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Abstract 

Chickpea’s protein quality is better than other legumes. it has low levels of anti-nutritional factors and it is rich in some minerals 

and vitamins (thiamine and niacin). However, dried chickpea is needing prolonged cooking time. Owing to the need for more 

adequate alternatives to fulfill the demands of chickpea consumers in Ethiopia and other countries, adding value to the food via 

industrial processing and offering semi-prepared foods of high nutritional quality, sensory value and reduced cooking times is 

necessary. Hence, the aims of this study were to evaluate canning quality of Ethiopian chickpea varieties. Three kabuli Chickpea 

types and one desi type were used for this experiment. Three cooking temperatures (70, 80, and 90°C) were used. Cooking time, 

techno-functional, Canning quality of chickpeas, and Sensory evaluation of canned chickpeas were analyzed. The least 

significant difference (LSD) between the mean was reported at a significant level, p ≤ 0.05. The result indicates that Arerti 

variety cooked at 70 and 80°C had a maximum average of PWDWT, seed shape, splits, and degree of clumps. The maximum 

average of overall acceptability was observed from the Arerti variety followed by the koka variety. Finally, the canning quality 

evaluation results revealed that Arerti variety was suitable for canning, and has the potential to be used as a raw material for the 

canning industry. 
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1. Introduction 

Legumes (Fabaceae or Leguminosae) are the second eco-

nomically most important family of crop plants, after the grass 

family (Poaceae). Grain legumes account for about 33% of 

proteins consumed in the human diet and are crucial for global 

food security [9]. Moreover, legumes are key players in sus-

tainable agriculture, as they can fix atmospheric nitrogen, thus 

increasing soil fertility, and having a positive impact on soil 

properties and conservation [13]. 

Chickpea is one of the major pulses grown in Ethiopia, 

mainly by subsistence farmers under rain fed conditions. It is 

one of the main annual crops in Ethiopia both in terms of its 

share of the total cropped pulse area and its role in direct 

human consumption. It is grown widely across the highlands 

and semi-arid regions of the country [2], and the newly 

emerging export commodities being promoted for expansion 

in Ethiopia [11]. 

Chickpea’s protein quality is better than other legumes such 

as dry bean, pigeon pea, black gram, and green gram [14, 15]. 

Overall, chickpea seed has good nutritional value; it has low 

levels of anti-nutritional factors, and it is rich in some minerals 
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and vitamins (thiamine and niacin). The fatty acid composition 

and high amounts of unsaturated fatty acids in chickpeas make 

it a special legume, suitable for many nutritional applications, 

potentially in the role of prevention and treatment of chronic 

health problems such as cardiovascular disease [16, 17]. 

The crop provides an important source of food and nutritional 

security especially for the rural community, who cannot produce 

or cannot afford costly livestock products as a source of essential 

proteins. In the export market, chickpea contributes a significant 

portion of the total value of pulse exports. For example, chickpea 

constituted about 48% of the pulse export volumes in 2002. 

During this period, the exported volume accounts for about 27% 

of the total quantity of chickpea production while the balance 

remains for the domestic market [10, 11]. 

Two types of chickpeas, Kabuli and Desi, are currently pro-

duced in Ethiopia. Kabuli or garbanzo type is usually large 

seeded with seed size ranging from 6–8 mm and smooth cream 

white seed coat color. Desi type chickpea, traditionally widely 

grown in the country, is small seeded with seed size ranging from 

3–6 mm, and hard and reddish-brown colored seed coat. 

Modern consumers demand items to be prepared quickly, 

yet dry chickpeas require a longer cooking time to match this 

expectation. Offering ready-to-eat culinary preparations of 

chickpeas is one way to encourage usage, but these must 

preserve the legumes' natural qualities and nutritional worth. 

There is a need to provide semi-prepared foods with high 

nutritional content, a high sensory appeal, and shorter cooking 

periods in order to meet the demands of chickpea consumers 

in Ethiopia and other countries. This can be achieved by 

adding value to the food through industrial processing. Hence, 

this study was carried out to evaluate hydration kinetics and 

canning quality of recently released Ethiopian chickpea vari-

eties and recommended optimum canning process. 

2. Materials and Methods 

2.1. Sample Preparation 

Arerti, Koka, Shasho and Natoli were collected from De-

brezeit agricultural research center. The chickpea seeds were 

cleaned to remove foreign matters that come along with the 

seed and visually inspected in order to remove any physically 

damaged seed, chickpeas with damaged seed coat, chickpeas 

with faded color and undesirable type of shapes. 

2.2. Cooking Time of Chickpea 

Cooking time was estimated according to the method of 

using the Mattson cooking device [1, 7]. 

2.3. Physical and Techno-Functional Properties 

of Chickpea 

Hundred seed weight; Hundred (100) dry bean seeds were 

randomly selected, weighed and one hundred seed weight per 

number of seeds in 100 g with triplicate readings were taken and 

the average values of the triplicate were reported Hydration 

coefficient is the ratio of the weight (g) of the sample after 

soaking to the weight (g) of the intact dry seed. HC is a measure 

of the degree of hydration or water uptake after soaking [19]. 

Swelling coefficient is the ratio of the volume (ml) of the 

sample after soaking to the volume (ml) of the intact dry seed 

[18]. Seed density: cleaned seed of each of two chickpea vari-

eties was determined according to the method of [19]; one 

thousand seeds were weighed and transferred into 500 ml 

measuring cylinder containing 250 ml of tap water. Immedi-

ately the volume of water displaced was recorded. The mass 

and volume were used to calculate the seed density as g/ml. 

Hydration, swelling capacities, and index: A 20 g samples 

from each were soaked in 60 ml deionized water for 24 hrs at 

22°C using a 100 ml measuring cylinder [12]. After soaking, 

the water was drained and the peas were toweled dry with 

absorbent paper. The hydrated peas were weighed again to 

determine the increase in mass. The hydration capacity was 

calculated as the weight of water absorbed per gram of seeds 

(g of water per g of seeds). 

𝐻𝑦𝑑𝑟𝑎𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
(𝑊𝑡 𝑎𝑓𝑡𝑒𝑟 𝑠𝑜𝑎𝑘𝑖𝑛𝑔−𝑊𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑠𝑜𝑎𝑘𝑖𝑛𝑔 (g)

𝑊𝑡 𝑏𝑒𝑓𝑜𝑟 𝑠𝑜𝑎𝑘𝑖𝑛𝑔 (𝑔)
 (1) 

𝐻𝑦𝑑𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑑𝑖𝑥 =
(Hydration capacity)

𝑔 𝑜𝑓 𝑜𝑛𝑒 𝑠𝑒𝑒𝑑 (𝑔)
            (2) 

Swelling capacity was measured by calculating the differ-

ence in volume of deionized water displaced by chickpea 

before and after soaking (ml of water per g of seeds) [12]. 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
(𝑉 𝑎𝑓𝑡𝑒𝑟 𝑠𝑜𝑎𝑘𝑖𝑛𝑔−𝑉 𝑏𝑒𝑓𝑜𝑟𝑒 𝑠𝑜𝑎𝑘𝑖𝑛𝑔 (ml)

𝑊𝑡 𝑏𝑒𝑓𝑜𝑟 𝑠𝑜𝑎𝑘𝑖𝑛𝑔 (𝑔)
 (3) 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑖𝑛𝑑𝑖𝑥 =
(Swelling capacity)

𝑔 𝑜𝑓 𝑜𝑛𝑒 𝑠𝑒𝑒𝑑 (𝑔)
                 (4) 

2.4. Chickpea Canning Process 

The canning procedure was performed according to a 

method described by Hosfield and Uebersax [5]. Four Chick-

pea varieties were taken and soaked for 30 minutes at room 

temperature, blanched for 30 minutes at 70, 80, and 90°C and 

filled into cans. The Cans were filled with brine solution (brine 

solution containing 1.3% (wt/vol) NaCl and 1.6% (wt/vol) 

sugar. The cans were then sealed and processed at 121°C for 14 

min. After processing, cans were cooled under cold running tap 

water and stored for at least 2 weeks at room temperature prior 

to opening for further evaluations. After 2 weeks, the seeds 

were transferred to a screen, rinsed with distilled water, and 

then allowed to drain for 5 min. 

2.5. Canning Quality Evaluation of Chickpea 

The drained weight of the processed chickpea was deter-
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mined by the procedure of [20]. Other canning parameters 

were measured by a visual rating procedure (visual estima-

tion). A 7-point scale was used for investigated splitting, 

clumping and visual rating procedure (1 =very undesirable, 

2=moderately undesirable, 3=slightly undesirable, 4= neither 

desirable nor undesirable, 5= slightly desirable, 6=moderately 

desirable, 7= very desirable). The traits investigated were 

splitting, clumping, and seed shape. 

2.6. Sensory Evaluation of Canned Chickpea 

Sensorial evaluation of canned chickpeas was performed us-

ing a 7-headonic scale where 1 = extremely dislike, 

2=moderately dislike, 3 =slightly dislike, 4= neither like nor 

dislike, 5= slightly like, 6=moderately like and 7=very like. The 

parameters for canned chickpea sensorial are color, appearance, 

taste, aroma, flavor, texture, and overall acceptability. 

2.7. Statistical Analyses 

The experiment was conducted using a Completely Ran-

domized Design, consisting of two treatments, and replicated 

three times. Data were analyzed using SPSS 20, and Least 

Significant Difference (LSD) between the mean was reported 

at a significant level, p ≤ 0.05. 

3. Result and Discussion 

3.1. Cooking Time of Chickpea 

The cooking time for the evaluated four chickpea varieties 

ranges varied from 67.33 to 112.33 minutes as presented in 

Table 1, and the higher was found from Arerti variety whereas 

the minimum was obtained from koka variety. Natoli and 

Shasho varieties did not show statistically difference (P < 

0.05). 

3.2. Physical and Techno-Functional Properties 

of Chickpea 

In the current study physical (Hundred seed weight, and 

Seed density) and techno functional parameters (cooking time, 

Hydration coefficient, Hydration capacity, Hydration index, 

swelling coefficient, swelling capacity, and Swelling index) 

for four Chickpea varieties were evaluated. 

The physical parameters of chickpea hundred seed weight 

and seed density data are presented in table 1, and hundred 

seed weight of chickpea was significantly different (P < 0.05) 

among varieties. The maximum average of hundred seed 

weight (37.44g) was observed from Koka variety whereas the 

lowest (28.01g) was recorded from Arerti variety. All four 

varieties of chickpea showed significant differences (P < 0.05) 

in their hundred seed weight. This variation might be due to 

seed size of chickpea varieties. Koka variety was largest size 

than the other chickpea varieties. The seed mass can be con-

sidered as an indicator of the yield performance of chickpea 

[6]. 

The seed density (1.25 g ml
-1

) of Natoli was the largest and 

the lowest obtained from Koka (1.14g ml-1). But among 

chickpea varieties only the seed density of Koka was signif-

icantly different (P < 0.05) from other three chickpea varieties 

(Table 1). When compared to results published by Olang [21] 

for five Kenyan dry bean varieties and [22] for fifty dry bean 

varieties in Chile, the seed properties of the types obtained in 

this study generally had similar values. 

The hydration coefficient of chickpea was ranged from 

1.11-1.28 (Table 1). The maximum value of the hydration 

coefficient (1.28) was got from Koka and Shasho varieties 

followed by Arerti variety (1.27), and statistical significance 

variations was not observed among the three. However, the 

minimum value was recorded from natoli variety (1.11) and 

statistical variations were found at P < 0.05. The Arerti and 

Shasho types had the highest average hydration index (0.81 

and 0.98), respectively. These results do not significantly 

differ from one another. Nonetheless, Natoli had the lowest 

average hydration index (0.3). Furthermore, the types Koka 

and Natoli exhibited the maximum capacity and swelling 

coefficient. While the swelling capacity was 1.18 and 1.13, 

the maximum average swelling coefficient was 2.26 and 2.29. 

The highest average swelling index is seen in Shasho. Com-

pared to Natoli kinds, Arerti types had higher hydration ca-

pacity, swelling capacity, hydration index, and swelling index. 

According to Ozer [4, 8], seeds possessing high hydration and 

swelling capability might have more permeable coatings and 

softer cotyledons. 

Table 1. Hydration kinetics and cooking time of chickpea varieties. 

Parameters 

Varieties 

CV 

Arerti Koka Natoli Shasho 

Cooking time (minutes) 112.33±2.52a 67.33±3.51c 84.00±5.00b 80.33±4.58b 10.21 

HSW (g) 28.01±0.31d 37.44±0.63a 31.76±0.51b 30.00±0.34c 5.61 

Density (g ml-1) 1.17±0.5ab 1.14±0.07c 1.25±0.09a 1.16±0.04ab 5.17 
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Parameters 

Varieties 

CV 

Arerti Koka Natoli Shasho 

Hydration coefficient 1.27±0.02a 1.28±0.03a 1.11±0.02b 1.28±0.02a 6.37 

Hydration capacity (g/seed) 0.27±0.02a 0.28±0.025a 0.11±0.02b 0.28±0.02a 3.56 

Hydration index (g-1) 0.81±0.00a 0.62±0.02b 0.30±0.08c 0.98±0.15a 4.95 

Swelling coefficient 2.11±0.09bc 2.29±0.07a 2.26±0.11ab 2.08±0.08c 5.53 

Swelling capacity (mL/seed) 1.07±0.06b 1.18±0.03a 1.13±0.03ab 1.08±0.08b 5.82 

Swelling index 3.21±0.31ab 2.65±0.14b 3.17±0.40ab 3.80±0.97a 9.76 

Means within the same row followed by the same letters are not significantly different (P> 0.05). 

3.3. Canning Quality of Chickpea 

The PWDT was ranged from 58.13 to 71.42 (Table 2). The 

maximum of PWDWT (71.42) was obtained from Arerti 

variety blanching at 70°C followed by blanching at 90°C 

(70.88) and 80°C (70.24) and the Koka variety blanching at 

70°C. Those were statistically the same (p>0.05). however, 

the minimum average of PWDWT (58.13) was recorded from 

Natoli blanching at 70°C. The drained weight of chickpea 

relates to “processors yield” [3, 23], as it would require fewer 

chickpeas with a high washed drained weight to fill a can 

compared to chickpea with low washed drained weight Table 

2 indicates that chickpea varieties and the blanching temper-

ature had a significant effect on seed shape. Seed shape was 

revealed from 5.27 to 6.73. This result was above scale of 

slightly desirable. The maximum average of seed shape (6.73) 

was obtained from Arerti variety blanched at 70°C followed 

by 80°C (6.18). This shows that the result was above moder-

ately desirable. Whereas, the minimum average seed shape 

(5.27) was recorded from Shasho and Natoli variety blanched 

at 80°C. splits (1-7) ranged from 4.91 to 6.55 and degree of 

clumping (1-7) ranged from 4.64 to 6.73 (Table 2). Arerti 

blanched at 70°C had the highest value in splits and degree of 

clumping with 6.55 and 6.73, respectively. 

Table 2. Canning quality of chickpea. 

Varieties T (°C) PWDWT (%) Seed shape Splits Clumps 

Koka 70 69.26±1.37ab 5.75±0.62bc 5.92±0.79a-d 6.00±0.74a-d 

 80 63.87±1.73e 5.42±0.90bc 5.25±0.75c-e 5.17±1.47d-f 

 90 65.95±2.01de 5.55±0.93bc 5.18±0.98de 5.00±1.18ef 

Shasho 70 68.67±1.02bc 5.64±0.81bc 5.91±0.70a-bcd 5.91±1.14a-e 

 80 66.19±1.51c-e 5.27±0.91c 5.27±1.01c-e 5.27±1.07c-f 

 90 68.39±0.87b-d 5.36±0.93c 4.91±1.14e 4.64±1.12f 

Arerti 70 71.42±1.43a 6.73±0.47a 6.55±0.69a 6.73±0.47a 

 80 70.24±0.98ab 6.18±0.75ab 6.45±0.82ab 6.45±0.69ab 

 90 70.88±0.96ab 6.00±0.89bc 5.64±1.12b-e 5.55±1.04b-f 

Natoli 70 58.13±1.53f 5.64±0.67bc 6.09±0.54a-c 6.18±0.61a-c 

 80 68.57±1.57b-d 5.27±1.10c 5.45±0.93c-e 5.55±1.29b-f 

 90 66.39±1.49c-e 5.91±0.70bc 5.91±0.83a-d 6.09±0.70a-d 

CV  6.14 5.51 7.03 7.13 

Means within same column followed by the same letters are not significantly different (P> 0.05). 
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3.4. Sensory Evaluation of Canned Chickpea 

A sensory evaluation of the color, taste, aroma, texture, 

appearance, and overall acceptability of canned chickpeas 

was done, and the results are presented in Table 3, showed 

that Koka, Shasho, and Arerti did not significantly differ in 

appearance or color (p>0.05). Yet, there is a notable distinc-

tion between Natoli. Color ranged from 4.73 to 6.73, and 

appearance ranged from 4.64 to 6.73. Arerti, Koka, and 

Shasho had the highest average appearance and color. How-

ever, the Natoli variety produced the minimum average. One 

possible cause of this variance is chickpea type. Shasho, Koka, 

and Arerti are kabuli types, but Natoli is a desi type. In terms 

of flavor, scent, and texture, all treatments were statistically 

identical (p>0.05). The Arerti variety showed the highest 

average of overall acceptability, followed by the Koka variety. 

However, none of the treatments differed statistically 

(p>0.05). 

Table 3. Sensory analysis of canned chickpea varieties. 

Varieties T (°C) Appearance color taste aroma Texture Over all acceptability 

Koka 70 6.00±0.95a-c 6.08±1.10ab 5.75±1.14a 5.83±1.19a 5.50±1.38a 5.83±0.94a-c 

 80 5.42±1.10cd 6.00±0.60ab 6.25±0.87a 5.92±1.08a 5.83±0.84a 5.58±1.01a-c 

 90 5.73±1.01a-d 5.91±1.04a-c 6.09±0.83a 6.00±0.78a 6.00±0.89a 5.64±081a-c 

Shasho 70 5.91±1.22a-c 6.09±1.05ab 5.36±1.12a 5.45±0.82a 5.36±1.43a 5.82±1.40a-c 

 80 5.64±1.03a-d 5.91±0.94a-c 5.55±0.93a 5.36±0.81a 5.27±0.65a 5.45±0.82bc 

 90 4.91±1.14cd 5.73±1.01a-d 5.64±1.03a 5.73±0.91a 5.55±1.04a 5.18±0.98c 

Arerti 70 6.55±0.93ab 6.73±0.65a 6.18±0.87a 6.09±0.83a 6.27±0.79a 6.45±0.69a 

 80 6.73±0.47a 6.55±0.69a 6.00±0.89a 6.18±0.60a 5.91±1.14a 6.27±0.65ab 

 90 5.73±1.01a-d 5.91±1.04a-c 5.64±0.81a 5.91±0.94a 5.91±1.04a 6.00±0.78abc 

Natoli 70 4.91±1.38cd 4.82±1.54bc 5.73±1.01a 5.64±0.67a 6.09±0.94a 5.73±0.79a-c 

 80 4.64±1.69d 4.73±1.85d 5.82±0.60a 5.91±0.83a 5.73±0.91a 5.27±1.01c 

 90 5.55±1.51b-d 5.36±1.69b-d 5.91±0.94a 6.00±0.78a 6.00±0.89a 5.82±0.87a-c 

CV  12.21 9.37 8.96 4.89 7.66 6.43 

Means within same column followed by the same letters are not significantly different (P> 0.05). 

4. Conclusion 

In this experiment chickpea varieties and cooking tem-

perature were significantly affect canning quality of cooked 

chickpea varieties. The result indicates that all chickpea 

varieties showed significant differences (p ≤ 0.05) for all 

techno-functional properties and cooking time. Arerti vari-

ety had higher cooking time, hydration coefficient, hydra-

tion capacity, and index. Moreover, blanching temperature 

and chickpea varieties significantly affected most of the 

canning quality of blanched chickpeas. Arerti variety cooked 

at 70 and 80°C had a maximum PWDWT, seed shape, splits, 

and degree of clumps. However, the minimum was observed 

from Natoli variety. In addition to that, the maximum av-

erage of appearance and color were Arerti, Koka and Shasho. 

But the minimum average was obtained from natoli variety. 

This variation might be due to chickpea typ. Arerti, Koka 

and Shasho are kabuli type but natoli is desi type. All 

treatments were statistically the same (p>0.05) on taste, 

aroma and texture. The maximum average of overall ac-

ceptability was observed from Arerti variety followed by 

koka variety. But moist of the treatments were statistically 

the same (p>0.05). 

Abbreviations 

HSW Hundred Seed Weight 

PWDWT Percentage Washed Drained Weight 
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