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ABSTRACT

Instant falafel samples were prepared and dried by a solar dryer, designed
recently at Faculty of Agriculture ( Damanhour ) , Alexandria University for drying
some fruits and vegetables , and compared with that prepared by hot — air drying ,
freezing ( - 40 ° C ) and fresh ( control ) samples . The time required for solar drying
such falafel pastes was 3 days ( during June 2005 ) . The resultant instant falafel
samples were rehydrated or thawed , fried and subjected to sensory evaluation .
Proximate chemical composition and microbiological evaluation of the instant falafel
were also estimated . The moisture contents were determined at 4 hr intervals until
the falafel pastes were solar dried . Solar drying equation , drying constant ( K ) and
coefficient of determinations  ( R? ) were also computed to predict the time required
for solar drying such falafel pastes under these conditions and to predict the moisture
content at any time of solar drying as well .

Data revealed the possibility of using such solar dryer to dry pastes and prepare

instant falafel with high quality closed to that prepared by hot — air drying .

Keywords: Falafel, instant, solar drying, organoleptic properties, chemical
composition , microbiological evaluation , solar drying equation .

INTRODUCTION

Faba bean are mainly eaten in Middle East countries as a cheap
source of dietary protein . In Egypt , it is used to prepare many popular dishes
that are consumed by a majority of the population (Youssef et al , 1988) . In
this respect, Falafel (named also Taemya ) is considered as one of the most
important staple foods. The main constituent of Falafel is faba bean (Vicia
faba L.) with variable amounts of onion, garlic and some vegetables . The
whole mixture is finely ground prior to forming into patties which are finally
deep fried in oil ( Ziena et al., 1988) .

A great deal of attention has been paid towards the instantization and
agglomeration of foods. In Egypt, instant Falafel is one of the most
marketable instant foods .

To prepare instant Falafel of super quality, the paste should be
prepared by applying all common pretreatments (dehulling, soaking,
mincing,..etc.) applied in fresh Falafel processing and finally dehydration is
conducted . It was clear that such a procedure is not that used to produce the
instant falafel marketed in Egypt since commercial instant falafel is prepared
by just mixing the dry raw ingredients without any technological
pretreatments, the method which was found to be inconvenient to produce
instant falafel of high quality ( Ziena et al. ,1992) .

Solar dryer as a clean and a cheap tool for drying fruits and
vegetables has been designed and adopted at Faculty of Agriculture
(Damanhour), Alexandria University (Abdel- Ghaffar et al, 2006). Information
about the performance of such solar dryer for drying food pastes e.g. Falafel
paste are scarce and didn't carryout yet. So, the present study was carried
out to evaluate the performance of such solar dryer for drying
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Falafel paste and to study the quality of the resultant instant Falafel
comparing with that dried by hot air or that kept frozen .

MATERIALS AND METHODS

Materials

Green faba bean pods , dry decorticated faba beans ( cotyledons ) ,
balady bread , garlic , onion , parsley , leek , coriander , salt and spices were
purchased ( during April — June, 2005 ) from the local market at Alexandria ,
Egypt .

Methods :

The methods adapted for Falafel preparations are those used in
Egyptian homes and by Falafel processors ( Fig 1 ) . housewives used to
prepare falafel from green beans in contrary to Falafel processors who use
dry faba bean cotyledons . Different Falafel recipes are prepared from
ingredients as shown in Table (1) . Green faba bean seeds were kept frozen
at — 40 °C until needed, thawed and decorticated manually . Dehydration
process of Falafel paste by hot air was conducted at 55 °C using a circular
hot air dryer ( Kestner Evaporator & Engineering Co. Ltd., Green hithe, Kent ,
Great Britain ) according to Ziena et al, (1992 ) . An indirect solar dryer that
designed recently to dry some fruits and vegetables by Abd-El Ghaffar et al. (
2006 ) at Faculty of Agriculture ( Damanhour ) , Alexandria University was
used for solar drying of Falafel pastes .

Organoleptic properties.

Different fried Falafel samples understudy were presented
simultaneously to a panel of 10 panelists. The panelists were asked to rank
each sample on the hedonic scale of 1 (very poor); 2-4(poor); 5-6 (fair); 7-8
(good); and 9-10(excellent) for each of colour, flavour, texture and overall
acceptability.(Moskowitz, ,1974).

Table 1: The main ingredients of Falafel paste samples .

Formula | Minced Minced Bread | Vegetable | Red Black Dried Salt

No Green Soaked (9) Mix.* Pepper | Pepper | Coriander | (9)

Bean | Cotyledons @ @) )] @
)] @

1 600 - 90 120 3 6 3 30
2 480 120 90 120 3 6 3 30
3 360 240 90 120 3 6 3 30
4 240 360 90 120 3 6 3 30
5 120 480 90 120 3 6 3 30
6 - 600 90 120 3 6 3 30

* Vegetable mix. contained onion , garlic , parsley and Egyptian leek
Analytical Methods

Different Falafel samples were analyzed by the standard method of
AOAC(1995) for moisture , crude protein ( N X 5.85), crude fat, total ash and
crude fiber . N-free extract was calculated by difference .
Microbiological Evaluation

Samples were taken and prepared under aseptic conditions . The
necessary dilutions were made and the pouring plate technique was followed
. The count of mesophilic aerobic bacteria on nutrient agar medium ( N. A.)
and yeast and mould on sabouraud dextrose agar medium ( S. D. A. ) were
determined according to Difico's Manual (1984).
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Mathematical Analysis

The predicted equations of solar drying for Falafel pastes , the drying
constant ( K ) and the coefficient of determination ( R2 ) were computed
according to Abdel- Ghaffar et al ( 2006 ) .
Statistical Analysis:

Data were analyzed using analysis of variance of the SAS package
(SAS,1985) .

RESULTS AND DISCUSSION

Data presented in Table ( 2 ) show the sensory evaluation of different
Falafel samples, Results revealed that all samples were accepted concerning
the sensory evaluation .

Table 2 :Sensory evaluation of different Falafel samples*.

Sample& Formula Color Flavor Texture Overall
No. acceptability
Fresh 1 7.0° A, Qe 7.2% 7.3%
2 7.2de 8.0abc 7.2ef 7.3de
3 7.5 8.2% 7.5% 7.8
4 7.93b¢ 8.1% 7.8% 8.0%
5 8.2 8.42 8.32 8.32
6 8.52 8.32 8.2% 8.22
Solardrying 1 6.59 7.5% 7.0 7.0
2 6.79 7.7 7.0f 7.0/
3 7.19%f 7.9 7.3¢ 7.5
4 7.8 7.8 7.5% 7.8
5 7lgabc 8loabc 7'9bc S.Oab
6 8.2 8.2 8.3? 8.28
Hot air drying 1 6.79 7.3° 6.89 6.99
2 6.9 7.5% 6.79 6.8¢
3 7.3¢% 7.7 7.0f 7.2¢
4 7.8 7.7 7.2¢ 7.6
5 8.0% 7.7% 7.6% 7.7°
6 8.3% 7.8 7.9 8.8%
Freezing 1 6.49 7.5% 6.79 6.79
2 6.6 7.5% 6.9 6.9¢
3 6.9¢ 7.9% 6.9 6.9¢9
4 7.4% 7.8 7.2% 7.4%
5 7.8b¢ 8.1 7.7 7.8
6 8.0%¢ 8.0%¢ 7.9 8.0®

* Means in a column not sharing the same superscript are significantly
different at P < 0.05 .

However, differences mainly between different recipes were significantly high
in contrary with that between different treatments ( i.e. solar drying , hot air
drying and freezing ) . In other words, decreasing the addition of green
cotyledons or increasing the addition of soaked dry cotyledons resulted in
increasing of the acceptability . It was obvious that panelists ranked Falafel
samples No. 5 & 6 as significantly superior to the rest samples which reflect
the possibility to add up to 20 % green cotyledons .

Notwithstanding , the colour of fried Falafel followed by the texture
were affected extremely ( more darker in colour and compact in texture ) by
increasing the quantity of green cotyledons in the product .

It was also clear that the flavour of fresh Falafel (control ) was the superior
followed by frozen Falafel . than dried samples by the two methods .this may
be due to drying process may resulted in loss some volatile matters (aroma ).
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Data presented in Table ( 3) reveal that although solar drier success
in drying Falafel paste to a suitable level , the moisture contents in resultant
Falafel were significantly higher than their counterpart dried by hot air .

Table 3 : Proximate chemical composition of different Falafel samples
(%, on dry weight basis ) .

Sample &| Moisture Crude |[Crude ether| Ash Crude N - free
Formula No. protein* extract fiber extract
Solar drying

1 7.77% 23.13¢ 1.77¢ 4112 6.70% 64.29
2 7.80¢ 23.30% 1.75¢ 4.162 6.822 63.97
3 7.84¢ 23.67% 1.78¢ 4.23% 6.55% 63.77
4 7.22¢ 24.08% 1.882 4.19* 6.75% 63.10
5 7.30¢ 24.36" 1.80% 4.142 6.462 63.24
6 7.13¢ 24.77° 1.922 4.33% 6.78% 62.20
Hot air drying

1 4.86° 23.18¢ 1.73¢ 4.082 6.772 64.24
2 5.03¢ 23.36% 1.78% 4.19* 6.69% 63.98
3 4.84° 23.76% 1.90% 4.15% 6.60% 63.59
4 4.91¢ 24.17 1.82b¢ 4118 6.882 63.02
5 4.68° 24.50% 1.88° 4.29% 6.52% 62.81
6 4.77° 24.85% 1.952 4.23* 6.72% 62.25
Freezing

1 60.21° 23.08¢ 1.82% 4.142 6.58% 64.38
2 59.072 23.320¢ 1.77« 4.108 6.662 64.15
3 58.502 23.76% 1.83% 4.282 6.522 62.88
4 55.01° 24,23 1.87° 4122 6.80% 62.98
5 53.20° 24.42% 1.952 4.182 6.55% 62.90
6 50.55°¢ 24.952 1.90% 4.292 6.822 62.04
* Nx5.85

* Means in a column not sharing the same superscript are significantly
different at P < 0.05 .

It was clear that noticeable increases in crude protein and crude
ether extract contents were traced when the portion of soaked dry cotyledons
increase at compared to their counterpart green cotyledons . These
differences can be explained on the basis that accumulation of such
components takes place with seed maturation ( Ziena et al, 1987) . However,
ash and crude fiber contents showed another figures since they seemed to
be more or less the same in all Falafel samples .

The method of preparation ( i.e. drying by the two methods or
freezing ) didn't affect the proximate chemical composition except moisture
content . The chemical composition of all instant Falafel samples understudy
agree with that reported by Youssef et al ( 1987 ) .

Data presented in Table ( 4 ) show the microbial changes that took
place when fresh Falafel pastes were dried by both hot air and solar heating
or after kept frozen for 72 hr . Each of total counts of mesophilic aerobic
bacteria , and yeasts and molds decreased significantly as affected by
freezing or drying Falafel pastes by the two methods .

It was clear that using the two drying methods , that showed the
same trends of decline , had more pronounced effect on the reduction of
both the count of bacteria and yeasts and molds than freezing did .The
significant decline may be due to the reduction of water activity through
drying . Moreover , the solar dryer applied in the present study controlled the
microbial counts due to the short time of solar drying (upto3days)and/
or the drying conditions in this system is controlled to some extent . The
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lower count of bacteria for the samples dried by solar drying and hot air could
be attributed to the highest temperature applied by the two methods as
explained by Whitfield ( 2000 ) who reported that temperature ranging
between 37 ©°C to 71.2 © C was found to effectively kill bacteria . The low
moisture countents , as found by Scalin ( 1997 ) who reported that reducing
the moisture count of food to the range between 10 % and 20 % resulted in
preventing food from yeast and mould contaminations . Notwithstanding , it
well known that natural fermentation of Falafel paste during preparation and
at the first period of drying in which lactic acid bacteria play an important role
provides an inexpensive method by which people can obtain good quality
protein , reduce the flatulence which resulted from legumes consumption and
improve the flavour ( EI-Sahn and Youssef , 1989 ) .

Abdel Ghaffar et al ( 2006 ) mentioned that fruits and vegetables
dried by sun-drying had the highest counts of bacteria and yeast and molds
when compared to solar drying and hot-air drying .

Table 4 : Microbiological evaluation of different Falafel samples* .

Sample & Formula No. Bacteria (C.F.U/g) Yeasts & Molds (C.F.U/g)
Fresh 1 3.3x 10% 5.5x 10%
2 3.0 x 106 4.2 x 10%
3 2.7 x 106 7.8 x 10%
4 3.1x 106 6.2 x 10%
5 5.5 x 10% 5.9 x 10%
6 5.2 x 106 7.2 x10%
Solar drying 1 2.3x10% 2.0 x 10%
2 2.1x10% 2.1 x 10%
3 2.5x10% 1.8 x 10%
4 2.9 x 10% 2.4 x 10%
5 2.7 x 10% 1.7 x 10%
6 2.2 x 10% 1.6 x 10%
Hot-air drying 1 1.9 x 10% 1.4 x 10%
2 2.1x10% 1.6 x 10%
3 2.3 x10% 1.9 x 10%
4 2.0 x 10%* 2.0 x 10%
5 1.9x10% 1.2 x 10%
6 2.3 x10% 1.3 x 10%
Freezing 1 7.7 x 10%® 2.7 x 10%*
2 6.5 x 10% 3.6 x 10
3 8.1 x 10% 3.5x10%
4 6.3 x 10% 4.7 x 10%
5 5.1 x 10% 2.3x10%*
6 4.7 x 10°% 2.5 x10%*

* Means in a column not sharing the same superscript are significantly
different at P < 0.05 .

Moisture contents of different Falafel preparations during solar drying
are presented in Table (5).The moisture content in the fresh Falafel pastes at
the beginning of solar drying varied significantly . Increasing green cotyledons
in the Falafel preparation resulted in a paste with relatively higher moisture
content in contrary to soaked dry cotyledons .

It was clear that all Falafel pastes loss their moisture gradually during
solar drying. The decline in moisture contents within the same Falafel sample
were significant .

6526



J. Agric. Sci. Mansoura Univ., 32 (8), August, 2007

Table 5: Moisture contents of different Falafel samples during solar

drying* .

Solar time Falafel Formula No.
1 2 3 4 5 6

15t day|
8 am a60.922 a59.682 ab5g 852 be55,302 cd53.762 d50.912
12 a54.18pP a53.75pP ab52 61P be50.440 €d49.06° d46.28P
4 pm a50.20¢ a48.23¢ 248.05°¢ b44.80° beg2 65¢ €40.33¢
8 a44.38d abg2 494 abg 154 be40.074 bc3g.16d 435,054
2"d day 8
am a40.14¢ ab37.76¢ ab37.03¢ be35.26¢ €34.07¢ 430.66°
12 a33.61f ab31.30f ab31.88f ab30.75f b29.68f €25.70f
4 pm a28.75¢ ab26.579 ab27.169 be4.639 €22.769 d19.53¢9
8 a2 87" bc1g8.11n ab19,75h bc18.05" €16.37" €15.71h
3d day
8 am a16.17 ab15 66 a16.43 ab14 28 ab13.35 b12.68
12 a13.13 ab12 30 ab12 86l ab11.34i ab11.04 b10.31!
4 pm a10.40k a10.05k ag 90k ag 56k ag 26k ag 77k
8 a7 77 a7.80' a7.84! a7.22! a7.30' a7.13!

* Means not sharing the same superscript are significantly different at P < 0.05
( right letters , in a column , are between times of solar drying within the same
sample ; while left letters , in a raw , are between different samples at a given
time of solar drying ) .

However , the moisture contents of different Falafel pastes that
varied significantly and ranged between 50.91 and 60.92% at the beginning
of solar drying reached 7.13 — 7.84 % at the end of solar drying
.Notwithstanding , no significant difference was achieved between the
moisture contents in all Falafel preparation during the third day of solar drying
till the end of such experiment .

Mathematical Analysis

Values of corrected moisture ratios MR* = ( M / Mo ) for different Falafel
pastes during solar drying with their corresponding drying time are given in
Figures (2) and (3) where M is the moisture content at anytime while Mo is
the initial moisture content . They were used to obtain the drying constant (K)
and predicated equation of drying time . The suitable form of this equation
that fits the design of such solar dryer understudy as obtained by Abd- EI-
Ghaffar et al (2006 ) is :

MR* =M /Mo = e K

where :

K : the drying constant

t : the drying time ( hr)

The coefficient of determination ( R 2 ) was the primary criterion for
selecting the best equation to describe the solar drying curves . It was clear
from Figures (2 ) and ( 3) that the drying constant K , which indicates the
drying rate , varied considerably depending on the natural of the food material
e.g the types and ratios of ingredients . It is also useful to apply such
equations resulted in the present study to predict the solar time required to
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dry the pastes under the same conditions as well as to predict the moisture
content at a given time during solar drying process .

Fig. 2. Corrected moisture ratio MR* versus accumulated solar drying
time (hr) for drying falafel paste
A (Formula 1), B (Formula 2) , C (Formula 3)

for =l experimental and ™= redicted moisture ratios .
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Fig. 3: Corrected moisture ratio MR* versus accumulated solar drying
time (hr) for drying falafel paste
D ( Formula 4) ,E (Formula 5) , F (Formula 6)

for =l experimental and ™= redicted moisture ratios

Conclusion :

Falafel paste can be successfully solar dried to produce instant
Falafel has a good quality in terms of organoleptic properties , chemical
composition and microbiological evaluation .
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