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Abstract

Australia is emerging as a significant producer and a major exporter of chickpeas.
There is, however, little data on quality of Australian chickpea or on the use of
chickpea in new food formulations for the western world. Physical properties,
chemical composition and nutritional qualities of four major commercially traded desi
varieties, two kabuli varieties and some new releases collected from the important
growing sites of Australia were evaluated over four harvests to study effect of
location, season and genotype. The composition of these varieties were compared
with advanced breeding lines grown in experimental plots over two seasons.
Proximate composition of desi dhal (dry, dehusked split cotyledon) was measured and
compared to whole seed.

As pulses are processed before consumption, varietal differences and effect of location
on processing properties were examined. The soaking and sprouting properties of
commercially released varieties were studied and a rapid, objective test was developed
using deformation in the texture analyser to evaluate cooking quality of desi and kabuli
seeds. A laboratory sized mill was designed and custom built to mimic dehulling
conditions in the Indian subcontinent (largest importer of desi chickpea) and dehulling
efficiency of desi varieties were evaluated. The effect of conditioning the seed prior to

dehulling was also studied.

The functional properties of wheat:chickpea composite flours were examined to
predict their behaviour in food formulations. IN and SDN were successfully made by
substituting wheat flour with 5, 10, 15 and 20% besan (flour from desi dhal) and pan
bread with added fibre was manufactured by utilising hull form kabuli chickpea.

The study has identified appropriate varieties for specific end uses.

Overall, the study has shown that the Australian chickpea industry can move away

from trading a raw undifferentiated commodity to a value-added product.
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1 Introduction

The global success of agriculture since World War II has largely been due to the
availability of high yielding, disease resistant crops and cheap, abundant energy that
facilitated the use of fertilisers, pesticides, irrigation and mechanisation. However, the
increase in the fertiliser nitrogen cost in developing countries has had a strong
inhibitory effect on further development. Under these conditions, food legumes (hence
referred to as pulses) and biological nitrogen fixation associated with these crops take
on added importance (FAO 1982). Pulses are also increasing in importance in
Australia as an alternate crop to wheat due to agro-economic benefits and Australia is
emerging as a significant producer and a major exporter of pulses to the Indian
subcontinent and Middle East. The largest pulse crop produced in Australia is lupins,
followed by field peas, chickpeas, faba beans and lentils (Meyers Strategy Report
1993). )

The use of pulses as stockfeed is being researched with increased enthusiasm due to
substantial growth in the domestic intensive pig and poultry industries. The dairy and
aquaculture industries are also changing to a predominantly pulse based ration. The
Australian pulse industry has been a major beneficiary since the demise of the
European field pea market for stock feed.

Pulses are an integral part of the human diet in many developing countries. The use of
pulses as a major food source in the Indian subcontinent dates back to 2000 BC and
there is biblical reference to the virtues of pulses in the Old Testament (Book of
Daniel). They are also a regular part of the diet in Central Asia, the Mediterranean,
South America and some African nations. Pulses are a good source of plant protein
and are cheaper than animal protein. As a general rule, pulses are high in dietary fibre
and low in fat. Pulses are a good source of the essential amino acid, lysine, but are
deficient in sulphur containing amino acids, methionine, cystine and tryptophan (Singh
and Jambunathan 1982). On the other hand, cereals contain lower amounts of protein
and are deficient in lysine, but have adequate amounts of the sulphur amino acids
(Eggum and Beames 1983). It is often emphasised that pulse proteins are the natural
supplements to the cereal proteins in producing an overall essential amino acid balance
and together are considered a good solution to combat the world protein-calorie

malnutrition problem. Pulses are known to contain several anti-nutritional factors such



as trypsin inhibitors, chymotrypsin inhibitors, lectins, phytates, polyphenols, flatulence
factors, and lesser amounts of lathyrogens, goitrogens, and saponins depending on the
type of pulse (Chavan er al 1989). Available evidence and ancient processing methods
such as dehulling, roasting, soaking & cooking, fermentation and germination often
cause considerable reduction and in some cases eliminate these anti-nutritional factors

(Jaya and Venkataraman 1980a, Rao and Deosthale 1982).

Chickpea (Cicer arietinum L.) is the fifth most important pulse of the world on the
basis of production after soybean, peanut, beans and peas (Kelley and Rao 1997).
India is the major producer with nearly 80% of the total world production but is also a
growing importer. Turkey, Pakistan, Australia, Mexico, Burma, and Ethiopia are the
other important producers of chickpea. While the chemical composition and processing
properties of chickpeas grown in the Indian subcontinent, Turkey, South America, and
Chile are documented (Jambunathan and Singh 1978, Sotelo er al/ 1987), the
Australian pulse industry is relatively young and there is a need to study the crop
profile in detail. Export markets are becoming more discerning and the provision of
suitable technical information about the crop is essential to foster trade.

This project aims at systematically studying the chemical composition, physical and
functional properties, and overall quality of the commercially released varieties of desi
and kabuli chickpea produced from various sites in Australia over four seasons. The
chemical composition and processing qualities of advanced breeding lines of desi and
kabuli cultivars were also evaluated in order to compare between existing varieties and
near releases. The information is required (a) for breeders to provide them with
technical data on the quality of new lines and (b) to better market Australian chickpeas
in the Indian subcontinent.

Hydration capacity and the rate of germination of whole seeds of selected varieties
were studied as these are important processing properties. Pulses in general, and
chickpea in particular, are notorious for their hard-to-cook (HTC) phenomenon. This
property of pulses is probably the single most important reason for their unpopularity
in the Western world where convenience is a very important attribute in foods. There
was a need to develop an objective test to measure cookability in seeds and rank the

Australian chickpea varieties. About 50% of desi chickpea is processed to produce



(dehulled, split cotyledons), so it was necessary to study the composition of the splits.
Dehulling the whole seed is dependent on a host of factors inherent to the seed and
type of pre-treatment. Dehulling efficiencies under different pre-treatment were
compared in a laboratory sized mill that was designed to mimic the milling conditions
in the Indian subcontinent.

As composite flours of food crops are assuming significance in view of their increasing
utilisation in various food formulations, functional properties of wheat and chickpea
flours was investigated. New chickpea based products were developed by modifying
traditional wheat based recipes to include chickpea flour/hull to target the health
conscious, the elderly and the growing vegetarian population in the Western world.
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2 Literature Review

2.1 Pulse Production in Australia

The value of Australian pulse production grew from AU$ 74 million in 1984/85 to
AUS$ 320 million in 1991/92, a rise of 330 percent. The production of pulses in
Australia increased from 238,000 tonnes in 1982/83 to 1.8 million tonnes in 1993/94,
with an annual growth rate of 25% (Meyers Strategy Group 1993). The total
production is set to double to more than four million tonnes, valued at over AUS$ 1
billion by 2005 (Pulse 1996). Reasons for this growth include:

e low, often fluctuating, prices for traditional cereal crops (eg. AU$ 170/tonne
for wheat, 1992/93 and AU$ 270/tonne, 1995/96 season) (AWB 1996);

o relatively higher prices for pulses (AUS$ 369/tonne for chickpea, AU$
305/tonne for field pea, (average prices over 5 seasons from 1989/90 to
1993/94) (AWB 1996);

 intensification of producers' cropping regimes to improve cash-flow;

e greater farmer awareness of the rotational benefits of pulses;

e need to maintain a sustainable farming system (Walsgott 1989) and

e to compete in primarily unsubsidised markets (Meyers Strategy Group
1993).

Due to variations in climatic conditions, a range of species are produced and there is
significant regionalisation in the production of particular pulses. In Western Australia,
lupins is the predominant pulse, but recently production of lentils, faba beans, and
chickpeas is increasing. The southern Australian grain belt produces a wide range of
winter pulses such as field pea, faba beans, lupins and chickpeas while in the northern
grain belt, chickpeas are the dominant crop. The northern region also has a significant
summer pulse industry which includes mung beans, navy beans, cowpeas, and pigeon
peas; emerging minor crops include culinary beans, lab lab beans and adzuki beans.
Tables 2.1 and 2.2 illustrate the area sown to pulses and production in Australia from

1990/91 to 1993/94, respectively.



Table 2.1. Area sown to pulses in Australia (‘000 hectares)

Crop 1990/91 1991/92 1992/93 1993/94
Lupins 793 934 939 941
Fields peas 318 423 372 389
Chick peas 167 211 145 140
Faba beans 44 58 82 81
Mung beans 24 28 32 34
Navy beans 9 4 6 7
Total 1388 1658 1573 1592
ABARE 1993

Table 2.2. Australian production of pulses (‘000 tonnes)

Crop 1990/91 1991/92 1992/93 1993/94
Lupins 758 1038 987 957
Fields peas 318 463 421 432
Chick peas 196 221 172 162
Faba beans 53 64 99 97
Mung beans 14 18 15 19
Navy beans 9 4 4 4
Total 1348 1808 1679 1671

ABARE 1993




2.2 Domestic Consumption and Export of Chickpea

Among the pulses, chickpea is the third most important crop, contributing about 14%
of the world production of pulses and occupying about 15% of the world area under
pulses (Von Oppen and Rao 1978). Chickpea is second to dry beans (Phaseolus
vulgaris) in cultivated area and third in production to dry beans and dry peas (Singh et
al 1991). Chickpea is mainly produced and consumed in Asia, the Middle East, South
America, and some Mediterranean countries. Australia is emerging as a major
producer and a significant exporter of chickpea.

Until recently, most pulses grown in Australia were used as stock feed, but with
improved market access and increased profitability in the human food industry, grower
confidence is gradually increasing to diversify trading opportunities. Domestic food
consumption of pulses is small (less than 1%), however, in recent years the swing
towards health foods has seen pulses gain popularity as a high fibre, low fat, non-
animal protein food.

India is a major target for the export of chickpeas for human consumption. Australia,
the world's second largest exporter of chickpeas after Turkey, exported about 100,000
tonnes of chickpeas in 1992/93 and it is estimated that exports will rise by 200% by the
year 2000, which translates to approximately AU$ 75 million at 1994 prices (P Wilson,
Personal Communication AWB 1994).

Eighty percent of the world chickpea production is of the desi type (types of chickpea
to be discussed in Section 2.3). The trend in Australia is similar and more than 90% is
exported for human consumption with the remainder being used as stock feed
domestically. Ready-to-use convenience packs of processed (precooked) desi
chickpea are being recently produced in Australia for food use (Hogan 1996). This
operation, however, is relatively small and the product is still gaining acceptance.
Demand for the large seeded kabuli type is far greater and is more popular in both
domestic and export markets. The returns to growers for the bold kabuli seeds is also
higher (~AU$ 80-100 in a stable conservative market) than its desi counterpart (~AU$
190-200, 1995 prices) but, agronomically kabuli seeds are more susceptible to fungal
- damage during the maturation stage thus making it a higher risk crop. Kabuli chickpea

is domestically consumed in salads, casseroles, stews, and is the main ingredient in



humus (Greek style dip), felafel (burger from Middle East) and curries from the Indian
subcontinent.

2.3 Classification and Seed Structure

The chickpea, (Cicer arietinum 1.) is also known as Bengal gram, boot, chola, chole,
garbanzo bean, gram, hommes and pois chiche (Duke 1981, Janoria et al 1984) and is
in the family Fabaceae. The genus Cicer comprises 39 known species (van der Maesen
1975). Based on seed colour and geographic distribution, chickpea is grouped into
two types: ‘desi’ (Indian origin) and 'kabuli’ (Mediterranean and Middle Eastern
origin). The seeds of desi cultivars have a pronounced angularity and strongly ridged
surface with a prominent wrinkle at the beak. They are darker and usually smaller than
the kabuli cultivars and can be brown, light brown, fawn, yellow, orange, black or
green. Commercially traded varieties of desi chickpea in Australia are brown to dark
brown. Small seeds of the desi cultivar are often used as animal feed.

Kabuli cultivars have larger seeds with a white to cream coloured smooth seed coat
and are used almost exclusively for cooking as whole seeds. Although the seeds of
kabuli cultivars are bigger than desi seeds, the average seed coat weight is higher in
the desi type (14%) compared with 6% in kabuli type 