxidant
activity. By-products from fruits and vegetables, such
as kernels and peels, contain several compounds with
antioxidant activity

Mango (Mangifera indica L.) is one of the largest
crops produced globally. According to FAO, in 2020, the
world production of mangoes, guavas and mangosteens
was 5,522,933 ha, producing 54,831,104 tonnes. FAO
considers mangoes, guavas and mangosteens as one
category according to their production. However,
Margal and Pintado [7] reported that mango production
is 75% of the previous production and harvesting
area values. The peels and stones of mango are about
35-60 % of the total fruit weight and are not used in
mango fruit processing. Moreover, about 15-25 million
tonnes of peels and stones come annually from mango

processing. Mango peels contain phenolic compounds,
some pigments such as carotenoids, fiber, and ascorbic
acid that make it suitable to be natural preservation
compound in meat processing [8]. Moreover, it has
been reported that the chemical composition of
mango peels is moisture (62-83%), carbohydrates
(>70%), fat (1.6%-3.7%), protein (1.5%-6.6%), and ash
(1.2%-4.2%) [7]. The most important chemical
compound in mango peels is phenolic compounds that
range from 14.85 to 127.6 mg/g DW, the most phenolic
compound families are gallic acid, flavonoids, and
xanthones [8]. The integration of mango peels into the
food industry was evaluated in several products, such as
snacks [9]. Many previous works indicated the positive
role of mango peels as antimicrobial compounds against
many microbes [10]. However, the use of mango peel
powder to preserve meat sausage was limited in previous
studies. For example, Manzoor et al. [11] studied the
effect of mango peel extract on chicken sausages.
They found that lipid oxidation and carbonyl contents
were reduced by adding mango peel extract, while the
antioxidant activity of chicken sausages was increased.
Mango seed kernel is the second essential by-product
after the processing of mango fruits. The proportion of
mango seed is about 10-25% of the total fruit weight,
depending on their varieties. The mango seed kernel
contains about 77% carbohydrate, 6.0 % protein, 2.0%
crude fiber, 11% fat, 2.0% ash, amino acids (leucine and
lysine), polyphenols, phytosterols, and tocopherols [12].
Moreover, the mango seeds showed antioxidant activity
due to their role in free radical species (ROS) scavenging
and reducing power [13]. Additionally, the antimicrobial
effects of the seed kernel on meat such as minced beef
were also recorded previously [14]. To the best of our
knowledge, the effect of mango seed kernel on beef
sausage was not evaluated before. Thus, the current
study aimed to evaluate the phytochemical profile and
antioxidant activity of the mango by-products (peels
and seeds) extracts. Additionally, we aimed to compare
the quality characteristics and shelf-life of beef sausage
containing mango peel and kernel powders vs. BHT
stored at 4°C for 12 days.

Experimental
Material and Chemicals
Minced beef meat, soy protein isolate (SPI), salt and

other sausage additives were purchased from a local
market in Giza, Egypt. After mango flesh processing
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from the Zebda variety during the summer of 2021.
Mango by-products (Mangifera indica L. such as
peels and seed kernel were collected from juice shops
of the local market in Giza, Egypt. Thiobibatioric
acid (TBA), 2, 2-diphenyl-1-picryl hydroxyl (DPPH),
Butylated hydroxytoluene (BHT), Folin- Ciocalteau,
Ethanol, Aluminum chloride, Gallic acid standard,
and Trichloroacetic acid were purchased from Sigma
Aldrich Chemical Co. St. Louis, Mo, USA.

Drying of Mango Byproducts

Peel and kernel without seed coat were separated
manually before washing thoroughly under tap water.
The peel and kernel were placed in the oven at 60°C for
10 hours to dry until constant weight. Then they were
ground into a fine powder (smaller than 420 um), sieved
with a 40 meshes sieve, and stored at -20°C until further
analysis [6].

Preparation of Dried Mango by-Products Extract

According to Luo et al. [15], the extraction was done
with some modifications. The maceration technique
used 1.5g mango by-product powder (peel or kernel) in
100 ml ethanol (80%), the extract was kept in the shaker
(300 rpm) for 1 h. Then the extract was filtrated using
filter paper (Whatman No.1). All extracts were analyzed
in triplicate.

Estimation of Total Phenolic Compounds
of Mango by-Products

The bioactive compounds were determined in dried
Zebda mango by-products, such as mango peel powder
(MPP) and mango kernel powder (MKP).

The Folin-Ciocalteau reagent method was used
to estimate the total phenolic content with certain
modifications. Mango peel powder (MPP) or mango
kernel powder (MKP) extract solutions (0.1 mL) were
combined with 1 mL of Folin Ciocalteu reagent (1:10
diluted with distilled water). After 5 minutes, 1 mL
of 7.5% Na,CO, solution was added. The mixture
was incubated for one hour in the dark at room
temperature. The absorbance was measured using a
spectrophotometer at 760 nm (model UV-2401 PC,
Shimadzu, Milano, Italia). The total phenolic content
was calculated as mg/100g of dried peels of gallic acid
equivalent.

Estimation of Total Flavonoids Content (TFC)
Scavenging Effect on DPPH Radical

The DPPH radical scavenging activity was used,
according to Ali and El Said [16], to assess the
antioxidant capacity %. A mixture of the extract (0.1 ml
of MPP or MKP) and 3.9 mL of DPPH solution
(0.0024 mg/100 methanol) was made. After being held

for 30 minutes in the dark, the absorption was detected
at 517nm using a spectrophotometer. The percentage of
inhibition used to represent free radical scavenging was
as follows:

Inhibition % = [A control — A
sample / A control] x 100

A control and A sample are the absorbance of the
control (DPPH solution) and extract, respectively.

Preparation of Beef Sausages

The sausages were prepared from minced beef meat,
according to EOS-1972 [17]. In this method, the beef
meat (550 g) was mixed with fat (150 g), rusk (15 g),
ice water (100 ml), soy protein isolate (SPI) (100 g),
salt (20 g), milk powder (15 g) and spices (30 g).
The mixing was carried out in a food processor for
5 mins until a highly homogenous mixture was obtained.
The mixture obtained was divided into 6 portions:
control sample (C): ordinary beef sausage without mango
by-products, T1: beef sausage with 200 ppm BHT, T2:
beef sausage with 1% MKP, T3: beef sausage with 2%
MKP, T4: beef sausage with 1% MPP and T5: beef
sausage with 2% MPP. Each portion was filled into the
cellulose casing with the help of a sausage stuffer. Then
each sample was packed into polypropylene packages
and stored at 4°C for 12 days. The samples were taken
in 3 packages at 4 days intervals for physical-chemical,
microbiological, and sensory analysis.

Physical-Chemical Quality of Beef Sausage
Color Characteristics

A hand-held colorimeter (model CR-400, Minolta
Corp., Newburgh, NY, USA) was used to determine
the color characteristics of beef sausages. The Minolta
colorimeter was first calibrated using black and white
plates. The parameters obtained in three replicates were
Lx (lightness), a* (redness), and bx (yellowness) [18].

pH Determination

The sausage sample (3 g) was homogenized in
30 mL of distilled water for 2 min. The mixture
solution was filtered with two layers of cheesecloth. The
filtrate was collected and used for pH determination by
a pH meter (Jenway, model 3305, Dunmow, Essex, UK)
after calibration with two buffer solutions (pH 4.01 and
pH 7.00) [19].

Thiobibatioric Acid (TBA)

According to El-Beltagi et al. [6], thiobarbituric acid
(TBA) was determined. The minced sausage sample
(5 g) has been homogenized for 1 min in 20 mL of
trichloroacetic acid (TCA solution 10% w/v). Then,
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5 ml of the extract solution was mixed with 5 mL of
the TBA reagent (0.02 M) and blended well into a glass
tube. The previous mixture was set for a 20-minute
in the water bath at 90°C. The absorbance was
measured at 530 nm after cooling the mixture using
a spectrophotometer (Unico UV-2000, USA). The TBA
values were expressed as mg malondialdehyde MDA /kg
beef sausage.

Microbial Quality of Beef Sausage

Psychotropic bacteria are the major group of
microorganisms responsible for the spoilage of
refrigerated foods [20]. Psychrotrophic bacteria were
determined on PCA at 7°C for 10 days. For obtaining
the final dilution (1:10), each sample was weighed (14 g)
in a sterile stomacher bag and mixed with sterile
saline (0.85 % NaCl, w/w). Samples were homogenized
for 1 min using stomacher lab-blender 400 (Seward
Medical, London). Serial dilutions were prepared
using the previous diluent were made. The appropriate
dilutions, 0.lml was spread plated on PCA, and the
inverted plates were incubated at 7°C for 10 days.
Colonies were then counted and expressed as loglO
psychrotrophic colony-forming units (logl0 CFU /g).

Sensory Quality Evaluation

According to Velasco-Arango et al. [21], the sensory
evaluation for raw sausage was done for color, odor
and overall acceptability. Meanwhile, the taste of
cooked beef sausage samples (the freshly prepared beef
sausages were boiled in water) was rated only once
on the initial day of the experiment. Only raw beef
sausage samples were evaluated during the cold storage
period by a 25-person panel from Cairo University’s,
Faculty of Agriculture’s Department of Food Science
(15 females and 10 males, ages 20 to 45 years). A 9-point
hedonic scale was used for scoring (0-2 = greatly detest,
3-4 = dislike little, 5 = fair, 6-8 = like substantially,
and 9 = superb). The maximum limit of rejections
was 4, considered the minimum acceptable standard for
consumers.

Statistical Analysis
The results of the findings were statistically analyzed
by Duncan’s analysis of variance (ANOVA), multiple
range analyses, and using the XLSTAT software’s least
significant difference (LSD, 95%) test.

Results and Discussion

Phytochemicals Characterization
of Mango by-Products

Mangiferin is a variety of heat-stable biologically
active phytochemicals found in mangoes [15].

Mangiferin has been found in larger concentrations in
the leaves, bark, kernel and fruit peel of mangoes than
in the edible pulp, making it an essential secondary
metabolite to protect plants and people against
numerous types of biotic and abiotic stress [13]. The
total phenolic content (TPC), total flavonoids content
(TFC) and carotenoids content (CC) of the Zebda mango
by-products (Mangifera indica L.) extracts, peel and
kernel were shown to be 4109, 2050 mg GAE/100 g,
3889, 1665 mg CE/100 g and 3.86, 0.25 mg/100 g DW,
respectively. The analysis indicated that MPP and MKP
contained significant phenolics content, possibly due
to high-temperature damage not being detected during
the dying process. According to Abdel Magied and Ali
[12], drying at air temperatures above 60°C resulted in
a lower concentration of phenolic compounds due to
thermal degradation. In addition, using low air-drying
temperatures for an extended period, as with the solar
drying method, resulted in a greater loss of phenolic
content due to oxidation caused by oxygen. Therefore,
60°C was the appropriate drying air temperature for
the retention of phenolic chemicals. Hung et al. [23]
reported higher phenolic content for peel and kernel in
the Keitt mango cultivar dried with different methods,
freeze, static and forced air oven, which ranged
from 4600-8500 mg GAE/100 g in MPP and 6000
and 3500 mg GAE/ 100 g in MKP, respectively.
Otherwise, the current study agreed with Barreto et
al. [13], who determined the phenolic content of dried
Tommy Atkins mango peel, which ranged from 2513
to 4858 mg GAE/100g, meanwhile, the kernel recorded
a lower concentration of phenolic compounds, 10.749
to 20,005 mg GAE/100 g. That may be due to the
heating involved in the drying process affecting
the total phenolics content in dried mango peel
and kernel and the variety of mango cultivars.
Polyphenolic compounds are the major contributors to
the antioxidant properties of fruits, vegetables, whole
grains and other plant-based materials. That is due
to their ability to act as reducing agents, hydrogen
donors, and free radical scavengers, also, they can
chelate metal ions (e.g., iron), decreasing free radicals’
catalytic formation. The present study analyzed mango
extracts from the dried kernel (MKP) and dried peel
(MPP) for their DPPH scavenging capacity%. Results
showed that all the mango extracts tested showed high
antioxidant activity. Scavenging ranges from 50% to
65% in MKP and MPP, respectively. It means that the
higher phenolic content and more scavenging activity.
These findings are in harmony with Sultana et al. [24],
which showed that the MPP of mango varieties langra
and chonsa had antioxidant activity ranging from 60
to 66%. Comparing different segments showed that
MPP exhibited higher TFC, TPC, V.C. and antioxidant
activity %. In contrast, MKP ranged from 40 to 48.1%,
respectively. On average, MPP can be a beneficial
by-product of the mango processing industry and a rich
source of bioactive compounds.
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Microbial Quality of Beef Sausage
Psychrotrophic Bacterial Count

The total psychrotrophic bacterial count in beef
sausage samples is presented in Table 1. An initial
count was 4.10 logl0 CFU /g for the control sample was
noticed. The incorporation of MPK (T2 and T3) or MPP
(T4 and T5) reduced the microbial load by 3 log. These
results could be due to the antibacterial efficacy of
mango by-products. Vega-Vega et al. [25] reported that
mango peel extract (25 mg/mL of Haden variety) caused
a 100 % inhibition of pathogenic bacteria growth,
such as Salmonella enterica subsp. enterica serovar
Choleraesuis ATCC 14028, Listeria monocytogenes
ATCC 7644, Escherichia coli O157:H7 ATCC 43890
and Staphylococcus aureus ATCC 65384) and inhibition
of 89.78 % against Alternaria with concentration
6.25 mg/mL. All treatments observed a significant
gradual increase in the microbial count during storage
periods. Meanwhile, the control sample was spoiled at
the onset of day 4, when the microbial count reached
6.64 logl0 CFU/g over the maximum permissible
limit (6 logl0 CFU/g) set by the EOS-1972 [17] for
sausage.

In contrast, the treatments, T3 and T5 were still
acceptable for consumption till the end of the storage
period because they recorded the lowest microbial
count, 4.95 and 4.89 log10 CFU/g, respectively. Mokhtar
and Eldeep [26] noticed a similar gradual increase in
the microbial count during the storage of beef burgers
at 4°C, which ranged from 5.82 to 6.79 logl0 CFU/g
at dayl2 of storage. Also, they showed that the mango
peel extract addition at 0.3% level recorded the lowest
microbial count even after 12 days of storage time
(5.82 logl0 CFU/g). That might be due to the
antimicrobial properties of phenolic compounds
in MPE, especially when the concentration of MPP
(T5:2%) was increased. Lag phases were extended
for 3, 4 and 5 days, followed by a gradual increase in
numbers reaching the spoilage in the T1, T2, T4 and T3,
respectively (Table 1). Treatment 5 (2% MPP) was the

highest in extending the lag phase to 6 days, with a shelf
life of more than 12 days. Interestingly, the generation
time (Table 2) of the spoilage microorganisms in the
controls was around 7.88 h. Dried mango by-products
increased the generation time (GT.: calculated from
the logarithmic phase) to 12.00, 12.80, 18.52, 16.76
and 31.19 h. The increase in GT increased the sausage
microbial self-life to 7, 8, 10, and 12 in T1, T2, T3
and T4, respectively, compared to 3 days for control.
Treatment 5 (TS: 2% MPP) was the superior treatment
which reduced the growth rate of psychotropic and the
GT to 31.19 h (T5). As a result, the sausage microbial
shelf life reached >12 days compared to 3 days for the
control.

Physical-Chemical Quality of Beef Sausage
pH

In the case of pH, non-significant differences
(P<0.05) were recorded in the values of sausage samples
with or without (control) mango by-product on the initial
day. So, adding MPP or MKP did not significantly alter
the beef sausage’s pH (Fig. 1). The pH values of the beef
sausage samples ranged from 6.19 to 6.25 in the freshly
prepared sample. The results presented by the previous
studies of Manzoor et al. [11] agree with the results
witnessed in this study. During the storage period, the
pH values of prepared beef sausage samples decreased
with a slightly significant effect for those containing
different concentrations of MPP or MKP. Meanwhile,
the pH of the control beef sausage sample (C: no mango
by-product powder) decreased after storage with little
significant effect (P<0.05), which began after 4 days of
storage without no pH changes till the end of storage.
The slight pH reductions that occurred throughout cold
storage in the sausage samples containing MPP or MKP
may have been prompted by the glycogen breakdown
and the production of lactic acid. This reduction in pH is
a positive character befitting the retardation of microbial
growth under lower pH conditions [27].

Table 1. Initial psychrotrophic counts, lag phase, generation time (GT) of the spoilage microorganisms, and shelf life of the beef sausage
(with and without mango by-products) during cold storage at 4°C for 12 days.

Treatments (E;::cl fLO;?) Laég;l;l 5 GT (h) S}(lgall;lsl)fe
C 4.10 1.00 7.88 3
T1 4.00 3.00 12.00 7
T2 1.06 3.30 12.80 8
T3 1.03 5.00 18.52 12
T4 1.07 4.00 16.74 10
T5 1.02 6.00 31.19 >12

Treatment: C = control, T1 = BHT (200ppm), T2 = MKP (1%, w/w), T3 = MKP (2%, w/w), T4 = MPP (1%, w/w) and T5 = MPP

(2%, wiw).
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Fig. 1. pH changes of beef sausage samples (with and without mango by-products) during cold storage at 4°C for 12 days.

T = treatment: C = control, T1 = BHT (200ppm), T2 = MKP (1%, w/w), T3 = MKP (2%, w/w), T4 = MPP (1%, w/w) and TS5 = MPP
(2%, w/w). Means (n = 3) followed by different small letters indicate significant differences (Duncan test, p<.05%) between all samples
in each storage period. Means (n = 3) followed by different capital letters indicate significant differences (Duncan test, p 05%) between

each storage period at the same sample.

TBA

TBA levels generally increased in all of the sausage
samples as the storage period progressed (Fig. 2).
The TBA value is related to lipid oxidation, which is
thought to be the main spillage cause in meat. The
current Investigation reported that including mango
by-products in all samples significantly slowed lipid
oxidation compared to the control. Through the end
of storage (after 12 days), the TS5 recorded the lowest
TBA value (0.43 mg of malondialdehyde/kg sample).
Additionally, all sausage samples had low TBA values,
with a significant difference (P<0.05) between them.
That shows that samples containing a high percentage
of mango by-products had considerably (P<0.05) lower
levels of lipid oxidation (T3: 0.60, and T4: 0.66 mg
malondialdehyde/kg). All sausage samples recorded
TBA values under the maximum permissible limit
(0.9 mg malondialdehyde /kg) set by the EOS-1972 [17]
for sausage except control sample (C). The treatments

=
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3
g 080
ﬁ aB
=8 060 | ac
c =
T g bC
57 040 bC «© cC
©
= dc
: [
-7
£ 000
S 4
|—

with no mango by-products recorded the highest TBA
values at the end of storage, which reached 0.87 and
094 mg malondialdehyde/kg in Tl (preserved by
200 ppm BHT) and C (with no mango by-products)
treatments, respectively. Therefore, the Incorporation
of MPP or MKP effectively reduced TBA formation up
to 36.17 and 54.26 % in T3 and TS5, respectively, on 12
days of storage compared with the control sample. These
results agree with the results of Manzoor et al. [11],
which showed an improvement in lipid oxidative stability
of refrigerated chicken sausage treated with different
concentrations of mango peel extract (2%, 4% and 6%).
Studies conducted by Bellucci et al. [28] on the addition
of acai extract to pork patties also revealed comparable
efficacy. The substantial research by Fernandes et al. [1]
and Pateiro et al. [29] also agrees with our findings.

A relationship exists between delaying lipid
oxidation and the preservative substance’s antioxidant
efficacy. Therefore, it can be said that MPP can prevent
lipid oxidation more than MKP in meat products because

T3 mT4 mT5

bB bB pg bB

II:I:ICB
8

aA
bA
cA
dA
eA
==
fA
12

Storage time / Days

Fig. 2. TBA changes of beef sausage samples (with and without mango by-products) during cold storage at 4°C for 12 days.
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of its higher bioactive compounds’ contents [30].
Furthermore, the results of this study demonstrated that
MPP had higher antioxidant activity (65%) than MKP
(50%), which was dependent on the bioactive content
of mango by-products, which appeared to include
a significant amount of MPP of TPC, TF., and VC.

Color Characteristics

Color is one of the primary elements of meat and meat
product quality that influences consumer acceptability
[31]. The utilization of plant byproducts as antioxidants
for the preservation of meats, delaying protein and lipid
oxidation and limiting color deterioration during cold
storage. Color parameter values of the beef sausage
samples are given in Table 1. At zero time, the L* values
of all sausage samples showed relative values with no
significant differences (p<0.05) between them, ranging
from 24.10 to 24.30. During storage, the L* values were
decreased with no significant difference in all samples
except the control, which gradually decreased seton

day 4. That may be due to fat oxidation during storage,
which increased in the control sample compared with
other treatments. Data in Fig. 2 illustrated that during
storage (12 days, 4Co), the pH values of control recorded
the highest value (6.02), therefore, the L* wvalues
decreased from 24.30 to 23.00. On the other hand, TS
recorded the lowest pH value (5.61), a higher L* value
was obtained by the end of storage, and the change was
from 24.13 to 34.00.

Redness values showed great significance in all
treatments from the first day. The a*values ranged from
-3.25 to 0.87, adding MPP or MKP causes that change
and increases with the additional percentage. During
the storage period, a gradual decrease in a* values was
noticed. A great change was recorded in the control
sample (0.87 to -3.82). Meanwhile, TS (2% MPP) also
recorded a gradual decrease but without significant
difference till the end of storage (-3.25 to -3.49).
The same trend line was observed with b* as a color
parameter during storage without a significant difference
at zero time (ranging from 13.41 to 13.81). The control

Table 2. Color changes of beef sausage samples (with and without mango by-products) during cold storage at 4°C for 12 days.

Treatments Storage Time /days
0 4 8 12
C 24.30°4+0.06 23.87°8+0.06 23.53¢£0.05 23.00°P+0.10
T1 24.10*4+0.10 24.10°4£0.10 24.0748+0.06 23.97+0.06
T2 . 24.23%+0.25 24.23*4+0.06 24.17*8+0.06 23.73%5+0.06
T3 t 24.2324+0.15 24.204+0.10 24.17%440.10 23.90**8+0.10
T4 24.10*4+0.06 24.10*440.06 24.05%8+0.03 23.80%8+0.05
T5 24.13*4+0.12 24.13%4+0.05 24.07%48+£0.06 24.00**8+0.10
Treatments
C 0.8744+0.06 -1.25%8+0.05 -1.93¢+0.06 -3.82P+0.07
T1 0.75+0.05 -0.398+0.01 -0.70+0.51 -2.33%+0.15
T2 . -1.99°2+0.03 -2.02¢48+0.07 -2.38%+0.03 -2.72°¢+0.02
T3 ‘ -3.15%440.05 -3.23¢48+0.06 -3.479%+0.03 -3.5848+0.02
T4 -1.95%4+0.09 -2.214984+0.02 -2.386+0.01 -2.57°¢+0.02
TS5 -3.25¢4+£0.05 -3.3848+(0.03 -3.4344B1(0,02 -3.499+0.03
Treatments
C 13.519+0.03 12.7°8+0.03 12.02 ®¢+0.07 11.71+0.13
T1 13.5294+0.04 13.45°4+0.05 13.42°A8+0.03 13.20°8+£0.03
T2 . 13.70%4+0.03 13.59°48+0.02 13.50%48+0.02 13.41%8+0.01
T3 ’ 13.8144+0.02 13.78*4+0.03 13.71*8+0.02 13.53*8+0.03
T4 13.40°4+0.05 13.22948+0.05 13.1248+0.06 12.9548+0,04
TS 13.554+0.06 13.4548£0.05 13.32948+0.03 13.24<2B+(.04

T = treatment: C = control, T1 = BHT (200ppm), T2 = MKP (1%, w/w), T3 = MKP (2%, w/w), T4 = MPP (1%, w/w) and T5 = MPP
(2%, w/w). Means followed by different small letters (within columns) and different capital letters (within rows) are significantly

different (P<0.05).
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Table 3. Sensory quality changes of beef sausage samples (with and without mango by-products) during cold storage at 4°C for 12 days.

Treatments Storage Time /days
0 4 8 12
C 8.17*4+0.04 5.33 °8+(0.03 3.83 ¢+£0.03 1.67 °+0.11
T1 8.0024+0.06 7.502AB+0.12 7.30 28+0.05 5.60 <¢£0.03
T2 Color 8.0024+0.21 7.00 ®8+0.06 6.9128+0.06 5.50 <¢+0.04
T3 8.50%4+0.51 7.60 ©#+0.10 7.17%£0.11 6.50°¢+0.12
T4 8.16*44+0.03 7.30 ®8+0.05 7.298+0.04 6.67 ®C+0.06
TS 8.33%4+0.11 8.00 “AB+0.04 7.33 8+0.04 7.10 *B+0.10
Treatments
C 8.00*4+0.04 5.50 "8+£0.01 3.33<+0.03 1.109°+0.11
T1 8.0024+0.05 7.6024+0.02 7.50*8+0.07 5.002¢+£0.02
T2 8.00%4+0.03 7.0028+0.03 6.665+0.01 3.33¢£0.01
T3 Odor 8.3124+0.01 7.0028+£0.03 6.838+0.02 4.33°+0.04
T4 8.33%4+0.02 7.168+0.04 7.00%E+0.02 5.83%+0.03
TS 8.50*+0.03 7.17%+0.05 7.15%+0.01 6.17+0.05
Treatments
C 8.17 *+0.04 4.50 <B+0.03 4.16 °“+0.01 2.00 P+0.04
T1 8.00 *+0.03 8.00 *4+£0.01 7.33 28+(0.50 6.508+£0.11
gy Overall 8.16 0,02 5.00 *B+0.06 4.33 80,02 4.281¢20.02
3 acceptability 8.150.01 6.67 #8+0.05 6.602£0.03 5.17%¢+0.02
T4 8.10 *4+0.07 6.8328+0.01 6.80%8+0.02 6.51 ®8£0.03
TS 8.33 344+0.03 8.00*4+0.02 7.67*48+0.04 7.00%8+0.05

Means followed by different small letters (within columns) and different capital letters (within rows) are significantly different

(P<0.05).

sausage sample recorded the highest change (13.51 to
11.71) compared with other treatments, with no changes
in b* during the storage period. That may be due to
the high content of phenolic compounds in mango by-
products, especially in MPP, which act as antioxidants
and prevent lipid oxidation that stops color deterioration
[30]. By the end of storage time, all the treatments
which contain mango by-products or BHT exhibited
higher L*, a* and b* values than the control (C), which
exhibited the lowest values. Color deterioration by the
end of storage could be related to the microbial load
exceeding the permissible limit (6 logl0 CFU/g) set by
the EOS-1972 [17] for sausage on the 4th in the control
sample (6.64 logl0 CFU/g) (Table 2). The obtained
results agree with El-Nashi et al. [32], who reported that
adding pomegranate peels with different percentages
preserves beef sausage color from deterioration during
cold storage. Similar results were noticed by Bellucci et
al. [28], Manzoor et al. [11] & Mokhtar and Eldeep [26]
with the addition of black rice and mango peel extract
in pork, beef patties, chicken sausage and beef burger,
respectively.

Sensory Quality Criteria

Sensory quality criteria such as color, odor, and
overall acceptability of beef sausage samples containing
different concentrations of dried mango by-products
were evaluated during cold storage and the results are
presented in Table 3. It could be noticed that the addition
of mango by-product powder had a significant effect
(p<0.05) on enhancing the sensory criteria of prepared
beef sausage and increased their acceptability during
storage. Sensory quality criteria of color, taste, odor,
juiciness and overall acceptability were evaluated in
cooked beef sausage for all the treatments only on the
initial day and rated high scores with the addition of
MPP or MKP (Data are not given). As the concentration
of MPP or MKP increased, the acceptability of beef
sausage increased. The results showed that all sausage
samples exhibited high overall acceptability ranging
between 8.10 and 8.33, with no significant difference
between all treatments on the initial day of the storage
(Table 3). Similar results were recorded by Mokhtar
and Eldeep [26] and Kadakadiyavar et al. [33] for
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chicken nuggets and beef burgers, overall acceptability
contains MPE with different concentrations. Similar
scores (without a significant difference) were rated
for all samples on day 4 of storage, except the control
(C), which significantly decreased. The control sample
reached the rejection limit (4) after 4 days of storage
in all parameters. Meanwhile, the other samples were
still acceptable until day 12, except T2 and T3 (Sample
with 1% and 2% MKP, respectively), especially for
odor which recorded 3.33 and 4.33, respectively, at day
12. Also, T2 recorded 4.28 for overall acceptability on
day 12 of storage which was considered unacceptable.
Generally, sausage samples with MPP (T5) recorded the
highest score of all parameters compared with BHT. That
might be due to the impact of MPP on lipid oxidation
and the formation of a rancidity smell. Moreover, the
antimicrobial properties of phenolic compounds in MPE,
especially when the concentration of MPP (T5:2%) was
increased, made it acceptable for more than 12 days.

Conclusions

The study demonstrated that Zebda mango peel
powders had a higher antioxidant capacity, while the
mango kernel powder displayed a lower antioxidant
capacity. Comparing different segments showed that
MPP exhibited a higher TFC, TPC, vitamin C and
carotenoids, representing higher antioxidant capacity.
Therefore, mango by-product segments are a rich
source of bioactive compounds and could be utilized as
a natural preservative. The incorporation of mango by-
product powder significantly altered the beef sausage’s
physico-chemical, microbiological and sensory criteria.
Especially the addition of MPP at a high concentration
(2%) was retarding the development of lipid oxidation
and, consequently, the deterioration of quality, such as
microbial and color parameters stability of beef sausage
stored at 4°C for 12 days. Whereas TBA values showed
that the additional level of MPE (2%) had a higher effect
on delaying lipid oxidation than the recommended
addition level of the synthetic antioxidants (200 ppm
BHT). Therefore, utilizing the Zebda mango by-product
powder could benefit in achieving high stability of beef
sausage during cold storage without any negative effects
on the product’s sensory characteristics.
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