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ABSTRACT 
 
A chickpea in Tucumán province (northwest region of Argentina - NOA) is 
processed like dry grains and does not require industrialization. The harvest in 
Tucumán began in 2004; in 2017 Argentine chickpeas exports was 33.60% from 
the 613.376 legumes tons exported, with India, Europe and South America being 
the main destinations. In this study, tests were carried out to select the grain for 
chickpeas canning production. Grains were sieved and their density and humidity 
were determined. The optimum soaking time and cooking time were determined 
as well. The grain classification was according to standard calibers since different 
sizes have different industrial applications. Grains should be free of blemishes, and 
small gauge and broken are intended to flour production. It was determined that 
the suitable sample for canning had a grain size of 10.8 mm and 92% of average 
diameter after cooking. For the chickpeas flour production, two processes were 
performed. The best was determined taking into account the yields obtained and 
process stages, making a flow sheet chart for industrial level. The economic 
indicator Net Present Value is U$S450.743.- with Internal Return Rate of 107%, 
suggesting the project viability. These results give chickpeas added value for 
canning industry. To make precooked chickpeas flour, technology was developed 
to promote nonexistent industrial activity at NOA. 
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INTRODUCTION 
 
The chickpea is the first legume cultivated between 6000-
7000 BC years. It is in third place of world importance after 
kidney bean and pea. This crop originated from the south-
west of Turkey and then spread to Europe especially the 
Mediterranean region, later to Africa mainly Ethiopia and in 
America to Canada, Mexico, Argentina and Chile. 

In Argentina, the chickpeas have continuously been 
grown in areas planted since 2005 (<3.000 ha), while in 
2011 reached 40.000 ha, and 120.000 ha in 2017. The 
cultivation area was concentrated mainly in the province of 
Salta, in recent years it was found to grow in other areas 
such as northeastern Córdoba province (60.000 ha) and 
provinces of San Luis, Catamarca, part of Tucumán (25.000 
ha) and Santiago del Estero motivated by marketing and 
prices. The chickpeas harvest in Tucumán began in 2004; in 

2017 argentine chickpeas exports was 33.60% from the 
613.376 legumes tons exported, with India, Europe and 
South America being the main destinations (Carreras et al., 
2016; La Gaceta, 2018: 45; Marginet Campos, 2011; Pérez 
and Paredes, 2011). 

The chickpea (Cicer arietinum), belonging to the Fabaceae 
Family, has three grains types which differ in size, shape 
and color: 1) “Kabuli”- medium to large size grains, roun-
ded, wrinkled and light colored; cultivation is located in 
Mediterranean region, Central and South America. 2) “Desi” 
- small grain, angular shapes and yellow or black, grown in 
India. 3) “Gulabi”- medium to small size, smooth, rounded 
and light colored. According to Food and Agriculture 
Organization (FAO) (2007), Desi variety represents 85% of 
the   chickpea  world  production.  Argentina  also  produces 
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Kabuli variety with 120.000 ha planted in 2012. 

Chickpea flour is obtained from the grinding of whole and 
husked chickpea grain. From the nutritional point of view, it 
is a food rich in proteins, carbohydrates, fiber, minerals and 
vitamins. Fiber and foliates content reduce bad cholesterol 
levels in the blood (http://www.alimentacion-
sana.org/PortalNuevo/actualizaciones/garbanzoscolestero
l.htm). Chickpea flour is often mixed with white wheat flour 
to make unleavened bread, which is used as an ingredient 
in bakery products 
(http://www.fao.org/docrep/010/ah833s/AH833S00.htm, 
http://www.codexalimentarius.net/web/standard_list.do?l
ang=es, http://www.botanical-
online.com/garbanzospropiedadesalimentarias.htm). 

In Argentina the main product made with chickpea flour 
is fainá, food that is not yet defined in the Argentine Food 
Code (2017). In the manufacture of fainá the chickpea is 
used from 85 to 90% and other uses are applied in the 
ethnic cuisine of the Arab community in the country. 

The objective of the present study was to develop and 
transfer technology in order to promote a nonexistent 
activity such as this in the Central and Northwest regions of 
Argentina, with the subsequent increase of added value 
products of the regional agriculture contributing to social 
and economic development. 

It is proposed to add value of chickpea grain by two 
alternatives: first, through the standardization methods for 
parameters characterization about the importance in the 
canning industry, determined at the place where the 
classification of the chickpea is carried out and in order that 
producers give more fluidity to their sales. Second, the 
development process for production of precooked chickpea 
flour with good functional, sensory and nutritional 
characteristics, will serve as a base for elaboration of ethnic 
foods or as complement to other flours. 

In addition, the proposed process is formulated and 
evaluated. The economic parameters are calculating to 
determine the feasibility of its implementation at the 
industrial scale level. 
 
 

MATERIALS AND METHODS 
 

Commercial and industrial samples of chickpeas were 
visually identified to determine the uniformity of shape and 
color, sphericity and possible presence of stains in the 
grains. They were packed in polyethylene bags to be stored 
at 5C until analyzed. Samples were analyzed using A.O.A.C. 
International techniques (2007) (Geankoplis, 2007; Perry 
and Green, 2001). 
 
 

Sieving 
 

Dry chickpeas were sieved into standard round aperture 
sieves with sizes of 6, 7, 8 and 9 mm. The process was 
carried out with circular and horizontal shaker during 1 
min   and   the   precaution   of   not   saturating   the   sieves.  

 
 
 
Samples were identified according to grain retention mesh. 
Two samples were sieved on entry to the sorting plant to 
determine the initial size distribution and compared with 
the egress line. 

 
 
Density 
 
The chickpea dry grains density was determined using 
adapted pycnometer method, based on Archimedes 
principle. An empty specimen was weighed, then a 
considerable amount of sample was added and weighed 
again. Thereafter, water was added until the specimen was 
completed and weighed again. By weight difference, the 
mass of the sample and the mass of the water were 
determined and the water volume was calculated to 
determine the density. The volume of the sample is equal to 
the volume difference of the specimen with that of the 
liquid. To determine the mass and volume of the sample, 
the density of the chickpea grain was calculated. The 
density is a parameter that also allows evaluation and when 
the grain is hydrated, the increase in mass is accompanied 
with the increase in volume (diameter). 
 
 
Humidity 
 
For this test, empty capsules were weighed, and then the 
chickpea grains were added and weighed again to obtain an 
initial sample weight. Drying was carried out only by the 
top of the capsules since they were not perforated. Care 
was taken to space the grains so as not to decrease the heat 
exchange area. Tests were conducted in an oven at 115-
120C to constant weight. 

 
 
Optimum soak time 
 
The water retained by chickpea grain of different varieties 
and calibers was determined using different times at 15 
min intervals. The percentage of absorption was 
determined by weight difference between wet and dry 
grain. To elaborate the absorption curves, the soaking time 
against percentage water absorption was plotted and a 
second degree polynomial regression was applied with the 
following parameters: ax2+bx. Simultaneously, at each 15 
min interval, the diameters of 10 hydrated grains were 
measured with a caliber. The average diameter of the grains 
was monitored as they absorb water. The evolution in time 
of the average measurements and the percentage increase 
of the grain diameter were plotted. Using a polynomial 
regression of the same type as for mass increase, the 
optimum soak time was identified when the weight or 
constant diameter of the chickpea samples was obtained 
and the tests were performed in duplicate. The grain-water 
ratio used was 20 g of chickpeas in 250 ml of water. 
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Cooking time 
 
The chickpea samples without prior soaking were boiled at 
100C  in  atmospheric  pressure  vessels,   and   water   was 
added to maintain a grain-water ratio of 1:10w/v (50 g 
chickpeas, 500 ml water). Grains of different samples and 
sizes were measured by the amount of water retained by 
weight difference at 15 min intervals. Curves were plotted 
which link the percentage increase in mass and the cooking 
time. A second-degree polynomial regression was used. The 
diameters of 10 hydrated grains were measured every 15 
min. The follow-up of the average measurements and the 
percentage increase of grain diameter as a function of time 
were plotted. Polynomial regression of the same type as for 
mass increase was used. Tests were carried out to obtain 
the desired texture determined by sensorial analysis and 
the optimum cooking time was identified when the sample 
maintained its mass or diameter constant. One of the 
samples test was repeated with salt water solution of the 
same concentration that is in the liquid of canning, it was 
evaluated if the salt presence significantly affects the 
absorption of liquid from the grains. The calculation of the 
sodium chloride concentration was made from the sodium 
value indicated by the labeling of the cans; an average had 
to be made since, according to the processing 
establishment, they had different concentrations. 
 
 

Processing of chickpea samples in canned 
 

Commercial samples of canned chickpeas taking into 
account the variety of quality and prices and the 
parameters that allowed choosing the best grain for this 
purpose were determined. Samples were coded and 
commercial brand, origin and price were identified. The 
labeling declared on each was also taken into account. 
Visually the uniformity of the form, sphericity of particles, 
color uniformity and presence of spots were identified. By 
sensorial analysis, texture and hardness of the grains were 
identified and the presence of split or exploited grains was 
determined. For each sample, the net weight and the 
drained weight were compared with declaration on the 
label canned. Volume of each can was also measured. 
Density grains were determined following the same 
procedure that was used for the dry chickpeas samples. The 
diameters of 15 grains of the sample were determined with 
a caliber to know the diameter of the canned chickpeas. 
 
 

Choice of optimum grain for canning: 
 

An optimization calculation was formulated, establishing as 
objective function the minimum chickpeas cost needed for 
canning. Therefore, in this function, the different prices for 
each caliber and the mass of dried chickpeas required for 
this product are involved. Commercially, it was observed 
the mass of canned  drained  chickpeas  was  approximately  

 
 
 
equal to 210 g. Therefore, with the percentage increase of 
mass of each sample obtained in cooking time, it was 
possible to calculate the mass of dry  grains  that  is  needed 
for each can. Additionally, it was proposed as a restriction 
that the hydrated grains in the cooking time should exceed 
the value of the average diameter calculated for chickpeas 
samples in canned preserves. This was solved with Excel 
and GAMS programs. With the latter, a representative 
fraction of each sample corresponded to a binary variable. 
To calculate the resolution result in a single option, it was 
considered as a restriction that the sum of the same should 
be equal to 1. The equations used were: 
 
                                                                                 MH 
FO = Ʃ YiMiPri         Mi = -------------- 
                                          (1+IMi) 
 

 
  
Ʃ Yi = 1         D = Ʃ YiDi 
 
 

 

 
 

FO: Function Objective 
Yi: binary variable linked to sample i 
Mi: Mass of dried grains of sample i to fill a can 
Pri: size (caliber) price of sample i 
MH: Mass of Hydrated grains (350g) 
IMi: Increased Mass registered at cooking time test of 
sample i 
D: function Diameter that should be greater than or equal to 
average diameter of canned chickpeas 
Di: average Diameter reached by sample i at cooking time 
test 
 
 

Operations involved in the precooked chickpeas flour 
elaboration process 
 

It was established prior to the preparation of precooked 
chickpeas flour that the basic operations to be taken into 
account in this process are: 1) primary reduction size; 2) 
secondary reduction size; 3) grains cooking and hydration; 
4) dried. Two size reduction processes were performed 
since it was necessary to start from chickpeas grains about 
8mm in diameter until obtaining a flour values so much 
smaller than 1 mm. Grains cooking and hydration is 
necessary since chickpeas should not be consumed raw, 
they contain toxins that are removed after being soaked 
and boiled in plenty of water. Grains were dried to obtain a 
stable product in time. This preservation method fits better 
to any type of food products and provides high 
microbiological stability. These operations allowed 
obtaining a food of pleasant texture, intense flavor and very 
good conservation. Sieving was used mainly to evaluate and 
compare the quality of commercial chickpeas flour and the 
obtained in the laboratory process. 
 
 

Combination problem statement: 
 

A  number  for   each   basic   operation   was   assigned   and  
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combinatorial problem was raised. All numerical 
alternatives  were  presented  and  those  that  could  not  be 
carried out due to the physical limitations of the process 
were discarded. 
 
 

Permutations 
 

The generalized multiplication rule covering k operations 
states that: if an operation can be performed in n1 forms 
and if for each one of them a second can be made in n2 
forms and for each of the first two can make a third in n3 
forms, and so on, then the sequence of k operations can be 
done in n1n2n3 ... nk forms. A sample space is often 
interested in containing all the possible orders or 
arrangements of a group of objects as elements. The 
different arrangements are called permutations. A 
permutation is an arrangement of all or part of a set of 
objects. In this case, there are 4 basic objects (operations) 
to be combined in different ways. The number of 
permutations of n different objects is n! calculation 4!, 
mean 24 combinations of processes to be analyzed. 
 
 

Limitations 
 

The alternatives resulting from the previous process were 
filtered using the following physical process limitations: 1) 
the primary size reduction should always be performed 
before the secondary one. 2) process of cooking and 
hydration of the grain must always be prior to the drying 
process. After identifying the possible process alternatives, 
a second review is made taking into account the operating 
conditions of each team involved for each option. Example 
includes taking advantage of the increase in area that 
provides a reduction in size in operations involving 
transfers of matter and heat. As soon as the best 
alternatives were selected, they were carried out on a 
laboratory scale to establish the quality of the final product 
and the performance of the process. 
 
 

Alternatives development for the production process of 
precooked chickpeas flour 
 

The primary size reduction was carried out in laboratory 
with a grain splitter and the secondary reduction with an 
industrial blender or processor depending on the hardness 
of the solid to be fractionated. The grains cooking and 
hydration was done in pot with boiling water at 
atmospheric pressure in ratio of approximately 500 g of 
dried chickpeas in 3 L of liquid. The drying was done in 
oven at 70C; this temperature is advisable to avoid the 
decomposition of some nutritional components and 
denaturation of proteins. A drying curve was plotted to 
determine the time that sample maintains constant weight 
indicating complete drying. Tyler scale nets 16, 20, 36, 85 
and  140  were  used  for  sieving   and   it   was   done   in    a  

 
 
 
horizontal circular motion squeegee for one minute. After 
carrying out these laboratory-scale processes and 
according to the performance results and the needs that 
arose for each operation alternative, the best option to 
prepare precooked chickpeas flour was selected. 

 
 
Design of the preparation process of precooked 
chickpeas flour 
 
Once the best alternative was selected the complete process 
for the preparation of precooked chickpea flour was 
designed, taking into account the needs and requirements 
of each operation. It also was selected the equipment 
needed to carry out the process at the industrial level. For 
an industrial scale, it was suggested that the first size 
reduction should be carried out effectively in a grain 
splitter and the second in a mill. The cooking and hydration 
of the grains will be carried out in a cooking vessel, a 
stainless steel tank with heating system. Drying will take 
place in a continuous tray dryer. Finally the screening 
processes would be carried out in a shed with 
interchangeable meshes. 
 
 
Formulation and economic evaluation of the 
preparation process of precooked chickpeas flour 
 
The location, production capacity and break-even point of 
the precooked chickpeas flour process plant were 
formulated. To determine the break-even point, indirect or 
fixed costs were established: labor and administrative; and 
direct or variable costs: raw material and ancillary services. 
 
 
Economic and financial analysis 
 
By means of the technical-economic study of the 
preparation of precooked chickpeas flour base on the 
elaboration of ethnic food and complement of traditional 
flours, the main economic parameters were determined. 
Thus, the feasibility of applying the project at industrial 
scale was analyzed to determine the main financial 
indicators such Net Present Value (NPV) and Internal Rate 
of Return (IRR) (Valencia and Byron, 2009). Plan was 
formulated before first production year began. 

 
 
RESULTS AND DISCUSSION 
 
Seven samples dried chickpeas (2 commercial and 5 
industrial) were analyzed. Each sample was weighed and 
visually inspected to describe shape and color. 

The average density was 1.249±60 kg/m3 independent of 
size. Humidity values depend on each sample type and the 
storage conditions. This  parameter  has  importance  in  the  
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Table 1: Mass increase at the optimal soaking time test. 
 

Sample Time (min.) % Mass 
Quadratic regression % mass 

a b R2 

GS1(8) 75 59.80 -0.0047 1.1544 0.9839 

GS1(9) 78 59.70 -0.0130 1.7331 0.9578 

GS2(7) 75 63.40 -0.0115 1.6959 0.9954 

GS3(7) 90 73.20 -0.0069 1.3806 0.9517 

GS3(8) 105 60.60 -0.0050 1.0774 0.9395 

GS4(7) 105 47.40 -0.0046 0.9137 0.9663 

GS4(8) 90 48.00 -0.0076 1.1919 0.9325 

GS5(8) 125 48.30 -0.0035 0.7837 0.9511 

GS5(9) 105 45.40 -0.0042 0.8473 0.9672 

GS6(8) 105 48.10 -0.0040 0.8617 0.9669 

GS7(8) 105 42.90 -0.0043 0.8384 0.9723 

GS7(9) 105 43.90 -0.0044 0.8559 0.9621 
 

The percentage value of the mass increase reached and the parameters (previously plotted) of the corresponding 
quadratic polynomial regression are indicated. 

 
 
 

chickpea grain commercialization and the price. There was 
no relationship between size and grain moisture, indicating 
that absorption of ambient humidity does not produce a 
significant increase in grain volume. The tendency of 
commercial samples was higher moisture content with 
respect to industrial samples; this is due to the conditions 
of storage and conservation in the stores. The chickpea with 
controlled storage conditions maintained  its humidity at 
low values, as observed in industrial samples. 
 
 
Optimum soaking time 
 
Table 1 shows the sample study, the time when constant 
mass value was reached in the optimum soak time test. No 
relationship was observed between the diameter and mass 
percentage increase of each sample. Although the 
regression proposed in all cases was good and most of the 
parameters are in the same order, it is not possible to 
establish a generic equation that allows linking the mass 
percentage increase with time. There was no relationship 
between the values of these parameters and the samples 
diameter. The percentage increase in mass was between 
42.90 and 73.20%. It was observed that the longest 
optimum soaking time was 125 min which is enough time 
to soak the chickpea grain. 
 
 

Cooking time 
 
Table 2 shows the samples cooking time in which a 
constant mass value was reached and the grains texture 
was that corresponding to the boiled chickpea. 

The mass percentage increase is less in largest size grains 
showing   a   linear   relationship.   Although   the   quadratic 

regression proposed in all the cases was good and most of 
the parameters are of the same order, it is not possible to 
establish a generic equation that allows linking the 
percentage increase in mass with time. No relationship is 
observed between the values of these parameters and the 
caliber of the samples. The percentage increase in mass was 
between 88.00 and 102.90%. It was observed that the 
longest cooking time was 120min. 

 
 
Characteristics of canned chickpeas 
 
Four commercial samples of canned chickpeas were 
analyzed according Geankoplis (2007). Samples indicated 
content on their labels, Dry Soaked Chickpeas. Each was 
coded and visually inspected to describe the shape and 
color, Romero Baranzini and Falcón Villa (2010). 

 
 
Choice of the optimum grain for canning 

 
The samples that were the most suitable to be canned were 
determined, taking into account two factors: 1) each grain 
size has different market price, the bigger the grain, the 
higher the price; 2) the percentage of mass increase in the 
cooking test time and values of average diameters reached 
during the same test (Sielaff, 2000). A parameter 
incorporated as the samples, once hydrated, should have an 
average diameter greater than or equal to 10.8 mm. The 
subject was solved using the Excel program, as shown in 
Table 3. The GAMS program assign to each sample a binary 
variable and establish it as a restriction such that the 
addition of these is equal to one to obtain a single solution. 
The same result was observed in Excel. 



Academia Journal of Food Research; Ezequiel et al.          063 
 
 
 

Table 2: Mass increase in cooking time tests. 
 

Sample Time (min.) % Mass 
Quadratic regression % mass 

a b R2 

GS1(9) 76 92.10 -0.0238 2.9420 0.9385 

GS2(7) 75 101.90 -0.0271 3.3328 0.9777 

GS3(7) 90 100.80 -0.0218 3.0091 0.9159 

GS3(8) 105 100.00 -0.0156 2.5254 0.9049 

GS4(7) 105 102.90 -0.0150 2.4676 0.9086 

GS4(8) 99 97.00 -0.0178 2.6575 0.9213 

GS5(8) 120 92.60 -0.0103 1.9380 0.9080 

GS5(9) 105 84.00 -0.0131 2.1227 0.9440 

GS6(8) 105 91.90 -0.0138 2.2578 0.9172 

GS7(8) 105 88.00 -0.0138 2.2187 0.9024 

GS7(9) 105 88.00 -0.0131 2.1594 0.9309 
 

The percentage value of mass increase reached and the parameters (previously plotted) of the corresponding quadratic 
polynomial regression are observed. 

 
 
 

Table 3: Choice of the optimum grain for canning. 
 

Sample 
Caliber 
(mm) 

% Increase 
hydrated mass 

Dry grain mass 
(g) 

Price 
(U$S) 

Final diameter 
(mm) 

GS4(7) 7 102.90 103.5 0.067 10.0 

GS2(7) 7 101.90 104.0 0.067 8.9 

GS3(7) 7 100.80 104.6 0.068 9.4 

GS3(8) 8 100.00 105.0 0.074 10.0 

GS4(8) 8 97.00 106.6 0.075 10.0 

GS5(8) 8 92.60 109.0 0.076 11.2 

GS6(8) 8 91.90 109.4 0.077 10.8 

GS7(8) 8 88.00 111.7 0.078 11.4 

GS1(9) 9 92.10 109.3 0.082 11.5 

GS7(9) 9 88.00 111.7 0.084 11.7 

GS5(9) 9 84.00 114.1 0.086 11.5 
 

The best grain to be canned is GS5 (8) followed by GS6 (8). 

 
 
 
Alternatives for the process of precooked flour 
 
To propose different alternatives process, each of the basic 
operations was assigned with a number, (1) grain primary 
size reduction, (2) grain secondary size reduction, (3) 
hydration and cooking, (4) drying. The alternatives were 
generated with Excel program and six possible processes 
were obtained as indicated in Table 4. The 6 possible 
alternatives are shown in Figure 1. 
 
 
Formulation and economic evaluation of the 
elaboration process of precooked chickpea flour 
 
For the factory location, it was considered an easy point to 
obtain  raw  materials,  access  roads  and  near  to  chickpea 

production areas, according to basic costs and services. 
Factory operation was established for 5 days by week (240 
days/year). It was projected as a medium sized company 
working at 100% capacity. 

1.333 kg/day (320tons/year) of dried chickpea grains 
were processed. A yield of 30% of precooked flour was 
estimated (800 packages of 500g daily). Production of 400 
kg of precooked flour by day was determined by analyzing 
the balance point. The project has a useful life of 10 years 
with preoperative phase of one year for the factory 
installation. 

To determine the factory production, the balance point 
the precooked flour amount was determined per day at 
which the gain or profit was zero. To perform these 
calculations, the fixed and variable costs linked to 
production were identified. 
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Table 4: Different alternative processes. 
 

 Order 
Alternatives 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

1st 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4 

2nd 2 2 3 3 4 4 1 1 3 3 4 4 1 1 2 2 4 4 1 1 2 2 3 3 

3rd 3 4 2 4 2 3 3 4 1 4 1 3 2 4 1 4 1 2 2 3 1 3 1 2 

4th 4 3 4 2 3 2 4 3 4 1 3 1 4 2 4 1 2 1 3 2 3 1 2 1 

Filter 
1 0 1 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 

A 
 

B C 
        

D E 
  

F 
        

A-F (possible alternatives) four operations have 24 combinations, number 1 will always be before 2 and number 3 will always be before 4. 

 
 

 

 
A: 

    
 
B: 
 

    
 
 
C: 
 

    
 
D: 
 

    
 
E: 
 

    
 
F: 
 

    
 
  
 

 

 

(1) 
 

(1) 
 

(4) 
 

(3) 

 

(2) 
 

(4) 
 

(1) 
 

(3) 

 

(4) 
 

(2) 
 

(1) 
 

(3) 

 

(2) 
 

(4) 
 

(3) 
 

(1) 

 

(4) 
 

(2) 
 

(3) 
 

(1) 

 

Drying (4) 

Hydration and 

cooking (3) 

2nd size 
reduction 

grain (2) 

1st size 
reduction 

grain (1) 

 

 
 
Figure 1: Six possible alternatives for process of precooked flour. 
"A" has two size followed reductions at the beginning, later at cooking and hydration process 
particles are so small, they get stuck and do not allow continuing with the process. "D", "E" and "F" are 
discarded because they do not take advantage of the possibility to increasing the area of heat and 
matter transfer and therefore the reduction of drying and cooking and hydration time. The 
alternatives tested in the laboratory were "B" and "C". 
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Figure II: graph of equilibrium for determination the balance point 

 
 

 
 
 

Fig. II shows the equilibrium point in approximate 240kg precooked flour production by day. Therefore to 
obtain positive production profits a minimum of 300kg of precooked chickpea flour by day it is necessary 

 

----- fixed costs                      ----- total costs              ----- adding contingencies 
----- variable costs                ----- sales revenue 
 

 
 
Figure 2: Graph of equilibrium for determination the balance point. 
The figure shows the equilibrium point in approximate 240 kg precooked flour production by day. Therefore 
to obtain positive production profits a minimum of 300kg of precooked chickpea flour by day it is necessary. 

 
 
 

Labor cost is considered as fixed costs, raw material as 
direct or variable costs and auxiliary services water, fuel 
and electricity. 
 
 

Determination of balance point 
 

Total fixed costs, total variable costs, total costs (add fixed 
and variable costs), and costs considering contingencies 
(5%) and income from sales were tabulated and graphed. 
Product sale price of 5U$S/kg of precooked flour was 
established taking into account the amount of similar 
products at the market. The graph of equilibrium point for 
this process can be seen in Figure 2. 

Unit fixed costs, unit variable costs, unit total costs (add 
unit fixed costs and unit variable costs), and total unit costs, 
taking into account contingencies events and unit income 
(price), were tabulated and graphed. These allow 
evaluating the cost of the unit production (1 kg flour) as can 
be seen in Figure 3. 

This concludes establishing a production of 400 kg of 
precooked flour/day (800 units of 500g/day); with value to 
obtain a positive profit, the unit cost is lower and 
compatible with a medium sized company production. 
 
 

Economic analysis 
 

Through the technical and economic study of the 
elaboration of precooked chickpea flour, base on the 
elaboration of ethnic dishes and complement  of  traditional 

flours, the main economic parameters were determined. 
Thus the viability of the project application at SMEs (small 
and medium enterprises) scale was analyzed to determine 
the main financial indicators such as NPV, IRR, etc. 

A production of 40 0Kg precooked chickpea flour per day 
was established since it is a value with a positive utility 
obtained and the unit cost is the estimated daily 
production. It was produced during 240 days by year with 
an annual production of 96.000 Kg of precooked flour. The 
price by Kg product obtained is U$S5.- with annual income 
of U$S480,000. The useful life of the project is 10 years. 

The economic investment in land, civil works, equipment, 
administrative area and total investment of the project was 
calculated and is shown in Tables 5 and 6. As a result, direct 
and indirect costs related to the project were calculated, 
including costs of the administrative area, raw material and 
labor, auxiliary service of fuels, water and electricity. 
 
 

Costs 
 

As soon as the production was determined, the direct and 
indirect costs linked to the project were calculated. The 
results are shown in Table 7. 
 
 
Cash flow NPV and IRR 
 

For the NPV and IRR calculation, 40% was adopted for a 
month. 
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Figure III: Unit Costs and Product Price 
 

 

 
 
 
 

Fig. III shows that a production of 300 to 400kg of precooked flour by day the cost of a unit production 
decreases significantly. From 400kg of precooked flour by day onwards the unit cost decreases less 

intensity 

 
 
Figure 3: Unit costs and product price. 
The figure shows that a production of 300 to 400kg of precooked flour by day the cost of a unit production decreases 
significantly. From 400kg of precooked flour by day onwards the unit cost decreases less intensity. 

 
 
 

Table 5: Industrial equipment to carry out the process. 
 

Operation Equipment 

Reception of raw material Weight scale 

Size reduction grain Grain breaker 

Classification and elimination of dust and sifting Sorting screen with different interchangeable meshes 

Air flow for scale removal Industrial fan 

Hydration and cooking Stainless steel tank with heating chamber 

Drying Tray drying 

Fine grinding Ballor roller mills 

Packing Packing machine 

Transport Conveyor 
 

This table shows the equipment selected for each operation. 
 
 
 

taxes with 22% interest. Values are shown in Table 8. 
 
 
Financial analysis 
 
The following plan was formulated before beginning the 
first year (year zero): 1)  obtain  money  from  shareholders 

(total investment);2) buy equipment for production; 3) pay 
labor and start production. 

The company must maintain constant or certain level in 
its inventory, the following amounts were established for 
calculation: a) raw material for half a month production, b) 
products in processes equivalent to U$S1,000, c) finished 
products in warehouse that allow sales to continue  for  half  
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Table 6: Economic investment. 
 

Item Costs (U$S) Total Depreciation (U$S) 

Land 12.000,00 

84.485,00 
Civil Works 31.500,00 

Machinery and equipment 34.485,00 

Administrative 18.500,00 

Subtotal 96.485,00 

 

Contingencies (15%) 14.472,75 

Subtotal 110.957,75 

WC (25% of investment - U$S) 27.739,44 

TOTAL INVESTMENT (U$S) 138.697,19 
 

Total investment project costs are seen with depreciation (WC: working capital). 

 
 
 

Table 7: The results of the calculation of direct and indirect costs 
linked to the project. 
 

Annual costs Cost (U$S/year) 

Administrative 55.000 

Raw Material 192.000 

Direct Labor 74.588 

Gas 8.078 

Water 2.160 

Electricity 21.864 

TOTAL 353.690 

 
 
 

Table 8: Values of NPV, IRR and 
Repayment Period (RP) of the project. 
 

NPV $ 450.743 

IRR 107% 

RP 14 months 

 
 
 
CONCLUSIONS 
 
It was possible to add value to chickpea using several 
methods for the characterization of important parameters 
in the canning industry, in order that the producer can give 
more fluidity to their sales and proposes the development 
of an innovative process for obtaining a new product based 
on chickpea flour with good functional, sensory and 
nutritional characteristics. 

A procedure was designed to select the best destination 
of chickpea grain, making an integral use of it. The 
parameters were determined in a simple and reliable way 
to be reproduced in the place where the classification of the 
legume is carried out, providing information on their 
conditions for preservation. Those grains that are not 
optimal for canning can be used in a process to make new 
product such as precooked flour. 

The grain classification on different calibers allowed 
observing the influence of size on the different parameters 
determined. The determination of the density can be 
dispensed since it was found in bounded values and was 
independent of grain size and humidity. Humidity is a 
critical step in the evaluation of grain quality because of its 
importance on the price and storage conditions. 

The tests of optimum time of soaking allowed observing 
the time at which the grain must be submerged to improve 
its conditions of subsequent processing and it was found to 
be lower than the normally used, but the parameters 
determined in this test did not influence the selection of the 
optimal grain for canning. The cooking time trials were the 
most important since they were extracted from data for 
choice of the best destination for chickpea. 

The analyzed samples that were optimal and destined to 
be canned were determined, taking into account the 
different prices of each caliber and the percentage increase 
of mass and diameter recorded in the cooking time tests. 

A process was designed for elaboration of precooked 
chickpea flour achieving a product with good nutritional 
and sensory characteristics. For process design, all the 
possibilities of combining the unit operations necessary to 
obtain the desired product were taken into account. After 
analyzing the physical possibilities of carrying out each 
alternative, two that were tested on a laboratory scale were 
selected. 

When simulating the processes, it was found necessary to 
incorporate an operation which includes an air current that 
allows separating the scale generated in the first reduction 
in size. During the cooking and hydration phase, a greater 
mass increase was obtained than with the whole grain due 
to the increase of the generated transfer area. The drying 
process was not influenced by a second reduction in size 
since at the end, the same area was exposed to be 
dehydrated. 

It is recommended to analyze the possibility of 
reprocessing the course generated in the second size 
reduction or to allocate them to elaboration of other 
products.   It   would   also  be   convenient   to  optimize  the  
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process of precooked flour since the obtained yields can be 
overcome. 

It was possible to choose the best alternative process for 
elaboration of precooked chickpea flour taking into account 
the yields obtained, the process stages and the influence of 
one operation on another, raising the corresponding flow 
sheet at an industrial level. 

The economic evaluation was carried out to determine 
the viability of the application of the project to industrial 
scale. The necessary daily production was estimated taking 
into account the equilibrium point. The project engineering 
and economic indicators were analyzed through the 
calculation of the NPV. The IRR results indicate that the 
project is viable and feasible for its execution. 

Finally, technology was developed and transferred in 
order to promote an almost non-existent activity in the 
Central and Northwest (NOA) regions of Argentina, with the 
consequent increase in added value of regional agricultural 
products, contributing to the social and economic 
development of the NOA region of the country. 
 
 
ACKNOWLEDGEMENT   
 
This study was supported by grants from the CIUNT 
(Consejo de Investigaciones de la UNT - Research Council 
from the National University of Tucumán, Argentina). 
 
 
DEDICATION 
 

†"This work is dedicated to the memory" of María Luisa 
Genta who died April 2014. 
 
 
REFERENCES 
 
Argentine Food Code (actualized 2017). 

www.anmat.gov.ar/alimentos/normativas_alimentos_caa.asp 
Association of Official Analytical Chemists (A.O.A.C.) (2007). Official 

Methods of Analysis. 
Carreras J, Mazzuferi V, Karlin M (2016). El cultivo de garbanzo (Cicer 

arietinum) en Argentina. 1° Ed. Universidad Nacional de Córdoba. ISBN 
978-950-33-1251-3. 

Chickpea flour (besan) Nutrition Facts and Calories. 
http://nutritiondata.self.com/facts/legumes-and-legume-
products/4406/2 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
Chickpeas (garbanzo beans, bengal gram), mature seeds, canned Nutrition 

Facts and Calories. http://nutritiondata.self.com/facts/legumes-and-
legume-products/4327/2 

Food and Agriculture Organization Nutrition Studies (FAO) (2007). Codex 
Alimentarius “Cereales, Legumbres, Leguminosas y Productos 
Proteínicos Vegetales”. 1° Ed., World Health Organization (WHO), Rome, 
Italy. ISBN 978-92-5-305842-6. 

Garbanzos para el Colesterol. http://www.alimentacion-
sana.org/PortalNuevo/actualizaciones/garbanzoscolesterol.htm 

Geankoplis CJ (2007). Procesos de transporte y principios de procesos de 
separación. 4° Ed. Patria. México (1° reimpresión). ISBN 987-970-24-
0856-7. 

La Gaceta Newspaper, Editorial (2018). S.M. Tucumán, Argentina. 
https://www.lagaceta.com.ar/ nota/773588/opinion/estimular-
consumo-poroto-garbanzo-lenteja.html 

Marginet Campos JL (2011). El garbanzo y sus perspectivas. 
http://www.alimentacion-
sana.com.ar/informaciones/novedades/garbanzo.htm 

Pérez D, Paredes V (2011). Resultados económicos de los cultivos de 
garbanzo y trigo en Tucumán en la campaña 2010 y perspectivas para 
2011. Estación Experimental Agroindustrial Obispo Colombres 
(EEAOC), Secciones Economía, Estadísticas y Granos, Boletín N°50, S.M. 
Tucumán, Argentina. ISSN 1851-5789. 

Perry RH, Green DW (2001). Manual del Ingeniero Químico. 7° ed. Mc 
Graw Hill. Madrid, España. ISBN 84-481-3342-0. 

Producción y Manejo de Datos de Composición Química de Alimentos en 
Nutrición. http://www.fao.org/docrep/010/ah833s/AH833S00.htm# 
Contents 

Propiedades Alimentarias de la Harina de Garbanzo. 
http://www.codexalimentarius.net/web/standard_list.do?lang=es 

Propiedades Alimentarias de la Harina de Garbanzos. 
http://www.botanical-online.com/harinadegarbanzos.htm 

Propiedades de los Garbanzos http://www.botanical-
online.com/garbanzospropiedadesalimentarias.htm 

Romero Baranzini AL, Falcón Villa MR (2010). Evaluación de color del 
garbanzo (Cicer arietinum) por métodos instrumentales y sensoriales. 
Revista Mexicana de Agronegocios, XIV (27): 323-335. 

Sielaff H (2000). Tecnología de la fabricación de conservas. Ed. Acribia S.A. 
ISBN 84-200-0902-4. 

Valencia M, Byron D (2009). Evaluación técnica financiera de la 
industrialización del garbanzo (Cicer arietinum) usando un proceso de 
extrusión. Escuela Politécnica Nacional, Facultad de Ingeniería Química 
y Agroindustria, Quito, Ecuador. 
http://bibdigital.epn.edu.ec/bitstream/15000/1692/1/CD-2292.pdf. 

 
 
 
 
 

Cite this article as: 
 
Ezequiel V, Hugo G, Macchiarola H, Cecilia, Genta† ML (2018). 
Chickpeas characterization for canned and development of 
precooked flour manufacturing process. Acad. J. Food. 6(4): 058-
068. 
 
Submit your manuscript at  
http://www.academiapublishing.org/ajfr 
 

http://www.anmat.gov.ar/alimentos/normativas_alimentos_caa
http://nutritiondata.self.com/facts/legumes-and-legume-products/4406/2
http://nutritiondata.self.com/facts/legumes-and-legume-products/4406/2
http://www.alimentacion-sana.org/PortalNuevo/actualizaciones/garbanzoscolesterol.htm
http://www.alimentacion-sana.org/PortalNuevo/actualizaciones/garbanzoscolesterol.htm
http://bibdigital.epn.edu.ec/bitstream/15000/1692/1/CD-2292.pdf

