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Abstract: Food industry is always looking for optimization, either of the products or the processes. To fulfil this requirement, at 

laboratorial scale, were tested three alternative hydration temperatures (40⁰C, 80⁰C and 90⁰C), the can orientation during sterilization 

and storage, the removal of NaCl of the immersion liquid and the impact of different geographic locations of the raw material on product 

quality (texture, clumping percentage and broken and splitting percentage) and process performance (hydration time and production 

yield).  The geographic location of raw materials does not seem to influence either the product quality or the process performance. The 

results have shown that clumping decreased at 80⁰C and 90⁰C (87% and 69% for white beans and 78% and 83% for black beans, 

respectively) and hydration time undergoes a progressive reduction as the temperature rises (36-77% for chickpeas, 52-86% for white 

beans and 50-75% for black beans). When the cans were orientated upside down, whether during sterilization, storage or both, the 

clumping was reduced. The removal of salt not only resulted on higher clumping percentage (rise of 82% for white beans and 25-172% 

for black beans), but also on higher production yield. At industrial scale was implemented the hydration of cowpea with stationary water. 

The results have shown a rise of microbial load in water, however the organoleptic characteristics of the vegetable remained 

untouched, validating the alternative operating condition. 
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INTRODUCTION 

Vegetables or, more accurately, legume seeds, are 

characterized for a round and strong structure. Cotyledons (80-

90%), seed coat (8-18%) and embryonic structure (1-2%) are 

the three main structures1. On the membrane are located 

specialized structures – hilum, micropyle and lens – reported 

as the main water entrances1,2. The cotyledons are constituted 

by parenchyma cells, gathered by a pectic layer, named middle 

lamella. Each cotyledon cell is packed with starch granules that 

are incorporated in a protein matrix1. 

The production of canned vegetables is mainly based on 

thermic processes, not only for the cooking, but also for the 

need of food preservation, inactivating microorganisms and 

enzymes3. Traditionally, and on a succinct way, the process is 

constituted by three main steps – hydration, blanching and 

sterilization.  The hydration step guarantees the entrance of 

water in the vegetable, allowing an easier and more uniform 

distribution of heat during the cooking step (sterilization)4,5. The 

blanching has as main objective enzymatic inactivation. Some 

of the target enzymes are polyphenoloxidases, 

polygalactoronases and clorophilases, because their presence 

implies loss of nutritional qualities, colour, etc.4. To reach 

commercial sterility, the product is submitted to sterilization, 

also responsible for the cooking of the seeds. 

Some variations of the tradicional process have been studied 

in order to improve the product quality and the process 

performance. 

 

 

 

Traditionally, hydration is performed at room temperature, 

leading to a slow process (several hours). As the water 

absorption mainly depends of hydration time and water 

temperature, new processes using hot water have been 

implemented in order to diminish the time spent at hydration. 

As the temperature rises, the hydration time is reduced, 

achieving reductions of 50-125%6,7. However, faster water 

absorptions are related to lower moisture contents, resulting on 

firmer vegetables.  

Other alternative method to perform hydration is the 

simultaneous hydration and blanching. This method occurs 

continuously in blanchers that operate at high temperatures 

(77-96⁰C). McMahon studies has shown that hydration time is 

reduced of 8-24h to 30-60min, without the need of other 

thermic step, which results on the agglutination of hydration 

and blanching steps4.  

Conventional sterilization is a thermic process. Nowadays new 

sterilization techniques, allying temperature and high pressure, 

have appeared, resulting on operation conditions that do not 

overcome 100⁰C. Applying these techniques, a higher firmness 

is achieved without prejudice of microbial reduction8. 

Product quality 

Sensorial characteristics are the most important food attributes 

to the consumers. Sensorial characteristics can be grouped in 

three categories – appearance, taste and texture9.  
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Studies regarding the quality of canned vegetables revealed 

that characteristics as firmness and broken seeds have a 

strong correlation with the perception of quality by the 

consumer, followed by clumping10.  

On vegetables, the texture loss is mainly caused by protein 

denaturation, pectin hydrolyses, starch gelatinization and 

hemicellulose solubilisation. These phenomenons are caused 

by water absorption and thermic treatment. The hydration step 

promotes the loss of firmness due to the rising of water content 

that leads to starch gelatinization11. When the vegetables 

undergo blanching and sterilization steps, their tissues are 

affected. During thermic processing pectins are degraded via 

beta-elimination, with impact on texture once the pectic 

compounds have a fundamental role on strength and adhesion 

of cell walls1.  

Clumping is defined as the agglomeration of vegetable seeds 

on the can bottom. Clumping is related with the immersion 

liquid viscosity, which in turn is related with the pectic, fitic acid 

and amylose contents on raw vegetables and with the loss of 

the compounds to the immersion liquid10.  

MATERIALS AND METHODS 

Raw materials 

Dry vegetables – chickpeas, white beans and black beans – 

from two geographic locations (table 1). For the white beans, 

only one geographic location has been studied.  

Table 1-Geographic location of vegetables under study 

Vegetable Geographic location 

Chickpea 
USA 

Portugal 

White bean Argentine 

Black bean 
Argentine 

Ethiopia 

 

For the immersion liquid were used NaCl and condiments. 

Experimental equipment  

To mimetic the production line was used the listed equipment 

at table 2.  

Table 2-Equipment for vegetable processing, brands, models and 
characteristics 

Material Application Brand Model Characteristics 

Thermostatic 
bath 

Hot 
hydration 

Memmert AL7116 10-95⁰C 

Autoclave Sterilization A.J. Costa 
Steri 

21/165L 
- 

Sealer Canning 
Franco 
Boni 

B-3 For 15oz cans 

  

To perform the analyses was used the listed equipment at 

table 3. 

 

 

Table 3-Equipment for analyses, brands, models and characteristics 

Material Application Brand Model Characteristics 

Refractometer 

Determination 

of soluble 
solids 

concentration 

B+S 
RFM34

0-T 

Precision 
± 

0,005⁰ 
Brix 

Accuracy 
± 

0,010⁰ 
Brix 

Rheometer 
Determination 
of flux curve 
and viscosity 

Anton 
Paar 

Rheola
b QC 

- - 

Texturometer 
Determination 
of maximum 

force 

Stable 
Micro 

System 
TA-HDi - - 

Balance 
Determination 

of weight 
Mettler 
Toledo 

PBB00
1-S 

Deviation 0,1g 

Error 1g 

 

Experimental Methods 

The experimental methods described, laboratorial and 

industrial, had as main goal the sample production and 

collection for posterior analyses. 

On the laboratorial scale studies, was necessary to produce 

canned vegetables as described on the operation flow diagram 

(figure 1).  

 

 

Figure 1-Operation flow diagram of study 1 

Study 1 has three branches, 1A, 1B and 1C. Branch 1A 

followed the operating conditions actually practiced at plant. 

Branches 1B and 1C are related with alternative operating 

conditions.  

On the industrial scale were performed tests of cowpea 

production with stationary water, named study 2.   

Study 1 

Immersion liquid preparation 

The immersion liquid was handmade following the 

specifications (composition and concentration) practiced in the 

plant.  

Branch 1A 

Hydration: added water and dry vegetable (2L of water for 

500g of vegetable) at room temperature. The vegetable was 

hydrated until the weight doubled. One hour before the end of 

the stipulated time was reached, weight measurements has 

been initiated and repeated every 30 minutes.  

Blanching: the hydrated and drained vegetable was placed in 

water, at temperature and during the time stipulated by the 

company. 

Canning: 15oz cans were filled with 200g of chickpeas/white 

beans, or 170g of black beans, and fulfilled with immersion 

liquid. The cans were sealed with a sealer. 
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Sterilization: cans were placed at autoclave. Half with the 

easy opening directed to top (regular orientation) and the other 

half upside down (alternative orientation). The sterilization step 

was performed according to the plant specifications. 

Storing: the cans are stored in a fresh and dry place. Half of 

the cans sterilized on regular orientation were stored on regular 

orientation and the other half were stored on alternative 

orientation. The same methodology was applied to the cans 

sterilized on alternative orientation. 

Branch 1B 

Identical to the procedure described in branch 1A, however the 

hydration water was heated, in a thermostatic bath, until 40⁰C. 

As the desired temperature has been reached, the dry 

vegetable was added to water, remaining the recipe on the 

thermostatic bath until the end of the step. 

Branch 1C 

The differences to the branch 1A are related with the hydration 

and blanching steps that occurred at the same time and with 

water at 80⁰C and 90⁰C. One more time the thermostatic bath 

was used to heat and maintain the water temperature. 

Study 2  

Can sampling: the samples of processed vegetable were 

picked directly from the production line, after labelling. Were 

collected 6 cans corresponding to production under water 

recirculation regime and 18 cans corresponding to production 

under stationary water regime (6 from the beginning of the 

vegetable consumption, 6 from the middle and 6 from the end). 

Hydration water sampling: were collected water samples 

from the hydration tanks studied. The samples were collected 

from the top and the bottom of the tanks, at the beginning of 

the process and every hour from them on.  

Analytical methods 

Weighing  

All the measurements were done with the balance mentioned 

at table 3. 

Initial weight: measure the total weight can, including the 

content and the whole can (body and cover). 

Drained weight: measure the total vegetable content after 

draining the liquid  

Final weight: measure the quantity of vegetable that naturally, 

without an external mechanic action, came out of the can.  

Weight without broken and splitting seeds: after the 

determination of the drained weight, separate the broken and 

splitting units and measure the remaining units. 

Determination of soluble solids concentration 

A small amount of sample was placed on the surface 

refractometer. For solid samples, a previous smashing was 

required. 

 

Determination of viscosity 

The immersion liquid viscosity was measured using a rotational 

rheometer and a double gap cylinder, connected to the 

software RheoCompassTM. 

The measuring system was filled with the liquid until a pre-        

-stablished line. For the white beans and the black beans, the 

measures were performed between 0s-1 and 100s-1, however 

for the Portuguese chickpeas the measures were performed 

between 50-500s-1 and for the Argentinian chickpeas between 

100-500s-1. 

The viscosity values correspond to the velocity of 1s-1 for white 

beans and black beans and 50s-1 and 100s-1 for chickpeas. 

All the results are presented as the mean of three 

measurements. 

Determination of soluble fibers content  

The analyses were performed according to the method 

described at AOAC 991.43.  The method is based on the 

removal of starch and proteins by enzymatic digestion, 

followed by the removal of insoluble fibers by filtration. Finally, 

the soluble fibers are precipitated with alcohol, filtered, dried 

and weighed. 

The values are corrected for proteins, ashes and the blank. 

Determination of total starch content 

The total starch content was determined following the 

spectrophotometric method described at BOE 207748. The 

method is based on the conversion of starch into NADPH. The 

quantity of NADPH is stoichiometrically related with starch (1:1) 

and is determined using a spectrophotometer.  

The results are represented as the mean of the measures at 

334nm, 340nm e 365nm. 

Firmness determination 

Following the method described at AACC International Method 

56-36.01 (2012), Firmness of Cooked Pulses, the firmness was 

performed using 7,5±0,5g of sample and a texturometer 

equipped with a Mini Kramer Shear Cell and a velocity of 

1,5mm/s. 

The results were expressed as the mean of 6 measurements. 

Sensorial analysis  

The sensorial tests were performed per vegetable variety. The 

vegetables processed under branches 1A, 1B and 1C were 

tasted at the same time, with exception for the vegetables 

prepared without salt.  

The panel was composed by 5 semi-trained panellists. 

The panellists qualitatively evaluated the vegetable regarding 

general aspect and texture and rating the texture, broken 

seeds, splitting seeds and general aspect under a scale of 1-7 

(corresponding 1 to bad and 7 to excellent). 

The results are presented as the mean of the classifications. 
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Microbiological analysis  

For all the microbiological analyses – total mesophylls, mold, 

yeast, anaerobic sulfate reducers and lactobacteria – the same 

procedure was applied. The culture media and the incubation 

conditions were specific for each group of microorganisms 

(table 4). 

First, the sample was diluted the required number of times. 

Then, 1mL of the dilutions were placed into Petri dishes and 

the culture media was added.  

After the culture medium solidified, the Petri dishes were 

placed in greenhouses at temperature and for the time detailed 

in table 4. 

Table 4-Culture medium and incubation conditions for the studied 
microorganisms 

Microorganism 
Culture 
medium 

Incubation 
time (h) 

Incubation 
temperature 

(°C) 

Total 
mesophylls 

PCA 48 30±1 

Yeast and mold YGC 120 25±1 

Anaerobic 
sulfate reducers 

TSC 48 37±2 

Lactobacteria MRS 72 30±1 

 

Calculus 

Some of the results presented were not obtained directly from 

the analytical methods, having suffered a mathematical 

treatment. 

Production yield 

The results were presented as the mean of 3 determinations.  

𝜂 (%) =
𝑑𝑟𝑎𝑖𝑛𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡

𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡
×100   (1) 

Dry weight corresponds to the amount of vegetable placed by 

can. 

Clumping percentage 

The results were presented as the means of 10 determinations. 

𝑐𝑙𝑢𝑚𝑝𝑖𝑛𝑔 (%) = 

= [1 − (
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑐𝑎𝑛 𝑤𝑒𝑖𝑔ℎ𝑡
)] × 100   (2) 

Can weight corresponds to the weight of an empty can (body 

and cover) and assumes the value of 52,8g. 

Broken and splitting percentage 

The results were presented as a mean of 3 determinations. 

𝑏𝑠 (%) = 

= (1 −  
𝑑𝑟𝑎𝑖𝑛𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑏𝑟𝑜𝑘𝑒𝑛 𝑎𝑛𝑑 𝑝𝑙𝑖𝑡𝑡𝑖𝑛𝑔 𝑠𝑒𝑒𝑑𝑠

𝑑𝑟𝑎𝑖𝑛𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡
) ×100   (3) 

 

Mass fraction variation 

Mass fraction variation of component x – soluble solids, total 

starch or soluble fiber – on each matrix y – hydration water, 

immersion liquid or processed vegetable – may be calculated 

as in expression (4). The results were presented as the mean 

of 3 determinations. 

∆%𝑥𝑦 (𝑤 𝑤⁄ ) = %𝑥𝑓𝑖𝑛𝑎𝑙,𝑦 − %𝑥𝑖𝑛𝑖𝑡𝑖𝑎𝑙,𝑦   (4) 

 

Graphic representation of microbial evolution  

To calculate the microbial contamination of the samples, 

expressed as the number of colonies (CFU) by sample volume 

(mL), expression (5) was used.  

The expression is based on the number of colonies per Petri 

dish and 10d represents the inverse of dilution. 

𝑛º 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 (
𝐶𝐹𝑈

𝑚𝐿
) =

∑ (𝑛º𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 (
𝐶𝐹𝑈
𝑝𝑙𝑎𝑡𝑒

) ×10𝑑)𝑛
𝑖=1  

𝑛º 𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝑝𝑙𝑎𝑡𝑒𝑠
   (5) 

 

The graphics representative of microbiological evolution has a 

semi logarithmic scale. The dots were presented as the mean 

of 3 determinations. 

 

RESULTS AND DISCUSSION 

Study 1 

Expecting to understand in which way the studied operating 

conditions can lead to improvements, five parameters have 

been analysed. Broken and splitting percentage, clumping and 

texture, related to product quality and hydration time and yield 

related to performance process. 

Whatever the alteration performed, the broken and splitting 

percentage remained unchanged.  

Influence of geographic location 

The geographic locations selected don’t influence either the 

product quality (table 5) – clumping and texture – or the 

process performance – yield and hydration time (table 6). 

Table 5-Geographic location influence on product quality 

Vegetable 
Geographic 

location 

Clumping 
(x100) 

(%) 

Firmness 
(N/g) 

Texture 

Chickpea 
USA - 7,3±0,3 5,4±0,5 

Portugal - 7,2±0,2 5,0±1,1 

Black 
beans 

Argentine 0,12±0,02 7,7±0,7 5,2±0,4 

Ethiopia 0,18±0,04 8,3±0,8 5,0±0,6 
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Table 6-Geographic location influence on process performance 

Vegetable 
Geographic 

location 
η (x100) 

(%) 
thydration (h:min) 

Chickpea 
USA 2,55±0,04 11:00±00:00 

Portugal 2,42±0,02 10:50±00:14 

Black 
beans 

Argentine 3,21±0,03 05:00±00:00 

Ethiopia 3,21±0,03 04:00±00:00 

 

Only the chickpeas yield seems to be influenced by the 

geographic location. However, the variation is under the 

expected and between the range of values specified by the 

company.  

Salt effect 

There are some considerations to be made regarding the salt 

effect on the product quality.  

Concerning texture, it is observed that there is no statistical 

difference between the firmness measurements of samples 

with or without salt. Chickpeas results are an exception, with 

the firmness decreasing in absence of salt (figure 2). 

Furthermore, it is impossible to register a uniform tendency 

(increase or decrease) on texture when the salt is removed, 

thus making impossible to infer about the effect of salt on 

vegetables texture.  

 

Figure 2-Mean firmness of a) chickpeas, b) white beans and c) black 
beans, processed with and without salt, under standard operating 
conditions. Caption:     with NaCl;      without NaCl 

The sensorial analysis demonstrates the same that 

instrumental analysis. On average, the panellists do not detect 

differences on texture between the vegetables processed with 

or without salt (figure 3). 

 

Figure 3-Texture sensorial classification of the processed vegetables. 
Caption:    mean;    maximum;    minimum 

However, the scores dispersion indicates that the panellists 

have very different opinions about texture, which makes the 

results merely indicative and with no statistical significance. 

Regarding clumping, in the absence of salt, it has been verified 

a transversal increase to all the vegetables under study (figure 

4). 

 

Figure 4-Mean clumping of a) white beans and b) black beans, 
processed with and without salt, under standard operating 
conditions. Caption:     with NaCl;      without NaCl 

White beans had shown an increase of 82% and black beans 

from Ethiopia of 172%. To point out that for black beans from 

Argentine there is no statistical difference between clumping of 

samples processed with or without salt. 

A chemical analysis of the immersion liquid let understand that 

in the absence of salt the soluble solids migration to the 

immersion liquid increased (figure 5). These results can be 

justified with the increase in the difference between osmolarity 

inside and outside the vegetable. 

 

Figure 5-Mean variation of soluble solids concentration on 
immersion liquid for a) chickpeas, b) white beans and c) black beans, 
processed with and without salt under standard operating 
conditions. Caption:    with NaCl;     without NaCl 



6 
 

Viscosity measurements of the immersion liquid had shown an 

increase of viscosity in the absence of salt (figure 6) that can 

be justified with the increase of soluble solids migration to the 

immersion liquid. 

 

Figure 6-Mean viscosity (µ) of immersion liquid, with and without 
NaCl, for a) chickpeas, b) white beans and c) black beans processed 
under standard operating conditions. Viscosity values obtained for 
shear rate of 150s-1 for chickpeas from USA, 50s-1 for chickpeas from 
Portugal and 1s-1 for the other vegetables.                                     
Caption:    with NaCl;     without NaCl 

Analysing the effect of salt on process performance, it is 

observed that salt has impact on yield, whatever the vegetable 

under study (table 7). 

Table 7-Yield rise of vegetables processed in the absence of NaCl 

Vegetable 
Geographic 

location 
Yield rise (%) 

Chickpeas 
USA 3 

Portugal 7 

White beans Argentine 14 

Black beans 
Argentine 3 

Ethiopia 9 

 

Again, the higher absorption of water can be related to the 

higher difference between osmolarity inside and outside the 

vegetable. The osmotic effect seems to overlap the effect 

reported by Abu-Ghannam and McKenna (1997)7. They 

verified that higher the absorption rate, lower the moisture 

content.  

Hydration temperature impact  

Three alternative temperatures were studied – 40°C, 80°C and 

90°C – the last two with agglutination of hydration and 

blanching steps. 

On vegetable texture, the results had shown no differences 

between the firmness of vegetables processed under different 

conditions (figure 7). These results are in conflict with the 

results reported on literature where, in general, it is verified a 

decrease in firmness as the hydration temperature increase 

(until 50°C), from 50°C the softness of seeds is supressed and 

occurs the opposite phenomenon5. 

 

Figure 7-Mean firmness of a) USA chickpeas, b) Argentinian white 
beans and c) Ethiopian black beans processed under alternative 
hydration temperatures 

Sensorially, there are no significant differences regarding the 

panellists perception of texture (figure 8). Once more, it is 

observed a high dispersion of scores, which makes the results 

merely indicative. 

 

Figure 8-Texture sensorial classification of the processed vegetables 
at different hydration temperatures.  
Caption:    mean;    maximum;    minimum 
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For both vegetables, clumping tends to decrease as the 

temperature rises (figure 9). However, the differences around 

the standard (Tamb) are only statistically relevant at 80°C and 

90°C. Between 80°C and 90°C the results hadn’t shown 

statistical difference. 

 

Figure 9-Mean clumping of a) Argentinian white beans and b) 
Ethiopian black beans under alternative hydration temperatures 

As observed during the study of salt effect, clumping is related 

with the soluble solids migration to immersion liquid. At the 

highest temperatures (80°C and 90°C) the loss of soluble 

solids to the hydration water occurs, which leads to a decrease 

of the soluble solids concentration on immersion liquid (figure 

10). 

 

Figure 10-Mean variation of soluble solids mass fraction on 
hydration water and immersion liquid for a) USA chickpeas, b) 
Argentinian white beans and c) Ethiopian black beans processed 
under alternative hydration temperatures.     
Caption:      hydration water;    immersion liquid 

 

The viscosity results only correspond to the expected for white 

beans, once the increase of temperature (at 80°C and 90°C) 

resulted on lower viscosity values (figure 11). 

 

Figure 11-Mean viscosity (µ) of immersion liquid of a) USA chickpeas, 
b) Argentinian white beans and c) Ethiopian black beans processed 
under alternative hydration temperatures 

Analysing the process performance, the hydration temperature 

reveals to be extremely influencer of hydration time (table 8), 

without prejudice of the production yield (figure 12). 

 

Figure 12-Mean yield of the production process of a) USA chickpeas, 
b) Argentinian white beans and c) Ethiopian black beans, processed 
under alternative hydration temperatures 
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Table 8-Hydration time reduction vs hydration temperature 

Vegetable 
Hydration 

temperature (°C) 
Hydration time 
reduction (%) 

Chickpeas 

40 36 

80 59 

90 77 

White beans 

40 52 

80 72 

90 86 

Black beans 

40 50 

80 63 

90 75 

 

The reduction of hydration time as the temperature rises 

corresponds to the expectation once higher water absorption 

rates had been reported in some studies1,12. 

The reduction of hydration time appears to be a major 

improvement of the process performance since it does not only 

make the process more flexible but also reduces the water 

consumption.  

The alteration of the hydration temperature appears to be a 

good modification of the production process because it does 

not diminish the quality of the product regarding texture, 

improve the quality of the product in terms of clumping and 

reduces the hydration time. However, the suggested alteration 

implies a direct rising of energetic consumption and, for the 

case of simultaneous hydration and blanching, the acquisition 

of new equipment.  

Can orientation impact 

Nowadays, cans are placed with the easy opening directed to 

the top (normal orientation) during the production process and 

storing. 

To verify if the can orientation has any impact on clumping, 

some cans were produce and/or stored upside down (inverse 

orientation), resulting in four alternative orientation 

combinations.  

The results have shown that all the alternative orientation 

combinations promote the clumping reduction (figure 13). 

 

Figure 13-Mean clumping of a) white beans and b) black beans under 
different orientation combinations. Caption:    Argentine;     Ethiopia 

The can inversion during sterilization results on 0% clumping. 

However, the phenomenon doesn’t disappear when the 

inversion is performed during storing. So, it becomes evident 

that sterilization is the main influencer step.  

Although the clumping annulment, it is verified a transfer of the 

seeds compression from the bottom to the can top (figure 14). 

This alteration benefits the air penetration among the 

immersion liquid and the seeds, promoting the seeds release. 

To point out that many times the seeds release only occurred 

after a small external action. 

Seed compression at the can top seems to be a problem 

because of the unappealing appearance.  

 

Figure 14-Appearence of cans produced under different orientation: 
a)normal/normal; b)inverse/normal; c)normal/inverse and 
d)inverse/inverse 

In addition to the can orientation study with hydration occurring 

at room temperature were also realized assays with can 

inversion and hydration temperatures of 40°C, 80°C and 90°C, 

to try to understand if the factors combination would allow 

better results. The obtained results were similar to the first 

ones, being registered, sometimes, an easier release of the 

seeds. 

Study 2 

At plant, the hydration occurs on multiple tanks and under a 

permanent renovation water regime that consumes 3m3/h of 

water per tank. 

For the implementation of a stationary water regime during 

cowpea production it is necessary to ensure the microbiological 

safety. The results (figure 15) had shown that the microbial 

load of water samples under the stationary water regime is 

higher than the microbial load of water samples under the 

renovation water regime. However, the registered differences 

of microbial loads aren’t significant.  

It should be noted that the recorded contamination levels aren’t 

associated to commercial sterility problems of the product once 

canned vegetables undergoes the sterilization step. 

Nevertheless, it is necessary to ensure that the water microbial 

load during hydration doesn’t promote the degradation of the 

product quality. After the sensory tests, weren’t detected any 

organoleptic differences between the vegetables processed 

under the regular regime and the new one. 

Ensured the maintenance of the product quality, it can be 

concluded that the new regime is applicable.  

 
b
) 

c
) 

d
) 
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The implementation of the new regime (take into account the 

water consumption recorded per tank (3m3/h) and considering 

that per cowpea production are used 6 tanks) led to a major 

improvement of the process, with a water saving of 72m3 per 

production.  

 

 

Figure 15-Evolution of microbial load of water samples from tanks 
under renovation water regime (standard) and stationary water 
regime. a) total mesophylls, b) anaerobic sulfate reducers, c) 
lactobacterias, d) molds and e) yeasts.  
Caption:   bottom (standard);    top (standard);    bottom;    top. The 
red dot was excluded. 
 

CONCLUSIONS 

After the realization of the studies, it was possible to get 

several conclusions. 

The selected geographic locations of the raw material do not 

influence the product quality and the process performance. 

However, the obtained results can’t be extrapolated for the 

remaining geographic locations received at the plant. 

NaCl is fundamental on the product quality maintenance. In 

absence of salt it has been observed a significant increase of 

clumping for all the studied vegetables. At the process 

performance level, the absence of salt promotes the rise of 

yield. However, since the improvement of process performance 

should not occur with a negative impact on the product quality, 

changes on the formulation should be carefully considered and 

the total salt removal for this purpose is discouraged.  

The alternative operating conditions studied, related with 

hydration temperature and can orientation, were capable to 

promote improvements concerning product quality and process 

performance. 

Hydration temperature of 40°C is not a good choice, with all the 

quality parameters remaining unchanged when compared to 

the standard conditions. About the process performance, there 

is a reduction of hydration time around 50%. 

On the other hand, hydration temperature at 80°C or 90°C has 

impact on product quality and process performance. However, 

between the two temperatures aren’t recorded significant 

statistical differences.  

Concerning product quality, the hydration temperature does not 

show influence on vegetable texture. However, at 80°C, the 

clumping decreases 87% for white beans and 78% for black 

beans 

At 90°C aren’t recorded significant improvements when 

compared to 80°C. 

About the process performance, the rise of hydration 

temperature allows the reduction of hydration time, without 

prejudice of yield. Higher the hydration temperature, higher the 

hydration time reduction. Being reached reductions of 59% for 

chickpeas, 72% for white beans and 63% for black beans, if 

processed at 80°C, and 77%, 86% and 75%, respectively, if 

processed at 90°C. 

Following the evaluation, both 80°C and 90°C appear to be 

beneficial operating temperatures. Adding to these results, the 

alteration of the hydration temperature also increases the 

flexibility of the production line. However, the economic impact 

that may result must be studied. 

Trying to fight clumping, were studied alternative orientations of 

the cans during sterilization and storing. It can be concluded 

that the inversion of cans during a single or both steps reduces 

significantly the clumping.  

The can inversion during sterilization dislocates the vegetable 

compression to the top of the can, resulting in an unappealing 

appearance, but eliminates the clumping. 

On the other hand, can inversion during storing promotes a 

clumping reduction of 92% for white beans and 25% and 50% 

for black beans from Argentine and Ethiopia, respectively.  

Finally, regarding the industrial study about cowpea hydration 

with stationary water, it can be concluded that, either 

microbiologically or sensorialy, the new regime can be applied. 

The implementation led to a water saving around 72m3 per 

production.  
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The extension of this measure to the production of other 

vegetables would result in a much more significant overall 

saving. However, due to the high hydration times associated to 

the vegetables, the periodical water opening/closing would be 

necessary.  
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