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Abstract 

Change in phytates and HCI-extractability of minerals due to processing of chickpea grown in 

Ethiopia was studied Chickpeas contained a significant amount of phytic acid, i.e. 98.06±0. 

136mg/ 100g When it was subjected to cooking methods, soaking (6, 12, 18 h), dehulling, 

autoclaving and .Iprouting (24, 36 and 48 h), a strong decrease in level of phytic acid with a 

remarkable increase in the HCI-extractability of calcium, zinc phosphorus, and iron occurred. 

Combination of soaking and cooking was found to be the best method for decreasing the phytic 

acid content, that is. 48 89±0.152 mg/ IOOg the control and significantly (p < 005) increasing the 

non-phytate phosphorus and HCI- extractable phosphorus. Some mineral losses were noticed 

when the legume was subjected to soaking, cooking, and germination but the maximum losses, 

occurred when the seeds were dehulled. However, HCl-extractability of Ca, P, 2n and Fe 

improved to a significant extent when the chickpea seeds were soaked, soaked- del7Ulled, 

cooked and :,prouted which may have been due to decrease in the phytate content followed by 

processing. 

Moisture content, crude protein, crude fat, crude fiber and total ash ranges were 5.04-6.88 %, 

14.21- 23.86 %, 3.71-6.21%, 1.25-3.97% andI.01- 2.78% respectively. The range of iron, zinc, 

calcium and phosphorous were 1.34- 4.76, 1.72- 2.94, 69.29 -162.3 7and 20. 75-30.66 mg/ IOOg 

respectively. 

Key words.' Cooking, dehul/ing, sprouting, autoclaving, HCI-extractability, iron, calcium, 

Phosphorus, Phytic acid, soaking 
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1. INTRODUCTION 

1.1. Background of the Study 

Legumes play an important role in the traditional diets of many regions throughout the world. 

They are low in fat and are excel lent sources of protein, dietary fibe r, and a vari ety of 

minera ls. Legumes useful as human and an imal foods .Generally, legumes have been 

reported to have low nutriti ve value due to low amounts of sulfur-co ntaini ng amino acids, 

low protein digestibility and presence of anti nutritional facto rs including tannins, phytic acid, 

trypsin inhibitors and flatulence causing oligosaccharides. Among al l the antinutritional 

components, phytic acid is one of prime concern for human nutrition and health management 

(Alonso, et ai 1998 ). 

Ethiopia is a primary producer of food legumes wi th production in 2003 estimated to be over 

one million metric tons produced on nearly 1.2 mil lion hectares.The maj ority of the 

production consists of cool-season food legumes, such as chickpea (Pollan el ai., 1999). 

Chickpea production works we ll in rotation with cereals such as wheat and teff and is widely 

grown in relative ly well-drained black so il s. Global ly, ch ickpea is adapted to black so il s in 

the cool sem i-arid areas of the tropics, sub-tropics as well as the temperate areas. lt is the 

third most important legumes grown in the world after dry bean and pea and constitutes 20% 

of the world 's legumes production .Chickpea was fi rst produced in the Middle East about 7, 

000 years ago . At present, it is produced in over 40 countri es represented in all continents. 

However, the most important chickpea producing countri es are Ind ia, Turkey, Pakistan, Iran, 

Mexico, Australi a, Eth iopia, Myanmar, and Canada. Chickpea is cUIT7ntly grown on about 

10.7 million hectares wo rldwide with average annual production of 8.2 million tones . About 

95% of chickpea cultivation and consumption is in the developing countries (Omer, 2009). 

Chickpeas are a rich source of vitamins, minerals and phytoestrogens. They contain rolate, 

thi am ine, ri boflav in , niacin , pantothenic acid, vitamins C, A and E. Chickpeas have a higher 

content of calcium and phosphorus than other legumes and are a good source of iron and 

zinc. Also contain magnesium, copper, manganese and selenium. Chickpeas are abundant in 

the isoflavo nes fo rmononetin and biochanin A, phytoestrogens common to many legumes 

(Trugo, et al. 1990). 
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Chickpea is widely grown III Ethiopia and serves as a multi-purpose crop. It fi xes 

atmospheric nitrogen in so il s and th us improves soil ferti lity and saves fertili zer costs in 

subsequent crops. Also it improves more intensive and productive use of land, particularl y in 

areas where land is scarce and the crop can be grown as a second crop using residual 

moi stu re . Chick pea reduces malnutrition and improves human health especially for the poor 

who cannot afford animal products. Chickpea is an excellent source of protein , fiber, 

complex carbohydrates, vitamins, and mineral s. The growing demand of chickpea in both the 

domestic and export markets provides a source of cash for smallho lder producers. Chickpea 

increases li vestock productivity as the residue is rich in digestible crude protein content 

compared to cereal s (Shiferaw, el al. 2007). 

Chickpea seeds are usually cooked before being used in the human diet. This improves the 

protein quali ty by destruction or inactivation of the heat labile anti nutritional facto rs. 

Chickpea seed is processed and cooked in a vari ety of forms for consumption. Different 

process ing methods (soaking, sprouting, boi ling, roasting, frying, steaming) remove anti­

nutritional factors and increase digestibility of chickpea seed . The removal of undesirable 

components is essential to improve the nutritional quality of Chickpea. These processing 

methods could effectively be utili zed to their full potential to prepare chickpea as human 

food. It is widely accepted that simple and inexpensive traditional processing techn iques are 

effective methods of achieving desirable changes in the composition of seeds. In many 

instances, usage of only one method may not impart the desired removal of antinutritional 

compounds and a combination of two or more methods is required (Maluku el al., 2005). 

Phytic acid has been reported to be a strong chelating agent of divalent cations and interferes 

with mineral avai lab ility due to the formation of insoluble phytates. Phytic acid is the 

principal storage form of phosphorus in many plant tissues, especially chickpea seeds. 

Phytate is not digestible to humans or nonruminant an imals minerals such as zinc, calcium, 

iron and phosphorus chelates and thus makes unabsorbable. For effective utilization, it is 

imperative to reduce the level of this anti nutrient in chickpea seeds through process ing and 

cooking methods (Osman , 2007). 

2 



In Ethiopia, chickpeas are processed and consumed in a variety of forms, depending on 

cultura l and taste preferences. It used as ' ko llo (soaked and roasted), Shero wet (hot chick 

pea flou r sauce) shenbra asa we ' t (oven backed chick peas cookies simmered in spicy berbere 

sauce) and othe r. The most common domesti c method of processing chickpeas incl ude 

soaking, cooking, sprouting and dehulling, which may bring about changes in the contents of 

antinutritional factors and improve the bioavailability of dietary essentia l mineral s. 

Extractable mineral s in a food are those wh ich are soluble in 0.03 N HCI, the concentration 

of HCI found in the human stomach. Extractab ility of minerals is an index of their 

bioava ilabi lity duri ng processing and cooking of chickpea culti vars (Sadeghi el al., 2008). 

Therefo re, the purpose of thi s study is to report change in phytates and HCI-extractabi li ty of 

calcium, phosphorus, zinc and iron of soaked, dehull ed, cooked, autoclaved and sprouted 

chick pea varieties in Ethiopia thi s wo uld help in develop simple and cost effecti ve 

process ll1g opt ions for developing countries in order to improve the nutritional value of 

chickpea. 

1.2. Statement of the problem 

The most serious threat to the survival of humanity is the ever-increasing gap between 

population growth and food supply. In order to arrest thi s situation, much attention has been 

centered on the use and util ization of plant materials for food. Much of the attention has been 

paid to seeds like chickpeas which have exce ll ent sources of protein , di etary fiber, and a 

variety of mi nerals. Contribution of minerals to human nutrition is ho wever limited due to 

the presence of antinutritional factors whi ch render some of the nutrients unavailable thus 

leads to micronutri ent deficiency. 

Chickpea contain phytate that can affect the avai lability and absorption of the mineral s. 

Phytate is known to interfere with metabolic processes such that the bioavailabil ity of 

nutri ents are negatively influenced and has the ab ility to form chelates with di-and tri-valent 

metallic ions such as calci um, phosphorus, zinc and iron to fo rm poorly soluble compounds 

that are not readil y absorbed from the gastrointestinal tract thus decreasing their avail ab ility. 

Therefo re, investigation outcomes with optimized processing of cheakpea is justifiable as the 
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study of antinutritiona l factor and phytatc naturally present in thi s crop could resu lt to 

possibly reduce undesirable nutritional factors to safe level of consumption. 

Conseq uently, th is study aimed to benefi t consumption of the legumes like chickpeas by 

enhancing decrease in phytate to prevent micronutri ent malnutrition. It could propose ways 

to improve absorption of nutrients. 

1.3. Significance of the study 

Like other legumes, chickpeas offer countless health benefits and helpful source of minerals, 

protein and provide dietary phosphorus. In Ethiopia chickpea used as a food in many ways. 

This study will benefit consumption of the legumes like chickpeas by enhancing changes in 

phytate to prevent micronutri ent malnutrition. It can improve calcium, phosphorus, zinc and 

iron deficiencies. The finding may be used as source of infonnation for the further research . 

1.4. Objective 

This investigation was conducted with the general objective to evaluate process ing 

techniques for chickpea reduction of phytates and HCI-ex tractabi lity of minerals due to 

processing of chick pea in Eth iopia. 

The specific objectives were: 

I. To determine the changes in phytates of soaked, deh ulled, cooked, autoclaved and 

sprouted chickpea 

2. To investigate the effect of soaking, dehuling, cooking, autoc laving and sprouting of 

chickpea on some anti nutri tional factors and !-ICI-extractability of some minerals 

3. To assess possible interaction of the anti nutritional factors with minerals. 
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2. LITRA TURE REVIEW 

2.1. Prod uctions of Chickpeas in Ethiopia 

Legume grains compri se an important part of the human diet in developing countri es in 

tropical and subtropical areas, where their nutritional contribution is of paramount 

importance as a large segment of the populations in these areas have limited access to food of 

animal ori gin Chickpea is a hi gh-val ue crop that is adapted to deep black so il s in the cool 

semi-arid areas of the tropics, sub-tropics as well as the temperate areas (Canada and 

Austral ia). Chickpea is the most important leguminous food grain in the diets of people in 

South and West Asia and northern Ali·ica. It is grown on about 10.3 million hectares 

worldwide and its alllual production averages 7.9 million tones. India alone accounts for 

63% of the total chickpea growing area. The other major chickpea producing countries are 

Pakistan, Iran, Canada, Turkey, Ethiopia, Mexico and Syria. Because chickpea is generally 

grown in drought prone areas, and derives most of its water requirements from residual 

stored soi l moisture rather than from rainfall , ch ickpea yields tend to trail those of cereals and 

other legumes cult ivated in more favorable areas (Maluku et ai, 2005). 

There are two main types of chickpea, distinguished by seed size, shape and color: one 

produces relatively small seeds with an angular shape, dark color and cal led desi, the other 

produces large, rounded , cream color seeds and is called kabuli. Kabul i ch ickpea seeds are 

grown in temperate regions, whereas the desi type is grown in the semi-arid tropics Both 

types of chickpea are grown in Ethiopia, Although most chickpeas are produced for human 

consumption, they provide the livestock industry wi th an alternat ive protein and energy 

feedstuff (Obizoba , 199 1). 

Eth iopia has suitab le agro-c1 imatic conditions for production of both Desi and Kabu li type 

chickpeas. But, the country has traditionall y grown Desi chickpeas both for consumption and 

sale. Although the Food and Agricu lture Organization of the United Nations (FAO) database 

indicated the recent total area cu lt ivated under chickpeas in Ethiopia at about 170 thousand 

hectares, MoARD (2003) estimated the total annual production to be around 180 thousand 

tonnes (Table 1). Chickpeas are grown with the residual end of season so il moisture in 
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Vertiso l areas where water-logging hinders agricultural practices at the height of the rainy 

season. The crop is traditionall y grown with min imal external inputs and does not require 

thorough land preparation like for cereals. Given the high cost of fert ili zers, cereal rota ti ons 

with nitrogen-fix ing ch ickpeas have traditionall y been used for improving the productivity o f 

the fo llowing cereal crop (Geletu , 2002). 

Table 1. Production and marketing of chickpeas in Ethiopia 

Year Productiol1 Traded in Total Exported Total Va lue of Value 
itl domestic productiol1 it.1 production exports \USDltl 

markets {o/I"I) '01. ) 
\ ,01 IU5D! 

It! 

1997 129,388 129,5.1.1 99.97 33 0.0.1 17,000 .11.1.1.1 
1998 137.1.1.1 137,071 99.96 60 0.04 11,000 .1 16.67 

1999 138,8.17 138,810 99.98 ? -. f 0.02 14.000 S 18.52 

2000 164,62 7 164,52.1 99.94 102 0.06 .19,000 578.43 
200 1 176.313 147,.11 9 83.67 28794 16.33 4.1·17.813 144.0, 

2002 179.821 130.992 72.85 48829 27 .1 S 14.iil.412 302.51 

Source: Enhanced based on data compi led by MoARD (2003) . 

In Ethiopia, the earli est tinding of chickpea is reported in 1520 BC .Ethiopia is the largest 

producer of chickpea in Ati-ica accounting for abo ut 46% of the continent' s producti on. It is 

al so the seventh largest producer wo rldwide and contributes abou t 2% to the tota l worl d 

ch ickpea production (Chavan ef al.,200 1) 

The diverse biophysical and agro-climatic conditions in Ethiopia make it very suitable for 

growing a number of pu lses and legume crops. Chickpea is one of the most important pul ses 

grown widely across the high lands and semi-arid regions of the country. Chickpea is rich in 

proteins and serves as an economical source o f nutrit ious food for many poor households. 

Because of its ab ility to withstand drought stress, sma ll ho lder farmers in Eth iopia grow 

chickpea at the end of the main rainy season using res idual soil moisture. This pennits 

fa rmers to grow a second crop and secure an addi tiona l source of income and protein through 

e ffi cient use of the residua l mo isture in black so il s at the end of the rains. This improves food 

security for the household while the nitrogen tixed by the crop enriches so il nutrient s for the 

subsequent cerea l c crops (Omer,2009). 
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Thc crop is widely grown in over 24 districts (woredas) of the country that contain deep 

black so il s and is hi gh ly preferred by cash-constrained farmers who cannot afforcl to buy to 

commercia l fertili zers for cereals that are rotated with chickpeas. This makes the crop highl y 

integrated into the farming system, poor and high ly ecologically fi'iendly for growing in 

many areas that suffer from so il nutrient depletion. Recent data from Ethiopian sources 

shows that about 185 thousand hectares of land were cult ivated under chickpea and the total 

production reached about 180 thousand tones, making Ethiopia the largest producer of 

chickpea in Afri ca and the 6th largest worldwide (Siddhuraju et al. , 2002). 

Eth iopia is a secondary center of diversity for chickpea. It is possible that these germplasm 

lines have developed certain degrees of adaptation to drought during many centuries of 

cu lti vation on residual so il moisture Chickpea (Cicer arielinum L.) is among the most 

Chickpea genotypes that are tolerant / resistant to important pulse crops grown mainly by 

small-scale farmers in the sem i-arid tropics (Shiferaw el ai, 2007). 

2.1.1. Chickpea producing areas in Ethiopia 

Although chickpea is widely grown in Ethiopia, the major producing areas are concentrated 

in the two regional states - Amhara and Oromia. These two regions Cover more than 90% of 

the entire chickpea area and constitute about 92% of the total chickpea production The top 9 

chickpea producing zones (North Gonder, South Gonder, North Shewa, East Gojam, South 

Wello, North Wello, West Gojam, Gonder Zuria) belong to the Amhara region and account 

for about 80% of the country's chickpea production (see Table 2) (Maluku, U el ai, 2005). 

In Oromia region, the major producing zones are in West Shewa, East Shewa and North 

Shewa, wh ich account fo r about 85% of the total area and production in thi s regional state. 
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Table 2 Chickpea producing zones in Ethiopia 

Region/Zon e /Speci3.1 Area (H") R egi oll/ Zone/ Spe-c-ial .Auea 
'\Ve:re-d."l \ Vereda (Ha) 

Al\IHAR-" S ="-:-' -PR 
~Olih Gond e r 27.-;:,'"> 1 GUl'"age 2 .5 69 
Sou t.11 G o n d er 19.885 \ \ !olaita 735 
~ Ol"th "Vello 8.998 G a :tno-Gofa 58 1 
SOll lll "Vello 1 1.'>77 H adi.ya 550 
;...Jorth Sh e,\-V3 1 6 .049 S iUe 520 
Eas t G ojj atU 1 6 .029 B urji S \V 265 
\Ve s t Gojja1l1 7.54 1 D erasbe S\V ')34 

'\Vaghellu-3 1.030 D .:tv.rr o 90 
.4. \vi 490 K e Il1bata:'T e fl.lOarO 44 
O 'roulia 613 Sub -total 5.588 
S u b to tal 109.43") ADD L':i .-\..B.-\.B.-\. 

OROl\lL~ S ub-tota.l ~ 668 
,\Vest Sh ew'a ')7,062 B£~SH_-\....'GrL-GLr:\.IrZ 

Ea.!i. t She, ... ~'l 13.670 Metek el "08 
:--Jonh She\va. 6.4 15 Asosa 1 54 
J illU:1l3 1.609 Kell1.3Sh i J4 
\.,.res t \.\,'"ellega 1.368 S ub-t.otal 376 
Bale 1. 1 77 5001\L\.LI 
IUuba b or 1. 1 51 Ji,i1/; " I 41 0 
\ Ve:s.t H a ra l-ge 1.028 Sub -total 41 0 
A .. rsi 9~0 AF.-\.R 
BOI'e n a 66 ") Zon e 2 83 
Ea.st \VeUega 4 10 Zone 3 14 3 
E~st H a :r'al"ge 145 Sub-tota l '725 
S 'Llb-"tot.al 55.64 5 HARARI 
TIG RAY Sub-total I 1 53 
,;Vest T i.era y 3 .4 1 7 
C~nt.raj T iszray 3. '9'1 
Eas t Ti2ra y L5 1 ~ 

S u b - tot a l 8.2""' 1 G R..-\.l'fD TOTAL 182,7 1 8 
... S \.V -= s p ec la 1 1-1 el eda 

Source: Customs Authority of Ethiopia (2003) 

8 



2.2. Chickpea and its health benefit 

Chickpea is a beige-colored legume commonl y included in Middle Eastern and Indian food. 

The Chickpea is the primary ingredient in hummus the dense texture and nutty navo r of the 

chickpea provide a substance in food that often replaces meat and nuts in vegetarian meals. 

The dry chickpea is soaked prior to cooking and rinsi ng the carU1ed chickpea prior to using it 

improves its digestibility. Including chickpeas in a dietary weight-loss plan provides several 

benefits. Chickpeas provide an excellent source of a good source of protein, as well as 

minerals such as iron, copper, zinc, and magnesium. As a good source of fiber, chickpeas 

can help lower cho lesterol and improve blood sugar leve ls. This makes them a great food 

especially for diabetics and insulin-resistant individuals. When served with high quality 

grains, chickpea beans are an extremely-low fat, complete protein food (Sadeghi et al. ,2008). 

Chickpeas are hi gh in fiber and protein, and they have a low glycemic index. Chickpeas in 

ones diet each day can help lower LDL (bad cholesterol) levels, wh ich reduces the ri sk of 

heart di sease. Chickpeas can be used in salads, soups, curries, chilies and stews. High-protein 

chickpea fl our (also ca ll ed garam) is gluten-free and can serve as a substitute for eggs in 

baked goods (Alajaj i et ai, 2006). 

Chickpea (Cicer arietinul17 L.) is an important legume crop grown and consumed all over the 

world , especially in the Afro-Asian countries. It is a good source of carbohydrates and 

protein, and protein qua li ty is considered to be better than other legumes. Chickpea has 

significant amounts of all the essential amino acids except sulphur-containing amino acids, 

which can be complemented by adding cereals to the daily diet. Starch is the major storage 

carbohydrate followed by dietary fiber, oli gosaccharides and simple sugars such as glucose 

and sucrose. Although lipids are present in low amounts, chickpea is rich in nutritionally 

important unsaturated fatty acids such as linoleic and oleic acids. P-Sitostero l, campesterol 

and sti gmasterol are important sterols present in chickpea oil. Ca, Mg, P and, especial ly, K 

are also present in chickpea seeds (Barampama el al. , 1995) 
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Chickpea is a good source of important vitamins such as riboflavin , niacin , thiamin , foli ate 

and the vitamin A precursor p-carotene. As with other pulses, chickpea seeds al so conta in 

anti-nutritional factors which can be reduced or eliminated by different cooking techniques. 

Chickpea has several potenti a l health benefits, and, in combination with other pulses and 

cereals, it could have beneficial effects on some of the important human di seases such as 

CVD, type 2 diabetes, digestive diseases and some cancers. Overall, chickpea is an important 

pulse crop wi th a diverse array of potential nutritional and health benefits (A .Richard el ai, 

2003). 

2.3. Nutritional composition of Chickpea 

Chickpeas are a very good source of carbohydrates and proteins Crude fiber, an important 

constituent of chickpeas is mostly located wi thin the seed coat. Based on amino acid 

composition, the proteins o f chickpea seed were found , on average, to be of higher nutri tive 

value than those of other grain legumes. Chickpeas meet adult human requirements for al l 

essential amino acids Chickpeas have a high protein digestibi lity and are richer in 

phosphorus and calcium than other pulses However; both types of chickpea can be used as 

potential energy and protein sources in ruminant nutri tion (Grahame el ai, 2000). 

Although most chickpeas are produced for human consumption, they provide the li vestock 

industry with an alternative protein and energy feedstuff. During the last decades there has 

been an increase in interest in their ro le in an imal diets due to ban of animal origin proteins 

and di ssemination of using genetically modified organi sm (GMO) products. Chickpea seed 

contains 29% prote in , 59% carbohyd rate, 3% nber, 5% oi l and 4% ash. Chickpea protein is 

rich in lys ine and argin ine but most deficient in sulphur·containing amino acids methionine 

and cystine Chickpea is also a good source of absorbable Ca, P, Mg, Fe and K (Sadeghi A, 

2008). 
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2.4 Effect of processing 

The removal of undesirab le components is therefore essenti al to improve the nutritional 

quality of Chickpeas and effectively uti li ze their fu ll potentia l as human food. Simple and 

inexpensive processing techniques are an effective method of achieving desirable changes in 

the seed composition and improving palatability. Various authors have reported that soaking 

and heat treatments improve the quality of legumes. Soaking removes some anti nutritional 

compounds, wh ich can be partly or totall y so luble and eli minated with the discarded soaking 

so lution. At the same ti me, some metabol ic reactions take place during the soaking 

procedure, affect ing the content and composition of the seeds (Messina, 1999). 

Legumes are widely consumed throughout the worl d as a source of protein and other 

nutrients in human and animal diet. Supplementation of cereals with high protein legumes 

such as chickpea is potentially one of the appropriate so lutions to protein-calorie 

ma lnutrition , especially in developing countries. Chickpea on average contains 21 %protein 

and 61 % carbohyd rates. It is used in cooked or boi led form , whole grain or in sp lit form . 

However, its usefulness is limi ted by several factors including low protein digestibi lity and 

higher contents of ingredients that cause, flatulence. Numerous toxic constituents are found 

in raw legumes and many of them may be destroyed by adequate soaking treatment. Heat 

treatments generall y inactivate heatsensitive factors such as trypsin inhi bitors and remove 

vo latile compounds. The cooking water may be discarded and some other so luble compounds 

removed. In many instances, the use of only one method may not result in the desired 

removal of anti nutritional compounds and the combination of two or more methods is 

required chickpeas are consumed in various forms as processed food. The effects of cooking, 

Sprouting, and fermentation to reduce the levels of these anti nutritional factors . Boiling, 

cooking and germination affected the composition, anti nutritional factors and nutritional 

qual ity of ch ickpeas (Anbreen ef ai, 1999). 
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2.5. Antinutrational factors and their removal by processing 

Chickpeas legumes have been reported to have low nutritive value due to low amounts of 

sulfur-containing amino acids, low protein digestibility and presence of antinutritional 

factors. Cooking is usually done before the use of legumes in a human diet. This improves 

the protein quality by destruction or inactivation of the heat labile anti nutritional facto rs. 

However, cooking causes considerable losses in so luble so lids, especially vitamins and 

minerals Germination also enhances the nutritive value of legumes by inducing the formation 

of enzymes that eliminate or reduce the anti nutritional and indigestible factors in legumes 

(Adawy , 2000). 

The dry seeds can also be consumed whole or decorti cated afte r cooking and processing in 

different ways. In addition to these uses, the flour of decorticated chickpea seeds is used in 

severa l dishes and as a supplement in weaning food mixes, bread and biscuit. Increasing the 

time and temperature of processing has been reported to reduce the nutritive value and 

available lysine of legumes Cooking of chickpea by microwave has not been extensively 

studied but it has been shown to reduce antinutritional factors and have positive effects on 

protein digestibi lity in others legumes A study on chickpeas cooked by microwave is thus 

needed to ascertai n whether this treatment could improve nutritional qual ity and eventuall y 

replace traditional cooking or germination (Omer, 2009) . 

2.5.1. Soaking of chickpea 

Soaking is often used as a pretreatment to fac ilitate processing of legume grains and cereal 

seeds. Soaking may last fo r a short period, about IS to 20 minutes, or for a very long period, 

usually 12 to 16 hours. I n household situations cereals and legumes are typically soaked in 

water at room temperatures overnight. Because phytate is water so luble, a significant phytate 

reduction can be realized by discardi ng the soak water. In addition, action of endogenous 

phytases contributes to phytate reduction. Temperature and pH value have been shown to 

have a signi licant effect 011 enzymatic phytate hydro lys is during soaking. If the soaking step 

is carried out at temperatures between 45 and 65 °C and pH va lues between pH=S.O and 6.0, 
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which are close to the optimal conditions for phytate dephosphorylation by the intrinsic plant 

phytases, a signifi cant percentage of phytate (26- 100 %) was enzymatically hydrol ysed 

(Sadeghi el al,2008). 

A soaking procedure usua ll y is a prior step to legume cooking in which aroma and 

pa latability is enhanced. It could be one of the processes to remove so luble anti nutritional 

factors, which can be eliminated with di scarded soaking solution. Moreover, some metabolic 

reactions can al so take place during soaking, wh ich may a ffect the content of some 

antinutritional compounds (Anbreen el al., 1999). 

This process may affect anti nutritional factors in legumes in the variable manner. As far as 

studies on comparative reduction of anti nutritional factors are concerned, soaking reduced 

the contents of phytate, polyphenols and trypsin inhibi to rs in vari ous media to a significant 

extent within four lines o f L. sati vus. The losses were higher in freshly boiled water, alkal ine 

and tamarind solut ions than after soaking in drinking water. The highest losses (65-70%) 

were observed for P-ODAP in bo iled water, followed by trypsin inhibitors (42-48%) and 

polyphenols (30-37%) (S iddhuraju et al. , 2002). 

2.5.2. DehuIling of ChicI<pea 

The cotyledon (endosperm) of chickpeas is coated by a single fibrous seed coat, wh ich is 

called hull and havi ng a wrink led surface .The primary process for obtaining starch-ri ch and 

protein-rich fractions is call ed dehull ing which is convers ion of whole seed into dhal or 

dehull ed seed. During dehulling, the seed coat is removed resulting in the reduction of 

antinutritional factors contained in seeds such as tallllins in pi gmented seed coats .Dehulling 

reduces the fiber content and improves the appearance, texture and palatabi lity of chickpeas. 

Dehulling al so reduces cooking time of legumes. A number of pre-treatment processing such 

as wetti ng, equ ilibrating and drying, improves seed coat removal. Increasing dehulling ti me 

results in the decrease of soluble sugar, protei n and ash content of dehulled seed fraction but 

starch concentration increase (Haytowitz el al., 1983 ). 
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2.5.2.1. Home-scale Methods 

Home-scale methods are the oldest technique for dry dehulling. In thi s procedure, a small 

quantity of water is added to the seeds and mixed and/or dried in the sun for a few hours. 

Then seeds are pounded by mOltar and pestle fo r several minutes. The mortar is made of 

wood or stone and is shallow and the pestl e is made of wood too and has ho llow metal shoes 

2 to 3 em long. The shearing action between the pestle and seeds and the scarification 

between seeds improve dehull ing. An air stream is passed through the seeds to separate hull 

from cotyledons. Sieving also helps to remove the hull. The whole seeds are pounded again 

for more dehulli ng and spli tt ing (Tabil et al. 1995). 

In thi s method, water and sun drying help in splitting the coty ledons . This method is used for 

small quantity of grains (I to 5 kg) . For large quantity of grains hand-operated wooden, stone 

or emery-coated shellers are used instead of pounding in mortar and pestle. After mixing of 

seeds and water, sun drying fo llows and the seeds are passed through she ll ers. The rotating 

disc provides shearing action and resulting dehull ing and splitting. The corrugated contact 

surfaces of the shellers and the weight of rotating top disc help in dehull ing and spl itti ng. 

Care must be used because excessive pressure can cause high breakage of cotyledons. When 

grains have excess ive moisture, they are soft and breakage of cotyledons results. Thus, 

important parameters, to be considered, include the exact amount of moisture to be added, 

the length of sun drying, speed of di sc rotation and feed rate (Duhan et al.,2002). 

Dry Dehulling Method In the first stage, pulse grains pass thro ugh an emery-coated ro ll er. 

Then I % linseed oil is added and they are dried fo r 2 to 5 days . Later the seeds are added 

with 2 to 5% water, mixed and heaped at night. The seeds are passed on scarifie r roller to 

remove hull. In this stage, the hull , whi ch is about half of the seeds, is removed. The seed 

coat is separated from the seed using an aspirator and sieves are used to obtain split seeds. In 

order to remove the rest of the hull s, the non-split seeds are passed through the scari fie r ro ll er 

for the second time (Tabil e l al. 1995). 
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2.5.2.2. Wet Dchulling Method 

Wet process ing, in home sca le, consist of soaking the seeds in water for one to fo ur hours, 

rasping and fo llowed by separating the hull s by floatat ion. If the hull s are very resistant to 

soaking, the dry seeds are split or ground coarsely before soaking. Wet process ing is used to 

prepare more highly pur ified protein and starch, where high amount of energy is spent for 

drying and refin ing of effluent. Dry processing such as pin milling and air classifi cation, does 

not result in as pure protein fract ion as wet process ing, but this method is an effluent-free 

process and cheaper (Nonogaki el al. ,20 10). 

2.5.2.3. Cottage-Scale Methods 

Cottage-Scale Methods The principles of this method is similar to home-scale methods but 

on a larger scale. Thefirst stage of dehulling includes: conti nuous sun drying unti l the hulls 

are removed; or using water, sun dryi ng fo r severa l hours and te mpering; or heat ing the seeds 

in a pan with or without sand wi th strong stirring; or a combination of these techniques the 

second stage is done by: pounding in mortar and pestle; or grind ing in hand operated wooden 

or stone shel lers; or grinding on a rough flat stone with a stone ro ll ing pin, wh ich usually 

operated, by legs. The hull s are removed by passing an ai r stream through the seeds (Bishnoi 

el al., 1995). 

2.5.2.4. Commercial Mcthods 

The basic techniques are the same as mentioned in cottage-scale method but some operations 

li ke water addit ion, dehulling, spli tt ing, aspi ration and sieving are mechanized. The cleaned 

size-graded seeds are passed tlu-ough the ro ller-mach ine resulting in ' pitt ing' and cracking of 

the hull s. This leads to the fac ili tating of water absorption. For loosening of ch ickpea hull , 

sun drying must be used. When the sun sh ines during the rainy season, the seeds are dried 

because even mi ld sun dry ing is enough. Dehull ing and splitting are done in a ro ll er machine, 

which are either simultaneous or separate operations. In separate operations, the water treated 

and sun dried dehulled seeds are split in she ller mach ines. In a typica l commercial method, 

15 



the cleaned size-graded seeds are pitted in rollermachine, resulting in cracks in the hulls. 

After the hul l and small broken seeds have been removed, the seeds are treated wi th 8 to 10% 

water in a warm mi xing unit. Th is is fo llowed by tempering the water-treated seeds for 2 to 5 

hours and spreading the seeds for sun drying for two to tlu·ee days. The amount of drying is 

determined by test grinding. The seeds are co llected, cooled and dehu lled in a rol ler-machine 

unti l 50 to 70% of the seeds are dehu lled and some of them are split. The hull s and powder 

are sieved and aspirated and the dehulled splits are separated by sieving (Khattak el al. , 

2008). 

Finally, the hulled and dehulled unsplit grains are sun dri ed and dehulled repeatedly .In 

separate splitting operation; the seeds are dried to a lower moisture level because drying 

prevents spl itt ing. The grai ns are passed through the roller-machine for dehulling. More 

moisture is added to the dehulled whole seeds and they are spl it after 3 to 6 hours of sun 

drying through the shell er machine (Tabil el al., 1995). 

2.5.2.5. Improved Dehulling Method 

A hot air steam of 300°C is passed t1u·ough the seeds to reach a cri ti cal po int. This treatment 

makes seed coat brittle. Then the seeds are passed through the pul se-dehulling machine to 

remove the seed coat. This action is done by stone coated-rollers. From a nutritional point of 

view, the difference between dehul led seeds and whole seed in mineral composition is 

marginal except for calcium (Salunkhe et al. 1985; Chavan et al. 1986; Saxena and Singh 

1987). Most of the seed calcium is located in the seed coat. Therefore, the consumption of 

whole seed would be usefu l in ca lcium-de fi cient diets. Chickpeas are also a good source of 

iron. They contain higher level of iron in comparison with other legumes ((Tabil et al. 1995). 

2.5.3. Sprouting 

Sprouting is a process widely used in legumes and cereals to increase their palatab ility and 

nutri tional value, particularly through the breakdown of certain anti nutrients, such as phylate 

and protease inhibitors. In non- sprouted legume grains and cereal seeds, with the exception 
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of rye and to some extent wheat, triticale and barley, only little intrinsic phytate-degrading 

acti vity is found, but during sprouting a marked increase in phytate-degrading acti vity with a 

concomitant decline in phytate content was observed Phytate is hydro lyzed during sprouting 

in a stepwise manner by phytases or a concerted action of phytases and phosphatases which 

do not accept phytate as a substrate to supply the nutritional needs of the plant without an 

accumulation of less phosphorylated myo-inos ito l intermediates. Because phytate is heat­

stable (Anbreen ef at. , 1999). 

Sprouting has mobilizing secondary metabol ic compounds which are thought to function as 

reserve nutrients. The phyticacid serves as an impol1ant reserve of phosphate generated by 

the action of phytase during seed sprouting for the developing seedling. However, this 

conversion depends upon the type of beans and Sprouting conditions. In lentils, Sprouting 

reduces phytic acid content at a higher rate than soaking or cooking. It can red uce the phytic 

acid content of chickpea and pigeon pea seeds by over 60% and that of mung bean, urd bean, 

and soybean by about 40% (Omer, 2009). 

As far as the affect of sprouting on tannins is concerned, sprouting could make tannins move 

in the same way as that of soaking and cooking, and the fact that these compounds are heat 

and light sensitive make them more prone to destruction . As the sprouting period increased to 

six days, TIA and the PA contents decreased to a large extend, wh il e amounts of tatmins and 

catechins increased in two chickpea cultivars. Moreover, sprouting was considered as an 

effective treatment for destroying trypsin enzyme inhibitors than either phytates or 

polyphenol s (Urbano, ef al., 1995) . 

2.5.4. Autoclaving/ Cooking 

It has been found that the thermostab il ity of anti nutritional factors in legumes varies not only 

with legume source but also with the different condi tions used during processing, such as pH, 

humidity, time, temperature, and pressure. Cooking treatment of legumes reduced the 

anti nutri tional fac tors but at variable rate. It was noted that cooking for 60 min at !OO°C was 

sufficient to inactivate over 90% of TIA in P. vulgaris and eliminated completely on heating 
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soaked red gram seeds in boiling water fo r S mi n. T IA of pre-soaked fa ba beans dec reased 

significantl y after they were cooked for 3S min. Moreover, application of wet and/or heat 

processing reduced the trypsin inhibitor levels in faba beans down to 42 to S6% of the 

original (Haytowitz et ai. , 1983). 

A complete destruction of TI after cooking pre-soaked chickpeas for 3S min was noted. 

Similarly, chi ckpea seeds were cooked for 40 min and complete e limination of TI was 

observed Overnight soaking chickpeas fo ll owed by boiling fo r 2 hrs complete ly aboli shed 

TIA. This complete inactivation action o f tryps in inhibitor. potentiall y improves legume 

protein digestibility. TI isolated from faba bean seeds were inactivated after autoclaving. 

However heat treatments improved legume protein di gest ibi li ty which is attributed to the 

removal of the heat-l abile antinutritional constituents It has been observed that cooking of 

pre-soaked seeds were more eftecti ve in reducing the level of the contents of phytate, 

polyphenols, trypsin and amylase inhibitors than soaking (Omer, 2009). 

Considerable phytate dephosphorylation during cooking onl y takes place e ither by di scarding 

the cooking water or by enzymatic phytate hydro lysis due to the action of the intrinsic plant 

phytases during the ea rl y pat1 of the cooking phase. Pro longed times at elevated temperatures 

lead to a progressive inactivation of the endogenous enzymes. Thus, providing plants with 

heat-stable phytases or addition of exogenous heat-stable phytases are seen as poss ibi lities to 

improve phytate dephosphorylation du ring cooking (Walter el al .. 2002). 

2.5.5. Bioavailability of minerals 

Being a good source of minerals, legumes fu lfill dietary requirements of human in adequate 

manner. Among different food groups, chickpea plants get minerals from the ir so il 

environment and deposit these to their seeds. Roots util ize specific and/or selective transport 

proteins to obta in minerals that are essenti a l for plant growth and deve lopment including 

ca lcium (Ca), phosphorus (P), iron (Fe), zinc (Zn), copper (Cu), manganese (Mn) , 

magnesium (Mg), potassium (K) and sodium Na) . These minerals collectively contribute 

towards ash fract ion of the seed. These take part in many metabolic acti vities including 
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photosynthesis, respirat ion, chlorophyll synthesis, cell div ision and van ous responses to 

biotic stress. The concentrations of any given mineral in legume seeds vary depending on 

genotype and environmental constraints (Omer, 2009). 

A number of studies have been carried out for the evaluation of process ing impact on the fate 

of minerals. In general, mineral contents seem not to be affected during food process ing. 

However, the loss of mineral s on soaking and cooking may be attributed to their leaching out 

into di scarded water which innuences bioavailabi lity of minerals during processing 

treatments. The mineral s have a mUltiple and complex type of interacti ons within the food 

matrix. Processing usuall y exerts a positive impact through separation or partitioning of 

mineral s, or through the destruction of inhibitors or the beneficial complex formation 

between food components and metal ions, thereby enhancing their availabi lity (Singh el at., 

1987). 

The bioavailability of a nutrient can be subd ivided in to tlu·ee constituent phase ' s i.e. 

availabi lity in the intestinal lumen for absorption, absorption and/or retention in the body and 

finally utili zation by the body. Food processing can only influence the first phase by 

determining the amount of minerals (content in raw material s minus losses) and the 

spec iation of the metal ion in the product and in the intestinal lumen. However, other phases 

depend on the homeostatic regulation mechanisms and individual physiological needs of the 

body. As the minerals are extractab le in 0.03N I-ICI , the concentration of HCI found Il1 

human stomach, is an index of its in-vitro bioavai labi lity ii·om foods(Manary el aI. , 1998) .. 

The determi nation of !-ICI-extractability of minera ls in processed chickpea showed a great 

improvement in thi s attributes. However, in soaked seeds in the absence of further 

treatments,the HCI-extractability of minerals was recorded at par with unprocessed seeds of 

ch ickpea and blackgram (Vigna rnungo). Comparative ly, poor extractabi lity of mineral s 

when soaked in water might be due to leaching out of some minerals into discarded soaking 

water under the influence of concentration gradient. !-Ience, these mineral s from chickpea 

seeds Ill ay be lost when water used during cooking was di scarded. Haytowitz and Matthews 

(1983) reported that cooking in boiling water caused great losses of potass ium (24%), copper 
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(15%) and iron (8%). Reduction in iron content of the soaked chickpea as compared to raw 

ones was also noted (po ll an el ai. , 1999) 

The soaking and cook ing treatments are fo und as effective techniques and caused 

improvement in the availabil ity of both major and trace minerals in chickpea seeds In 

unprocessed chickpea seeds, the HCI-extractab ility of calcium, iron and phosphorus was 

70.2, 78.0 and 33.4%, respecti vely whereas the soaking the seeds for 12 hrs enhanced the 

HCI-extractability of calcium, iron and phosphorous by 4, 8 and 13%, respectively, over the 

contro l values. Except fo r soaki ng and dehu ll ing, the remaining processing and cooking 

methods did not lower the contents of total calcium, phosphorus and iron in chickpea seeds. 

HCI- extractability of dietary essential minera ls was enhanced significantl y when the 

ch ickpea seeds were processed and cooked with ex tended cooking time HCI-extractab le ash 

and phosphorus were enhanced . Hi gh temperature such as pressure cooking showed the 

highest percentages of both extractable ash (94.93%) and phosphorus (4.36%) in vegetab le 

chickpea (Omer, 2009). 

Sprouting of seeds is a usefi.ll method in increasing the avai labi lity of minerals but their raw 

consumption is sometimes unacceptable from sensory point of view. Therefore, the 

consumption of cooked sprouts may be encouraged to enhance the availabili ty of food 

legumes and to reduce the incidence of several prevailing mineral deficiencies particularly in 

deve loping countries. It has the most pronounced effect on increasing the I-ICI-extractabili ty 

of calcium, phosphorus, iron, zinc, copper and manganese of primarily processed chickpea 

and black gram Further, sprout ing fo llowed by dehulling and soaking has been the best 

method fo r improving the extractabi li ty of calcium, phosphorous and iron in seeds of rice 

bean and faba bean. The husks of these legumes have significantly lower extractable leve ls of 

these minerals' HCI- ex tractabi lity of calcium, iron and zinc in kidney bean (Reddy el al., 

1989). 

Germinat ion up to 48 hrs enhanced the HCI-extractabil ity of zinc and copper to a remarkable 

ex tent. In case of pigeon pea, germinated fo r 36 hrs fo llowed by pressure cooking, it 

increased up to 18- 19% and 16- I 8% by 48 hrs germination . Copper ex tractabi lity enhanced 
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to the max imum extent (3-4%) over the control when the seeds o f pigeon pea cultivars were 

germinated for 36-48 hrs. Significant improvements in I-IC l-extractability of all mineral s 

were observed after sprouting the seeds for 24 lu·s. In rice bean seeds, maximum 

enhancement was noti ced in phosphorus extractab ility fo ll owed by iron and calcium) 

Fermentation also improves HC I-extractability of all mineral s . However, fermentation of the 

cooked seeds almost has no effect on contents of all major and mino r elements studied 

(Omer, 2009). 

2.6. Minerals in Chickpeas 

Chickpea is an excel lent nutri tional choice as they are high in minerals that support the 

metabolic and digestive system. The most important minerals contained in chickpeas are 

calcium, phosphorus, magnesium, iron, copper, zinc, sodium and potassium. Chickpeas are 

versatile legumes that have a delicious nutlike taste and buttery texture. They come in 

varieties of black, green, red and brown, as we ll as the most common ly eaten beige colored 

beans. Chickpeas provide a good source of folate , manganese, copper, and the antioxidant 

Vitamin E, which promotes the abil ity of white blood cells to fight infections, as well as zinc, 

needed for healthy cell growth. They contain protease inhibitors, which halt the DNA­

destroying action of cancer cell s. Chickpeas are a good source of isoflavones, plant 

chemicals that are converted in the gut into a substance that mimics the hormone estrogen, 

helping to prevent estrogen-related conditions such breast cancer. These beans are further 

benefi cial fo r wo men's health as they are very high in iron , and women in particular tend to 

be de fi cient in iron. High in fibe r and flavo noids, chickpeas help to keep the digestive system 

health and stabi li ze blood sugar. When combined with whole grains such as brown n ee, 

chickpeas provide a high quality protein (Bhaskarachary, 2010) . 

2.6.1. Iron 

Iron (Fe) is a major constituent of blood, being a component of haemoglobin, and thus plays 

a crucial ro le in oxygen de li very tllroUghout the body. Due to its redox potentia l, iron is a lso 

involved in many heme- containing compounds or iron sulphur enzymes that are essential for 

electron transportation, resp iration and energy metaboli sm. It is an essential element and 
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physiological losses of it must be compensated regu larly. Three fac tors affect the iron needs: 

the total amount in the di et, the type of Fe compound, and the other diet components. Iron 

deficiency anemia is a worldwide health problem that is especially common in yo ung women 

and in child ren. It is the most common form of malnutrit ion in the wo rld, affecting more than 

2 billion people globa lly and highly preva lent in less-deve loped countries. It remains a 

prob lem in deve loped countri es (Jolmson, 2012). 

Iron defi ciency is the pnmary cause of anemia, which affects roughl y one-quarter of the 

world 's population As the most prevalent micronutrient deficiency in the world , iron 

defi ciency affects all age groups, with the most common being children between the ages of 

o and 5 Chickpeas are cons idered a good source of iron (Vijayakumari el al., 1998) 

2.6.2. Calciuln 

Calcium is an important component of a healthy di et and a mineral necessary for life. The 

National Osteoporosis Foundation says, "Calcium plays an important rol e in bui lding 

stronger, denser bones earl y in life and keepi ng bones strong and healthy later in life." 

Approximate ly 99 percent of the body's ca lcium is stored in the bones and teeth. The rest of 

the calcium in the body has other important uses, such as some exocytos is, especiall y 

neurotransmitter release, and muscle contraction (Pointillart el ai, 1999). 

Calcium is an important mineral for human body. It primarily takes three fo rms in the body. 

First, it is part of the molecular composition of bone, forming a complex with other 

molecules. In the blood, it ex ists in two fo rms: one bound to proteins and other molecul es, 

and the second as free electri ca ll y charged calcium atoms. In these forms , ca lcium helps 

perform a number of important funct ions. Long-term calcium deficiency can lead to ricket s 

and poor blood clotting and in case of a menopausal woman, it can lead to osteoporosis, in 

which the bone deteriorates and there is an increased risk of fractures. Whi le a lifelong deficit 

can affect bone and tooth fo rmation, over-retention can cause hyperca lcemia (elevated leve ls 

of ca lcium in the blood), impaired kidney function and decreased absorption of other 

mineral s (Morris el (II., 1985) . 
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Hi gh calc ium intakes or high calcium absorption were previously thought to con tribute to the 

development of kidney stones. However, a high calcium intake has been associated with a 

lower ri sk for kidney stones in more recent research. Vitamin D is needed to absorb ca lcium. 

Other poss ible benefits of using ca lcium for the human body include: help manage high 

blood pressure, cutting down risks of co lorectal cancer, cho lesterol reduction, help in weight 

loss prevention of stroke, and reducing tooth loss. Chickpea seeds contain 103±259 mg 

CalO.l kg dry weight 70% of thi s is in the seed coat and are therefore a potential source of 

dietary Ca. Adequate Ca nutrition during childhood has important implications for bone 

growth and deve lopment, and is thought to reduce the incidence of osteoporosis in later life. 

(Pointillart el ai, 1999) 

2.6.3. Phosphorus 

Phosphorous ( or phosphate) is part of the phospholipids, an essential functional component 

of cell membranes, and is part of high energy phosphate compounds like e.g. adenosine 

triphosphate (A TP) and creatine phosphate, the bio logical energy conservation molecule 

which is essential to all vital processes. Phosphorus is al so an essential component of 

hydroxyapatite, the main structural bone mineral. Deficiency of phosphorus is common in 

malnourished children and severe hypophosphatemia is associated with increased mortality 

in kwashiorkor (Manary el aI., 1998). 

Phosphorus deficiency is also likely to cause rickets- like bone changes in malnourished 

children. Phosphorous is likely to be a limiting nutrient in treatment of ch ildren. Absorption 

of dietary phosphorus is high (55-70%), relatively independent of dieta ry composition, and 

does not appear to be up-regulated at low intakes. Dairy products, meat, poultry, eggs, fish , 

nuts, and legumes are generall y good sources of highly available phosphorus. However, the 

main form of phosphorus from plant material is phytate which is resistant to digestion unless 

enzymatica ll y degraded by phytase. Thus, phosphorus from phytate is on ly abso rbed to a 

minor degree under normal conditions and the phytate fraction of phosphorous should 

therefore be di scounted from the ca lculations of the total phosphorous requirements (Go lden, 

2009). 
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2.6.5. Zinc 

Zinc is a micromineral needed in the diet on a dail y basis the concentration of zinc in plants 

varies based on leve ls of the element in soil. When there is adequate zinc in the soi l, the food 

plants that contain the most z inc are chickpeas and various seeds. Zinc deficiency is usually 

due to insufficient dietary intake, but can be associated with malabsorption, acrodermatitis 

enteropathica, chronic liver di sease, chronic renal disease, sickle cell di sease, diabetes, 

malignancy, and other chronic illnesses Nearly two billion people in the developing world 

are deficient in zinc. In ch ildren it causes an increase in infection and diarrhea, contributing 

to the death of about 800,000 children worldwide per year. The World Health Organization 

advocates zinc supplementation for severe malnutrition and dialThea. Zinc supplements help 

prevent disease and reduce mortality, especia ll y among ch ildren with low birth weight or 

stunted growth. However, zinc supplements should not be administered alone, since many in 

the developing world have several deficiencies, and zinc interacts with other micronutrients. 

A lthough zinc is an essential requirement for good health , excess zinc can be harmful. 

Excessive absorption of zinc suppresses copper and iron absorption. The free zinc ion in 

so lution is highly toxic to plants, invertebrates, and even vertebrate fi sh (Maluku el ai, 2005). 

Zinc (Zn) plays a crucial role in energy metabolism, as it is involved in numerous catalytic, 

structural or regulatory processes .It prohibits ox idati ve damage to human body by acting as 

a co-factor of the superoxide di smutase enzyme invo lved in protection against ox idative 

processes. The metal is also required for DNA and RNA synthesis .Jt is vital to endothelial 

ce ll integrity and plays an important role in vascu larendotheli al barrier function. The tota l 

amount of thi s element in foods and its HCI-extractabi lity jointly contribute towards net 

de li very of Zn. 

The results for the effect of process ing treatments on HCI-extractability of zinc in chickpea 

differed highly significantl y. Soaking and autoclaving remained at par in respect to thei r 

effect on Zn I-ICI- extractability (56.99± I. 71 and 52.05± 1.38%, respectively). Controll ed 

fermentation achieved higher HCI-ex tractability of Zn (79.94±3.78%). The results differed 

from raw samples by 27.06%. It was followed by HCI-extractabil ity of Zn affected by natural 
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fermentation (75.90±2.47%) diffe ri ng by 23. 02 percentage points and germination 

(7 1.1 4±3.29%) showing the di ffe rence of 18.26 percentage points . On the other hand in 

chickpea, contro lled fermentation, natural fe rmentation and germ ination did not di ffer 

significantly for their effect on the Zn HCI-ex tractability. The results /0 1' these treatments 

ranged between 77.78 to 8 1.25% ex tractability (Oberleas el al., 1981 ). 

2.7. Antinutritional factors 

Although, legumes have been proven as a cheap source of protein , the nutritional quality of 

a legume could be affected by a few of anti nutritional factors i.e. proteolytic inh ibitors, 

phytates, compounds causing favism, polyphenols, phytohemagglutinins, lathyrogens, 

cyanogenetic compounds and saponins .Chickpea seeds, like many legumes, al so contain a 

vari ety of chemical substances that cause digesti ve problems in human beings. Thus its 

nutriti ve value depends on its chemical composition, bioavailability of several essential 

nutrients and concentration of anti nutritional substances occurring in food (Walter el al., 

2002). 

2.7.1 Tannins 

Tannins are polypheno l components prevalent in food legumes. Studies have shown that 

tannins interact with proteins, enzymes or nonenzymes, and form tannin-protein complexes, 

which decrease prote in digestibil ity and protein solubil ity. This decrease in protein 

digestibility may be caused by either the inacti vation of digestive enzyme or the reduction of 

the susceptibi lity of the substrate proteins after for ming the complex. Chickpea seeds (whole 

seed) contain 78 to 272 mg tannins per 100 g seeds; while the cotyledons have only 16 to 38 

mg per 100 g seeds. Tannins are mainly located in the seed coati (Maluku el ai, 2005). 

Tannins have been reported to occur in apprec iable amount in legumes. The seed coat color 

of legumes has largely been associated with tannin content. These have the tendency to form 

stable or weak complexes with proteins, carbohydrates and vitamins. These can cross link 

with protein by reacting with lysine, threonine and tyrosine making them unavailable during 

digesti ont . The degree of polymeri zation of these polyphenoli c compounds plays an 
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important ro le in protein digestibility and availability of vitamins and minerals (Sadeghi el 

ai., 2008). 

2.7.2 Phytate 

Phytates are the principal storage form of phosphorus and are parti cu larly abundant in cerea ls 

and legumes. These che late divalent cations such as calcium, magnesium, z inc and iron , 

thereby also reducing their bioavailability. These can inhibit the activity of several enzymes 

and can al so reduce the digestibi lity of legume proteins by forming the complexes with them 

(Omer. 2009). 

Phytate, wh ich is also known as inositol hexakisphosphate, is a phosphorus containing 

compound that binds w ith minerals and inhibits mineral absorption . The presencc of phytate 

in foods has been associated with reduced mineral absorption due to the structure of phyate 

which has high density of negatively charged phosphate groups which form very stable 

complexes with minera l ions causing non-avai lab ility fo r intestinal absorption. Phytic acid 

binds trace elements and macro-elements such as zinc, calcium, magnesium and iron, in the 

gastrointestinal tract are making dietary minerals unavailable for absorption and utili zation 

by the body. It can also form complexes with proteins, proteases and am ylases of the 

intestinal tract, thus inhibiting proteo lysis. Moreover, the phosphorus in phytate has been 

considered to be largely unavailable to the organ ism because of the limi ted capacity of 

monogastric species to hydrolyse phytate in the small intestine (Walter el al., 2002). 
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3. MATERIALS AND METHODS 

3.1 Chemicals and reagents Apparatus 

Analytical balance, Fume hood, Measuring cyli nder ,Pipette, Spatula ,Boric acid (J-hBO), 

,Hydrochlori c acid (HCI), H20 2,Methyl red ,Sodi um hydrox ide (NaOH), Sul furic acid 

(I-hS04), Conc. ,Potassium sul fate (K2S04) , Cupric su lfate, Crucible ,Oven, Atomic 

Absorption Spectrophotometer, Ferric Chloride (FeCI).6H20), 0.03% , Sulfosalicylic acid, 

Wade Reagent. 

3.2 Sample collection 

The seeds of Harbu variety of Chickpea were obtained from Debire Zeit Agricultural 

Research Center . It is about 50 km, East of Addis Ababa. Debre Zeit Research Center was 

the major research entity. 

3.3 Experimental setting 

Samples were grouped into eight categories. Accordingly, the samples were either soaked , 

raw chickpea (RC), SO- soaked chickpea for (6, 12 and 18 hr),dehullcd chickpea( DE), un­

soaked cooked chickpea (UNS- cooked), soaked cooked chickpea(SO- cooked), dehu lled 

cooked chickpea (DE- cooked), autoclaved chickpea (AUT) and Sprouted chickpea for (24, 

36 and 48hr). 

3.4 Preparation of sample 

The seeds were cleaned of dust, cracked and broken seeds, and other foreign 

material prior to processing treatments. Raw seeds were milled to powder (0.425 mm sieve) 

in an electric grinder packed in po lyethylene bags and used as the contro l. The processing 

and cooking treatments, descri be below. 
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3.4.1. Soaking 

300g of seeds were soaked in distilled water for 6, 12 and 18 h at 30 DC The seed to water 

ratio used was 1:5 w/v . The soaked seeds were washed and rinsed with distill ed water. 

3.4.2. Sprouting 

300g of soaked seeds (12 hr) were washed and ri nsed with di stilled water. The seeds were 

ro ll ed in germination paper and kept in an incubator at 30 DC for 24, 36 and 48 h. 

3.4.3. Dchulling 

After soaking of300g of seeds (12 hrs), hull s were removed manua ll y. 

3.4.4 Cooking 

Seeds un-soaked, soaked (12 h) and soaked (12 h)-dehulled were cooked for 30 mi nutes. The 

amount of water used for cooking was three times the weight of the seeds. Seeds were 

cooked unti l s6ft when compressed between the fingers. 

3.4.5 Autoc1aving 

300g ch ickpea seeds autoc1aved at 121°C and IS Ib pressure fo r IS min and cooled to 

ambient temperature. All the processed seeds were dri ed in oven at 60 DC to a constant 

weight then ground in an e lectri c grinder using 0.425 mm sieve size. Ground samples were 

packed in polyethylene bags fo r fu rther chem ical anal 
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3.5 . Proximate analysis 

3.5.1 Determination of moisture content 

The moisture content of chickpea seeds can therefore be determine (AOAC 925.09, 2000) 

accurately by measuring the number or mass of water molecules present in a known mass of 

sample. Empty dishes and lids where dried using air drying oven for I hour at 1000C, 

transferred to the di scator with granular silica ge l, cooled for 30 minutes, and weighed. The 

prepared samples were mixed thoroughl y and about 5.000g of fi'esh samples were transferred 

to the dried and weighed dishes. The dishes and their contents were placed in the drying oven 

and dried for 3 h1" at 1050C, and then the di shes and the ir contents were cooled in a di scator 

to room temperature and reweighed . The moisture content calculate 

weight of wet sampie - weight of dried sample 
Moisture content = . h f I x 100% 

welg t a wet samp e 

3.5.2 Determination a/Crude protein 

Protein was determined by the Kjeldahl method (AOAC 979.09, 2000). All nitrogen is 

converted to ammonia by di gest ion with a mixture of concentrated sul furic acid and 

concentrated orthophosphoric acid containing copper sul fate and potassium sul fate as a 

cata lyst. The ammonia released after alka linization with sodium hydroxide is steam distill ed 

in to boric acid and titrated with hydrochloric acid . 

Digestion: About 0.5000g of fresh samples were taken in a Tecator tube and 6ml of acid 

mixture (5 parts of concentrated orthophosphoric acid and 100 pans of concentrated suI furic 

acid) was added, mixed, thoroughl y and 3.5ml of 30% hydrogen peroxide was added step by 

step .As soon as the vio let reaction had ceased, the tubes were shaken for a few minutes and 

placed back into the rack. A 3.0000g of the catalyst mixture (ground 0.5000g of copper 

su lphate with 100 g of potassium sulfate) was added into each tube, and allowed to stand for 

about 10 min before digestion. When the temperature of the digester reached 370°C, the 
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tubes were lowered into the digester. The digestion was continued until a clear sol ution was 

obtained, about I hr. 

The tubes in the rack was transferred into the fume hood for cooling, a 15ml of de ionized 

water was added, and shaken to avoid precipitation of sulfate in the so lution. 

Distillation: A 250ml conical flask containing 25ml of the boric acid-indicator solution was 

placed under the condenser of the di stiller with its tips immersed into the solution. The 

digested and diluted so lution was transferred into the sample compartment of the distiller. 

The tubes were rinsed with two portions of abo ut 5m l dei oni zed water and the rinses were 

added into the solution. A 25ml of 40% sodium hydroxide so lution was added into the 

compartment and washed down with a small amount of water, stoppered and the steam 

switched on. A 100mi so lution of the sample was di stilled, and then the receiver was lowered 

so that the tip of the condensers above the surface of the distillate. The distillation was 

cont inued unti l a total volume o f 150ml is collected. The tip was rinsed with a few mi ll i-l iter 

of water before the receiver was removed 

The amount of Nitrogen was calculated using the formula: 

(volume of sample - volume of blank)L 14gm 
%N = N Hel x x -- x 100 

grame of sample mole 

Crude protein=6.25 x %N 

3.5.3. Determination of crude fat content 

Crude fat was determined by (AOAC 925.09, 2000) semicontnous solvent extraction 

methods (soxhlet method). Accord ing ly, for all sample categories, 2gm of dried grounded 

samples wi ll be placed in a porous cellulose extraction thi mble and thimble was covered with 

fat free cotton. The thimble was placed in an extraction chamber which is suspended above a 

flask containing the solvent (50ml of diethyl ether) and below a condenser. The flask which 

had dri ed drying oven at 105 °C containing boiling ch ips was placed inside the extracti on 
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chamber and heated at 55°C and the solvent evaporates and moves up into the condenser 

where it converts into a liquid that trickles into the extraction chamber containing the sample 

.at the end of the extraction process, which typically lasts fo r 3hrs, the fl ask containing the 

so lvent and li pid was removed , the so lvent was evaporated in drying oven at 70°C the mass 

of lip id remai ning was quantified gravimetricall y and calculated from the diffe rence in 

we ight of the extraction fl ask before and after ex traction as percentage. The crude fat in the 

ini tial sample was calculated as. 

weig ht of fat 
Fat content = . h f I x 100 welg t o samp e 

3.5.4 . Determination of crude fiber contcnt 

Crude fiber was determined (AOAC 925.09, 2000) a fter digesting a known we ight of 

Chickpea seeds by Refluxing 1.25% boiling sulfw-ic acid and 28% boiling potassium 

hydroxide. About 1.6000g of fresh sample was placed into a 600m l beaker,200ml of 1.25% 

H2S04 was added, and boiled gently exactl y fo r 30 minutes placing a watch glass over the 

mouth of the beaker. During boi ling, the level of the sample so lution was kept constant with 

hot disti ll ed water. After 30 minute boil ing, 20ml of 28% KOH was added and boiled gently 

for a further 30 minu te, wi th occasional stirri ng. The bottom of a sintered glass crucible was 

covered with 10 mm sand layer and wetted with a little distill ed water. The so lut ion was 

poured from beaker in to sintered glass crucible and then the vacuum pump was turned on. 

The wall of the beaker was rinsed with hot di still ed water several times; washings were 

transferred to crucible, and filtered the residue in the crucible was washed with hot di stil led 

water and filtered (repeated twice). The residue was washed with 1% l-hS04 and filtered, and 

then washed with hot distilled Water and filt ered; and again washed with 1% NaOH and 

filt ered. The residue was washed with hot di stilled water and filtered; and again washed with 

I % H2S04 and fi ltered. Finally the residue was washed with water- free acetone. The 

crucible with its content was dri ed fo r 2 hours in an electri c drying oven at 130°C and cooled 

for 30 mi n in the desiccator (with granu lar silica gel), and then Weighed. The crucible was 
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transferred to a muftle furnace (Gallenkamp, size 3) and incinerated for 30 min at 550°C. The 

crucib le was cooled in the desiccator and weighed.Then the fiber was calculated as a residue 

after subtraction of the ash: 

Crude fi ber g /I 00 g= (W 1-W2) xl 00]/W3 

Where: W I = weight of (crucible +sample) after drying; W2 = weight (crucible 

+sample) af1er ashing; W3 = weight of fresh sample 

3.5.5. Determination of total ash content 

Ash was determined by (AOAC 925.09, 2000) inc ineration of known weights of the samples 

in a muftle furnace at 5500C (Ga llenkamp, size 3) until a whi te ash is obtai ned. Organic 

matter is burned off and the inorganic materi al remaining is cooled and weighed. Heating 

was carried out in stages, fi rst to derive the water, then to char the product thoroughly and 

finall y to ash at 550°C in a muftle furnace. The ashing dishes (made of porcelain) were 

placed into a muftle furnace for 30 min at 550°C. The di shes were removed and cooled in a 

desiccator (with granu lar silica gel) for about 30 minutes to room temperature; each d ish was 

weighed to the nearest g. About 2.000g of flour sample was added into each di sh. The dishes 

were placed on a hot plate under a fume hood and the temperature was slowly increased until 

smoking ceases and the samples become thoroughly charred. The dishes were placed inside 

the muftle furnace at 55 00C for 4 hours, and removed from the muffle and then placed in a 

des iccator for l lu· to coo l. The ash was clear white in appearance. When cooled to room 

temperature, each dish. Weight of total ash was calculated by di ffe rence and expressed as 

percentage of sample. 

Ash content (w,-w,) x 100 
W3 
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3.5.6 Determination of carbohydrate 

Utilizable carbohydrate content was determined by difference . It was determined by 

subtracting the crude protein , crude fiber, total ash and fat from the tota l dry weight of the 

sample. 

3.5.7 Determination of gross energy 

Gross energy was determined by calculation from fat, carbohydrate and protein contents 

using the Atwater's conversion factors; 4 kca\lg for protein, 9 kca\lg for fat and 4 kcallg for 

carbohydrates and expressed in calories. 

3.6. Minerals Analysis 

Mineral s were determined using AOAC ( 1984) Atomic Absorpti on Spectrophotometer wh ile 

phosphorous determine by co lorimetric method using ammonium molybdate. After removal 

of organic material by dry as hing, the residue was dissolved in dilute acid. The so lution was 

sprayed into the flame of Atomic Absorption and the absorption of the metal to be analyzed 

was measured at a specific wave length. Standard solutions: The stock standard solutions of 

minerals (iron, zinc and calcium) were diluted with 0.3 N HCI The Atomic Absorption 

Spectrophotometer (AAS) used for mineral determi nation we re calibrated using standard 

solutions and the reagent blank solution was run with the sample Ashes were obtained from 

dry ashing. The ash was wetted completely wi th 5ml of 6N HCI, and dried on a low 

temperature hot plate. A 7ml of 3N HCI was added to the dried ash and heated on the hot 

plate until the so lution just bo il s. The ash so lution was cooled to room temperature at open 

air in a hood and fi ltered through a fi lter paper into a 50ml graduated flask. A 5m l of3N [-ICI 

was added into each crucible dishes and heated until the solution just boi led, cooled, and 

filtered into the flask . The crucible dishes were again washed three times with de-ion ized 

water; the wash ings were filtered into the flask. A 2.5ml of 10% Lanthanum ch loride solution 

was added into each graduated flask. Then the Soluti on was cooled and di luted to the mark 

(50ml) with de-ioni zed water. A blank was prepared by taking the same procedure as the 

sample Spectrophotometer 

33 



mg (A - B) x V 
Metal content( hOogm) = lOW 

Where: 

W=weight of the sample 

V=vo lume of the extract 

A = concentration (f1 g/ml) of sample solution 

B = concentration (f1g/ml) of blank so lution 

Phosphorous is determined by Taussky & Shorr by the co lorimetric method using ammonium 

mol ybdate. It was converte to phosphomolybdate, which is reduced to a blue 35 

mol ybdenum compound by aminonap htholsu lphonic acid to give a blue molybdenum 

compound. A sample so lution is obtained from mineral analysis (determination of Fe, Zn and 

Ca). I ml of the clear extract was taken Ii'om the sample so lution and dil uted to 100 ml with 

de-ioni zed water in a 100 ml vo lumetric fl ask. A 5ml (triplicates) of the sample dilution was 

added into test tubes. A 0.5ml of mol ybdate and a 0.20ml aminonaphtholsulphonic acid was 

added into the test tube (sample:: solution) and mixed thoroughly stcp by step. A 0.20ml 

aminonaphtho lsu lphonic acid was added into the test repeatedly each time until the so lution 

becomes clear. The solution was allowed to stand for 10 minute. The absorbance (reading A) 

of the solution was measured at 660 IID1 against di stilled water. Simultaneously with sample 

phosphorous, standard and blank analysis were carried out. Standard and blank so lutions 

were prepared as above but 5 ml of working standard. And 5 ml of de-ioni zed water (read ing 

B) in place of the sample dilution were used respect ive ly. A standard curve was made from 

absorbance versus concentration and the slope was used for calculation. 

mg (A - B) x 50 x 100 
P( hOOgm) = Slope x 10 x W 

3.6.1. RCI-extractability 

Minerals in the samples were extracted by the method of Chauhan and Mahjan ( 1988). About 

1.0 g of samples were shaken with 10 ml of 0.03 N HCI for 3 hr at 37°C and then filt ered. 
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The clear ex tract obtained was oven dried at 100°C and then place in a muffle furnace. At 

55 0°C fo r 4hr . Thereafter, the samples were cooled and about 5ml of 5N I-ICI is added and 

boiled gentl y for I Om in and then cooled di lute to 100mi wi th deionized water. Minerals were 

determined as describe above. Extractabil ity of each e lement was ca lculated as a pe rcentage 

of total amount of the element. 

M· I b 'I' (0/ ) minemlex t m ctable in 0.03 N IICL 100 lIlera extracta 1 lty / 0 = X 
t otal minerals 

3.7 Anti nutritional factor 

Tannin content was determined by the method of Burns (197 1) as modified by Maxson and 

Rooney ( 1972) and phytic acid was determined by method of Vantraub and Lapteva ( 1988). 

3.7 .1 Determination of phytate content 

Phytate was determined by the lIlethod of by Vantraub and Lapteva ( 1988). About O. I OOOg of 

fresh samples were extracted with 10mi 2.4% HCI in a mechanical shaker (Eberbach) fo r 

I hour at an ambient temperature and centrifuged at 3000rpm for 30 minute. The clear 

supernatant was used for phytate estimati on. A 2ml of Wade reagent (containing 0.03% 

solution of FeC13.61-120 and 0.3% of sul fosalic ili c acid in water) was added to 3ml of the 

sample solution (supernatant) and the mixture was mixed on a VOliex (Max i Maxi II) for 5 

seconds. The absorbance of the sample so lutions we re measure at 500 nm using UVVIS 

spectrophotometer (Beckman OU-64- spectrophotometer, USA). A series of standard 

solution will prepare containing 0, 5, 10, 20 and 40 ,lglml of phytic ac id (analytical grade 

sod ium phytate) in 0.2 1 HC!. A 3m l of standard was added into 15ml of centrifuge tubes 

wi th 3ml of water which were used as a blank. A Iml of the Wade reagent was added to each 

test tube and the solution was mixed on a Vortex mixer for 5 seconds. The mixtures were 

centrifuged for 10 minutes and the absorbance of the so lutions (both the sample and 

standard) were measured at 500nm by using de-ioni zed water as a blank. A standard curve 
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was made from absorbance versus concentration and the slope and intercept were used for 

calculation. 

Calculation: 

Phytic acid in mg/ I ~Og = (absorbance-intercept) 3/(slope x p x wt. of Sample x I 0) 
Where, p is density 

3.7.1.1. Dctcl'mination of phytate and non-phytatc phosphorus 

Phytate and phosphorous were determined by the above methods. Phytate phosphorus Was 

ca lcu lated with the following form ula (Khetarpaul and Sharma, 1997). 

Phytate phosphorous (mg/1 ~Og) = (A x28. 18)/1 00 

Where: A = phytate content (mg/1 ~Og) 

Non-phytate phosphorus was calculated as a difference between the total phosphorus and 

phytate phosphorus 

3.7.1.2. Phytate mineral molar ratio calculation 

Phytate calcium molar ratio was obtained (mg of phytate/molecu lar weight of phytate divided 

by mg of calcium/molecular weight of calcium). 

Phytate iron molar ratio was obtained (mg of phytate/molecu lar weight of phytate: mg of 

iron/molecular weight of iron). 

Phytate zinc molar ratio was obtained (mg of phytate/molecular weight of phytate: mg of 

zinc/molecular weight of z inc). 

Phytate x calcium/zinc millimolar ratio was obtained (mg of phytate/molecular weight of 

phytate) (mg of calcium/molecular weight ofcalcium)/ (mg of zinc/molecular we ight of zinc) 

di vided by 100 . 
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3.7.2 Condensed tannin determ ination 

Tannin content was determined by the method of Burns (197 1) as modified by Maxson and 

Rooney ( 1972). About 2.0000 gram of chickpea flour was we ighed in a screw cap test tube . 

The chickpea flour was extracted with 10mi of 1% HCI in methanol for 24 hours at room 

temperature wi th mechanical shaki ng. After 24 hours shaking, the so lution was centrifuged at 

1000rpm for 5 minutes . A Iml of supernatant was taken and mixed with 5 ml ofvanillin-H CI 

reagent (prepared by combining equal volume of 8% concentrated HCI in methano l and 4% 

Vanillin in methano l). D-catechin was used as standard for condensed tannin determination. 

A 40mg of Dcatechin was weighed and di sso lved in 1000 ml of 1% HCI in methanol, which 

was used as stock solution. A 0, 0.2, 0.4, 0.6 , 0.8 and I ml of stock so lution was taken in test 

tube and the vo lume of each test tube was adj usted to Iml with 1% HCI in methanol. A 5ml 

of vani llin-I-ICI reagent was added into each test tube. After 20 minutes, the absorbance of 

sample solutions and the standard solution were measured at 500nm by using water to zero 

the spectrophotometer, and the calibration curve was constructed from the series of standard 

sol ution using SPSS- 16. A standard curve was made from absorbance versus concentration 

and the slope and intercept were used for: 

Calculation 

Concentration of tannin was read in mg of D-catechin per I OOg of sample 

Tannin in mg/1 OOg = (absorbance-intercept)1 (slope x density x weight o f samplex I 0) 

3.8. Statistical analysis 

All data were subject to one-way ana lys is of variance. Mean value ±standard deviation (SD) 

of duplicate. (Each duplicate was presented by a mean of two determinations). Analysis were 

executed using, SPSS 16.0. Significant mean differences were determined at the p<0.05 by 

the method of LSD. 
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4. RESULT AND DISCUSIION 

4.1. Effect of processing techniques on proximate composition of 

chickpea 

4.1.1 Moisture contcnt 

Moisture level determination is a fundamental part of the proximate composition ana lys is of 

the food s. Moisture content in chickpea nour determines its stability. The mean moisture 

content in raw and processed [lours of chickpea is presented in Tables 3. Results show highly 

significant (p<0.05) of process ing treatments on moi sture level. The hi ghest level of moisture 

was present in 4Shr germination and lShr soaked chickpea [lour samples 6.SS±0.OS9 and 

6.79±0.11 2 respective ly. 

Moisture content of soaked chi ckpea [lours were 5.43±0.ISI , 6.01 ±0.175 and 6.79±0.11 2 

with soaking time of 6Iu', 12hr and IShr respectively. Water absorption of the seeds followed 

a different pattern but soaking signifi cant ly increased moisture content to 6.79±0.112 at IS hr 

soaking time. The increase in water uptake with time is due to the increasing number of cells 

within the seed becoming hydrated (Nonogaki et aI. , 2010) 

The mean va lues of moisture contents of the sprouts of chickpea [lour were signifi cantl y 

different. Effect of soaking/germination significantly increases the moisture contents and our 

results agree with ea rl ier repo rts of increased moisture content during germination of chick 

pea and other legume seed (Osman, 2007) and Khattak et aI. , (200S) reported that as 

germination proceeds, seeds take up water from the surrounding in order for the metabolic 

process to start. During cooking, dehulling and autoclaving moi sture content showed no 

significance difference as compared to the raw seeds. 

4.1.2 Crud.c protein 

The data for crude protein in raw and processed ch ickpea [lours are given in Table 3. There 

are signifi cant differences (p<0.05) in crude prote in content observed between processing 

techniques. During germination and dehulling prote in content signifi cantl y increased. 

Whereas, the other methods decreased the content of protein. The crude protein content 
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during 24Iu', 36hr and 48hr germination were 20.0 I ±0.89, 20.47±0.04and23 .86±0.15 , 

respect ively. This increase is related to increased water activity during germination due to 

hydrolytic enzymes and chemical changes that occur basicall y the breakdown of materia ls 

such as protein into a more usable fo rm for the growing seed . lndran i, el al. (200 1) and 

Nonogak i et al. (20 I 0) noted that protein synthes is occurred during imbibi tions and that 

hormonal changes play an important ro le in achieving the completion of germ ination. 

Accord ing to Obizoba ( 199 1), increase in percentage of crude protein, total nitrogen, total 

non-protein nitrogen; protein nitrogen, true protein ni trogen also were observed. 

Soaking of seed fo ll owed by dehulling signi ficantly increased protein content 21.61 ±0.07. 

This can be attri buted to quantitative reduction of antinutritional factor but dehu lli ng 

fo llowed by cooking reduced the protein content 17 .67±0.01 due to the destruction or 

inactivation of certain essential am ino acids by heat. 

Soaking fo r more than 12 hI', cooking and autoclavi ng significantly decreased the crude 

protein content. The decrease in protei n conten t during soaking might be attributed to the 

leaching of so luble proteins. Cooking time reduces the nutritive value of legumes as the 

levels of some essential amino acids are marked ly decreased or during cooking methods the 

protein contents (Salunkhe et aI. , 1985). 

4.1.3 . Crude Fat 

The crude fat content of raw and processed chickpea flo urs is shown in Table 3. Maximum 

fat leve l was observed in the raw (6.2 1±0.297). Whereas chickpea flo urs in the sprouts of 

24hr, 36lu' and 48hr of chickpea lower crude fa t (4.53±0.099, 4.41±0. 183and 3.71 ±0.265) 

content was observed, respecti vel y. The crude fat concentrati on decreased with sprouting 

time. The reduction was caused by break down of fat by ox idation with fat begin used fo r 

energy purposes in embryo deve lopment these observati on are in agreement wi th those 

reported by Ido uraine el af. (1989) and Alonso ea al (1998). 

Soak ing and cooking treatments decreased the fat contents as compared to the raw these 

decreases might be attributed to their diffusion into the cooking water and due to total sol id 
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loss during soaki ng. These results are 111 agreement with those reported by EI-Beltagy 

( 1996). 

Up on dhulling no signifi cant reducti ons in crude fat was observed (5 .79±O.301) as compared 

to the raw sample due to a large portion of legumes lipids are stored in o il bodies or lipid 

containing ves icles, which are located in the cotyledons cou ld be the reason (Sa lu nkhe et 

aI. 19S5). 

Table.3 The effect of process ing on proxi mate composi tion of chickpea 

Treatment Moistu re Crude Crude 
Content % Protein% Fat% 

RC 6.45±O.06S cb 2 1.67±O. IS' 6.2 1±O.297' 

SO-6 5.43±O.ISI a 19.66±O.23 de 6.04±O.126' 

SO-12 6.0 1±O.175dca 16.22±O.23 b 5.49±O.049c 

SO-IS 6. 79±O. 1 12' 14.2I±O.02" 5.37±O.O40' 

SP-24 5.40±O.062b 20.0 1±O.S9' 4.53±O.099b 

SP-36 5.93±O.297c 20.47±O.O4' 4.4 I±O. IS3" 

SP-4S 6.SS±O.OSge 23. S6±O. l S' 3.71 ±O. 265 a 

DE 5.69±O.2S I ac 2 1. 6 1±O.O7' 5. 79±O.30 I' 

Uns -woked 5.93±O.O II c 19.08±O.25 d 6.0 1±O. 12Ie 

SO-cooked 5.04±O.213" 13.56±O.77" 5.69±O.132d
, 

OE- cooked 5.37±0.23S" 17.67±0.O I c 4.76±0.050c 

AUT 6.07±O.2 19c 19.86±O. 39d S.30±0.371 d 

Values are means (± SO). Means not sharing a common letter in a co lunm are significantly 

different at p <0.05 (LSD) 

RC- Raw ch ickpea 
OE-dehulled chickpea 
SO- cooked- soaked cooked chickpea 
O E- cooked- dehull ed cooked chickpea 
AUT - autoclaved chick pea 
SP- Sprouted chickpeafor24, 36and48hr 

4.1.4. As h content 

SO- soaked chickpea fo r 6, 12 and IS hr 
UNS- cooked- un-soaked cooked chickpea 

Ash contents are shown 111 Table 4. During socking the ash content decreased from 

2.25±0.129, to 1. 0 1±0.040 respectively as compared to the raw chickpea flo urs. The 
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reduction was hi gh ly significant during soaki ng for 18 hr 1.01 ±0.040 may be attributed to 

leaching. Also, on cooking the ash contents of chickpea was decreased due to cooking of 

seed with water the leaching of minera ls occured but there is no significant changes in ash 

content due to autoclaving. 

During sprouting the as h contents increased with increase in sprouting time. Ash was not 

significantl y (p >O.OS) affected by germination o f chickpea, the ash content slightly 

decreased with 24 hr sprouting and thereafter during 36hr and 48 hr germination it became at 

s imilar to the control. EI-Adawy et al. (2002) reported significant increase in ash content 

during sprouting in mung bean, pea and lentil seed. However, dehulling decreased the ash 

content of chickpea due to the removal of hull. Singh el al ( 1987) also reported a 

considerable reduction of minerals during dehulling of chickpea cotyledons. 

4.1.5 Crude fiber content 

Crude fiber content significantly (p < O.OS) increased by cooking, autoclaving and soaking 

treatments as compared to the raw. This increase could have been due to protein-fiber 

complexes tormed after possible chemical modification induced by soaking and cooking of 

dry seeds. These results are in agreement with those reported by El-Beltagy (1996) for 

legumes and no effect was found in chickpeas with cooking. This means that the inter 

conversion between inso luble and soluble fiber fractions does not always take place. 

Sprouting of chickpea seeds resulted in a significant (p <O.OS) increase in crude fiber 

content. 48hr germinnation high ly increased the crude fiber contents, with mean values of 

3.2S±0. IS2 in the control and 3.97±0.I IS at 48 In- sprouting. Jimenez et al. ( 1985) also noted 

an increase in the fiber during sprouting of chickpea seeds . However, during dehulling crude 

fiber content a significant reduction was recorded thi s reduction was may be attributed to the 

removal of the seed hull since crude fiber is mainly concentrated in the seed coat. 
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Tablc.4 The effect of processing on proximate composition of chickpea 

Treatment Crude Total Utilizable 
Fiber'!!o Ash% CHO% 

RC 3.2S±0. ISd 2.78±0.147c 6S.36±0.74 I c 

SO-6 3.87±0.31,g 2.2S±0. 129c 62.29±0.339b 

SO-12 3.78±0.42 1 2. I S±0.04S' 66.94±0.476c 

SO-18 3.67±0. I 8 1 1.01 ±0.040' 69.34±0.203' 

SP-24 3.07±O.13 d
, 2.44±O.OS3c1c 68.5 I ±O. 14Sd 

SP-36 3. IS±O.S8d 2.66±O.O I Sci' 68.9S± 1.684b 

SP-48 3.97±0.ll g 2.7 4±0 .440d 58.4 I ±O. I 34' 

DE 1.83±0.OSb I .81 ±0. I 71 b 72.8 I ±0.287' 

Uns cooked 2.94±O.17' 2.36±O.024c 69.60±O.S23 1 

SO-cooked 3.38±O.S7' 2.03±O.047b 72.3 I±O.S73 cl 

DE- cooked 1.2S±0. I 0' 1.37±O.O52' 73 .94±O. 1221 

AUT 3.46±O.OO' 2.68±0.043c 71.29±O.811' 

Values are means of (± SO). Means not sharing a common letter in a column are significantly 

di rFerent at p <O.OS (LSD) 

RC- Raw chickpea 
DE-dehulled chickpea 
SO- cooked- soaked cooked chickpea 
DE- cooked- dehuJJed cooked chickpea 
AUT - autoclaved chickpea 
SP- Sprouted chickpeafor24, 36and48hr 

4.1.6. Carbohydrate 

SO- soaked chickpea for 6, 12 and I 8 hr 
UNS- cooked- un-soaked cooked chickpea 

Table 4 shows carbohydrate content of raw and treated chickpea seeds. Carbohydrate content 

of germinated chickpea seeds signifi cantly increased for 24 and 36 lu' then a decrease was 

observed at 48hr of germination. These decreases could be attributed to use carbohydrate as 

an energy source to germination. When the germination period increase reduction in total 

carbohydrate was attributed to increase in amylatic enzyme activ ity that hydro lyzes starch in 

to simple absorbable sugar to the developing embryo similar results were reported by EL-

Adway (2002). 

No reduction in tota l carbohydrate contents were observed between cooking and dehulling 

treatments of chickpea seeds. These observations are in agreement with those reported by 
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Barampama and Simard (1995) for cooked common beans .However ,on soaking for 6hr 

chickpea seeds decrease of total carbohydrate was observed as compared to 12 and 18 hI' 

soaking due to so lub ility du ri ng the soaking processing (Souci et aI. , 1989). 

4.1.7. G ross cnerb'Y 

There are signifi cant difference (P<0. 05) in gross energy between process ing tec1miques 

(Table 5). Energy contents were 404. 13±0.43 8 raw chickpea and versus 420. 78± 1.865 in 

dehulled , 398.70± 1.652 in germinated , 377.66±0.378 soaked and 404.36± 1.686 autoclaved , 

respecti vely. 

Table 5. The effect of process ing on proximate compositi on of chickpea 

Treatment 

RC 
SO-6 
SO- 12 
SO-1 8 
SP-24 
SP-36 
SP-48 
DE 
Uns cooked 
SO-cooked 
DE- cooked 
AUT 

Energy 
Kca l/(lOOg) 
404. 13±0.43d 

402.52± 1.ISd 
386. 13± 1.26b 

377. 66±0.3 7" 
400.79±5.52d 
398. 78± 1.48c 

398.70± 1.6Sc 

420.78± 1.86' 
408.84±O.03c 

394.78±0.32c 
409.35±0.89' 
404.36± 1.68 d 

Values are means of (± SD). Means not sharing a common superscript letter in a col umn are 

signifi cantly different at P<0.05 (LSD) 

RC- Raw chickpea 
DE-dehu lled chickpea 
SO- cooked- soaked cooked chickpea 
DE- cooked- dehu lled cooked chickpea 
AUT - autoc1 aved chickpea 
SP- Sproutedchickpeafor24, 36and48hr 

SO- soaked chickpea for 6, 12 and 18 hr 
UNS- cookcd- un-soaked cooked chickpea 

DLlring germination and soaking decreas ing of energy was observed may be attributed of 

chemical changes due to the hyd ro lysis by the enzymes, of complex macromolecu les such as 

starch and portion into low molecular weight and more digest ible molecu les. On dehull ing 
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energy content of chickpea seeds showed a signifi cant increase compared to the raw and 

other processing methods. 

4.2. Effect of processing on antinutritional factors of chickpea 

4.2.1 Phytic acid 

Phytic acid is known to be the major storage form of phosphorus in legumes and is 

considered to be an antinutriti ve factor (Table 6). Raw chickpea seeds contained 

considerable amount of Phyti c acid (98.06±0. 136 mglJ ~Og) , which indicates that th is anti­

nutrient has a signifi cant bring on the nutritional va lue of the legumes. Soaking 6,12andI8hr, 

cooking as well as dehulling of the soaked seeds contributed significantly to lowering of 

phytic acid content. 

Soaking fo r different ti me periods minimized the level of phytic acid below the control value 

during 6 hl' soaking, the loss was 79.12±0.309 mglJ OOg with an increase in the periods of 

soaking, 12 and 18 hr, fu rther reduction in phytic acid content was reached 65.82±0.328and 

58 .95±0.329, respectively,. The loss in phytates during soaki ng of the samples may be due to 

leaching of phytate ions into the soaking water under the influence of a concentration of 

gradient (difference in chemical potential), which governs the rate of diffusion. Similar 

results for reduction in phyti c acid in soaked legumes have been reported earli er( Desphande 

el. ai , 1983). 

Cooking is usuall y done before the use of legumes in a human diet. This improves the protein 

quality by either destruction or inacti vati on of heat-labile antinutrtional fac tors (Siddhuraju 

and Becker 2002). The effect of different cooking methods on the level of phytic acid 

content of chickpea seeds was shown in Table 6 

Cooking of un-soaked, soaked and soaked-dehull ed chickpea seeds brought about a 

signifi cant decrease in the phytic acid content (Table 6). No doubt, cooking of unsoaked 

chickpea seeds lowered the phytic ac id content, but the loss appeared to be less than in 

chickpea seeds cooked after soak ing and soaking-dehulling. The extent of phytate loss 
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ranged from 89 .25±0.377 to 54.75±0.379 mgll OOg when the unsoaked , soaked and soaked­

dehu ll ed seeds of chickpea seeds were cooked. 

On other hand, there was a significant reduction in phytic content in ch ickpea seeds after 

autociav ing for 15 min. It reduced phytate content by 74.04±0.489 mg 11 OOgm fo r chickpea 

seeds, which cooked by autoclaving fo r 15 min. simi lar resul ts, were obtained by Shimelis 

and Rakshit (2007). The apparent decrease in the content of phytic acid of legume seeds 

during cooking may be partl y due to leaching into the cooking medium, degradation by heat 

or formation of inso luble complexes between phytate and other components, such as protein 

and minerals (Siddhuraju and Becker 2002) . 

A significant reduction (p<0.05) was observed in phytic acid content of chickpea seeds 

during germination (Table 6) as the period of germination prolonged for 36 and 48 hours 

successive reduction in phytic acid content was observed (65.80±0.340 and 63.94±0.148). 

Decrease in phytates observed with germination was probab ly the result of the combined 

effect of an increase in phytase activity during germination and the leaching out effect. 

kumar el at. (20 I 0) stated that during germination of legumes, phytate is degraded by 

intrinsic phytase Plant seed utilize phytate as a source of inorganic phosphate during 

germination and thus tend to increase pa latabi lity and nutritional value. 

Also, previous reports on the effect of germination on phytic acid in chickpea indicated that 

as a resu lt of increased enzymes activity, more of phytic acid is hydrolyzed during 

germination (Reddy el aI., 1989 and Desphande I 983).Similarl y, Shimel is and Rakshit 

(2007) also repo rted that a notable reducti on in phytic ac id of legumes of germination was 

obtained. 
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Table 6. Effect of processing treatments on phytic acid and tannin content of chickpea 

Treatment Phytate (mg/lOOg) Tannin( mg/lOOg) 
RC 98.06±0. 136' 191.80±0.325 ' 

SO-6 79.12±0.309h 174.63±0.52g 

SO-12 65.82±0.328d 130.74±0.3ge 

SO-18 58.95±0.329c 129.14±0.28e 

SP-24 77.98±0.190g 179.14±0.26hg 

SP-36 65.80±0.340' 123.98 .. 017' 

SP-48 63.94±0.148 d 112.37±0. 174d 

DE 60.49±0.683' 66.22±0.39h 

UNS- cooked 89.25±0.377' I 89.79±0.34h 

SO- cooked 48.89±0.152" 99. I 8±0 .440' 

DE- cooked 54.75±0.379" 59.29±0.99" 

AUT 74.04±0.489r 136.98±0.03 r 

Values are means of (± SD). Means not sharing a common superscript letter in a column are 

signi ficantl y different at P<0.05 (LSD) 

RC- Raw chickpea 
DE-dehulled ch ickpea 
SO- cooked- soaked cooked chickpea 
DE- cooked- dehulled cooked chickpea 
AUT - autoclaved chickpea 
SP- Sproutedchickpeafor24, 36and48hr 

4.2.2 Condensed Tannins 

SO- soaked chickpea fo r 6, 12 and 18 hr 
UNS- cooked- un-soaked cooked chickpea 

Tannin content of untreated seed was ( 191.80±0.325 mg /I OOgm). There are significant 

decreased in Tatmin content were observed between processing teclmiques including 

cooking followed by dehulling, dehulling , sprauting for 48hr,3 6hr and soaking for 18hr 

signifi cant reduced the tannin content to (59.29±0.99, 66.22±0.39, 11 2.37±0.174, 

123.98 .. 017and 129. 14±0.28mg /l OOgm) respectively. 

A significant reduction (p<0.05) was observed in Tannin content of chickpea seeds during 

dehulling since condensed talmin are mainly localized in legumes seed hull of testa. Most 

tannin located in the testa its physical removal in talmin content Ahmed et a!. (2005) and 

various studies have reported the reduction in tannin content of legumes duri ng soaking. 
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However, in the present study, soaking was taken as the preparatory step of germination 

which have attributed to leaching in to soaking media (Vijayakumari el al. 2007 ). 

Effect of germination on tannins content of chickpea is shown in Table 6. Decrease in tannin 

content was observed during germination. More reduction in tannin content was observed in 

sprouted chickpea tannin reduction during germination is usuall y attributed to enzymatic 

hydrol ys is by polyphenol oxidaase ( Reddy el al 1986 and Alonso el a12005) 

Mean values for the effect of cooking on tannin are presented in table 6. Highl y significant 

diffe rences (P<0.05) in tannin content of chickpeas have been observed on cooking. Among 

treatments without soaking no significant reduced were found in chickpea. However, Tann in 

content levels were significantly reduced by autoclave, cooking, dehulling and soaking 

followed by cooking. The effects of cooking and autoclaving treatments were effective in 

reducing condensed tannin ( EI-Adawy, 2002). 

4.3. Effect of processing treatment on total mineral contents of chickpea 

Mineral contents of raw, cooked and sprouted chickpea seeds are presented in Table 7. 

Chickpea seeds were found to contain ca lcium, phosphorus, zinc and iron 162.37±0.602, 

30.66±0.476, 2.94±0.07 and 4.76±0.546 respectively. The mean values o f se lected mineral 

contents were di fferent fi'om raw samples in all the process ing treatments. Total mineral 

contents showed signi ficant differences (p< 0.05) among processing treatments. 

Iron content of ch ickpea was sign ificantly (p<0.05) reduce during soaking (tab le 7). After 18 

hI' soaking, a max imum loss occurred .The loss in iron on soaking may be attributed to 

leaching of the mi nerals. During sprouting, the iron content loss was low as compared to the 

raw Lee and Karunanithy ( 1990) found that the loss of iron was less during germination. 
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Table 7. Effect of process ing treatment on total mineral contents of Chickpea (mgll ~Og) 

Treatment Total Fe Total Zn Total Ca Total P 

RC 4.76±0.546' 2.94±0.070c I 62.37±0.602 ' 30.66±0.476' 

SO-6 2.67x0. 107,db 2.5 1±0.084bc I 29.27±0.384c 22.76±0.337" 

SO- 12 1.9 1±0.075" 1.87±0.120"b I 26.3 2±0.346d 20.75±0.3 56" 

SO- IS 1.34±0.002" 1.72±0.049" 120.23±0.944' 26 .77±0.325d 

SP-24 3. IS±0.06 1 d 2.5S±0.4 10' 140.89±0.153 g 28. 79±0.351 ' 

SP-36 2.93±0.096' 2.05±0.076" 134.89±0. 152 r 25.77±0.324b 

SPA8 2.58±0.0 12b 2.09±0.0 16" 12S.35±0.539 r 24.S6±0.331 b 

DE 2.25±0.008" 1.96±0.09S" 73.431 ±0.037b 26.96±0.656e 

UNScooked 4.45±0.564g 2.74±0.0 14'c 149.94±0.122h 29.06±0.414c 

SO- cooked 1.43±0. 553" 1.96±0.318" 140.00±0.OO I g 23.89±0.449' 

DE- cooked 2. 53±0. 169" 1.90±0.31S" 69.29±3.233" 24.76±0.337' 

AUT 3.09±0.204'd 2.72±0.042cc 150.66±3.153h 2S. 74± 1.044e 

Values are means of (± SO). Means not sharing a common superscript letter in a column are 

significantly different at P<0.05 (LSD) 

RC- Raw chickpea 
DE-dehul led chickpea 
SO- cooked- soaked cooked chickpea 
OE- cooked- dehu lled cooked chickpea 
AUT - autoc laved chickpea 
SP- Sproutedchickpeafor24, 36and4Slu' 

SO- soaked chickpea for 6, 12 and IS hr 
UNS- cooked- un-soaked cooked chickpea 

A sign ificant (p:S0.05) variation In calc ium was observed during soaking in chickpea. 

However, no significant (p:S0.05) difference was observed between the stages of germination. 

There was low in Calci um content of germi nated chickpea when compared to raw (Stephens 

2003). A signifi cant (p:S0.05) reduction in zinc leve ls was observed during soaking and 

ge rmination fo r 36 and 481u. Urbano et al. ( 1995) found that soaking process prior to seed 

germination was responsible fo r the losses of zinc in small quantities. 

reduction in the calcium, phosphorus, zinc and iron was noted during autociaving and 

cooking without soaking Chickpea seeds, Trugo et al. (1990) repolted no change in mineral s 

content of legumes when subjected to heat treatme11lS However, the loss was rai sed when 

soaked as well as soaked-dehulled seeds were cooked. Haytowitz & Matthews ( 1983) 

reported that soaking followed by cooking in boil ing water caused great losses of mineral s. 
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Dehulling of seeds promotes reducing the contents of these minerals. Minerals present in the 

hull s might have been lost during dehul ling, therefore, contributing to the lower mineral 

contents in the dehull ed chickpea seeds since the seed calcium is located in the seed coat. 

Chavan et a!. (200 I) and singh et al (1987) also reported a considerable reduction of ca lcium 

during dehu lling of chickpea coty ledons. 

Germination for 24, 36 and 48 h resulted in the losses of phosphorus. However, the losses did 

not vary significantl y amo ng the samples which is in agreement with those reported by Lee 

and Karunan ithy (1990) who stated that the loss of di va lent metals was low during 

germination due to their binding to protein and the formation of phytate and protein 

complexes. 

4.3.1 The effect of processing treatment on 1II0iar ratios of minerals in chickpea 

The molar ratio of Phy/Fe in untreated raw chickpea was 1. 6±0. 196 but it ranged after 

various process ing fro m 1.75±0.206 to 2.93±0. 173. The lowest ratio was obtained by un­

soaked coukt:d and the highest in dehulled and cooked sampled in Tablc 8 . indicates that, 

there are significant differences with each processing treatments however, poor iron 

bioavai lability was observed because of the high leve ls of phytic acid . Iron molar ratios> 1 

is regarded as ind icative of poor iron bioavailability (Melaku et a!. , 2005). 

Cooked dehulled sample had the highest PA: Zn molar ratio of 3.34±0.049 followed by 

soaking for di fferent ti mes, sprouting and cooking methods. Phytates found in legumes are 

thought to be maj or con tributors to reduced ava ilab ility of zinc (Forbes et a!. 1984). The 

PA:Zn molar ratios has been suggested to be an important determinant of zinc bioavailability 

from hu man diets (Oberleas and Harland 1981 ). Morris and Elli s (1980) reported that PA:Zn 

molar ratio of less than 10 provides adequate dietary zinc. Thus the resu lts ind icate positive 

zinc absorption. 

Phytate: ca lc ium molar ratio was below the criti cal molar ratio of 0.24 (Frontela et a!. , 

2009), in al l the process ing techn iques observed in the present study. Thus the results 

indicate positive Ca abso rption . High calcium leve ls in foods can also promote the phytate-
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induced decrease in zinc bioavailabi li ty when the [calcium x phytate]: / (zinc] millimolar 

ratio exceeds 0. 5 (Melaku et aI. , 2005). However, in th is study the values < 0. 5 were 

observed in all the samples which indicate that the samples are high in calcium content and 

bioava il abi lity 

Tab le 8. The effect of processing methods on minerals- phytate molar rati os 

Treatment Phytatc : Iron Phytate: zinc Phytate: [calcium x 
calcium phytatel/ [zinc l 

(mol/kg} 
RC 1.60±0. 196" 2. 11±0. IOI" 0.036±0.283 ' 0.028±0.883 k 

SO-6 1.95±0.152"b 2.85±0.033 ' d 0. 037±0.297 r 0.01 5±0.26sJ 
SO- 12 2.35±0. 11 9' b 3.22±0.2 12, r 0.03 1±0.956' 0.023±0.595' 

SO- 18 2.59±0.00 I' 3.19±0.070, r 0.032±0.483 ' 0.009±0.003" 

SP-24 1.79±0.008" 2.68±0.0 17' 0.036±0.17 1 d 0.002±0.184g 

SP-36 2.35±0.4 10d' 3. 11 ±0.063c 0.029±0.452b 0.0 I 0±0 .3 3Sd 

SP-48 2.S2±0.S46d 3.1 2±0.11 3' 0.030±0.1 27' 0.019±0.027b 

DE 2.69±0.021 ' 2.79±0.OS6d 0.OS4±0. 169g 0.0 12±0.32S" 

UNScooked l.7S±0.206" 2.49±0. I27b 0.039±0. 190' 0.0 17±0. S67 ' 

SO- cooked 2.47±0.492d 2.73±0.00Sd 0.027±0.042" 0.02S±0.020" 

DE- cooked 2.93±0.173c 3.34±0.049r 0.OS2±0.229g 0.0 13±±0.SS4 r 

AUT 2.04±0. 146b" 2.52±O.102b'd 0. 029±0.43Sb 0.0 13±0.460' 

Values are means of (± SO). Means not sharing a common superscri pt letter in a colum n are 

significantly di fferent at P<O.OS (LSD) 

RC- Raw chickpea 
DE-dehulled chickpea 
SO- cooked- soaked cooked chickpea 
DE- cooked- dehulled cooked chickpea 
AUT - autoclaved chickpea 

SO- soaked chickpea for 6, 12 and 18 hr 
UNS- cooked- un-soaked cooked chickpea 

4.4.2 Effect of process ing treatment on phytatc phosphorous and non phytatc 

phosphol'OUS contents of Chici<pca 

Process ing methods resulted in a significant (p <O.OS) reduction phytic acid with a 

corresponding increase in non-phytate phosphorus. Soaking and sprouti ng of seeds 

signifi can tly (p<O.OS) reduced the phytin phosphorus after each stage of soaking being 

(22 .26±0. 132, 17.9S±0.093 and 17.74±0.09 1 mgll OOgm) and Duri ng germination 
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(2 1.97±0.053 , 18.46±0.205 and 18.0 1±0.041) respectively. Indicating that longer soaking 

and germination periods were useful in reducing phytin phosphorus. Duhan et al. (2002) 

reported a significant decrease in the levels of phytic acid during germination and cooking 

the greater reduction of phytic acid in chickpea was attributed to the cooking method. 

Table. 9. Effect of process ing treatment on phytate phosphorous and non phytate 

phosphorous contents of Chickpea 

Trea tment T otal phosphorus Phyta tc Non-phyta te 
(mg/IOOg) phosphor us phosphor us 

(mg/IOOg} (mg/IOOg) 
RC 30.66±0.476' 27.63±0. 037J 3.03±0.438" 
SO-6 22.76±0.337" 22.26±0.132h 5.49±0.468b 

SO-12 20.75±0.356' 17.98±0.093 cd 9.76±0.449cd 

SO-18 26.77±OJ2Sd 17.74±0.09I c 9.03±0.417d 
SP-24 28. 79±0.3S1 c 21 .97±0.OS3 g 6.82±0.296c 

SP-36 2S.77±0.324d 18.46±0.20Sc 6.84±OJ 72c 

SP-48 24 .86±OJ3 1 b 18 .01±0.04 Id 9.30±0.S23c 

DE 26.96±0.656c 18.4S±0.I92c 8.S I±0.463 dc 

UNS- cooked 29.06±0.414c 2S.14±0.099; 3.92±0.313" 
SO- cooked 23.89±0.449c 17.15±0.042b 6.73±0.407c 

DE- cooked 24.76±0.337c 1 G.5S±O. 1 06" 8.20±0.230d 

AUT 28. 74± 1.044c 20.86±0.138' 9.82±0.984cd 

Values are means of (± SO). Means not sharing a common superscript letter in a column are 

significantl y diffe rent at P<O.OS (LSD) 

RC- Raw chickpea 
DE-dehu lled chickpea 
SO- cooked- soaked cooked chickpea 
SP- Sproutedchickpeafor24, 36and48 h.r 

SO- soaked chickpea for 6, 12 and 18 hr 
UNS- cooked- un-soaked cooked chickpea 

AUT - autoclaved chickpea 
DE- cooked- dehulled cooked chickpea 

Phytase acti vity during germination resul ted in hydro lysis of phytate phosphorus to inositol 

monophosphate. The li berated phosphorus is possibly transported to the embryo fo r further 

synthesis of organic phosphorus (Reddy el al 1989). Dehu ll ing and autoclaving when 

compared to none soaked cooked and control chickpea signi ficantly reduced phytate 

phosphorus 
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4.5. Effect of processing treatment on Hel -extractability of minerals in 

chickpea 

Processing methods had a significantly (p < 0.05) positive effect on the HCI-extractability of 

dietary iron, zinc, calcium and phosphorus Cfable 10). During 6 hr, soaking extractabil ity of 

iron, zinc, calcium and phosphorus improved to 14.16±0.62, 17.43±0.09, 27.6J±0.07 and 

16.73±0.38 percent, respectively, as compared to the control. As the period of soaking was 

prolonged from 12 to 18 lu', an enhancement in ca lcium, phosphorus and iron extractability 

was observed. 

Germination significantly altered HCI -extractability of minerals (Table 10) that may be an 

indication of minerals of their bioavailability to the human digestive system. HCI -

extractability of phosphorus improved at all period of germination after 48 hr phosphorus 

extractability was the highest. Sprouting at all period of germination also enhanced the HCI -

extractability of Ca, Fe and Zn.the enhancement was greater at longer period of germination. 

HCI-extractability of divalent minerals has been attributed to the reduction of anti nutrients 

like phytates Inositol hex phosphate and pent phosphates are the forms ofphytate wh ich exert 

negative impact on the HCI-extractability of divalent cations (Duhan et aI., 2002). 

One phytate molecule possesses capacity to bind up to six divalent cations and one cation can 

possibly bridge at least two phytic acid molecules, depending upon the redox state (Graf and 

Easton, 1990). Breakdown of these phytate forms into lower phosphates have been found to 

reduce capability of binding divalent metal ions (Lonnerdal, 2000). Thus, phytase production 

during germination plays its role in the improvement of HCI-extractability of minerals 

especially Zn, Fe and Ca. As far as phosphorus extractability is concerned the phytate is the 

sto rage form of these minerals under the influence of processing treatments 
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Table 10 Effect of process ing treatments on HCI-extractabi li ty of mineral s (%) in ch ickpea 

Treatment Extractable Fe Extractable Extractable Extractable 
Zn ea p 

RC 11.21 ± 1. 099" 14.29±0 .846' 20.02±0 .4S6" I U8±0.31 I' 

SO-6 14. I 6±0.629b 17.43±0.09 1 b 27 .61 ±0.073 ' 16.73±0.38 1b 

SO- 12 18A4±0.39S ' 20.78±0.OS9b 2L56±0.883 b 19.50±0.084c
" 

SO-1 8 20.99 1.02Sd 22.79±0.9 16b 28.S2±0.171 c 2L60±0.23I c 

SP-24 14.66±0.784b 2S.92±0. ISOd 29.9S±0.0 19" IS .71 ±0.388' 

SP-36 22.93± I. 72 S" 30.62±0.984c 37.84±0.58 1 '" 2S.99± L873 '" 
SP-48 2S.32±0.388d 32.1S±0.20Se S4 .S7±0.8 14g 26 .SS±2.66S'" 

DE 14.49 ±2. 12Sb 28.18±0.37Se 24.66± I.S99b 2S.04±0.09 1 '" 
UNScooked 11.94±0.240" 23.34±0.181 ' 23.88±0.SSSb IS.90±0.707' 

SO- cooked IS.2 1±0.318b 17.18±0.639b 23.87±0.48S b 16.76±0.622b 

DE- cooked 12 .78±0.000" 18.27±0.348b 26.26±0.00S<I l S.22± 1.08Sb 

AUT 16.76±0.32S' 24. 12±0.209d 20.92±0.108' 16.32± L244b 

Values are means of(± SD). Means not sharing a letter in a co lumn are significantly different 

at P<O.OS (LSD) 

RC- Raw chickpea 
DE-dehulled chi ckpea 
SO- cooked- soaked cooked chickpea 
DE- cooked- dehulled cooked chickpea 
AUT - autoc1aved chickpea 
SP- Sproutedchickpeafo r24, 36and48hr 

SO- soaked chickpea for 6, 12 and IS hr 
UNS- cooked- un-soaked cooked chickpea 

During the germination processing of inositol hex phosphate hydrolyses, releasing free 

inorganic phosphorus and myoinositol (Hotz and Gibson, 200 I). The li berated phosphorous 

becomes available for I-I CI-extractabil ity. On cooking of unsoaked, soaked and soaked 

dehulled seeds, significant differences (p < 0.05) we re noticed in the I-ICI-extractability of 

mi nera ls in chickpea seeds. Autoc laving improved the extractabi lity of chickpea seeds to a 

greater extent. 
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5. CONCLUSION AND RECOMMENDATION 

5.1. CONCLUSION 

The processing methods employed in this study effecti ve ly reduced phyti c acid and tannin 

content of chickpea, and improved HCI- extractabli ty of minerals. Also these processing 

methods improved nutritional qualiti es of chickpea. Specifi call y, germination resulted 111 

increased protein, ash, fibe r, carbohydrate content ; whereas fat content was decreased. 

Soaking process ing methods caused increase o f fat (6.04±O.126) carbohyd rate (69.34±O.203) 

and fiber (3.87±O.31) except ash ( 1.0 I±O.040) and protein (14.2 1±O.02%) and cooking 

methods decreased protein (13.S6±O.77) and ash ( 1.37±O.OS2) contents signifi cantl y. 

Dehulling process resulted increase in all nutritive values except ash. 

The resu lts also clearl y indicated that total mineral content leached during soaking and 

cooking. Dehulling process also decreased the tota l mineral content, especially calcium value 

because of the removal of the hull. But, the He l extractability of minerals was increased. 

Th is showed that HCI ex tractability and phytate has inverse relati onship . Autoclaving 

methods of processing a lso resulted in total mineral retention.The bioavailabili ty of zinc, 

calcium and millimolar ratio is greater posi ti ve bioavailabi lity where as poor bioavai lab ility 

of iron was observed. 

55 



5.2. RECOMMENDA nON 

5. 2 Recommendation 

In the phase of the present findings, process1l1g methods such as germination, soaking, 

cooking and dehulling, reduced the phytate content of ch ickpea and increased the availabi li ty 

of mineral s contai ned in the food in question. Further, the prox imate composition of the 

chickpea was enhanced by the processing method mentioned hitherto . Therefore, it is 

recommended that these methods should be utilized by processors . As well , industrial 

uti li zati on of locall y-grown chickpea va rieties for manufacturers to produce bakery products 

is encouraged. 

Future wo rks are also recommended 111 order to extend the present findings to its level 

highest. Such include: 

o In vitro and in vivo analysis should be undertaken to further prove bioavailability 

of minerals besides molar ratio of phytate to minerals and E e l-extractab ili ty. 

o Mechanisms to improve the iron content of chickpea through fortifying with iron 

rich plants to increase its nutritional quali ty for feeding infants and young 

ch ildren will be desi rable 
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