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ABSTRACT

The present study aimed to investigate the enzymatic degradation of phytic
acid in faba bean cotyledons to be used in Falafel preparation. Phytase was used in
soaking water at a rate of 10 g /kg cotyledons. The vclume of soaking water was
previously adjusted to be equal to the hydration coefficient of cotyledons in order to
overcome the effect of leaching out phenomenon during soaking for 12 hr / 20°C.
Moreover, such an effect was investigated for fermentation step ( 180 min/37°C )
followed by frying of Falafel patties.

Data indicated that phytic acid contents (and phytate phosphorus ) were
declined by 6% and 23% (untreated sample) and by 17 % and 65 %
( phytase - treated sample ) after soaking and after soaking followed by fermentation
respectively. The inorganic phosphorus increased sharply while the organic
phosphorus other than phytate phosphorus seemed to be unaffected . The dialyzed
portion of phytate on which phytase mainly acted on was 60% in raw cotyledons.
Frying process had a slight effect on the aforementioned constituents . The in vitro
protein digestibility increased significantly specially for phytase- treated samples . The
sensorical properties were not deteriorated due to addition of fungal phytase . The
natural fermentation significantly affected the flavour character and overall
acceptability . The fermentation of Falafel paste up to 120 min didn’t dateriorate the
quality of Falafel . Addition of such a commercial preparation of phytase during the
processing of Falafel should be taken intc consideration . It may overcome the risk of
the phytic acid as an antinutritional factor and thereby increase the bioavailability of -
phosphorus .
keywords : Fungal phytase, phytate degradation, phosphorus compounds, Faba

bean cotyledons, soaking, fermentation, Falafel preparation, frying,
organolyptic properties.

INTRODUCTION

Falafel (Taamia ) is one of the most popular foods consumed by the
majority of the population in Egypt ( Ziena et a/, 1988 ). The main constituent
. of Falafel is cotyledons of faba bean ( Vicia faba L. ) with variable amounts of
onion , garlic and some vegetables such as Egyptian leek , herbs and parsiey
. The whole mixture is finely ground prior to forming into patties which are
finally deep fried in cotton seed oil ( Rizk ef a/ . 1986 : Youssef et al . 1986 ).

Faba bean , in common with other grain legumes , represents an
excellent source of phosphours and other nutritionally essential minerals .
However | a considerable portion of the total phosphorus content is known to
be present in the form of phytates in faba beans ( Griffiths and Thomas |
1981) . Phytic acid is strongly negatively charged over most of the pH scaie
suggesting a tremendous potential for complexing positively charged
molecules such as cations and positively charged proteins with the formation
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of complexes that may be insoluble or otherwise unavailable under
physiologic conditions (Cheryan , 1980 ; Serraino and Thompson , 1984 ) and
therefore , reduces the bioavailability of protein and minerals in diets ( Eskin
and Wiebe , 1983 : Juliano et al , 1991 ; Ayet et al , 1997 and Almana , 2000)
. As well , phytates could inhibit enzymes such as pepsin, J - amylases and
trypsin ( O'Dell and de Boland , 1976 and Hincks and Stanley , 1987 ) .

Phytates are generally considered to be heat-stable with only a small
fraction being destroyed during heat processing ( Deshpande and Cheryan .
1984 and Ziena et al , 1992, a), and decreased slightly on soaking of dry
legumes mainly due to leaching out process ( Tabekhia and Luh , 1980 ; El-
Shimi, 1980 ; Ologhobo and Fatuga , 1984 ; Hamza and Youssef, 1988 ;
Khan et al, 1988 and Vijayakumari ef a/ , 1995, 1996 and 1998 ) .

The hydrolysis of phytate is catalysed by the enzyme
phytase(myoinositol hexa phosphate phosphohydrolase E.C. 3.1.3.8 to
inositol and free orthophosphate ( Eskin and Wiebe , 1983 ) . It is the lack of
this endogenous enzyme system that renders phytic acid phosphorus
generally unavailable to humans ( Cheryan , 1980) . However, plant phytases
are found in the seeds of most cereals and legumes ( Chen and Pan , 1977).
Processing prior to heating as well as germination and /or fermentation of
legumes may increase phytase activity and therefore favor minerals
bicavailability and proteins ( Chitra et al, 1996 ; Cuadrado ef al, 1996 ; Silva
and Trugo, 1996 ; Agte and Joshi, 1997 and Sharma and Khetarpaul , 1997).
However , It appears that the treatment with phytase is an effective mean of
lowering phytate content in food systems ( Serraino and Thompson , 1984
and Harland and Narula, 1999 ).

Application of fungal phytase ( EC.3.1.3.8 ) in the food industry was
reviewed by Zyta (1992) . Microbial phytase to liberate minerals from the
phytate complex and thereby improved availability was reported by Saxen
(1990). It was obvious that addition of wheat phytase to uncooked oatmeal
increased iron solubility from 4 to 11 and in precooked to 18%, while
endogenous phytase of uncooked oatmeal had less effect on phytate
digestion and iron solubility ( Sandberg and Svanbrg, 1991 ). In accordance,
addition of A. niger phytase to the doughs during breadmaking exhibited
more pronounced degradation of phytate than endogenous flour phytase did (
Tuerk and Sandberg, 1992). Meanwhile, addition of microbial phytase to
phytate-rich diets based on soy protein isolate was found to improve the
availability of zinc in growing rats (Rinbach and Pallauf, 1993). It was found
that addition of microbial phytase to the meal containing phytate increased
iron adsorption from 14.3 =2.6to026.1 = 3.8 % ( Sandberg et al, 19986). On
the other hand, five strains of lactic acid bacteria isolated from sour doughs
were found to degrade phytic acid and improve calcium and magnesium
solubility from whole wheat flour ( Lopez et al, 2000). According to Ferdrikson
et al. (2001) almost complete degradation of inositol hexa, penta, tetra and
triphosphates was achieved by incubation of the pea protein solution with
exogenous phytase for one hour. Studies of Porres et al. (2001) revealed that
85% of phytic acid in whole wheat flour during breadmaking was degraded
when microbial phytase in combination with citric acid was applied. Such 2
combination enhanced total iron dializability 15 folds.
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The effect of fungal phytase during the preparation of Falafel paste
(i.e. soaking and short fermentation ) on phytic acid content, phosphorus
forms ,the in vitro protein digestibility and sensory evaluation was the aim of
the present study .

MATERIALS AND METHODS

Materials :

A sample of faba bean cotyledons ( season 2001 ) and other
ingredients were purchased from the local market in Damanhour , Egypt.
The fungal phytase ( Natuphos ) , 1000 FTU , a venture product of Gist-
Brocades , The Nethelands , and BASF , Germany . which was produced
from Aspergillus niger was used in the present study . One unit of phytase
activity is defined as the quantity of enzyme that liberate 1 s mole of
inorganic phosphorus per min from 5.1 mM sodium phytate at pH 5.5 at STC.

Methods :
Preparation of Falafel :

The method adapted for Falafel preparation is that used by Falafel
processors (Fig. 1) . Two experiments were carried out ( i.e. without and with
addition of fungal phytase) . To the enzyme- treated sample , the fungal
phytase was added to soaking water at 10 g / kg dry cotyledons as
recommended by Zhang et al (1999). The volume of soaking water was
previously adjusted to be equal the hydration coefficient of the cotyledons to
avoid leaching out effect. The effect of adding phytase was examined after
each step of the present study ( i.e. after 12 hr soaking , after fermentation for
30,60,90,120,150 & 180 min /37 °C and after the all treatments mentioned
previously followed by frying at 175°C for 6 min ) . In case of untreated
Falafel the same technique was used as mentioned previously except that
the addition of phytase was omitted .

Soaked cotyledons , fermented pasts belong to different time periods
and Falafel samples were dried at 45°C for 24 h, ground to fine powder
passing through 40 mesh sieve and then stored in air- tight Kilner jars at -20
°C prior to analysis as outlined by Srivastava & Khokhar (1996 ) . Dried
Falafel samples were defatted with hexane by soxhlet extraction for 16 hr
.following Brooks & Morr ( 1984 ), prior to grinding to fine powder . All
analysis were carried out in triplicates . Samples were analyzed for moisture
and protein contents using the standard methods of the AOAC (1980) . The
phytate content was determined by a procedure based on the ferric hydroxide
precipitation method described by Wheeler and Ferrel (1871) . Finally, the
iron content of ferric phytate was measured according the AOAC method
(1980) using J - . dipyridyl reagent . The ration of iron to phosphorus in ferric
phytate was assumed to be 4 : 6 to calculate phytate phosphorus content and
the later value was converted into phytate by assuming it contained 28.2 %
phosphorus (Brooks & Morr, 1984). For determenation of total phosphorus. 1
g sample was digested with 20 ml of a mixture of sulphuric acid and
perchloric acid ( 10 : 1), while water soluble inorganic phosphorus was
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Fig. 1 : Flow chart for preparation of Falafel .
* A preliminary experiment was done to determine the hydration coefficient of faba

bean coteledons { Ziena 1989 ), then the soaking process in the main study was
carried out using the quantity of water absorbed by beans in order to minimize the
loss of nutrients and to make sure that the change in phytic acid content is due to
enzymatic hydrolysis and doesn’t belong to leaching cut process.

* * To stop the phytase activity 30 mi 0.57 M HCl was added to anaiytical sampies
only at the end of each step of the presentstudy as recommended by Larsson &

Sandberg {1992) .
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extracted with 5 % trichloroacetic acid as outlined by Belavady & Banerjee
(1953) . The phosphorus content of the different phosphorus compounds was
determined using the spectrophotometric method that is based on the
formation of phosphorus — molybdate compiex ( AOAC . 1980 ). Samples
belong to all treatments were dialyzed at 4°C for 7 days against distilled water
. which was changed twice daily. The method of Serraino and Thompson
(1984) was followed in this respect . Dialysis retentates were analyzed for
phytic acid content as described previously .

The pepsin- pancreatin procedure of Saunders et al (1973) was used
to determine the in vitro protein digestibility except that at the end of digestion
. 30 ml of 1.6 M TCA were added to the digest and left for 2 hrs. prior to
centrifugation . The supernatant was analyzed for TCA soluble nitrogen by
the microKjeldahl method ( AOAC, 1980 ) . The percentage of digestion was
calculated with respect to the total nitrogen in the sample .

Fried Falafel samples were presented simultaneously to a panel of
10 panelists who were asked to rank each sample on a hedonic scale as 1
(very poor) ; 2 - 4 (poor ) ; 5.6 ( fair), 7 -8 ( good ) and 9 - 10 ( excellent ) for
each of colour , flavour and consistency .

Data were subjected to statistical analysis using Analysis of Variance
(ANOVA) and further subjected to Duncan's Multiple Range test as outlined
by Steel and Torrie ( 1980 ) .

RESULTS AND DISCUSSION

1. Distribution of phosphorus compounds of Falafel :

Data given in Tables 1 and 2 indicate that the total phosphorus
contents were quite comparable during soaking and fermentation steps and
this was true for both phytase treatment and untreated samples . This may be
due to the volume of water added in soaking process being equal to the
hydration coefficient of cotyledons , thus leaching out was minimized.

Phytate phosphorus content represented 55.1% of the total
phosphorus in bean cotyledons .In accordance phytate phosphorus was
reported to account approximately for 50-85% of the total phosphorus storad
in many raw cereals and legumes ( Ravindran et a/, 1994 ) .It was obvious
that soaking and /or fermentation steps exhibited highly significant effect on
. phytate phosphorus. The percentages of the reduction of phytate phosphorus
content were 6.0% & 22.9% for untreated samples and were 16 6% & 64.8%
for phytase treated samples , after 12 hr soaking and after soaking followed
by fermentation , respectively for 180 min at 37 °C.

On contrary to phytate phosphorus . the inorganic phosphorus was
found to increase gradually as soaking and or fermentation were preceded.
The percentage increases were very high for samples treated with phytase
compared with their untreated counterparts. The increases of inorganic
phosphorus were 96% & 320% (phytase treated samples) and were 25.8% &
158% (untreated samples) as affected by soaking for 12 hr and soaking
followed by fermentation for 180 min | respectively (Table 1&2) .
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The organic phosphorus other than phytate phosphorus content in
phytase untreated samples seemed to be unchanged and generally
flactuated slightly on contrary to a considerable increase of the same
component in phytase treated samples . The values of increase were 14% &
34% after soaking and after soaking followed by fermentation . respectively
(Table 1and 2 ) .

Phytic acid content :

Tables 3and 4 show that phytic acid content in faba bean cotyledons
was 487.8 mg / 100g . Owing to the limited volume of soaking water , the
reduction of phytic acid content during soaking and fermentation mainly was
due to hydrolysis of phytate. The endogenous phytase resulted in a
considerable reduction in phytic acid content by about 6 % & 8 % as a result
of soaking for 12 hr and fermentation for 180 min, respectively . The low
effect of endogenous phytase in bean cotyledons may be due to the low
concentration of enzyme and / or its activity which is directly related to the
rate of hydration . Endogenous phytase of faba bean was found to increase
markedly during soaking at 20 °C up to 24 hr while soaking at 35 °C resulted
in a decline of the endogenous faba bean phytase activity (Henderson &
Ankrah, 1985). The optimum temperature for fungal phytase added in the
_present study was 37 °C . However, the addition of phytase resulted in a
further significant decrease in phytic acid content by 5.5 % and 23 % after
soaking for 12 hr and fermentation for 180 min, respectively . It was clear
that the effect of fermentation at 37 °C for 3 hr was more pronounced than
soaking process for 12 hr. This may be explained on the basis that soaking
was applied for cotyledons (at 20 °C) , while fermentation process was
carried out for minced soaked cotyledons ( at 37 °C ) . The mincing process
leads to increase the surface area of bean particles and thereby, elevates the
hydrolytic activity of added phytase .

The natural fermentation of legume pastes exhibited a significant
decline in phytic acid content . The degree of degradation depends on the
temperature and time of incubation ( Chitra etal, 1996 ; Cuadrado et al ,
1996 and Sharma and Khetarpaul , 1997) . However , the maximum accepted
period for fermentation of Falafel dough was 3 h/ 30°C ( El- Sahn & Youssef
1989).

The effect of frying on phytic acid content and other phosphorus
compounds wasn't significant (Tables 1-4 ). The forming Falafel paste into
patties along with the short time of frying lowered the heat penetration into
Falafel patties ( Youssef et al , 1988 ). However, phytates are generally
considered to be heat - stable with only a smali fraction being destroyed
during heat processing ( Deshparnde and Cheryan, 1984 and Ziena et al
1992, a).

Meanwhile, Falafel made from chick peas contained about 50 % of
the initial phytic acid content present in raw chickpeas . The reduction mainly
attributed to leaching out during soaking in a plenty of water ( Aimana, 2000 )
. It was clear that leaching out of water soluble phytates during soaking
accompany with a significant decrease in phosphorus content and other
related minerals . So , the degradation of phytic acid by another tool rather
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than leaching out process (e.g. treatment with phytase) will help the
phosphorus and the other related minerals to release while avoid proteins
(and enzymes ) to form phytate — protein complex .

Dialyzed and undialyzed phytic acid :

Data for dialysis experiment are shown in Tables 3 and 4. it was
clear that dialyzed phytate ( i.e. free phytic acid & phytate-mineral complex )
represented ~ 60 % of the total phytates , while the undialyzed portion was ~
40 % ( i.e. phytate —protein complex & phytate — minerals — protein complex )
. A gradual decrease in dialyzed phytates after soaking for 12 hr and during
fermentation was noticed . The reduction of dialyzed phytates were up to 20
% and 53 % from the total phytate for untreated and phytase treated samples
. respectively as a result of soaking followed by fermentation ( Tables 3&4 ) .
On contrary to dialyzed phytates , the undialyzed phytates portion seemed to
be constant after soaking and during fermentation process for both phytase-
treated and untreated samples with an exception of phytase-treated pastes
which were fermented for 150 & 180 min, since the undialyzed phytate
portion was found to decrease significantly . It seemed that both endogenous
bean phytase and the added microbial phytase acted on the dialyzable
phytates specially free phytic acid rather than the soluble phytate — mineral
complex . However , the hydrolyzed phytates increased gradually up to 23 %
and 62 % from the initial phytates for untreated and phytase - treated
samples , respectively as a result of soaking followed by fermentation . it was
obvious that the fermentation process was efficient in lowering phytate rather
than soaking and frying . The effect of added phytase was 3 folds of that for
the endogenous phytase itself (Table 3and 4 ) .

Although the heat treatment during frying process had a slight but
generally not significant effect on total phytic acid content , only the
hydrolyzed phytate portion was found to increase markedly as a result of

frying .

Il . The in vitro protein digestibility :

In general, the method applied for Falafel preparation resuits in
elevation of the in vitro protein digestibility . It was clear that just soaking
process increased the digestibility of protein by ~ 8 % . However , the frying
added another 5 - 6 % (Table 5) . Addition of phytase resuited in an
additional increase in the in viiro protein digestibility by 8.5 % and 12.5 %
after soaking for 12 hr and after fermentation for 3 hr, respectively . However
, the figure of 88.8 % was obtained for the in vitro digestibility of Falafel
prepared from phytase — treated cotyledons . it was reported that the in vitro
protein digestability of Falafel on Alexandria markets was generally low and
ranged between 67 and 70 % ( Ziena etal, 1992 . b ).

il . Sensory evaiuation of Falafel :

Data for sensory evaluation of Falafel samples are shown in
Table 6 . The colour scores of ail sampies understudy were more or less the
same and ranged between 6.9 and 7.6 . On the other hand , the consistency
of Faiafel samples was improved markedly by fermentaticn process .
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Moreover , the flavour of Falafel samples was improved significantly as the
fermentation period was elongated. It was clear that the maximum. time for
fermentation period was 120 min. and this was true for both the two
experiments ( i.e. without and with phytase ) . This may be due tothe
developing of sourness as reported by El- Sahn and Youssef (1989) who
found that the continuous increase of total aerobic mesophilic lactic acid
bacteria during the fermentation of Falafel paste prior to frying is the cause of
develcping of sourness in the final fried Falafel . The overall acceptability of
Falafel was influenced mainly by the flavour property rather than the other
two properties specially during the fermentation process. The point of intrest
is that the addition of fungal phytase had no deteriorative effect on the
sensorical properties of Falafal.

CONCLUSION

In the light of data presented here, the addition of fungal phytase
during the processing of Falafel can be recommended .1t significantly
decreased the phytate content and thereby increased the bioavailability of
phosphorus . As well, the in vitro protein digestibility of Falafel increased
significantly.
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