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Abstract

Humans have practiced food preservation for thousands of
years through fermentation, salting, and drying. The food
industry has brought in processes such as canning, freezing,
boiling, pasteurization and sterilization to control the microbial
integrity and enzymatic aging of foodstuffs. In order to store
food for a longer period without spoilage, it is important to
preserve it properly. However, the preservative must not be toxic
to humans. However, this often comes at the expense of
nutritional quality and sensory attributes, and therefore, new
food processing technologies continue to be developed to meet
the growing demand for healthy and environmentally friendly
food products. In contrast to heat treatment, these new
techniques make use of heat to kill microorganisms and avoid
rancidity of fats. Care must be taken to preserve the nutritional
value, texture, and flavor of foodstuffs by using high pressure,
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electric fields, ohmic heating, high electrical pulses, or
ultraviolet radiation. The underlying inactivation mechanisms,
efficiencies and limitations of these techniques are currently still
under research and will be highlighted in this paper.
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Abstract

The world has recently witnessed a development in the field
of food industries, especially functional food products, due to the
increasing demand and in response to the needs of the local
market and consumers who follow a vegetarian diet or to treat
many diseases, including allergy to milk proteins, lactose
intolerance, and high cholesterol. This review concluded with the
study and development of functional food products such as
cheese and dairy-free milk or dairy products and replacing them
with high-protein vegetable sources, including soybean, coconut,
and almond milk, as an alternative to milk caseinate when
performing the coagulation process or as a substitute for
saturated dairy fats as well as their nutritional value. Soybean
proteins have good technological and nutritional characteristics
and are cheap for use in the production of vegetable cheese
substitutes, despite their lack of use for flavoring purposes,
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which can be reduced by using modern technologies or by
adding flavorings.

Keywords: plant-based dairy alternatives, soy milk, almond
milk, coconut milk, probiotics.
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Abstract:

The orange crop is considered one of the important export
fruit crops and can be relied upon to increase the proceeds of
agricultural exports from the foreign exchange necessary to
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finance the development process and build the national
economy, the research problem was the fluctuation and
instability of the quantity and value of Egyptian orange exports
during the period (2017-2021), therefore, the research aimed to
analyze the competitiveness and optimal economic distribution
of Egyptian orange exports in the most important global markets.
The research results showed that the most important export
markets for oranges are Russia, Saudi Arabia, the Netherlands,
China, the Emirates, the United Kingdom, and Bangladesh, as
these markets together represent about 65.84% of the total
amount of Egypt’s orange exports, and about 65.21% of the total
value of Egypt’s orange exports as an average for the study
period. It was also shown that Egypt enjoys a comparative
advantage in exporting oranges, as the average value of the
apparent comparative advantage coefficient was about 43 during
the study period. And estimating the market share of Egyptian
oranges in the most important import markets, it was found that
the Saudi market comes in first place, as it reached about 50.7%
of the average of this market’s total orange imports, the
Jordanian market comes in second place, as the average market
share of Egyptian oranges reached about 49.5% of the average of
this market’s total orange imports. It was also clear from the
results of the penetration rate of Egyptian orange exports into the
most important foreign markets that the Dutch market ranks first,
followed by the Kuwaiti, Russian, Saudi, and Jordanian markets,
where the average penetration rate during the study period was
about 0.437, 0.434, 0.431, 0.425, and 0.385 for these markets.
The results of using the linear programming method for the
optimal distribution of Egyptian orange exports also showed that
the first scenario is the best among the six proposed scenarios, as
it achieves an increase in the value of exports amounting to
about 80.59 million dollars, representing about 19.8%, over the
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current situation, which amounts to about 406.15 million dollars
during the average period (2017 -2021).
Keywords: Orange Exports - Market Share - Penetration Rate -
Linear Programming - Economic Distribution
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Abstract:

The research aimed to identify the degree of orientation of
olive farmers towards ways of adapting to the phenomenon of
climate change in the research area, to determine the relationship
between it and their studied independent variables, and to
determine the contribution of variables with a significant
correlation in explaining the total variation. This research was
conducted in Siwa Oasis, where a random sample of 238
respondents was selected regularly, representing 10% of the total
olive growers in the oasis. The data was collected during the
months of September and October of 2023 through personal
interviews with the respondents using a questionnaire form. The
questionnaire included thirty-nine statements to measure olive
growers' attitudes toward ways of adapting to the phenomenon of
climate change after ensuring the validity, reliability, and
truthfulness of these statements. Frequencies, percentages,
arithmetic mean, standard deviation, simple correlation
coefficient, and ascending stepwise multiple regression analysis
method were used in presenting and analyzing the data. The
most important findings of the research were as follow:

1. The results showed that the percentage of respondents with a
neutral approach to ways of adapting to the phenomenon of
climate change in the research area amounted to 51.3% of the
total number of respondents, and that the percentage of
respondents with a favorable approach reached 33.2%, while
the percentage of respondents with a non-supportive
approach reached 15.5% of the total number of respondents

2. The results showed a significant relationship at the 0.01 level
between the agricultural area holding olive trees, the number
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of years of experience in cultivating olive trees, the degree of
spatial isolation, the degree of tribal leadership, the degree of
belonging to the tribal community, the degree of exposure to
sources of agricultural information, and the degree of
tendency towards agricultural innovations, and the degree of
the trend towards agricultural extension and the trend of the
olive farmers in ways of adapting to the phenomenon of
climate change in the research area. This relationship was
significant at the 0.05 level for the number of family
members and formal social participation.

3. The results of the ascending stepwise multiple regression
analysis found that there are five studied independent
variables, which are: the number of years of experience in
growing olive trees, the degree of orientation toward
agricultural extension, the degree of exposure to agricultural
information sources, the number of family members, and the
degree of tribal leadership. Their percentages of contribution
to the variance were significant in the total explained trend
score. Together, the variables explain 47.3% of the variance
in the olive farmers’ attitudes towards ways of adapting to
climate changes in the research area.

Keywords: olive farmers - adaptation - climate change
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Comparative changes in quality parameters and nutrient
composition in healthy and creased fruit, and the
effectiveness of moringa leaf extract in reducing creasing
incidence of Washington navel orange (Citrus Sinensis L.
Osbeck)

Abstract:

The study was conducted on twelve-year-old Washington
navel orange (Citrus Sinensis L. Osbeck) trees at a private
orchard in Badaway, Al-Dakahlia governorate, Egypt, between
2019 and 2020. The objective of study was evaluated the
changes in quality parameters and mineral composition in the
healthy and creased fruit, and the effects of calcium chloride
(CaCly) and moringa leaf extract (MLE) sprays on the creasing,
yield and fruit quality of Washington navel orange. The
experiment was laid out in randomized complete block design
with three replications and five treatments: T1=Control (distilled
water only), T2= CaCl, at 1%, T3= CaCl, at 2%, T4= MLE at
2%, T5= MLE at 3%. Spraying treatments were applied three
times in both seasons: during the full bloom stage, the fruit
setting stage, and two weeks after the fruit setting stage. The
results showed a strong correlation between the quality
parameters, the nutrient composition, and the fruit creasing
incidence. Foliar application of moringa leaf extract reduced the
incidence of fruit creasing while increasing fruit yield, fruit
weight, fruit firmness, fruit peel thickness, TSS, and vitamin C in
'‘Washington navel' orange. Hence, moringa leaf extracts at 3% is
adapted to decrease the incidence of creasing and improve the
yield components and fruit quality of ‘Washington navel’ orange
under experimental conditions.

Keywords: Creasing, Calcium, Moringa, Extract, Washington
navel orange.
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Introduction

Citrus is an important fruit crop in tropical and
subtropical countries, it is considered the first among economic
fruit crops in Egypt as well as all over the world. Washington
navel orange (Citrus sinensis L. Osbeck) is the main cultivated
variety of citrus in Egypt and it is considered the popular fresh
citrus fruits for the Egyptians due to its seedless, large sized,
fruit nutritive value, and low prices compared to other fruits, it is
also a major source of early-season income for citrus farmers in
all citrus commercial areas in Egypt (El Sheikh et al., 2007; El-
Mehy and El-Badawy 2017; Abobatta, 2018; Abobatta, 2019).
Occupies an area of 30.94% of the total area of cultivated citrus,
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with an area of about 152806 fed. produced about 1608806 tons
per year (Bulletin of the Agricultural Statistics, 2021). The net
income from Washington navel oranges production is in closed
relationship to fruit qualities, which play the great important role
in determining the price (Magwaza et al. 2013). Moreover, the
recently distribution of creasing disorder is one of the most
prevailing problems facing the Washington navel oranges
producer, which certainly reflected negatively on grading and
marketing value of produced fruits (Wang et al., 2021).

Creasing known as Albedo breakdown, is a serious pre-
harvest physiological disorder, due to the abnormal separation of
cells in the middle lamella of albedo tissue, causing puffiness of
washington navel orange peel (Agusti et al., 2001; Alquezar et
al., 2010; Alva et al., 2006; Pham et al., 2012; Saleem et al.,
2014; Juan and Chen, 2017). Orange fruit creasing is a very
complex process. Even with in-depth studies, the mechanisms
and influencing factors related to fruit creasing are still
uncertain. Recent studies reported that fruit creasing has been
directly related to cultivar characteristics (Agusti et al., 2003),
weather conditions (Gambetta et al., 2000), rootstock (Storey et
al., 2002), peel thickness (Holtzhausen, 1981), peel hardness (Li
et al., 2013), growth regulators (Li et al., 2016), and mineral
contents of some nutrients such as calcium, potassium
(Elharouny et al., 2015).

Controlling of creasing in navel orange is important for
the marketing of quality fresh orange and to prolong the life of
the fruit with high quality characters as long as possible after
harvest. Currently, most of the studies on the prevention of
creasing have been based on foliar treatments with mineral
elements such as boron, potassium and calcium (Pham, 2009;
Huai et al., 2022; Lopez-Zaplana et al., 2020; Michailidis et al.,
2022), synthetic plant-growth regulators such as gibberellic acid
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(GAy), cytokinins and auxins (Agusti et al., 2002; Kassem et al.,
2012).

Moringa oleifera L., has been used as an organic
biostimulant (Jardin et al., 2015 and Elrys et al., 2022), leaves of
moringa are rich in minerals (El Sohaimy et al. 2015;
Gopalakrishnan et al., 2016), vitamins (Yap et al., 2021), amino
acids (Abd EI-Mageed et al., 2017) and phytohormones such as
salicylates, auxins, cytokinins and gibberellins (Elzaawely et al.
2017a). This study aimed to assess the effects of calcium
chloride and moringa leaf extract on the incidence of fruit
creasing, yield, and quality of Washington navel oranges, as well
as the relative changes in quality parameters and nutrient
composition in the albedo and flavedo of the creased and the
healthy fruit.

Materials and Methods
Experimental setup and site information

This study was carried out during 2019 and 2020 seasons
on forty five trees 12 years old of “Washington navel” orange
(Citrus sinensis L. Osbeck) budded on sour orange rootstock
(Citrus aurantium L.) rootstock and planted at 5 x 5 m in loamy
clay soil under surface irrigation system in a private orchard at
Badaway, Al-Dakahlia governorate, Egypt (latitude: 31.05° N,
longitude: 31.38° E and 2.89 m above the Mediterranean Sea
level). Trees were normal growth, uniform in vigour, trained on
open vase training system and were received uniform
management practices. Soil analysis properties of the
experimental site were provided in Table 1.

.1
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Table 1. Physical and chemical characteristics of the

experimental soil.

Properties Values Properties Values
Sand % 27.6 CaCO; % 175
Silt % 31.7 Total N mg/kg soil 99.8
Clay % 40.7 K* mg/kg soil 421.2
Texture class Clay- loam P mg/kg soil 3.36

pH ** 7.8 Ca*"mg/kg soil 324.1
E.C. (dS/m) 1.5 Mg*" mg/kg soil 1103.38
Organic matter % 1.09 Zn mg/kg soil 0.99

Extraction of 1:2 soil: water (w/v). ** Suspension of 1:2 soil:

water (w/v). E.C.= Electrical conductivity.

Preparation of Moringa leaves extract (MLE):

The aqueous extract of Moringa leaves was prepared
using the method previously described by Yasmeen (2011). 100g
of air-dried Moringa oleifera leaf powder was soaked in 1 liter of
water for 24 hours and filtered out; then diluted with water in the
following concentrations: 2%, 3%. Some chemical compositions

of Moringa leaf extract were determined as shown in Table 2.

Table 2. Chemical composition of principal component of
Moringa oleifera leaves extract.

Moringa oleifera leaf extract (values in mg g DW)

Component
Amino acids
Proline
Total soluble sugars
Ash
Calcium
Magnesium
Potassium
Phosphorus
Sodium

Iron

Manganese

2019 2020 Component 2019 2020
126.2 1269 Zinc 0.466 0.517
27.29 28.10 Copper 0.212 0.230
155.9 163.7 Soluble phenols 2.235 2.178
113.5 117.2 Total carotenoids 2.301 2.477
8.789 9.435  Total chlorophyll 4.722 5.024
6.077 7.014 Ascorbic acid 3.321 3.561
28.15 29.88 Phytohormones (ug g DW):

6.233 6.266 Indole-3-acetic acid 0.911 0.988

0.512 0.422 Gibberellins 0.817 0.833
1.922 1.930 Zeatin 0.945 0.988
0.978 1.055 Abscisic acid 0.302 0.344
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Treatments and experimental design

The experiment followed complete randomized blocks design
with three replicates for each treatment (5 treatments x 3
replicates = 45 trees), as follows:

Control (distilled water only)

Calcium chloride at 1%

Calcium chloride 2%

Moringa leaf extract at 2%

Moringa leaf extract at 3%

These treatments were sprayed to runoff at full flower stage, at
fruit set stage and two weeks after fruit set with the indicated
solutions. Tween-20 was added at 0.01% as a surfactant.

All the trees received the specific fertilizer doses recommended
by the Ministry of Agriculture, which were 140, 40, and 100
units/fed. of NPK, respectively.

Data collection and analysis

Mineral content and concentration: nitrogen (N), potassium
(K), calcium (Ca) and magnesium (Mg).

Total nitrogen, potassium, calcium, and magnesium
content in the leaves and fruits of Washington Navel oranges
were determined using the ICP (Inductively Coupled Plasma)
technique (McQuaker et al., 1979).

Thickness and firmness of fruit peel

Indicators of fruit strength include the thickness and
firmness of the fruit peel were determined, fruit peel thickness
(mm) was determined using an electronic digital caliper. The
peel firmness was determined as (kg/m?) by using a handheld
fruit firmness tester (“Penetrometer” (Model FT 327, QA
Supplies, Norfolk, VA, USA) (Chawla et al., 2018).

Creasing incidence (%)

The incidence of creasing was examined on the fruit from

whole tree, based on the appearance of fruit surface (Storey et

Y.O
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al., 2002). The creasing incidence percentages were calculated
according to the following equation:
Creasing % = ( Creased fruits/Total fruit number per tree) x100

Fruit yield and quality

Determination of yield: All fruits were harvested at commercial
maturity stage (the first week of January) from each tree of
various replicates and yield was recorded as a number of
fruits/tree and weight in Kilograms.

Quality assessments: Tow fruit samples were taken from each
experimental unit. The first sample of 10 randomly fruits was
used for measuring the physical and chemical quality
parameters. Fruits of the second sample were selected according
to visual symptoms, 10 fruit with creasing and 10 fruit without
creasing symptoms were harvested. In the laboratory, fruits of
each category were observed with a scanning Electronic
microscope (SEM).The same fruits were used to determine the
fruit quality parameters.

Fruit weight (g), length and diameters: Fruit weight was
determined using a sensitive scale. Fruit dimensions (length and
diameter “cm”) were determined using an electronic digital
caliper.

Total Soluble Solids (TSS %): Carl Zeiss hand refractometer
was used to determine the TSS in fruit juice according to Chen
and Mellenthin (1981).

Titratable acidity % (TA): Titratable acidity% was determined
by titrating the juice against 0.1 N sodium hydroxide using
phenolphthalein as an indicator. Results were expressed as
percentage of citric acid in fresh pulp weight (AOAC, 1990).
Ascorbic acid contents (Vitamin C): Ascorbic acid (mg/100 g
FW) in fruit juice was determined by using the dye 2, 6-
dichlorophenyl indophenols method described in A.O.A.C
(1970).
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Statistical analysis
The obtained data were subjected to the analysis of variance
using Statistix 9.0 software program (Analytical Software,
Tallahassee, FL. USA). The least significant differences test
(LSD) at a 5% level of probability was used to compare the
mean between treatments (Steel et al. 1960).
Results and Discussion
Effects of calcium chloride and moringa leaf extract on the
incidence of fruit creasing, yield, and quality of Washington
navel oranges.
Leaf mineral (N, P, K and Ca) content

The mineral content of plant leaves is a very important
tool to determine the status of nutrients (Ayoub et al., 2014).
MLE sprayed had the highest mineral content, followed by
calcium chloride treatments and control (Figure 1 A, B, C and
D).The highest concentrations of MLE (3%) significantly
(P<0.05) resulted in the highest mineral content of ‘Washington
navel’ orange leaves compared to the other treatments: 2.91 and
2.93 % for N, 0.36 and 0.38 % for P, 1.85 and 1.87 for K, 4.55
and 4.58 for Ca in the first and second season, respectively
(Figure 1 A, B, C and D). These findings are consistent with the
report by Jain et al. (2020), who noted an increase in Stevia
rebaudiana Betoni's N, P, K, and Ca contents as a result of MLE
foliar spraying. Additionally, a different study found that the
foliar application of 3% MLE at the fruit set stage increased the
concentration of macro- and micronutrients (N, P, K, Ca, Mn,
and Zn) in "Kinnow" mandarin leaves (Nasir et al., 2016).
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Figure 1. Effect of moringa leaf extract and calcium chloride
treatments on leaf mineral content; (a) Nitrogen (N), (b)
Phosphorus (P), (c) potassium (K) and (D) calcium (Ca) of
‘Washington navel’ orange during 2019 and 2020 seasons.
Values in the bar followed by the same letter(s) are not
significantly different at a 5% level of probability.
Thickness and firmness of ‘Washington navel’ orange fruit
peel

The thickness and firmness of the "Washington navel”
orange fruit peel were also examined in this study in relation to
treatments with calcium chloride and moringa leaf extract
(Figure 2 A and B). The fruits treated with MLE had

. ) N\
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significantly (P<0.05) thicker peels than the calcium chloride
treatments and control, as shown in Figure 2 A. The biggest fruit
peel thickness was observed when navel orange trees sprayed
with MLE at 3% (5.8 mm and 6.0 mm during the 1% and 2™
seasons, respectively). The maximum increase in fruit peel
thickness compared to control was 61.76% and 70.58% during
2019 and 2020, respectively. This was followed by treatment of
MLE at 2 %, which were 5.5 mm and 5.8 mm in the first and
second seasons, respectively. The result obtained is in agreement
with those reported by Abo EI-Enin (2015). They reported that
foliar application of moringa leaf extract at 3% increased the
fruit peel thickness of Navel orange. The high content of zeatin
in moringa leaf aqueous extract is attributed to the increase in
fruit peel thickness. During fruit development, zeatin increases
cell division and cell enlargement. The increase in fruit peel
thickness is attributed to the high level of zeatin in moringa leaf
agueous extract. Zeatin increases cell division and cell
enlargement during fruit development (Teribia et al., 2016).
Results presented in Figure 2 B show that MLE and
calcium chloride treatments gradually increased the firmness of
fruit peels. Fruits treated with MLE had significantly (P < 0.05)
harder peels than that of the calcium chloride treatments and
control in the first and second season. Highest firmness was
observed in fruit harvested from trees treated with 3% MLE
(2254 and 22.66 kg/m®) in first and second seasons,
respectively. Meanwhile, lowest firmness was recorded in fruit
harvested form control (13.83 and 14.1 kg/m?) during 2019 and
2020 seasons respectively. These results are consistent with
those of ShM et al. (2017), who found that a 6% aqueous extract
of moringa enhanced the fruit peel hardness of the "Hollywood"
plum cultivar (Prunus salicina Lindl.). The increased fruit
firmness may be due to the high calcium content of moringa leaf
extract (Table 2). Since calcium is crucial for the structure of cell
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walls, it contributes to the firmness of fruit tissue (Ismail and
Ganzour et al., 2021 and Martins et al., 2020), prevents
physiological disorders, and improves fruit quality (Picchioni et
al., 1995).
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Figure 2. Effect of moringa leaf extract and calcium chloride
treatments on (A) peel thickness (mm) and (B) fruit peel
firmness of ‘Washington navel’ orange during 2018-2019 and
2019-2020 seasons. Values in the bar followed by the same
letter(s) are not significantly different at a 5% level of
probability.

Incidence of fruit creasing (%0)

Fruit creasing decreased significantly (P < 0.05) in all
treatments compared to the control (Figure 3). In the first season,
70.34 % of untreated fruits showed creasing, whereas, in the
second season, control fruits registered values of 68.45 %. The
application of moringa leaf extract at 3% reduced the number of
creasing fruits to 7.6 % and 7.37 % in the first and second
seasons respectively. Spraying this extract at 1% also produced
lower values than the control in both seasons (9.19% and 9.28%
for the first and second seasons, respectively). While values for
fruits treated with calcium chloride showed lower effectiveness
in both seasons (39.32 %and 39.73%, respectively).

—\\'_
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The occurrence of creasing is known to be controlled by
multiple factors, including external factors such as agronomic
(mineral nutrition) and fruit characteristics (mechanical
properties of the peel (peel thickness and hardness) (Gambetta et
al., 2000; Treeby and Storey, 2002; Bower, 2004, Li et al., 2009;
Pham et al., 2012; Khadivi-Khub, 2014; Li and Chen, 2017 and
Correia et al., 2018). The beneficial effects of MLE on fruit
creasing incidence may be attributed to increased leaf mineral
content, thickness, and firmness of the fruit peel of "Washington
navel' orange.

80
. ® 2019

60 = 2020

N
o
L

N
o
T T

Incidence of creasing (%)

Control CaCl2 CaCl2 MLE MLE
@) 1% w (3%
Treatments

Figure 3. Effect of moringa leaf extract and calcium chloride
treatments on incidence of creasing in ‘Washington navel’
orange during 2019 and 2020 seasons. Values in the bar
followed by the same letter(s) are not significantly different at a
5% level of probability.

Fruit yield and quality

Figure 4 A illustrates the effect of Moringa leaf extract
and calcium chloride foliar application on fruit yield per tree
during the 2019 and 2020 seasons. The analysis variance of
navel orange fruit yield per tree (kg/tree) confirmed that the
effect of moringa leaf extract and calcium chloride treatments
was significant (P<0.05) for fruit yield during the two seasons
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(Figure 4 A). In general, all MLE treatments resulted in the
highest fruit yield per tree compared to the control trees. During
the two seasons, spraying orange trees with MLE at 3%
produced the highest (116.3 and 124.9 kg/tree) fruit yield of
navel oranges per tree. On the other hand, the results showed that
control trees recorded a 40.75 and 43.07% reduction in navel
oranges fruit yield per tree compared to MLE at the 3%
treatment. This increase in yield can be attributed to the Moringa
leaf extract content of high minerals and hormones, which are
directly or indirectly involved in fruit growth and development
processes and consequently increase the number of fruits/trees
(Abdalla, 2013). Our results are in agreement with those
obtained by Abd El-Hamied and EI-Amary (2015) and Nasira et
al. (2016). They reported that foliar application of Moringa leaf
extract increased the yield of ‘Le Conte’ pear and ‘Kinnow’
mandarin. Moreover, Fuglie (1999) reported a Yyield
enhancement of 25-30 % in onions, bell peppers, soya, maize,
sorghum, coffee, tea, chilli, and melon by moringa leaf extract
application. They suggested that this yield enhancement was due
to the presence of growth hormones, antioxidants, and minerals
in moringa leaves.

The fresh weight of navel orange fruit in response to

moringa leaf extract and calcium chloride treatment was
investigated. There was a significant difference (P<0.05)
between the treatments (Figure 4 B). Treated navel orange trees
with MLE had a significantly greater average fruit weight (332.5
and 338.6 g during 1% and 2" seasons, respectively) compared to
other treatments. The lowest fruit weight was recorded in the
control, which was 255.3 and 260.0 g in the first and second
season, respectively. Moreover, moringa leaf extract and calcium
chloride treatments significantly affected fruit diameter and
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length during the two seasons (Figure 4 C and D). Compared to
the control, all MLE treatments recorded the greatest values for
fruit length and diameter. MLE at 3% treatment recorded the
biggest fruit diameter in both seasons (8.16 and 8.11 cm,
respectively). Also, navel orange trees subjected to treatment of
MLE at 3% showed the highest value of fruit length (8.25 and
8.22 cm in the 1% and 2" seasons, respectively). In contrast, the
control trees had the lowest fruit length and diameter during the
two experimental seasons. These results are similar to those
reported by Abd El-Hamied and EI-Amary (2015), who showed
that application of MLE caused a significant increase in the fruit
weight and size of the ‘Le Conte’ pear. Similarly, Nasira et al
(2016) reported that treated ‘Kinnow’ mandarin plants with
moringa leaf extract at the fruit set stage caused a significant
increase in fruit weights and size.

The increase in fruit weight, fruit length and fruit
diameter are ascribed to the high level of zeatin and minerals
such as potassium and zinc in moringa leaf aqueous extract.
Potassium regulates the accumulation of starch and sugar in
fruits (Ramezani et al., 2011; Marschner, 2011), while Zn, a
tryptophan precursor, is involved in indole acetic acid synthesis,
which is required for the growth and development of fruit (Zekri
and Obreza, 2003; Nasir et al.,2016). Zeatin accelerates cell
division and cell enlargement during fruit development (Teribia
et al., 2016) and also improves sink capacity and photosynthate
assimilation as a result of more extended green areas in the leaf
(Zwack and Rashotte, 2013).
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Figure 4. Effect of moringa leaf extract and calcium chloride
treatments on (A) yield, (B) fruit weight, (C) fruit diameter and
(D) fruit length of ‘“Washington navel’ orange during 2018-2019
and 2019-2020 seasons. Values in the bar followed by the same
letter(s) are not significantly different at a 5% level of
probability.

Among treatments, foliar application with MLE showed a
significantly (P < 0.05) higher percentage of TSS in the navel
orange fruit than those in the CaCl, and control treatments, as
shown in Figure 5 A. Spray application with MLE at 3%
produced a higher percentage of TSS, which was 12.9 in the first
season and 13.6 in the second season, respectively.

Data illustrated in Figure 5 A, B clarified that obtained
results of titratable acidity % (TA) were in contrast with soluble
solids content in 2019 and 2020. The control had the highest TA
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content, which was 0.77 and 0.79 % during the first and second
seasons, respectively. Meanwhile, the MLE treatment recorded a
reduction percentage (29.8 and 27.8 %, respectively, in the two
seasons) compared with the control. These results are in
agreement with Abd El-Hamied and El-Amary, (2015) on ‘Le
Conte’ pear, who found that spraying MLE at 4% caused a
significant increase in the total soluble solids. It also caused a
significant decrease in total acidity. In addition, Alsalhy and
Aljabary (2020) they studied spraying MLE at 45 g L™ on the
Halawani grape vines, which caused a significant increase in the
total soluble solids. In another study, Khan et al. (2020) found
that spraying five cultivars of grape vines with moringa leaf
extract at 3% significantly affected total soluble solids and total
acidity in fruits compared to the control treatment.

The effect of the treatments on the ascorbic acid (vitamin
C) content of navel orange fruit is presented in Figure 5 C. The
greatest value of ascorbic acid was obtained from spraying navel
orange tress with MLE at 3% (51.5 and 52.9 mg/100 ml juice
during 1% and 2" seasons, respectively). This was followed by
treatment of MLE at 2 %, which were 50.9 and 51.3 mg/100 ml
juice in the first and second seasons, respectively. On the other
hand, the ascorbic acid content in control trees was 39.3 and 40.9
mg/100 ml juice in the 2019 and 2020 seasons, respectively.
These results are consistent with those of Khan et al. (2020),
who reported that the aqueous extract of moringa increased the
ascorbic acid (VC) content of grape vines. Similarly, Nasir et al.
(2020) reported that MLE application before flowering and at
fruit set stages exhibited maximum vitamin C content, about
1.16-fold higher than the control in ‘Kinnow’ mandarin fruit.
Considering that MLE is rich in protein and vitamin C its
application via foliar spraying enhanced the endogenous vitamin
C and facilitated ascorbic acid formation (Ullah et al., 2019;
Ismail and Ganzour, 2021).
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Figure 5. Effect of moringa leaf extract and calcium chloride
treatments on (A) total soluble solids (TSS), (B) titratable acidity
% and (C) ascorbic acid (VC) contents of ‘Washington navel’
orange during 2018-2019 and 2019-2020 seasons. Values in the
bar followed by the same letter(s) are not significantly different
at a 5% level of probability.

Comparative changes in quality parameters and nutrient
composition in the creased and the healthy fruit.

Data in figure 6 showed averages some physical quality
properties (fresh weight, diameter, peel thickness and firmness)
of Washington Navel orange fruits with and without creasing
symptoms during 2019 and 2020 seasons. The obtained data
showed significant increments (P<0.05) in fruit weight (g), fruit
diameter in the in fruit with creasing symptoms 340.04g and
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9.7cm, respectively as compared with fruits without creasing
symptoms (Figure 6A and B). Concerning the fruit firmness
there were significant difference (P<0.05) between the fruits
with and without creasing symptoms 2.06 and 2.86 kg/cm?,
respectively (Figure 6C). The fruit peel thickness of the fruits
without creasing symptoms was significantly thicker (P<0.05)
than the fruits with creasing symptoms in both seasons 5.8 mm
and 3mm, respectively (Figure 6 D). These results are similar to
those obtained by Sharaf et al. (2005) and Fatma, (2003 and
2009) who reported that creased fruits of Hamlin orange,
Washington navel, and Tanarif orange cultivars had significantly
thinner peel as compared to non-creased ones.

Fresh weight (g) A\ Fruit diameter (cm) |E|

400
a
0 1 h
100
Without creasing With creasing Without creasing With creasing

Peel thickness (mm) Fruit firmness (kg/em?) |E|

6 2 3

3 a
| - ]

Without creasing With creasing Without creasing With creasing

Figure 6. Physical quality properties or Washington Navel
orange fruits with and without creasing symptoms A) fruit fresh
weight, B) fruit diameter, C) peel thickness and D) fruit firmness
(Pooled data of 2019 and 2020 seasons). Values in the bar
followed by the same letter(s) are not significantly (p< 0.05)
different.
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There were significant differences (P<0.05) between the
Washington Navel orange fruits with and without creasing
symptoms regarding the chemical quality properties (figure 7).
Fruits with creasing symptoms had higher values of titratable
acidity 88.00 % as compared with fruits without creasing
symptoms (Figure 7A), but fruits with creasing symptoms had
lower values of soluble solids content and ascorbic acid 10.5%
and 38.16 mg/100ml juice, respectively as compared with fruits
without creasing symptoms (Figure 7 B and C). The results are
in contrast to those of Sallato et al. (2017) on Fukumoto oranges
who reported that no significantly differences were found in
quality parameters between fruits with and without creasing
symptoms.
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Figure 7. Chemical quality properties of fruits of Washington
Navel orange fruits with and without creasing symptoms A)
soluble solids content, B) titratable acidity and C) ascorbic acid
(Pooled data of 2019 and 2020 seasons). Values in the bar
followed by the same letter(s) are not significantly (p< 0.05)
different.

Figure 8 displays the average mineral element
concentrations in Washington Navel orange fruits with and
without creasing symptoms during the 2019 and 2020 seasons.
Significantly differences (P<0.05) were found in the mineral
composition of fruit with and without creasing symptoms.
Oranges with creasing had higher nitrogen (242.06, 135.06, and
377.12 mg/fruit) and potassium (160.20, 135.06, and 518.00
mg/fruit) content in the pulp, peel, and whole fruit, respectively
(Figure 8A and B). On the contrary, calcium (87.20, 71.00, and
158.20 mg/fruit) and magnesium (26.71, 14.33, and
41.21mg/fruit) content in fruit components, pulp, peel, and the
whole fruit were lower in fruit with creasing, respectively
(Figure 8C). In this research we found that creasing oranges had
significantly lower calcium and magnesium in all fruit tissues
when compared with healthy fruit, which confirms its
importance in relation to this disorder and agrees with other
authors (Saleem et al., 2014).
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Figure 8. A) Nitrogen, B) potassium, C) calcium and D)
magnesium content (mg/fruit) in pulp, peel and whole of
Washington Navel orange fruits with and without creasing
symptoms (Pooled data of 2019 and 2020 seasons).Values in the
bar with the same color followed by the same letter(s) are not
significantly (p< 0.05) different.

In terms of the internal rind anatomy of albedo, creasing
fruit displayed an irregular pattern of grooves and furrows in the
rind, which was absent in fruit without external creasing
symptoms (Figure. 9).
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Figure 9. Scanning electronic microscope (SEM) images of
albedo of mature “Washington navel” orange with (a) and without
(b) creasing symptoms.
Conclusions

A strong correlation was found between the quality
parameters, the nutrient composition and the fruit creasing
incidence. Foliar application of moringa leaf extract reduced the
appearance of fruit creasing, increased fruit yield, fruit weight,
fruit firmness, fruit peel thickness, TSS and ascorbic acid, of
‘Washington navel’ orange. It can be concluded that foliar
application with moringa leaf aqueous extract 3% at full bloom
stage, fruit setting stage, two weeks after fruit setting stage as a
biostimulants cheap source of plant growth hormones and
minerals especially with the trend of organic farming for reduced
incidence of creasing and improved yield and quality of

‘Washington navel’ orange under experimental conditions.
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Novel Synthetic 2-Cyano-N-(3-(N-(Thiazol-2-yl)
Sulfamoyl) Phenyl) Acetamide Derivatives against
Spinning Silk Threads in Spodoptera frugiperda

Abstract:

There is a need to control Spodoptera frugiperda with
new pesticides that have unusual modes of action.
Spodoptera frugiperda initial larval instars can spin silk
threads which would be the target of synthetic 2-Cyano-N-
(3-(N-(thiazol-2-yl) sulfamoyl) phenyl) acetamide. The
toxicity of synthetic derivatives (Arl, Ar2, and Ar3) was
tested against 1st and 2nd larval instars. Besides, the silk
spinning ratio was examined after treatments with LC50s of
certain derivatives, and different shapes of produced silk
were detected in comparison with the control by SEM. In
addition, malformation percentages of initial instars and
latent effects were recorded. Biochemical experiments were
done upon treatments with LC50s of derivatives. Results
showed that Arl was the most effective derivative against
S.frugiperda 1st and 2nd larval instars with LC50 values of
781.65 and 904.39 pLL 1, respectively. Spinning ratios
were 6.67,13.33,26.67 and 93.33 % for Arl, Ar2, Ar3, and
control, respectively, and differences in silk strands were
detected morphologically upon potent interaction with the
induced treatments. Results were explained upon more
biochemical analysis which showed that Arl recorded the
highest values of total protein and total lipids, while it was
the lowest in the case of enzymes such as protease, amylase,
and Na+K+ATPase. It could be concluded that synthetic 2-
Cyano-N-(3-(N-(thiazol-2-yl) sulfamoyl) phenyl) acetamide
derivatives would be used as promising insecticides and
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anti-spinning silk threads compounds effectively against
Spodoptera frugiperda larvae with registered high mortality
percentages.

KEYWORDS: Acetamide; Biochemical Analysis;
Malformation; Silk Spinning; Spodoptera frugiperda
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INTRODUCTION

Fall armyworm (FAW) Spodoptera frugiperda (J.E. Smith,
1797) (Lepidoptera: Noctuidae) is a widespread polyphagous invasive
pest that damages maize (Zea mays L.), a summer and winter crop
farmed globally (Campos et al. 2014). It is primarily damaging to
sweet corn and vegetable crops, but it also affects other non-host crops
(Lewter et al., 2006), hence increasing its host range (Shylesha et
al.,2018). FAW larvae primarily feed on plant whorls, reducing plant
vitality and resulting in inadequate establishment, growth,
development, and crop loss (Plem et al., 2016). Unlike other
lepidopteran pests, FAW does not hibernate as a winter adaption, but
as an advantage for survival dictated by weather patterns and host
plant availability. Every year, they relocate from one location to
another. (Sparks 1979).

Further, silk is known to be produced by many arthropods
belonging to different phylogenetic groups, from spiders or
pseudoscorpions to insects, including Diptera, Lepidoptera,
Hymenoptera, and Trichoptera (Ruf et al., 2001). There are many
types of silk with very diverse properties and chemical composition.
Silk has many roles, from netting, protection, and thermoregulation to
interpersonal communication. Silk threads laid by an individual can
also be used as tracks for other species to follow, as shown by
caterpillars (Fitzgerald 1983). These monitoring and silk-setting
behaviors can trigger and expand the recruitment process by creating
positive feedback mechanisms.

There were main causes of silk gland regression which either
destructed it as alcohol or prevented silk spinning as cold shock. The
development of silk glands is influenced by hormonal treatments
applied to larvae. Juvenile hormone (JH) inhibits silk gland action,
prevents degeneration, and can indirectly enhance silk output.
Ecdysteroids at low concentrations promote silk gland growth and
function, but excessive levels induce regression and degeneration
(Sehnal and Akai,1990). Further, JH was able to generate malformed
pupae and adults and be as chemosterilant after treatment with

ISSN: 2537-0804 E— elSSN: 2537- 0855



Novel Synthetic 2-Cyano-N-(3)-(N-(Thiazol-2-yl)..., Abd ElI-Wahab, et al.

juvenile hormone analogues as sulphonamide against phthorimaea
opercula (Awasthi and Mahajan,2008). Subsequently, when the silk
gland becomes afflicted, the synthesis of silk fibroin energy in the silk
gland is disrupted, compromising the silk's quality. When the strength
and length of the silk are reduced, the insect's hanging silk migration
may be curtailed. Silk formation is linked to the growth of silk glands
and the synthesis of silk protein (Zhao et al., 2022).

In particular, sulfonamide derivatives are sulfur-containing
pesticide chemical families that have recently been in the spotlight for
their potential to modulate the properties of novel crop protection
compounds (i.e., fungicide, herbicide, insecticide, etc.), as modern
agricultural chemistry seeks to support farmers with innovative agri-
chemicals. Sulphonamide compounds exhibit a wide range of
biological activities, including antibacterial activity, carbonic
(anhydrase) inhibitory activity, and insulin release induction. Besides,
sulfonamide is one of the most versatile moieties for its pharmaco-
logical activities and actions as antiviral, antifungal, anticancer, and
anti-inflammatory (Apaydin and T6rok,2019). It is well known that
sulfonamide reduces the biosynthesis (or inhibitory action) of
dihydrophosphonamide (a sulfonamide moiety), which prevents the
growth and reproduction (or inhibitory activity) of the
dihydropteroates synthase (DPS) enzyme. Further, sulphonamide
moiety is essential for presented derivatives.

So the main target of this paper is the evaluation of the
innovated  synthetic  2-Cyano-N-(3-(N-(thiazol-2-yl)  sulfamoyl)
phenyl) acetamide derivatives against Spodoptera frugiperda and its
spinning behavior under laboratory conditions.

MATERIALS AND METHODS

-Experimental of derivatives
Coupling reaction of compound 1 with aromatic amine
diazonium salts Compounds (General procedures)
A cold solution of the appropriate diazonium chloride (0.002mol;
was prepared by adding cold sodium nitrate solution (0.5 g,0.002 mol)
to a cold suspension of appropriate aromatic amine (0.002mol).in
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conc. HCI (1.5ml) with stirring was added, with continuous stirring, to
a cold solution (0.4g,0.002mol) at 0-5C°in pyridine (20ml). The
mixture was left to stand for two hours. Then diluted with water,

filtration, and recrystallized from ethanol. The products Arl, Ar2, and
Ar3 were obtained as shown in scheme (1).

NH
* 0
0 HNJ\/CN Me\\
N H(N‘N Dry benzen + ¢ NH
\\_H = v NC H—Me 53
| ) N—ﬁ-O = reflux, 3hr 0 S’\>
S Me ¢ /k\ Me
D N
0 H
: MO
J__CN H 1
HN™ -~ . Ar-NH, NaNO,/HCI i/‘ff:_ N ~CN
/l*t\ Pyridine, 0-5 °C LJ g
U\] s,° j”\\ N__N.{
P} ‘N Q{070
{ LSO g NH2
HN © i) 1
N <N>—HN g P
N ) o -0
D= N oo
Axk Ar2 Ar3

Scheme (1) Synthesis of 2-cyano-n-(3-(n-(thiazol-2-yl) sulfamoyl) phenyl)

acetamide derivatives

-(Ar) Substitutions
Arl: (E)-N-(4-(N-(4,6-dimethylpyrimidin-2-yl) sulfamoyl)phenyl)-2-

0x0-2-((3-(N-(thiazol-2-I)sulfamoyl)phenyl)amino)acetohydrazonoyl
cyanide
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A v
4 -3
\_4 0% <0

Red Crystals; mp230-232C°; yeild 90%.

IR(KBr) v/icm™:3440,3331,3128(3NH),1661(CO).
'HNMR(400MHz,DMSO-d6): pppm 2.25(t,3H,
CH3),2,25(t,3H,CH3),9.88(s,1H,NHCO0),7,75-8.00(m ,8H,Ar-
rings),8.93(s,1H,=N-NH),11.36(s,1H,NHSO,) 12.64(s,1H,NHSO,)
Analysis for C24H21NgOs5S3
Calcd:C,47.13;H,3.46;N,20.61;0,13.08;S,15.72%.

Found C,47.03;H,3.26;N,20.01;0,13.02;S,15.02%.

Ar2:(E)-2-oxo-N-(4-(N-(thiazol-2-yl)sulfamoyl)phenyl)-2-((3-(N-
(thiazol-2-yl)sulfamoyl) phenyl)amino)acetohydrazonoyl cyanide

/\ N
’ ,IHH“ /) 5 HH—RSJ
Eﬁ i CN
o 0O
{]I=5;i.=[]
HN_ g
A
| A
N-/
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Pale yellow crystals; mp=268-270 C°:yield 87%.

IR(KBr) vicm™:3449,3440,3433,3406(4NH),2217(CN),1661(CO)).
HNMR (400 MHz, DMSO-d6): owppm 6.81(d,1H,of thiazole
ring),7.21(d,1H,of thiazole )and other thiazole ring in st. have same
spectra.7.67-8.00(m,8H, Ar), 9.88 (s, 1H, NHCO), 11.61 (s,1H,=N-
NH),12.30(s,1H,NHSO,),12.64(s,1H,NHSO,).

Analysis for C21H15N80554
Calcd:C,42.85;H,2.74;N,19.04;0,13.59;S,21.79%.
Found:C,42.45;H,2.34;N,19.00;0,13.39;S,21.09%.

Ar3:(E)-N-(benzo[d][1,3]dioxol-4-yl)-2-0x0-2-((3-(N-(thiazol-2-
yl)sulfamoyl)phenyl)amino) acetohydrazonoyl cyanide

White crystals; mp 220-222 C° :yield 92%.
IR(KBr) viem™ : 3400,3100,3000(3H),1600(C0),2258(CN).
Analysis for C19H14N¢OsSs
Calcd:C,48.51;H,3.09;N,17.86;0,17.09;S,13.63%.
Found:C,48.01;H,3.00;N,17.46;0,17.00;S,13.33%.
-Docking procedure

Molecular modeling calculations and docking were done using
“Molecular Operating Environment (MOE)”. Ligands were drawn on
ChemDraw and imported in MOE.

-Spodoptera frugiperda
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- Spodoptera frugiperda Rearing

S. frugiperda newly emerged larvae were incubated at regulated
circumstances (27°C,70% RH, and 12 hrs of incidence light). They
were placed in transparent plastic pots (25 cm), covered with filter
paper, and fed on castor oil leaves according to EL-Defrawi et al.
(1964) with slight modifications to be suitable to S. frugiperda, until
the insects reached the pupal stage. The pupae were then put in plastic
pots (16x 10 cm) coated with wet filter paper and incubated for
around 12 days. When the adults emerged, 30 couples were divided in
bond paper-covered PVC cages (20 x25 cm). Each cage got a plastic
plate (25% 25 cm) coated in filter paper to act as an ovipositional
substrate, and the cages were sealed with PVC plastic film. The
couples were given a 10% (v/v) honey solution in the form of a
hydrophilic cotton swab in 10 mL plastic tubes. Until hatching, the
eggs were collected daily and moved to transparent plastic pots (16
x10 cm) lined with filter paper, and produced caterpillars were fed in
the method indicated before.

-Bioassay of synthetic derivatives against Spodoptera frugiperda

The leaf-dip technique was used to examine the efficacy of three
synthetic chemicals against S.frugiperda larvae in both the first and
second larval instars. To assess mortality percentages after 24 hours of
exposure to various concentrations of fundamental components, in
comparison to the control, which was dipping leaves in water only.
Each treatment contained three identical replicates with 30 larvae.
Likewise, the toxicity index was determined by using the sun’s
equation (1950), and relative potency values were measured according
to Zidan and Abdel-Megeed (1988).

-Estimation of spinning behavior

The effect of synthetic 2-Cyano-N-(3-(N-(thiazol-2-yl) sulfamoyl)
phenyl) acetamide derivatives against spinning behavior in
Spodoptera frugiperda was determined. 1% and 2" larval instars were
exposed to LC50s of the three compounds and compared with control
for 72 hours after treatments. Each treatment was triple-replicated and
every replicate had 30 exposed larvae. The spinning rate was
calculated with the following formula:
S (%) = N/M*100
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S: Spinning rate,

N: Number of S.frugiperda larvae spinning,

M: Total number of living S.frugiperda larvae.

Silk strands were isolated from each treatment and photographed by
SEM, in the National Research Center in Egypt. The estimation of the
diameter of strands and morphological differences were detected.

-Biochemical experiments

-Biochemical test of certain contents

1% and 2™ larval instars were exposed to LC50s of synthetic 2-
Cyano-N-(3-(N-(thiazo|-2-y!? sulfamoyl)  phenyl)  acetamide
derivatives. Live 1% and 2" larval instars were collected after three
days of treatments, weighted, frozen, and prepared for each test. Total
protein, total lipids, protease, and amylase were examined and
compared with the control.

-Activity assay of Na+,K+-ATPase:

Spodoptera frugiperda was used to analyze Na+,K+-ATPase.
Larvae in their second instar were homogenized in a buffer
with 40 mM Tris-HCI, 0.32 M sucrose, and 1 mM EDTA (pH
7.4). Cheesecloth was used to filter the homogenate through
two layers. The differential centrifugation of the homogenate at
8000 Xg for ten minutes was used to prepare mitochondrial
ATPase by Koch et al. (1969). After that, the supernatant was
centrifuged for 30 minutes at 20000 Xg. The pellets that were
made were then suspended in the same buffer and kept at -20
°C until they could be used. The method described by Koch et
al. (1969) was used to measure ATPase activity, with a slight
modification made by Morshedy (1980). The method that was
described by Taussky and Shorr (1953) for determining
inorganic phosphate (Pi) was used. After adding 1 mM
Ouabain, the Mg2+-ATPase activity was measured, and the
Na+, K+-ATPase activity was calculated as the difference
between the total ATPase and Mg2+-ATPase activities. The
protein content of prepared S. frugiperda homogenates was
measured spectrophotometrically according to Lowery et al.
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(1951), using Bovine Serum Albumin (BSA) as the standard
protein at less than 750 nm.

-Statistical Analysis

The analysis of variances between the examined compounds against
Spodoptera frugiperda, in comparison with control, was conducted
using SPSS (V.16). The statistical tests were applied to determine the
difference significance level at probabilities of 5% and 1%.

RESULTS

-Toxicity estimation of tested compounds

The main target of this paper is to show the effect of synthetic
derivatives as anti-spinning webs of S.frugiperda. So revealed toxicity
assessment of synthetic 2-Cyano-N-(3-(N-(thiazol-2-yl) sulfamoyl)
phenyl) acetamide derivatives in Table (1), showed that Arl was the
most toxic with the least LC50s against 1% and 2™ larval instars. Then
followed by LC50s of Ar2 and Ar3. Both toxicity index and relative
potency were upon Arl followed by Ar2 and Ar3 by direct spray
method bioassay.

Table (1): Toxicity of synthetic 2-Cyano-N-(3-(N-(thiazol-2-yl) sulfamoyl) phenyl) acetamide
derivatives against first and second larval instars of Spodoptera frugiperda under laboratory
conditions

— m—
Larval | Tested LC50 % Fusicy Relative
Slope Index

Instars | Compound | pLL™ | Lower | Upper 2 Potency

/0
Ist Arl 781.65 | 534.74 | 994.42 | 2.01=0.89 | 100 1:21.
Ar2 844.37 | 612.39| 1312.22 | 1.95x0.37 | 92.57 1.17
Ar3 990.39 | 746.67 | 1490.07 | 1.91=0.24 | 78.29 1

2nd Arl 904.39 | 720.19 | 1340.32 | 1.94=0.11] 100 1.28
Ar2 1112.76 | 883.53 | 1512.77 | 1.81=0.58 | §81.27 1.04
A3 1159.33 | 904.75 | 1606.40 ] 1.90=0.33 | 78.01 1

-Effect on silk spinning

The response to LC50s was shown in Figure (1) as malformed
larvae after treatments of synthetic compounds against 1%, and 2™
larval instars and latent effect till adult release. and others of synthetic
2-Cyano-N-(3-(N-(thiazol-2-yl) sulfamoyl) phenyl) acetamide. Arl
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caused the highest malformation percentage 46.67% against 1% larval
instar and 30% against 2" larval instar. Subsequently, the latent effect
of treatments affected malformed pupae percentages was detected
highly in Ar1(56.67%), and Ar2 (50%) followed by Ar3(43.33%)in
comparison with the control (3.33%). Significant differences were
shown among treatments and they were all for Arl which was shown
by Kendall's tau_b(.004**).

180

160 Olst Larval
Instar
140
120
100 0O2nd
Larval
80 Instar
60
40 L1 mLatent
Effect Till
Pupae

Figure (1) Malformation percentages in of Spodoptera frugiperda
affected by synthetic 2-Cyano-N-(3-(N-(thiazol-2-y]) sulfamoyl)
phenyl) acetamide derivatives

The spinning rate of 2" larval instar S. frugiperda exposed to
LC50s of synthetic 2-Cyano-N-(3-(N-(thiazol-2-yl) sulfamoyl)
phenyl) acetamide derivatives was generally reduced than control,
Figure 2. Reduction rates were 6.67,13.33, and 26.67 in the case of
Arl, Ar2and Ar3, resp., compared with control (93.33%). While all
derivatives caused zero spinning rate in the case of 1 larval instar S.
frugiperda exposed to LC50s. Kendall's Wa Coefficient of
concordance=.661** and Chi-Square =7.223** were calculated to
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confirm significance for the differences among treatments, Arl; Ar2;

and Ar3 compared with the control.

L 4

Figure (2). Spinning ratio percentages in Spodoptera
frugiperda 2nd larval affected by synthetic 2-Cyano-N-(3-
(N- (thiazol-2-yl) sulfamoyl) phenyl) acetamide derivatives

SEM showed that the diameter of silk fibers produced by all larvae at
the 2" instar S.frugiperda treated with synthetic 2-Cyano-N-(3-(N-
(thiazol-2-yl) sulfamoyl) phenyl) acetamide derivatives was decreased
than control as shown at Image 1. Arl caused the production of silk
fibers with a diameter of 16.86nm (Image 1a), then Ar2 (Image 1b),
and Ar3 (Image 1c), with 23.61 and 50.59nm, resp. Besides, all fibers
produced in all treatments were silk fibers that are immensely thin and
weak. While control of S.frugiperda produced silk fibers with bigger
diameters (103.8 nm), and different shapes than treatments.
Nevertheless, all larvae at the 1% instar S.frugiperda treated with
synthetic  2-Cyano-N-(3-(N-(thiazol-2-yl)  sulfamoyl)  phenyl)
acetamide derivatives were not produced silk.
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Image (1). Effect of synthetic 2-Cyano-N-(3-(N-(thiazol-2-yl) sulfamoyl) phenyl) acetamide
derivatives on initial larval instars of Spodoptera frugiperda spinning silk strands. Scanning
electron microscope images (a, b, ¢, and d) showed the diameter of the silk produced by the
2nd larval instar after treatments with Arl, Ar2, Ar3, and control, resp.

-Biochemical Studies

-Effect on protein and lipids

Apropos of the effect of synthetic 2-Cyano-N-(3-(N-(thiazol-2-yl)
sulfamoyl) phenyl) acetamide derivatives on protein and lipids in
initial larval instars were detected in (fig.3). The closest compound to
control was Arl followed by Ar2 and Ar3. Significant differences
were estimated upon LSD5%. Besides, one-sample statistics showed
that tested compounds and protein std. error means were 1.77944 and
1.10501, rep. Significant difference mainly among treatments was
detected at 5% Sig. (2-tailed) with t= 2.5101* and for protein
t=3.144*. It is recorded among pesticides,0.50 and 0.41 in case of total
protein determination for tested compounds against 1% and 2™ larval
instars, resp. Also, it is recorded among pesticides,0.17 and 0.11 in
case of total lipids determination for tested compounds against 1% and
2" larval instars, resp. Moreover, one-sample statistics showed that

Esssssssssssssssssssssssssss || ¢ { EESssssssssSSSS———————
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tested compounds and lipids std. error means were 1.50123 and
1.02411, rep. Significant difference mainly among treatments was
detected at 1% Sig. (2-tailed) with t= 2.0101** and for lipids
t=2.144**,

18
16

14
1’
10
8 mProtein
6
4 i |’I] m OLipids
Arl Anr2

12 Ard Control -\rl An2 Control

2nd Larval Instar

mg/gm

@

1st Larval Instar

Figure (3) Effect of synthetic 2-Cyano-N-(3-(N-(thiazol-2-yl)
sulfamoyl) phenyl) acetamide derivatives on total protein and
total lipids in 1st and 2nd larval instars of Spodoptera frugiperda

-Effect on lipase and amylase

Figure (4) refers to the changes in the rate of lipase in initial larval
instars of Spodoptera frugiperda homogenates. The data generally
revealed that all treatments caused significantly decreased differences
in enzyme activity compared with the control. Arl recorded the lowest
level of lipase in the first (0.01) and second (0.02) larval instars.
While Ar2 caused a decrease to the control with 80 and 73.33%, and
Ar3 reduced the enzyme activity with 60 and 66.67%, resp., for the 1%
and 2" larval instars. Significant differences upon LSD5% among
pesticides were 0.003 and 0.005 in the case of lipase determination for
tested compounds against 1% and 2" larval instars, resp  significant
responses differences were confirmed by the Jonckheere-Terpstra
(Std. Deviation of J-T Statistic) = 2.301* and Kruskal Wallis (Chi-
Square=1.22*) at 5%.

Accordant amylase activity, there was a reduction occurred in
all treatments of S. frugiperda with synthetic 2-Cyano-N-(3-(N-
(thiazol-2-yl) sulfamoyl) phenyl) acetamide derivatives (fig. 4).

Arl recorded the lowest level of amylase (0.04) in the first and second
larval instars. While Ar2 caused a decrease than control with 41.67
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and 65%, and Ar3 reduced the enzyme activity with 50 and 60%,
resp., for the 1% and 2" larval instars. Significant differences upon
LSD5% among pesticides were 0.007 and 0.004 in the case of lipase
determination for tested compounds against 1% and 2" larval instars,
resp To confirm significant responses differences, the Jonckheere-
Terpstra (Std. Deviation of J-T Statistic) = 2.15* and Kruskal Wallis
(Chi-Square=1.59%).

0.15 mLipase
-
OAmylase
0.05 H ’
0 _.H l IH I 1|

Arl Ar2 Ar3 Control| Arl Ar2 Ard Control

1st Larval Instar 2nd Larval Instar

Figure (4) Effect of synthetic 2-Cyano-N-(3-(N-(thiazol-2-
yl) sulfamoyl) phenyl) acetamide derivatives on enzymes
in 1st and 2nd larval instars of Spodoptera frugiperda

-Effect on the total activity of Na+K+-ATPase

The total activity of Na+K+-ATPase in 1% and 2" larval instars of
Spodoptera frugiperda treated with 2-Cyano-N-(3-(N-(thiazol-2-yl)
sulfamoyl) phenyl) acetamide derivatives were determined and
compared with the control as appeared in Figure (5). Data showed that
the total activity of Na+ K+-ATPase was generally lower in treatments
than in control. Compound Arl induced a remarkable reduction in the
total activity of enzyme activity, of -71.85% and -78.63% for the 1%
and 2" larval instars, respectively, lower than the control, with a
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significant difference between each other. Therefore, Ar2 recorded a
decrease from the control with -61.81% and -66.18%,
followed by Ar3 with -52.63% and -63.71%, resp., for the
same mentioned arrangement. Significant differences upon

LSD5% among pesticides were 0.13 and 0.42 in the case of ATPase
determination for tested compounds against 1% and 2™ larval instars,

resp.
430
370
310 M 1st Larval
Instar
— 250
£
= 190
O2nd Larval
130 Instar
. jHﬂ !
10
Arl Ar2 Ar3d Control Compoundsl
Figure (5) Effect of synthetic 2-Cyano-N-(3-(IN-
(thiazol-2-yl) sulfamoyl) phenyl) acetamide derivatives
on total Na+ K+ATPase activity in 1st and 2nd larval
instars of Spodoptera frugiperda
DISCUSSION:

A wide array of factors can influence silk protein
production. Damage to the silk gland may impair the
synthesis of silk fibroin, sericin, and other compounds.
Acetamiprid induces oxidative stress and inflammation,
which are toxic to the silk gland epithelium and have an
influence on silk cocoon formation (Lu et al.,2021).
Exposure to organophosphorus pesticides (OP), particularly
phoxim, can harm the silk gland and alter silk protein
synthesis, significantly slowing cocooning in Bombyx mori.
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(Cheng et al.,2018). In this research, synthetic compounds
affected the silk strands' shapes and biochemical
composition of exposed larvae which means that these
compounds caused damage to silk glands in S. frugiperda.
Thus, pesticides are also able to affect silk production
in S. frugiperda. Azadirachtin has excellent efficiency, low
toxicity, zero residue, and no pesticide resistance (Kumar et
al.,2010). Therefore, azadirachtin exerts antifeeding, contact
killing, and stomach poisoning effects, slowing growth and
development and disrupting ovarian development in a range
of pests (Schmutterer,1990). Nevertheless, azadirachtin
impacts the spinning of S. frugiperda, and after 24 hours,
histological section examination revealed no evident
pathological alterations in the silk gland of the larvae. After
48 and 72 hours, the silk glands were injured, protein
aggregates in the silk glands were diminished, and glandular
membranes were extensively perforated (Zhao et al., 2022).
Moreover, Zhao et al. (2022) found that the surface of 3rd
instar S.frugiperda the control silk was smooth and free of
cracks by scanning electron microscopy, but after the insect
silk is synthesized in the bilateral silk glands, it is processed
and compressed by the silk press and spigot to a solid state.
In this process, it is possible for the double-sided silk
gathered in the spinner not to be well fused, resulting in
depressions in the middle of the silk. After exposure to
traces of 0.3 mg/kg azadirachtin for 48 h, there was obvious
unevenness on the surface of the silk. The sericin in the
anterior silk gland did not perfectly encapsulate the silk
broin. Compared with the control group, the sol
phenomenon was more prone to occur, and swelling and
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rupture occurred more easily. Analysis of the spinning of
the 3rd instar S. frugiperda showed that there was no
significant difference in spitting ability after 24 h of feeding
on azadirachtin. The spinning rate of S. frugiperda fed 0.3
mg/kg azadirachtin increased at 48 h, while no difference
was observed at 3 mg/kg, however, the spinning rate was
significantly reduced after 72 h at both doses (Zhao et
al.,2022). As azadirachtin impacted the silk gland of S.
frugiperda, the lumen of the silk gland in S. frugiperda
exhibited vacuolation. KEGG analysis revealed the
identification of 31 distinct metabolites, with 12 being
upregulated and 19 being downregulated. These metabolites
were enriched in 15 metabolic pathways, suggesting a close
association between the silk gland of S. frugiperda and the
formation of fatty acids and energy metabolism during the
silk formation process. (Zhao et al.,2022). We found in the
current research that a reduction in ATPase translated to a
decrease in quantity and quality of produced silk from the
treated 2nd larval instar, while it disappeared totally in the
first instar.

Even though, spider mite webbing was mediating an
anti-predator behavior (Lemos et al.,2010), so use of
pesticides as ant-webbing pesticides could play an important
role in controlling mites and insects and at the same time
open the destination to predators and parasitoids.

At the same time, the juvenile hormone is released by
the endocrine system and combines with carrier proteins
known as Juvenile Hormone Binding Proteins (JHBPS),
which have a strong affinity for JH molecules (Goodman
and Granger,2005). When they bind to JH, JHBPs undergo a
significant change in shape. Juvenile hormone analogs

) ¢ 9
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(JHAs) are thought to imitate the effects of JH such as
Sulfonamides (Sharma and Awasthi,2021), and 2-Cyano-N-
(3-(N-(thiazol-2-yl)  sulfamoyl)  phenyl)  acetamide
derivatives. Because of their chemical structures, they were
able to cause malformation clearly till the pupal stage, and
silk production in the initial larval stages also.

Therefore, the silk gland morphology of S.frugiperda
showed that no silk gland was developed like Bombyx mori
(Zhao et al., 2022), so S. frugiperda cannot spin silk like it.
The posterior silk gland in S.frugiperda is miniature and
thin, with no fall or twist. Subsequently, fibroin is the
central silk protein of the fiber which is hydrophobic and
attached to the silk gland in the back, secreted in the lumen
of the silk gland in the back, then transferred to the middle
silk gland and stored in the lumen until it spins. Sericin is
wrapped around the silk fiber and produced in the central
silk gland. Moreover, the small silk gland produced thin silk
fibers which were thinner in the case of treatments with
tested synthetic compounds than the control as gained
through our results.

The direct relation between the production of silk
strands and juvenile hormone (JH) that protects the
metamorphosing juvenile (Sehnal and Sutherland,2008),
could be exploited to control spinning insects with specific
compounds affected silk spinning and JH as shown in our
paper results.

Concerning the relationship between the chemical
structure and biological activity, all compounds have an
occupation of the allosteric binding region, and ATP
binding domain with different efficiency for all derivatives,
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which would be able to deal effectively with the target
enzymes. Moreover, the diazene and/or sulfonamide linkers
produce H-bonds with amino residues as H-bond acceptors
and donors through N--N and NH, respectively. The
hydrophobic pocket generated by non-polar amino acids
was also occupied by the terminal (un)substituted
hydrophobic tails. Furthermore, the distal hydrophobic
moieties were connected to sulfonamide linkers in order to
lengthen the structure and allow these distal moieties to
occupy additional hydrophobic grooves which contributed
to control S.frugiperda through interaction with bioactive
targets such as protein, lipids, enzymes and others. Within
alongside, the aromaticity features required for increasing
insecticidal efficacy. All of these characteristics aided in the
development of active sites on molecules, which encourage
chemical reactions with diverse chemicals and the
development of new insecticides with increased activity.
Notably,  carbonic  anhydrases (CAs) are
metalloenzymes with a zinc ion active site. CAs at
physiological pH catalyzed CO2 hydration to bicarbonate at
physiological pH (Supuran et al.,2003). This chemical
interconversion is critical because bicarbonate is the
substrate for multiple carboxylation processes in a variety of
important metabolic pathways, including gluconeogenesis,
amino acid biosynthesis, lipogenesis, and pyrimidine
synthesis. Aside from these biosynthetic events, several
CAs are engaged in a variety of physiological processes
linked to respiration and CO2/bicarbonate transfer. B-CAs
are target proteins of 2-Cyano-N-(3-(N-(thiazol-2-yl)
sulfamoyl) phenyl) acetamide derivatives which are
considered as specific inhibitors for B-CAs and a-CAs. They
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affect processes such as fatty acid synthesis, respiration,
neuronal signaling, nucleotide synthesis, gluconeogenesis,
and others which explain the affected total protein and total
lipid besides enzymes such as protease, lipase, and Na+,
K+-ATPase. The mentioned reasons extended to explain
such an effect on ATPase which is inversely proportional to
glucose, triglyceride, and protein concentrations. This
tendency was especially pronounced for proteins. This is
most likely due to a very potent inhibition of membrane
pumps (e.g. Nat+K+-ATPase) which prevents active
transport and results in the deposition of some metabolites.
Moreover, synthesized derivatives were able to cause
microtubule disruption which caused the destruction of silk
production glands that translated into malformed silk
strands and matrix metalloproteinase but the extrusive
mechanism is inhibition of B-CAs as explained.

CONCLUSION

Purposefully, synthetic 2-Cyano-N-(3-(N-(thiazol-2-yl)
sulfamoyl) phenyl) acetamide derivatives could be used
effectively to control S.frugiperda even directly through high
mortality percentages or indirectly by affecting its ability to silk
spinning. So such derivatives are classified as pesticides and
anti-spinning silk in initial larval instars of S.frugiperda by
interacting with specific enzymes with unusual modes of action
at the same time.
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The effect of adding sweet buttermilk and banana peels
powder on the properties and quality of Ricotta cheese
Abstract:

It was investigated how enhanced banana peel powder
(BPP) affected the rheological, physicochemical, sensory
assessment, and microbiological characteristics of ricotta cheese.
For the purpose of producing ricotta cheese, BPP was added to
the sweet butter milk used to make Ricotta cheese at 0.5% (B,),
1% (B,), and 1.5% (Bs3). By increasing its concentration, the
fortification of BPP had a major impact on the contents of
Ricotta cheese, including ash, fibers, protein, moisture, pH, total
phenolic content, total antioxidant activity, minerals, and
vitamins. Molds and yeasts did not appear in all treatments by
added BPP up to 31 days of cold storage; however, they appear
in control (B) after 23 days. With a rise in BPP, there were
progressive increases in TPA characteristics, WHC, OHC, total
phenolic compound, antioxidant activity, minerals, and vitamins;
in contrast, an inverse trend was seen in acidity and total carbs.
In light of everything mentioned above, adding BPP to the
Ricotta cheese is advised, particularly in amounts of 0.5 or 1%,
as it demonstrated excellent sensory qualities that were both
superior to and comparable to the control cheese over the course
of storage. The product was well-made, hygienic, and of
excellent quality.

Key words: banana peel powder; Ricotta cheese; sweet
buttermilk; health benefit-
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INTRODUCTION

Ricotta is a soft cheese with a high moisture content
Matthdus (2002). This cheese can be made from milk, whey, or a
combination of the two Pintado and Malcata (2001). Since
ricotta cheese is so mild, many lItalian cuisines call for it. Making
ricotta cheese is one of the many strategies that have been
devised to make use of whey EL-Dardiry (2017); Sulieman, et
al. (2012). Since Ricotta cheese is exposed to the air before
being packaged, its shelf life is often only a few days.
Furthermore, due to its high moisture content, initial pH of 6,
ricotta is highly prone to spoiling by molds, yeasts, and bacteria.
Enterobacteriaceae Pintado and Malcata (2001), which dominate
this group, are a major contributor to this.

Buttermilk is a by-product of manufacturing butter that is
liberated during the Churning of cream. It is extremely rich in
milk fat globule membrane (MFGM), and it has been employed
as a natural functional component in many food products.
Inhibition of colon cancer, suppression of gastrointestinal
infections, and potential involvement in stress responses are just
a few of the positive health benefits that the MFGM fragments
have been found to carry in the past by Dewettinck, et al.; EL-
Dardiry (2017). In addition to having significant nutritional
content and being thought to include components that are health-
promoting, buttermilk also has a high water-holding capacity,
according to Le, et al. (2011); Romeih, et al. (2014); Turcot, et
al. (2001) which could decrease or even eliminate the whey.
Also, It boosted yield, extended the shelf life of cheese El Sayed,

Yod
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et al. (2010), improved crumb texture, increased in vitro bio
accessibility of bioactive, and increased yield Augustin, et al.
(2015).

Banana peels (Musa paradisiaca L.) relieves intestinal
lesions, diarrhoea, dysentery, ulcerative colitis, nephritis, gout,
heart illness, hypertension, and diabetes.It are also quite
nutritious. Emaga, et al. (2007); Emaga, et al. (2008); Imam et
al. (2011); Wachirasiri, et al. (2008). Additionally, it has a lot of
phenolic compounds, which are a wonderful source of
antioxidants that prevent cancer and heart disease Someya, et al.
(2002). About 40% of fresh bananas are made up of leftover
banana peels from industrial procedures Anhwange, et al.(
2008).

The goal of this study is to use by-products like sweet
buttermilk and banana peel in order to increase the production of
new and functional flavours of Ricotta cheese with low
production costs, improve nutritional value, add numerous health
and therapeutic benefits, and prolong the shelf life. Additionally,
the usage of banana peel and sweet buttermilk (by-products) will
lessen the load of environmental pollution.

1. MATERIALS AND METHOD
1.1. Materials

Sweet buffalo buttermilk (0.65% fat) was obtained from the
Dairy Unit, Animal production Research Institute, Egypt. Citric
acid, food grade sodium hydroxide solution and NaCl were
obtained from Piochem, Co.,Egypt. Mature banana fruits (Musa
paradisiaca L.) was purchased from the local market. Table 1,
shows the chemical composition of sweet buttermilk, banana
peel powder (BPP) used in the present study.
2.1. Preparation of Banana Peel powder (BPP)

Banana peel powder is prepared by washing the banana

with clean water in order to get rid of the impurities stuck to the
peel. Then cut the banana peel into thin slices before peeling it

. ) | ¢ ———
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for quick steaming. Then, the slides were dried for eight hours at
65°C in order to destroy the enzymes present. Then grind it well
and sift it to form fine flour, and then save it by packing it in
clean, airtight plastic bags, then cooling it to room temperature
until it is used for analysis and for fortifying the ricotta cheese
under study Alshehry (2002).

1.2.  Manufacturing Ricotta cheese fortified with Banana peel

powder (BPP).

The following modifications have been made to the standard
process as reported by Mahran et al. (1999) to produce several
types of Ricotta cheeses fortified with varying levels of BPP:
Sweet buttermilk was placed in a cheese vat and neutralized to
an acidity of 0.13% as lactic acid by the addition of food grade
sodium hydroxide solution. The mix was divided into four
portions. The first portion was used for the manufacture of
control Ricotta cheese made without any additives (B). The
second portion was added with 0.5% BPP (B,), and the third
portion was added with 1% BPP (B,). Finally, a portion of 1.5%
BPP (Bs) was added. All mixtures were heated to 65°C to
destroy residual rennet, which would cause premature
coagulation of casein. All the mixtures were heated to 88—90° C
for 15 min. For all these treatments, we acidulate (10% citric
acid) and 0.5% NaCl. (pH5.9- 6) The curd was left in the
mixture of whey for 20 minutes before draining. Traditionally,
the curd is ladled from the surface of the whey. This was found
to be cumbersome, and it was more convenient to run off the
whey. Fines were removed from the curd using a muslin filter.
After draining, the curd was packaged into plastic containers
(100 gm) and stored at 5+1°C for 31 days.

They were analyzed at 1, 11, 21, and 31 days.

e e
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Physicochemical analysis of Ricotta cheese

Moisture, fat, ash, titratable acidity (TA%), dietary fiber,
total protein contents and pH values (using pH meter, Jeneway)
were determined in both raw materials and Kareish cheese
samples according to the method described by AOAC (2016).
The content of carbohydrate was calculated by the differences.
The Folin-Ciocalteau method Ebrahimzadeh et al. (2008) was
used to determine the total phenolic compounds. The stable 2,2-
diphenyl-1-picryl-hydrazyl (DPPH, Sigma Aldrich, Germany)
radical scavenging technique, as reported by Matth4us, (2002)
was used to assess the antioxidant activity of JPR methanolic
extract. The yield of cheese is calculated by Fox et al., (2000).
The loss of protein and recovery of protein content in different
treatments was calculated by El-Dardiry (2017). The loss of fat
and recovery of fat content in different treatments was calculated
by El-Dardiry [14]. Using an atomic absorption spectrometer, the
concentrations of ascorbic acid, vitamin E, B4, B,, A, and beta-
carotene as well as minerals were measured in accordance with
the procedure outlined by AOAC (2016).

2.4 Rheology analysis of Ricotta cheese

At 23°C, the texture profile analysis (TPA) of Ricotta cheese
was tested according to Bourne's description (1982). Stable
Micro System (SMS) LTD., Godalming, UK, Instron Universal
Testing Machine model 1195 that is loaded with the Dimension
software SMS application. similar to the penetration values
Bourne described (1982).

Water holding capacity (WHC) and oil holding capacity
(OHCQC) in different treatments were determined by Alkarkhi et al.
(2010).

2.5. Microbiological Analysis of Ricotta cheese

Cheese samples were examined for total viable bacterial
count, yeasts & molds according to American Public Health
Association ABHA, (2005).
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2.6.Texture profile analysis (TPA) :

Using a Universal Testing Machine (TMS-Pro) outfitted
with a 1000 N (250 Ibf) load cell and connected to a computer
running Texture ProTM texture analysis software, texture profile
analysis tests were conducted on samples of Kareish cheese
(program, DEV TPA withhold). The texture profile parameters
were obtained using a calculation as given by Bourne (1982).
2.7. Sensory Evaluation of Ricotta cheese

Ricotta cheese were Sensory evaluated for appearance,
texture, flavor and Overall Acceptability according to scheme
described by Sulieman et al. (2012).

2.8. Statistical Analysis

The SPSS version (10) computer application SPSS (1999)
Inc., Chicago, IL, USA was used to conduct it. Results were
subjected to an ANOVA and a Duncan's Test to identify
differences in means that were statistically significant at the level
of 0.05. The mean and SE of three replicates were used to
express the data.
2. RESULTS AND DISCUSSION

The chemical composition of sweet buttermilk and Banana

Peel powder were shown in Table (1).
The results in Table 1 are similar to Aly, et al. (2017); Khawas
and Deka (2016); Wachirasiri, et al. (2008).

The data in Table 2 showed the chemical composition of
treatments Ricotta cheese fortified with different levels of
Banana peel powder (BPP) during storage at 5t1°C. It was
observed that the percentages of moisture, total protein, ash, and
dietary fiber were higher in the treatments supported by banana
peel compared to the control. It was also significantly increased
by increasing the percentage of banana peel. On the contrary, it
occurred in the percentage of total carbohydrates, as it was
significantly reduced by increasing the percentage of addition,
and the largest percentage was in the B treatment compared to
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other treatments. This was mainly due to differences in the
chemical composition of BPP and SB used materials (Table,1).

Table 2 shows an increase in ash, fat, total protein, and
carbs during the storage period. With the lengthening of the
storage duration up to 29 days, there were significant variations
in all of the evaluated treatments for the Ricotta cheese (P<
0.05). This increase in components for all treatments is attributed
to a decrease in cheese moisture with the long storage period.
These results were in agreement with Aly, et al. (2017); Khawas
and Deka (2016); Gouda, (2017).

Loss and Recovery of protein or fat and yield

Table 3 is shown loss and recovery of protein or fat in
Ricotta cheese fortified with different level of banana peel
powder (BPP). It was found that the B treatment had the most
loss in protein (28.05) and fat (19.72) in whey. While B; fortified
with 1.5% BPP had the least loss in protein (5.76) and fat (8.33)
in the whey. There is an inverse relationship between the
percentage of banana peel addition and the percentage of protein
and fat loss in the whey. This could be a result of the useful
functional properties that dietary fiber and starch have, such as
improving crystallization, thickening texture, stabilizing, and
emulsifying El-Dardiry (2021). The protein and fat in the cheese
curds may be retained by BPP, which has been to be high in both
starch and fiber and may prevent their release into the whey.
These outcomes corroborated what El-Dardiry, et al. (2023).

As shown in Table 3, the yield in Ricotta cheese fortified
with different level of (BPP) increased with the addition of BPP
compared to the control treatment (B).

According to the data in Table (3), the B3 treatment raised
cheese yield by 54.11% in comparison to the B treatment, while
the B, treatment increased cheese yield by 35.69%. These
findings concur with those of EL-Dardiry (2017); El-Dardiry
(2021). This may be due to dietary fibers advantageous
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functional properties, which include texture, gelling, thickening,
emulsification, and stability in DF-enriched foods.
PH and Acidity

The results of Table 4. showed that the control (B)
treatment had the highest T.A.% when fresh, while the treatment
(Bs) fortified with BPP at level 1.5% had a lowest value in
T.A.%. pH values were with treatments fortifieded with BPP
higher than control. Moreover, the levels of acidity or pH in
Ricotta cheese treatments were no significant (p<0.05).
Generally, the prolongation of the cold storage period of Ricotta
cheese treatments caused an increase (p<0.05) in T.A.% and an
reduction (p<0.05) in pH value.
Minerals and Vitamins

Regarding the minerals and vitamin contents of Ricotta
cheese, data were given in Table 5, which indicated that the BPP
caused an increase in the Ca, K, Fe, Na, Mn, P, Cu, Mg, and Zn
contents. Also, the addition of BPP led to an increase in vitamin
content (C, By, Bg, E, A, and B-carotene). In Table 5, the increase
in minerals and vitamins in the treatments fortified with BPP is
attributed to the percentage of minerals and vitamins present in
the banana peel powder and the percentage added from it to the
buttermilk for the manufacture of ricotta cheese (Table 1). These
results agreed with Ahmed, et al. (2021), Aly, et al. (2017);
Khawas and Deka (2016); Zahid, et al. (2021).
Total phenolic content and antioxidant activity (% )

Table 6 shows that fortification of Ricotta cheese with BPP
proportionally increased the total phenolic content of the
resultant after day Ricotta cheese by increasing the percent of
addition. The rate of increase in total phenolic content for after-
day Ricotta cheese samples fortified with BPP was 34.29, 37.05,
and 40.72 for Ricotta cheese samples B;, B,, and Bs;,
respectively. Also, it is noteworthy that the total phenolic content
of the control cheese sample is reduced by 18.25. Ricotta cheese

Yo
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was more affected by storage than the fortified samples. After 31
days, the total phenolic content reduction of cheese samples B,
B,, and B; was significantly higher by 30.04, 32.63, and 36.58
than the corresponding value of control cheese (15.03).

The results of Table (6) showed, different significant in
total phenolic content between treatments storage period. These
results are agreed with those found by Ahmed, et al. (2021), Aly,
et al. (2017); Khawas and Deka (2016).

Regarding antioxidant activity, it behaved the same way as
the total phenolic compounds in the Ricotta cheese treatments,
which shows that BPP is rich in antioxidants and total phenolic
compounds. Also, their percentage increases with the increase in
the percentage of fortified BPP in the ricotta cheese. These
results were similar to what [Khawas and Deka (2016); Thnaa
and Mahmoud (2018). found.

Microbiological quality:

Throughout the storage period or while the Ricotta cheese
was fresh, no coliforms were found in any of the different
treatments. This can be the result of the extremely hygienic
conditions both during preparation and storage.

The results of Fig.l indicated that there were no
significant differences in TBC, mold, or yeast counts between
ricotta cheese treatments after a day. While significant
differences were found between treatments during the storage
period. It was also noted that fortified BPP in Ricotta cheese
prevented the growth of mold and yeasts throughout the storage
period compared to the control treatment, in which growth
appeared after 23 days (2.48 log CFU/ g ).These results were
similar to Ahmed, et al. (2021).

Water holding and oil holding capacity

The water holding capacity (WHC) and oil holding
capacity (OHC) of ricotta cheese with varying BPP
concentrations are listed in Fig.3,4. The higher fiber content of
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the Ricotta cheese led to an increase in WHC and OHC
compared to the control. That finding indicates that when the
BPP content in Ricotta cheese grew, so did the amount of water
in the cheese. Fig.3,4 illustrates that Ricotta cheese exhibits the
largest water absorption at the B; concentration. B had a WHC
of 11.2 ml/g, whereas B,, B,, and B; had WHCs of 15.5, 20.2,
and 20.8 ml/g, respectively. B, B4, B,, and B; had OHCs of 9.3,
12.7, 14.8, and 16.6 ml/g, respectively. This result is similar to
that of Suresh,et al. (2014)., who found that peels increased from
WHC and OHC. This could be because the peels' high WHC
values were linked to the dietary fiber component, which has
been demonstrated to be strongly correlated with oil holding
capacity (OHC). Comparably, there was a strong association
between the protein and OHC (Tables 2, 3 and Fig.3,4). This
suggested that the overall amount of protein present could also
affect the OHC of the fiber source samples Sharoba, et al.(
2013).. Ferreira et al. (2013) found that because WHC and OHC
are significant functional characteristics, there is a correlation
between them and food quality. There was a lot of fruit waste
flour in the WHC. These results were similar to the results
Nareman (2016).
Textural profile analysis

Since Ricotta cheese's texture is a crucial component of
its quality, the textures of the three BPP-fortified Ricotta cheese
were compared to those of B treatment. The findings are shown
in Table 7. There were considerable variations in the Ricotta
cheese’ texture parameters. This increase was caused by the fiber
content of BPP, which affects its toughness and other structural
features. Mechanical variations referred to as the fortification of
BPP in Ricotta cheese are associated with an increase in crude
fiber, insoluble dietary fiber, fat, and a reduction in
carbohydrates.
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Dietary fibers have been positively correlated with both
gumminess and hardness Gomez,et al. (2003); Oliveira, ,et al.
(2015) . Furthermore, in Ricotta cheese fortified with 0.5, 1, and
1.5% BPP, cohesiveness increased from 0.46 in the control
ricotta cheese to 0.0.77, 0.8, and 0.94. The insoluble dietary
fibers from BPP that were added to Ricotta cheese may be the
cause of this rise. The findings of the chewiness, gumminess,
and springiness tests showed that the Ricotta cheese that was
fortified with BPP at varying levels and had a high content of
insoluble dietary fiber differed significantly from the control
Ricotta cheese. These results were also consistent with what
Garsa, (2022) concluded.

Sensory evaluation of ricotta cheese

Sensory evaluation results of Ricotta cheese fortified with
banana peel powder (BPP) during storage are shown in Table 9.
Treatment B; fortified with 1.5% BPP received the lowest
scores. It was found that treatments B, or B, fortified with 0.5 or
1% BPP were the best treatments. It was characterized by
softness and a creamy feel, while the composition was
homogeneous and more flexible. According to the sensory total
score of Ricotta cheese, which represents the overall
organoleptic quality of the product. Overall, Ricotta cheese that
had been fortified with 0.5 or 1% BPP scored higher than control
cheese. BPP is a cheap material that is high in insoluble dietary
fiber Angelis-Pereira, et al. (2016), and its addition to food items
does not adversely influence organoleptic qualities such as
appearance, texture, color, flavor, and overall acceptability.
Eshak, (2016).

3. CONCLUSION
This study proved that functional Ricotta cheese can be
produced by adding banana peel powder up to 1% to sweet
buttermilk in order to enhance the health of the person
consuming the product by increasing the vitamins, minerals,
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phenolic compounds, antioxidants, fiber, protein, and fat. The
rheological and sensory properties also improved, in addition
to extending the shelf life of the product to 31 days without
the growth of mold or yeast.
List of Tables

Table (1): The chemical composition of Banana Peel powder
(BPP) and sweet butter milk used in manufacture of Ricotta
cheese formula.

Character assessed Banana Peel powder(BPP' Sweet buttermilk (SB)
Moisture % 6.82° 90.40°
Protein % 9.64° 3.56"
Ash % 9.21° 0.73°
Fat % 3.68° 0.67°
Total dietary fiber % 31.82 -
Available Carbohydrates % 38.83° 4.64°
TitratableAcidity % 1.86° 0.18°
pH- value 5.66" 6.7
Ca (mg/100g) 204545 169.2°
K (mg/100g) 47838.2° 156.2°
Fe (mg/100g) 270.9° 0.12°
Na (Mmg/100g) 6051.3°% 52.3°
Zn (mg/100g) 1896.2% 0.22b

Mg (mg/100g) 2138.68° 315

P (mg/100g) 37462.2° 117.4°
Mn (mg/100g) 117.42 0.018°
Cu (mg/100g) 8.1% 0.045°
Thiamin (B,) (mg/g) 0.68° 0.051°
Vitamin (Bg) (mglg) 1.61° 0.023°
Vitamin C PPmM 127.46° 2.3
Vitamin E (mg/g) 0.27° 312
Vitamin A (Mg/100g) 11.28° 53?

B- carotene (mg/100g) 34.11 -
T. phenolic (mg GAE/100 g DM) 835.11° 7.45°
DPPH % 80.4% 18.23°

*Determined in 20% aqueous solution (w/v).
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Table (2 ): The chemical composition of Ricotta cheese fortified
with different
Levels of Banana Peel powder (BPP) during storage at 5+1°C

Treatments
Component | Storage
0,
(%) (day) B B, B, B,
66.6300+ 67.5200 + 68.1300 + 68.8400 +
1 0.05% 0.05% 0.05% 0.01%
65.2700+ 66.0900 + 67.2100 + 68.5967 +
11 0.058¢ 0.018 0.058 0.33%
Moisture (%) 64.1800+ 0 65.3700 + 66.5133 + 67.1100 +
21 050 0,055 0.07% 0.018°
63.3900 + 0. be 65.7300 + 66.4800 +
31 05P¢ 64.5700+ 0.05 0.01°° 0.01C%
1 9.80 + 0.05”° 10.50+ 0.05%°  10.80 + 0.05”%  10.80 +c0.05"%2
11 10.00 £ 057"  10.60 +0.05%%  10.80+0.05"%*  10.60 + 0.25%°
Fat (%) 21 10.37 £0.26"°  10.60 £ 0.25%%  10.90 +0.255%®  11.37 +0.26"
31 10.20 £ 0.05"%°  11.37 £0.26™ 11.20 +0.05"®  11.20 +0.05"%2
1 9.66 + 0.005°°  11.43 +0.05%° 13.31 +0.5"@ 13.39 + 0.5
| . 11 10.15 £0.05°®  11.99 + 0.5"B® 13.19 + 0.5%%® 13.82 + 0.5
Total Protein ) 1112 +0.05%  1224+05®  13.16+05" 13.74 + 05"
(%)
31 12.29 + 0.05* 13.21 + 0.5"%® 14.36 + 0.5 14.66 + 0.5
1 - 0.16 + 0.005% 0.33 + 0.005%° 0.48 + 0.005"
Fiber (%) 11 - 0.18 + 0.005%° 0.35+0.005%°  0.50 +0.005"%
0 21 - 0.20 + 0.005%° 0.38+0.005°  0.53 +0.005"°
31 - 0.23 0.005%¢ 0.41 +0.005%° 0.55 + 0.005"
1 1.01+0.005*  1.07 +0.005% 10'1000057;\5 1.15% 0,005
11 1.02 £0.005"%  1.08 + 0.0055%° 10'100015% 1.17 + 0.005%
0,
Ash (%) 21 1.02 £0.005"°  1.09+ 0.005°° 10'100085335 1.18+ 0.005%
31 1.03+0005%  1.11+0.005" 10'100085% 1.204 0,005
1 9.32 +0.01P? 7.43 £0.01°° 7.43+0.017° 5.34 +0.015¢
Carbohydrat 11 10.06 + 0.0182 7.45 +0.01%° 7.45 +0.017° 5.68 + 0.01°8¢
g/s 21 10.30+ 0.01%  8.02 +0.01*° 8.02+0.01"°  6.0067 +0.01"°
(%) 31 9.78 +0.01% 6.92 +0.01°° 8.93 +0.01"° 5.81 + 0.0178°

C1:The control with without additives.
T1,3.The treatments with fortified Banana Peel powder (BPP)
0.5, 1and 1.5% respectively.
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a,b,c,.... : Means with same capital letter in same character
assessed for between treatments are not significantly different

(p>0.05). A,B.C.....

: Means with same letter in the same

character assessed among treatments in the same storage period
are not significantly different (p>0.05).
Table (3): Loss and recovery of protein or fat and yield in
Ricotta cheese fortified with different level of banana peel

powder (BPP).
Treatments
Property = B, B, B
Protein loss % 28.05" 20.31° 11.20° 5.76°
Recovery of protein% 71.95° 79.69° 88.8" 94.24°
Fat loss % 19.72° 13.81° 10.26° 8.33¢
Recovery of fat% 80.28° 86.19° 89.74° 91.67°
Yield% 25.5° 29° 34.6" 39.3°
Increment with C% - 13.73° 35.69° 54.11°
Table (4) the PH and Acidity of Ricotta cheese fortified with
banana Peel powder (BPP) during storage at 5t1°C .
Component Storage Treatments
(%) (day) B B, B, Bs
1 6.05 + 0.005" 6.06 + 0.005" 6.07+ 0.005"* 6.07+ 0.005"
PH 11 5.98 + 0.005%° 5.99 + .005%° 6.01 + 0.0055 6.02 £0.005%
21 5.93 +0.005% 5.95 +0.005% 5.97 +0.005° 5.99 +0.005%
31 5.87 +0.005"° 5.90 + 0.005"° 5.94 +0.005™ 5.95 +0.005™
1 1.15 +0.005% 1.101 £ 0.005"° 1.07 +0.005 1.01 +0.005*
11 1.17 +£0.005% 1.102 + 0.005"° 1.08 +0.005%¢ 1.02 % 0.005"
Acidity 21 1.18 +0.005"™ 1.11 +0.006" 1.09 +0.005% 1.05 +0.005"
31 1.197 + 0.003" 1.13 £ 0.005* 1.11+ 0.005% 1.09 + 0.005*°
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See details Table 2.

Table (5): Minerals and Vitamins of Ricotta cheeses fortified
with different levels of Banana peel powder (BPP)

Properties Treatments
B B; B, Bs
Minerals (mg/100g cheese)
Ca 572.12° | 674.81° 789.15 898.23°
K 617.04° | 858.05° 1106.08" 1340.11°
Fe 0.47° 1.82° 3.22° 463
Na 204.13" | 234.26° 264.27" 295.04°
Zn 0.72° 10.20° 19.681° 29.17°
Mg 125.02¢ | 135.69° 145.38° 157.09°
P 456" 643.32° 829.64" 1014.03
Mn| 0.63° 1.22° 1.78" 2.34°
Cu| 015 0.19° 0.24a 0.28°
Vitamins (mg/100g cheese)
Thiamin (B,) 0.1908" | 0.1934 0.2001° 0.2036°
Vitamin (Be) 0.091° 0.104% 0.112° 0.118°
Vitamin C  PPm 7.2105° | 7.8421° 8.4773" 9.1168°
Vitamin E 123.002°* | 123.012* | 123.026° 123.038°
Vitamin A (pg/100g) | 212.08% | 212.056* | 212.110° 212.179°
B- carotene - 0.17% 0.35° 0.51%

See details in Table 2.
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Table (6): Total phenolic content (equivalent mg Gallic
acid/100gm) and antioxidant activity (% ) of ricotta cheeses
fortified with different levels of Banana peel powder (BPP)

during storage at 5+1°C

Storage
Treatments
by day
B B, B, B;
Total phenolic content (equivalent mg Gallic acid/100gm)
1 18.25"¢ 34.29°° 37.05™ 40.72%
31 15.03%¢ 30.045¢ 32.63° 36.5852
Antioxidant activity % ( DPPH : 2,2-dihpenyl-1-picrylhydrazyl)
1 31.2471 40.76"° 48.91°° 56.08"
31 28.728¢ 38.11% 46.45% 52.395

See details in Table 2.

_1
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Table ( 7) : Textural profile analysis of Ricotta cheeses fortified
with different Level of Banana Peel powder (BPP) during

storage at 5+1°C.
Component  Storag Treatments
(%) e/ day B B B, B,
0 0.40 £0.05"  0.45+0.02“*  0.50 +0.05™ 0.7 £0.05%*
10 0.60 +0.05™ 0.90 +0.05% 0.80 +0.05" 1.20 +0.05%
Hardness 20 1.10 £0.05"°  1.30+0.05"°  1.20+0.05"°  2.10 +0.05™
(N) 30 1.00 £0.05"*  1.10 +£0.05*%*  1.00 +0.05" 1.30 +0.05%
0 0.46 +0.005™°  0.77 £0.00™  0.80 +0.005™  0.94 +0.005™
Cohesivene 10 0.58 +0.005%®  0.72 +0.005%°  0.78 +0.005™"  0.87 +0.005"%2
ss(-) 20 0.63 +0.005%°  0.71 +£0.005%*  0.74 +0.005"*  0.80 +0.055*
30 0.73 £0.005"°  0.65+0.005°  0.72 +0.005""  0.75 +0.005
0 5.0 £0.05"  9.06 £0.005"°  11.01 +0.05"® 13.04 +0.005"
Springiness 10 4.3+0.05"%  8.58 +0.005%° 10.76 +0.005%° 12.470 +.005%
(mm) 20 4.0 +0.05"%¢ 7.37 £0.05%°  10.42 +0.005° 12.08 +0.005%
30 3.240.05%  6.92+0.005°° 10.05+0.005" 11.82 +0.005"
0 0.184+0.005™ 0.462 +0.005°*  0.40+0.05°% 0.658
Gumminess +0.005°%
(N) 10 0.348+0.005°® 0.675+0.01®  0.624+0.005° 1.044 +0.005%°
20 0.693+0.005" 0'922113 0.888+0.005"°  1.68 +0.005"°
+0.008
30 0..730+0.005% 0.715 +0.005%¢  0.72+0.005%°  0.975 +0.005%"
0 0.92+0.0005™°  4.186+0.0005° 4.404 8.580
Chewiness b +0.0005° +0.0005
(n/m) 10 1.496+0.0005°  5.559+0.0005° 6.714 13.019
¢ b +0.0005% +0.0005%
20 2.772+0.0005" 6.803+0.0005" 9.253 20.294+0.0005
d ¢ +0.0005"" Aa
30 2.336+0.0005°  4.948+0.0005° 7.236 11.524
d ¢ +0.0005%° +0.000552
See Table 2.
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Table (8) Sensory evaluation of of Ricotta cheese fortified with
banana peel powder (BPP) during storage at 5£1°C .
See details Table 2

Storag Treatments
B B, B, B
0 10 10 10 9
Appearan 11 10 10 10 10
21 9 9 10 9
(10) 31 7 8 8 7
0 9 10 10 10
Texture 11 9 10 10 10
(10) 21 9 10 10 10
31 9 9 9 9
0 10 9 9 7
Color 11 10 9 9 7
(10) 21 10 9 9 7
31 9 9 9 7
0 9 10 10 8
Flavor 11 9 10 10 7
(10) 21 9 10 10 8
31 8 9 9 7
Overall 0 10 10 10 7
Acceptabi 11 10 10 10 7
liy(10) 21 10 10 10 7
31 8 9 8 6
Total 0 48"° 49" 49" 41%°
11 48" 49" 497 417
21 47" 48%° 497 417
31 41°° 448 435 365
yvYe
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Fig. 1: Microbiological counts (log CFU/ g ) of Ricotta cheeses
fortified with different levels of Banana peel powder (BPP)
during storage at 5+1°C.
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Fig.2 Water holding capacity of Ricotta cheese fortified
with different levels of Banana peel powder (BPP) during

storage at 5+1°C.
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Fig.3 Oil holding capacity of Ricotta cheese
different levels of Banana peel powder (BPP) during storage at

5+1°C.
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