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ABSTRACT: The effect of different storage methods used in storing faba beans on the quality of
processing changes that occur during cooking falafel or medames were investigated. Beans were
stored in 5 different ways, storage: in plastic bags, in burlap bags, in plastic containers, in tin
containers and storage after heating at 50°C for 10 min packed in plastic bags. The chemical
composition of the beans was estimated before and after 9 months of storage period. The effect of
storage methods on chemical composition and sensory properties of Feba bean medames and Egyptian
falafel were studied. The results showed that, the highest percentage of moisture, protein and ash was
in the samples stored by heat treatment, on the other hand, the highest percentage of fat and fiber was
observed in the control samples. Falafel manufactured from faba beans stored in plastic containers
showed the highest percentage of protein. While the Medames manufactured from faba beans stored
after heating at 50°C for 10 min showed the highest percentage of protein. The falafel manufactured
from faba beans stored in burlap bags showed the highest percentage of moisture.-The control sample
of Medames showed the highest percentage of moisture. Falafel manufactured from faba beans stored
in plastic bags showed the highest percentage of fat. While the Medames manufactured from faba
beans stored after heating at 50°C for 10 min showed the highest percentage of fat. The control falafel
showed the highest percentage of fiber, .Also, the control sample of Medames showed the highest
percentage of fiber. Falafel manufactured from faba beans stored after heating at 50°C for 10 min
showed the highest percentage of ash. The control Medames showed the highest percentage of ash.
The highest acceptability for sensory properties was found in flafel stored in burlap bags and tin
container. Similarly, the highest acceptability for sensory properties was found in Medames stored in
burlap bags and tin container, There is no significant difference were noticed in overall acceptability.
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INTRODUCTION

Approximately 60% of the protein consumed
by humans worldwide comes from plants, with a
third of that coming from the Fabaceae family of
crop legumes (Smkal et al., 2015; Henchion et
al., 2017). As a long-term source of high-protein
food, leguminous crops are one of the essential
components of human nutrition and are farmed
extensively over the world (Collado et al.,
2019a; Sanju et al., 2021). They contain large
amounts of polyunsaturated fatty acids, calcium,
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potassium, iron, zinc, and magnesium. Numerous
studies have shown that eating a lot of beans can
help the body fend off diseases like cancer,
diabetes, osteoporosis, and cardiovascular disease.

The faba bean is an important crop in terms
of ecology, nutrition, and economics (Xiao et
al., 2021). The seeds are mostly grown for
human use. Faba beans are high in protein,
carbohydrates, crude fibre, vitamins, and minerals
despite minor variations among cultivars
(Giménez et al., 2013; Multari et al., 2015;
Collado et al., 2019a; FAO, 2019; USDA, 2021).
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Also they contain a lot of bioactive chemicals,
such as flavonoids and phenolic compounds,
which have anti-inflammatory, anti-diabetic, and
antioxidant properties (Siah et al., 2014; Turco
et al., 2016; Valente et al., 2018).

Storage is the process of preserving the
nutritional value of both the seedling and the
food by keeping beans in storehouses, bags, piles,
and bulks under specific conditions including
ventilation, fumigation, and the ideal temperature
and humidity (Befikadu, 2014). However,
Strauta and Muinece-Brasava (2016) noted
that legume seeds are frequently kept dry and at
room temperature. Unfavourable storage
conditions can reduce bean quality and increase
cooking time, which results in lost colour,
texture, and nutritional value. This led to poor
quality beans which have a bad mouthfeel and
texture, and processing degrades their nutritional
value.

In the Middle East, particularly in Egypt,
falafel is one of the staple fried vegetables
(Ismail and Kucukoner, 2017). The ingredients
for falafel, a classic dish from Egypt, include
chickpeas, water, onion, garlic, spices, parsley,
paprika, and sesame seeds (Fikry et al., 2021).
Due to its vegetarian-based ingredients, which
include vitamins, dietary fibre, and bioactive
components, falafel is regarded as a highly
healthy food (Ismail and Kucukoner, 2017).
Due to the high fat content brought on by the
dipping in the oil, the traditional method for
making fried falafel involves deep-frying, which
is not favoured by those who value their health
(Fikry et al., 2021).

Egyptians consume faba beans in a variety of
dishes, the most well-known of which being
fullmedames, often known as ful. A fairly
straight forward dish called ful medames is
made with whole or mashed broad beans. Ful
Medames is a very affordable food that is so
well-liked that it might as well be regarded as
the national dish of Egypt. It is sold by street
sellers on their traditional carts or in restaurants
(Nathan, 2015: Pasqualone et al., 2018). Due
to its high fibre content, ful medames is
typically eaten for breakfast and can keep one
full for the entire day. This dish is consumed
during Ramadan before sunrise to make it easier
for people to fast during the day (Pasqualone et
al., 2020).The aims of this study are evaluating

the effect of different storage methods that are
used in storing faba beans on the quality of food
processing occur during cooking (Falafel or
Medames).

MATERIALS AND METHODS

Materials

Faba beans (200 kg), Giza 40 variety, were
obtained from Bahr El-Bagar, Al-Husseinia,
Sharkia, Governorate, Egypt. After harvest on
10/4/2020.

Methods
Methods Used for Storage

Beans were stored in 5 different ways:
storage: in plastic bags, in burlap bags, in plastic
containers, in tin containers and storage by pre-
heating at 50°C for 10 min backed in plastic
bags and packing in blastic bags. The chemical
composition of the beans was estimated before
storage and after 9 months of storage under
these conditions. Taking into consideration the
following during the storage process:
Cleanliness, cleaning the store well with fungal
disinfectants, the store being well ventilated
with “wire mesh”, placing a fumigation tablet in
the store with the crop to avoid being affected
by mites, choosing clean sacks for storage and
disinfecting them well before the packing
process, examining the seeds once a month to
avoid Infested with mites, an empty room of
3x3 meters, temperature 18 °C, humidity 15%
during storage period (9 months).

Preparing and Cooking Egyptian Falafel

Cooking Egyptian Falafel was manufactured
according to Ismail and Kucukoner (2017), as
follows: faba beans were dry cleaning,
mechanically decorticated beans (with a PRL
'Mini dehuller’), soaking in water (1:3 w/v) for
16 hours at room temperature, draining, mincing
twice, addition of salt and spices, fermentation
at room temperature for 30 min, forming into
balls (~ 15 gm each),and then deep frying in
cotton seed oil at 175 C° for 6 min. Cooked
Falafels were dried at 50 C° for 18 hours in an
electric air draught oven. The dried Falafels
were ground to pass through a 70 mesh sieve,
packed into air-tight jars and kept at 4 C° until
further manipulation.
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Six treatments of falafel were made, as follows:
- Control Falafel

- Falafel made from beans stored in plastic bags
for 9 months.

- Falafel made from beans stored in burlap sacks
for 9 months.

- Falafel made from beans stored in plastic
containers for 9 months.

- Falafel made from beans stored
containers for 9 months.

in tin

- Falafel made from beans pre- heated backed in
plastic bags for 9 months.

Preparing of Medames

Broad beans are referred to as ful in Egyptian
Arabic, while medames, which means "buried,"
refers to the ancient cooking technique, which
included burying a pot with water and beans
under hot coals to cook for an extended period
of time. The dried broad beans used to make ful
medames must be softened by soaking them in
water before cooking. The beans are then
emptied, fresh water is added, and the stove is
steadily heated for 6 or 7 hours, or until the
beans are tender (Nathan, 2015).

6 treatments of medames were made, and
they were as follows:

- Control medames.

- Medames made from beans stored in plastic
bags for 9 months.

- Medames made from beans stored in burlap
sacks for 9 months.

- Medames made from beans stored in plastic
containers for 9 months.

- Medames made from beans stored in tin
containers for 9 months.

- Medames made from beans pre- heated backed
in plastic bags for 9 months.

Analytical Methods

Moisture, total nitrogen, fats as ethyl ether
extract, ash, and crude fiber contents were

determined according to the AOAC (2007).
Carbohydrates were calculated by difference.

Sensory Analysis of Fried Falafel and
Medames

A sensory evaluation by 30 well trined
panellists was conducted to evaluate the air-fried
falafel samples according to 1SO , (2012).
Consumers with some training made up the
panel. They consisted of people who are
typically familiar with the calibre of falafel
because they often eat it in Egypt. Sensory
characteristics (appearance, aroma, taste, crispiness,
and overall preference). According to Fikry et
al. (2016) and Manzoor et al. (2019), the sensory
evaluation process was carried out in a room
with a regulated atmosphere (25£2°C) and white
fluorescent lighting. A nine-point hedonic scale
(1 being strongly disliked, 5 being neither liked
nor disliked, and 9 being extremely liked)
Mendes et al. (2001).

Statistical Analysis

The Statistical Package for Social Sciences
(SPSS), version 21.0 (SPSS Incorporated Chicago,
IL), was used to do an Analysis of Variance
(ANOVA) on the data. Using Duncan's multiple
range test (DMRT), means were separated, and
significant differences were identified at p<0.05.

RESULTS AND DISCUSSION

Influence of Storage Conditions on
Chemical Composition of Faba beans

Table 1 shows the effect of different storage
conditions for a period of 9 months on the
chemical composition of faba beans, and
through the results it is noted that the moisture,
protein, fat, ash and fiber contents of the bean
samples compared and stored for 9 months were
13.6, 26.0, 1.53, 7.6 and 25%, respectively.
While the moisture, protein, fat, ash and fiber
contents of bean samples stored in plastic bags
for 9 months were 13.23, 24.73, 0.50, 7.29 and
11.18%, respectively. The moisture, protein, fat,
ash and fiber contents of bean samples stored in
burlap sacks for 9 months were 12.86, 30.26,
0.94, 6.16 and 9.28%, respectively. The moisture,
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Table 1. Influence of storage conditions on chemical Composition of faba beans

Items Storage methods Control
Thermal Plastic Plastic Tin Burlap
heating bags container  container bags
Moisture 14.23a+0.75 13.23c+0.28 12.95d+0.26 11.85f+0.33 12.68e+0.30 13.6b+0.24
Protein 30.9a£1.12 24.73+d0.66 25.74c+0.80 26.84b+0.74 30.26a+0.9  26+b0.78
Fat 0.63e+0.12 0.5f+0.05 0.84c+0.02 0.79d+0.06 0.94b+0.08 1.53a+0.05
CHO 44.74+1.12 54.75+1.34a 51.34+1.12d 54.19+1.25a 50.9+1.46¢c 51.27+1.33b
Ash 9.5+0.45 7.29d+0.12 9.13b+0.24 6.33e+0.15 6.16f+0.22 7.6c+0.18
Fiber (g100g -1) 10.91c+0.80 11.18b+0.86 6.84f+0.78 8.31e+0.90 9.28d+0.98 25a+0.94

Values are means + standard deviation of triplicate determinations. Mean values with different superscript in each column are

significantly different (p < 0.05) from one another

protein, fat, ash and fiber contents of bean
samples stored in plastic containers for 9 months
were 12.95, 25.74, 0.84, 9.13 and 6.84%,
respectively. The moisture, protein, fat, ash and
fiber contents of bean samples stored in tin
containers for 9 months were 11.85, 26.84, 0.79,
6.33 and 8.31%, respectively. While the moisture,
protein, fat, ash and fiber contents of bean samples
stored after pre-heating at 50°C for 10 min
backed in plastic bags for 9 months were 13.23,
24.73, 0.50, 7.29 and 11.18%, respectively. It was
noted that the highest percentage of moisture,
protein and ash was in the samples stored by
pre-heating at 50°C for 10 min backed in plastic
bags, and the highest percentage of fat and fiber
was observed in the control samples.

Generally ,there was a highly significant
difference is moisture content between the
control sample and different storage process
.The high moisture content were noticed in
thermal heating process and the lowst value
(11.85%) was noticed in tin container. There
was no significant difference in protein content
were noticed in thermal heating and burlap bags
storage process. While the other storage methods
were significantly difference fat content was high
level is control (1.53%) compared to the other
storage process there was a highly significant
differences in ash and is fibe content between
the control and the all storage process, they were
9.5% and 25%, respectively.

These results were inline with finding of
Helmy et al. (2020) and Nasser abbas et al.
(2008).

Influence of Storage Conditions on
Chemical Composition of Feba bean
Medames and Egyptian Falafel

Generally, there was a highly significant
difference between the chemical composition in
felafel and medames with the storage methods
during the storage time

Table 2 shows the effect of the different storage
methods used in this study on the chemical
composition of the resulting falafel and medames.

Results showed that % of protein in the
falafel treatments ranged between 18 to 22.94,
and the treatment manufactured from faba beans
stored in plastic containers showed the highest
percentage of protein 22.94%, while the lowest
percentage of protein was observed in the control
treatment 18%. The percentage of protein in the
medames treatments ranged between 20.0 to
24.97%, the high level was noticed in faba beans
stored by pre-heating at 50°C for 10 min backed
in plastic bags while the lowest protein value
was observed in the control treatment. Our
results were in line with those reported by
Abeer et al. (2013) and Helmy et al. (2020).

The percentage of moisture content in the
falafel treatments ranged between 6.66 to 12.82%,
and the treatment manufactured from faba beans
stored in burlap bags showed the highest
percentage of moisture 12.82%, while the lowest
value was observed in the treatment manufactured
from faba beans stored in plastic container 6.66%.
While, the percentage of moisture in the medames
treatments ranged between 1.62 to 3.53 %, and
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Table 2. The effect of storage methods on chemical composition of Feba bean Medames and

Egyptian falafel
Storage methods
Items ptl;:-cizztiiag Plastic Plastic Tin Burlap Control
plastic bags bags container container bags

. Egyption Falafel 10.47¢+0.55 8.36e+0.62  6.66f+0.48 11.85b+0.51 12.82a+0.55 9.5d+0.66

Molsture Medames 3.53a+0.15 1.62d+0.11  3.42a+0.18  2.72b+0.12  1.73c+0.15  3.24+0.22

] Egyption Falafel 20.22b+0.35 19.55c+0.42 22.94a+0.28 19.91c+0.45 20.46b+0.36  18d+0.35

Protein Medames 24.97+a0.40 22.57c+0.33 25.43a+0.51 23.57b+0.45 23.83b+0.33  20d+0.76
Egyption Falafel 15.79c+0.85 16.94b+0.66 12.48ex0.83 20.29a+0.92 12.31e+0.75 14.5d+0.28
et Medames 11.74a+0.25 9.91c+0.33  10.53b+0.42 9.88c+0.30  6.32d+0.45 11.40a+0.44
Egyption Falafel 49.31+#1.24 51.69+1.51b  54.74+1.62 43.122¢ 50.28+1.23c 54.5+1.42a
cHo Medames 50.06+1.12e 59.95+1.32b 52.29+1.25d 57+1.34c 61.92+1.21a 57.4+1.25¢c
Egyption Falafel 4.21ax0.14  3.46c+0.18  3.18d+0.12  4.04b+0.13  4.13abx0.16  3.5c+0.18

Ash Medames 9.7a+0.22  5.95e+0.30 8.33b+0.42  6.83c+0.35 6.2d+0.45 8b+0.50
Fiber Egyption Falafel 43.61d+1.3 42.86exl.5 49.64b+1.1  46.89c+1.2 47.06c+1.4  55.0a+0.03
(9 100g-1) Medames 81.81c+0.25 79.11d+0.32 82.62b+0.45 81.93c+0.35 81.53c+0.30 88.0a+0.26

Values are means + standard deviation of triplicate determinations. Mean values with different superscript in each column are

significantly different (p < 0.05) from one another.

the control treatment showed the highest value
3.53%, while the lowest value was observed in
the treatment manufactured from faba beans
stored in plastic bags 1.62%.

This results offarmintioned with those
obtained by Ahmed et al. (1988) and Helmy et
al. (2020).

The fat in the falafel treatments ranged between
12.31 to 16.94%, and the treatment manufactured
from faba beans stored in plastic bags showed
the highest percentage of fat, while the lowest
percentage of fat was observed in the treatment
manufactured from faba beans stored in burlap
bags. While the percentage of fat in the medames
treatments ranged between 6.32 to 11.74 %, and
the treatment manufactured from faba beans
stored by pre-heating at 50°C for 10 min backed
in plastic bags showed the highest percentage of
fat, while the lowest valu of fat was observed in
the treatment manufactured from faba beans
stored in burlap bags.

The fat content of faba beans increases with
storage length, regardless of the storage
circumstances (Helmy et al., 2020). This could

be connected to metabolic processes taking
place in seed mass.

The percentage of fiber in the falafel treatments
ranged between 42.86 to 55.0%, and the control
treatment showed the highest percentage of
fiber, while the lowest percentage of fiber was
observed in the treatment manufactured from
faba beans stored in Plastic bags. While the fiber
% in the medames treatments ranged between
79.11 to 88.0%, and the control treatment showed
the highest percentage of fiber, while the lowest
percentage of fiber was observed in the
treatment manufactured from faba beans stored
in Plastic bags.

The length of time that faba beans have been
stored has an adverse effect on how much crude
fibre they contain. According to Helmy et al.
(2020), the crude fibre content of faba beans
appears to decrease with increased storage
periods.

The ash content in the falafel treatments
ranged between 3.18 to 4.21%, and the
treatment manufactured from faba beans stored
by pre-heating at 50°C for 10 min backed in
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plastic bags showed the highest ash, while the
lowest percentage of ash was observed in the
treatment manufactured from faba beans stored
in Plastic container. While the percentage of ash
in the medames treatments ranged between 5.95
to 8.0%, and the control treatment showed the
highest percentage of ash, while the lowest
value of ash was observed in the treatment
manufactured from faba beans stored in Plastic
bags. Our results are contraste with findings of
Stefanello et al. (2015).

The Effect of Feba Bean Storage Methods
on Sensory Measurements of Egyptian
Falafel

Table 3 shows the effect of the different
storage methods used in this study on the
sensory measurements of the resulting falafel. It
is noted through the results that the maximum
value of ranks mean for textures and odor were
found under used storage methods (storage at
Plastic container and Plastic bags). While the
maximum value of ranks mean for odor were
found under used storage methods (storage at
Plastic bags and Burlap bags).But, the maximum
value of ranks mean for taste was found under
used storage methods (storage at Plastic bags
and thermal heating). On the other side, the
maximum value of ranks mean for color was
found under used storage methods (storage at
Tin container and Plastic bags). At the end, the
maximum value of ranks mean for public
acceptance was found under used storage
methods (storage burlap bags and tin container).
Nasar-Abbas et al. (2009) who found that Feba

bean storage methods more affect on the sensory
measurements of Egyptian falafel.

Generally, data presented in table (3) showed
that there was no significant difference between
tin containers, burlap, bags storage was good
condition for all sensory items.

The Effect of Feba bean Storage Methods
on Sensory Measurements of Medames

The statistical analysis showed that: the
maximum value of ranks mean for textures were
found under used storage methods (storage at
Plastic bags and Burlap bags). While the
maximum value of ranks mean for odor were
found under used storage methods (storage at
thermal heating and Burlap bags).But, the
maximum value of ranks mean for taste was
found under used storage methods (storage at
Tin container and thermal heating). On the other
side, the maximum value of ranks mean for
color was found under used storage methods
(storage at Tin container and burlap bags). At
the end, the maximum value of ranks mean for
public acceptance was found under used storage
methods (storage burlap bags and tin container)
these data were shown in Table 4. Siah et al.
(2014) who found that Feba bean storage methods
more effect on the sensory measurements of
Egyptian medames.

All the storage method except plastic containers
had no significant difference in public acceptance
“over all acceptability” on sensory evaluation of
medames.

Table 3. Effect of Feba bean storage methods on Sensory measurements of Egyptian falafel

Storage methods

Sensory measurements Control Pt';e'fl‘(eati_ng Plastic Plastic Tin Burlap
ac_ed n bags container  container bags
plastic bags
Textures 7.68b+0.16 7.1c+0.18 80a*x03 7.9ab+038 7.7b+045 7.7b+04
Odor 7.96bct0.15 75¢+0.31 83a+03 8b+042 8b+0.3 8b+0.37
Taste 79b+0.19 82a+0.2981lab+041 75c+048 8ab+0.47 7.7bc+0.45
Color 756b+0.22 65¢+037 8la+x05 73b+t04 8ab+049 7.9ab+0.53

Public acceptance 78b+t0.16 73c+03 79ab+0.38 7.8b+0.33 81a+043 79ab+041

Values are means + standard deviation of triplicate determinations. Mean values with different superscript in each column are
significantly different (p < 0.05) from one another
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Table 4. Effect of Feba bean storage methods on sensory measurements of Feba bean Medames

Storage methods

Sensory pre-heating . . .
measurements Control backed in PlI)astlc Plias_tlc 1t'|n Btl)JrIap
olastic bags ags  container container ags
Textures 8.14b+0.15 80b+0.33 86a+0.37 7.7¢c+£0.26 8.1b+0.23 8.3ab+0.45
Odor 8.22b+0.17 88a+0.25 82b+05179¢c+0.3880b+0.45 82b+0.33
Taste 7.88ab+0.16 8.1a+0.28 7.7b+0.4775b+0.34 82a+0.36 7.9 ab+0.38
Color 7.82b+0.17 7.7b+052 7.7b+04 74c+0.228.0ab+0.37 8.aA+0.33

Public acceptance 8.14a+0.16 82a+0.2 82a+04478b+0.3682a+042 83ax04

Values are means + standard deviation of triplicate determinations. Mean values with different superscript in each column are

significantly different (p < 0.05) from one another.

REFERENCE

Abeer, AA., M.S. Relad and H.S. lbrahim
(2013). Characterization of some faba bean
genotypes using morphological and chemical
methods. Egypt. J. Plant Breed., 203: 1-19.

Adejumo, B.A. (2013). Development of a 350kg
double-walled insulated metallic silo for
tropical climate. Greener J. Sci., Eng. and
Technol. Res., 3: 195-204.

Ahmed, A.E., M.H. Hussien, M.E. Kamal and
A.N. Mohammed (1988). Chemical and
technological studies on faba bean seeds:
Effect of storage on some physical and
chemical properties. Food Chem., 29: 27-39.

Altuntas, E. and M. Yyldyz (2007). Effect of
moisture content on some physical and
mechanical properties of faba bean (Vicia
faba L.) grains. J. Food Eng., 78 (1): 174-183.

Annor, G.A., Z. Ma and J.I. Boye (2014). Crops
- Legumes. In S. Clark, S. Jung and B.
Lamsal (Eds.), Food processing: Principles
and applications (2" Ed.). John Wiley and
Sons, Ltd., 305-337.

AOAC (2007). Association of official analytical
chemists — official method of analysis (18"
Ed.), Benjamin Franklin Station Washington,
D.C., USA.

Barbari, M., M. Monti, G. Rossi, S. Simonini
and F.S. Guerri (2014). Self-built silos for
storage cereals in African rural villages. Afr.
J. Agric. Res., 9: 1384-1390.

Befikadu, D. (2014). Factors affecting quality of
grain stored in Ethiopian traditional storage
structures and opportunities for improvement.
Int. J. Sci., Basic and Appl. Res., 18 (1): 235
— 257.

Bello, F.A. and LE. Udoh (2022). Effect of
Storage on Quality and Cooking Attributes of
Faba Bean. In Faba bean: Chemistry,
Properties and Functionality. Cham: Springer
Int., Publishing, 189-210.

Chillo, S., J. Laverse, P.M. Falcone and M.A.
Del Nobile (2008). Quality of spaghetti in
base amaranthus whole meal flour added
with quinoa, broad bean and chick pea. J.
Food Eng., 84: 101-107.

Collado, E., T.V. Klug, G.B. Martinez-Hernandez,
F. Artés-Hernandez, A. Ascension Martinez-
Sénchez and E. Aguayo (2019a). Nutritional
and quality changes of minimally processed
faba (Vicia faba L.) beans during storage:
Effects of domestic microwaving. Postharvest
Biol. and Technol., 151: 10-18.

Duc, G. (1997). Faba bean (Vicia faba L). Field
Crops Res., 53: 99-109.

El-Refai, A.A., H.M. Harras, K.M. EI-Nemr and
M.A. Noaman (1988). Chemical and techno-
logical studies on faba bean seeds. |. Effect
of storage on some physical and chemical
properties. Food Chem., 29: 27-39.

Fikry, M., I. Khalifa, R. Sami, E. Khojah, K.A.
Ismail and M. Dabbour (2021). Optimization
of the frying temperature and time for



692 Ali, et al.

preparation of healthy falafel using air frying
technology. Foods, 10 (11): 2567.

Fikry, M., Y. Yusof, A. Al-Awaadh, R. Rahman,
N. Chin, E. Mousa and L. Chang (2019).
Effect of the heating at 50°C conditions on
the physicochemical, quality and sensory
attributes of coffee-like powder and brew
from defatted palm date seeds. Foods, 8: 61.

FAO (2019). Food and Agriculture Organization.
FAOSTAT statistical database of the United
Nation Food and Agriculture Organization
(FAO) Statistical Division.

Gezer, ., H. Haciseferogullar and F. Demir
(2003). Some physical properties of Haciha
liloglu apricot pit and its kernel. J. Food
Eng., 56: 49-57.

Giménez, M., R.J. Gonzalez, J. Wagner, R.
Torres, M.O. Lobo and N.C. Samman
(2013). Effect of extrusion conditions on
physicochemical and sensorial properties of
corn-broad beans (Vicia faba) spaghetti type
pasta. Food Chem., 136(2): 538-545.

Helmy, E.H.M., E.E.S. Ahmed, A.A. Abd EI-
Rahman and A.E. Mahenor (2020).
Ultraviolet effect on faba bean seed quality
during storage. Asian J. Plant Sci., 19 (1):
26-34.

Henchion, M., M. Hayes, A. Mullen, M.
Fenelon and B. Tiwari (2017). Future protein
supply and demand: Strategies and factors
influencing a sustainable equilibrium. Food,
6: 53.

Ismail, M.M., S.S. Turgut, E. Karacabey and E.
Kucukoner (2018). Determination of physical
properties of falafel (fried chickpea balls)
under the effect of different cooking
techniques. Int. J. Food Eng., 4: 191-194.

Ismail, M. and E. Kucukoner (2017). Falafel: A
meal with full nutrition. Food Nutr. Sci., 8:
1022-1027.

ISO, B. (2012). Sensory analysis—general guidelines
for the selection, training and monitoring of
selected assessors and expert sensory
assessors. International Organization for
Standardization, 1, 1-28 Manzoor, S., Y.A.
Yusof, N.L. Chin, A. Tawakkal, I.S.
Mohamed, M. Fikry and L.S. Chang (2019).
Quality characteristics and sensory profile of
stirred yogurt enriched with papaya peel

powder. Pertanika J. Trop. Agric. Sci., 42:
519-533.

Mendes, L.C., H.C. de Menezes, M. Aparecida
and A. Da Silva (2001). Optimization of the
heating at 50°C of robusta coffee (C.
canephora conillon) using acceptability tests
and RSM. Food Quial. Prefer., 12: 153-162.

Mijinyawa, Y. (1999). Wood products for grain
silo construction. J. Eng. and Appl. Sci., 1:
25-29.

Mills, J.T. and S.M. Woods (1994). Factors
affecting storage life of farm-stored field
peas (Pisum sativum L.) and white beans
(Phaseolus vulgaris L.). J. Stored Prod. Res.,
30: 215-226.

Minguez, M.l. and D. Rubiales (2021). Faba
bean. In V.O. Sadras and D.F. Calderini
(Eds.), Crop physiology case histories for
major crops. Academic Press, 452-481.

Multari, S., D. Stewart and W.R. Russell (2015).
Potential of Faba bean as future protein
supply to partially replace meat intake in the
human diet. Comprehensive Rev. in Food
Sci. and Food Safety, 14: 511-522.

Nasar-Abbas, S.M., J.A. Plummer, K.H.M.
Siddique, P. White, D. Harris and K. Dods
(2008). Cooking quality of faba bean after
storage at high temperature and the role of
lignins and other phenolics in bean
hardening. LWT- Food Sci. and Technol.,
41:1260-1267.

Nasar-Abbas, S.M., K.H.M. Siddique, J.A.
Plummer, P.F. White, D. Harris, K. Dods and
M. D'antuono (2009). Faba bean (Vicia faba
L.) seeds darken rapidly and phenolic content
falls when stored at higher temperature,
moisture and light intensity. LWT-Food Sci.
and Technol., 42 (10): 1703-1711.

Nathan T. (2015). Ce pays qui te ressemble.
Paris: Stock Editor.

Ng’ang’a, J., C. Mutungi, S.M. Imathiu and H.
Affognon (2016). Low permeability triplelayer
plastic bags prevent losses of maize caused
by insects in rural on-farm stores. Global
Food Security, 8: 621-633.

Omobowale, M., Y. Mijinyawa, P. Armstrong,
J. Igbeka and E. Maghirang, E. (2015).
Performance evaluation of termite-mound



Zagazig J. Agric. Res., Vol. 50 No. (5) 2023 693

clay, concrete and steel silos for the storage
of maize grains in the humid tropics. J.
Stored Prod. Res., 6: 56—65.

Pasqualone A. (2018). Traditional flat breads
spread from the Fertile Crescent: production
process and history of baking systems. J.
Ethnic Foods, 5: 10-9.

Pasqualone, A., A. Abdallah and C. Summo
(2020). Symbolic meaning and use of broad
beans in traditional foods of the Mediterranean
Basin and the Middle East. J. Ethnic Foods, 7
(2): 39.

Piotrowicz-Ciéslak, A.l., M. Krupka, D.J.
Michalczyk, B. Smyk and H. Grajek (2020).
Physiological characteristics of field bean
seeds (Vicia faba var. minor) subjected to 30
years of storage. Agric., 10: 545.

Rebaa, F., G. Abid, M. Aouida, S. Abdelkarim
and I. Aroua (2017). Genetic variability in
Tunisian populations of faba bean (Vicia faba
L. var. major) assessed by morphological and
SSR markers. Physiol. and Molec. Biol.
Plants, 23: 397-409.

Sallam, A., M. Ghanbari and R. Martsch (2017).
Genetic analysis of winter hardiness and
effect of sowing date on yield traits in winter
faba bean. Scientia Hort., 224: 296-301.

Sanju, B.D., K.D. Mohd, N. Rashed, C. Prince
and K.R.A. Pawan (2021). Review of nutri-
tional profile and processing of faba bean
(Vicia faba L.). Legume Sci., €129.

Siah, S., J.A. Wood, S. Agboola, I. Konczak and
C.L. Blanchard (2014). Effects of soaking,
boiling and autoclaving on the phenolic
contents and antioxidant activities of faba
beans (Vicia faba L.) differing in seed coat
colours. Food Chem., 142: 461-468.

Smykal, P., CJ. Coyne, M.J. Ambrose, N.
Maxted and H. Schaefer (2015). Legume
crops phylogeny and genetic diversity for
science and breeding. Critical Reviews in
Plant Sci., 34: 43-104.

Soliman, F., E.S.M. Hammad, M. Farag, O.H.
Ahemad, M. Mohammed and H. Salah

(2022). Detection of artificial colors added to
cooked faba beans (Ful medames) and
microbial examination for samples obtained
from street vendors in Egypt. J. Med. in
Scient. Res., 5 (3): 393.

Stefanello, R., P.M.G. Londero, M.F.B. Munia,
J.S. Alves and L. Fischer (2015). Chemical
composition of landrace maize seeds stored
under different conditions. Int. Food Res. J.,
22:918-922.

Strauta, L. and S. MuiZniece-Brasava (2016).
The characteristics of extruded faba beans
(Vicia faba L.). Rural Sustainability Res., 36
(331): 42-48.

Tanno, K. and G. Willcox (2006). The origins of
cultivation of Cicer arietinum L. and Vicia
faba L. early finds from tell EIl-Kerkh,
Northwest Syria, Late 10- Millennium b.p.
Veg. Hist. Archaeobotany, 15: 197-204.

Turco, I, G. Ferretti and T. Bacchetti (2016).
Review of the health benefits of faba bean
(Vicia faba L.) polyphenols. J. Food and
Nutr. Res., 55: 283-293.

USDA (US Dept. of Agriculture). Food data
central (Nutrient Database). https://fdc.nal.
usda.gov/.Accessed 26 Jan 2021.

Valente, .M., M.R. Maia, N. Malushi, H.M.
Oliveira and L. Papa (2018). Profiling of
phenolic compounds and antioxidant
properties of european varieties and cultivars
of Vicia faba L. Pods. Phytochem., 152: 223
—229.

Xiao, J.X., Y.A. Zhu, W.L. Bai, Z.Y. Liu, T.A.
N.G., Li and Y. Zheng (2021). Yield perfor-
mance and optimal nitrogen and phosphorus
application rates in wheat and faba bean
intercropping. J. Integrative Agric., 20 (11):
3012-3025.

Yousif, A.M. and H.C. Deeth (2003). Effect of
storage time and conditions on the cotyledon
cell wall of the adzuki bean (Vigha
angularis). Food Chem., 81: 169-174.



694 Ali, et al.
uaall g SIS Aida oa g o AAlA) gt ol o RS g da il A
Taaaa 58 saas 2aaas daaline 368 0 i =T alaadl gl deaa b ! e daaa e (5

paae — (38 ) daala — eI AIS 36V agle ando]
e Bl —Aae) )3l Esanll 58 e —dae )3l sl &g 2gaa -2
e — G0 daalas e 0 K A al) pLal) and 3

e L Caant A Al il asa e sl (3530 8 Aadiiusal) Adliall 0 3380 5k il Al 3
(Al (e (ST (8 AN A QST 8 Al AR (§ e dady Cagaal) (p5A0 a3 Guadall T JEVAY
50 i Al 4 )l Al Gl e 3R 5 eall e Sl 0 AT ARG Sl gl o 3ad)
0819 2ay g G 3R 8 sl el S Gl a3 L 4S5 QST A sl 5 3383 10 82ad 4y 5 da 2
Il Apaaal) il 5 el oS il e o 3aill 5k Al A 0 a5 LS iy ydall oda Jla & 053l e
il 8 il Jsdll e 8 alays G s dsh) A el of @il < yedal 3y pamall a5 Guaral)
el oy ¢ A8l S 8 slaadl 5 (338s 10 33 A 5i Aa 0 50 e Al 4y ) al) Alabaally 453340
Gl e 8 0 aall Jsdl) (e Aniiaall JaMED dlalae < yedal 28 A jaal) cilie & il GLIYI g 0 saal (e s
e A iaall 4yl al) Alabaally Lo sdsnall J5l) (e dniimall Guarall Alebas o jelal Lainy (4 gy At el 4855030
O Aniaaall JE3 dlabae < yglal | (g s Aad (e d A8 QST A sl 5 3583 10 82a 452 4 12 50
LS Ak ) daa e 4 )lEall (uere clie & yelal Lot gy L Ao f GRAN (g0 (ulST 8 1 géaall J )
aadall Alalaa i yedal Laiss ¢ (5 583 dpnsh e 435Sl QST L sind) Jsil) (g Anieaall Ja) dlalas <o jelil
Sl Gl 3 alall 5 (3183 10 3aal A s s 53 50 die Aiaall Ayl all Alebaally () Al Jsdll (0 Aniiadll
L e b A0 )aa) eede dlebre < selal LS el (e G e A5 ) JiMs Alelaa < jelal 5 ) g0 Gy o]
10 52al i g1 Aa 5 50 e Aianal) Gy ) jad) Aldbaally 1 ginall J il cpe Ariaall J8E Aldae < yedal YT o
OFans LS alay A Ao 40 el (uere ddalae & yglal Lainy Sl A e b 485000 ST slad) 5 i8S
(ioall lygla g Gl 5 QLS AV 3l Gt ¢ Al ) (g IS JIED b alal) J il A 53 Jumdl
Al 5 QLS AV Al G odar 0 Al J ) (e piaal) Guadall 8 alall Jsusll ds o Juadl aa g Laiy
lal) J sl Aaliaal 3kl (p Ada gale Ay sine CHMA) 2a 55 Y 5 (il by gla

I :O 3 ‘
a0 Aaala —Agaiill 5 L o i€ A0S - ¢ paiall 00201 e Lial) i A Ade daaa dghe -1
(B drala - Aol 3 AS - 36 Y) 4 le andy 40131 cileLiall AU Olasles & ana (paa llas 0§ -2



