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ABSTRACT 

Pulses are known for potential source of beneficial food to the humans by means of providing protein, starch and many 
nutrients. In this study, the black gram(Vigna mungo) was taken for accessing the biochemical changes during hermetic 
storage such as starch, protein, free fatty acid, total phenols and crude fiber. Black gram is more vulnerable to the 
storage pest like Callosobruchus maculatus which cause the quantitative losses as well as qualitative losses to the grains. 
In order to avoid the situation, the black gram grains are stored at 12% moisture content (w.b.%) in four different types 
of storage material/bags such as metal bin, GrainPro, Storezo and polypropylene bags (Control) which is used as 
hermetic storage container of black gram grains. Airtight storage approach showed the better results by maintaining 
the biochemical properties of the grains without losing much. Starch, protein, free fatty acid, total phenols and crude 
fiber were estimated during the two months of storage and their relationship were studied between the storage 
container and period of storage. Among the various storage container, the results showed the minimum changes of 
parameters were occurred in metal bin, GrainPro and Storezo bag but in polypropylene the changes were maximum. 
Key Words: Pulses, Black gram, starch, protein, total phenols, free fatty acid, crude fiber, grains, hermetic storage. 
 
Received 20.09.2018 Accepted 23.11.2018                                              © 2018 AELS, INDIA 

 
INTRODUCTION 
India is one of the world’s largest producer and consumer of pulses. In 2016-2017, the area of pulses 
cultivation in India was estimated to be about 2.5 million hectares with production of 1.2 million tons 
contributing around 25 to 28% of the total global production. In India, many varieties of pulses are grown 
like black gram, green gram, chickpea, moth bean, pigeon pea, lentil, lablab bean, horse gram, pea, and 
cowpea.  Among these grams, black gram (Vigna mungo) is a rich source of protein and it is the second 
important component of Indian diet after cereals. It also widely used in southern India because of its high 
fermentation capability, many varieties of foods are prepared was mentioned by Campbell-Platt (1994). 
During post-harvest management, storage is an important criterion to be focused because black gram is a 
seasonal produce but it is consumed all over the year. Storage protects the grain from quantitative and 
qualitative losses and also it stabilizes the prices during lean season.  
Therefore, in the present context of our economic development, exploitation of pulses in the diet 
incombination with cereals to make it nutritionally balanced appears to be the only feasible approach to 
eliminate ‘protein calorie 'malnutrition in the near future. 
Pulse beetle (Callosobruchus maculatus) is the most damaging storage pest of pulses in the tropical 
regions. Bruchids are mostly damage a cowpea grain only after three or four months of storage, makes it 
unhealthy and unfit for sale or consumption was reported by Murdock et al.[11]. Hermetic storage 
technology in bags such as GrainPro and PICS bags has been applied to solve this storage problem [2]. 
Losses are also due to climatic conditions like temperature, moisture and choice of selecting the 
appropriate storage technique. Lack of storage facility and insufficient money for storage structures, the 
farmers are compelled to sell their products at low price. Although, the use of chemical fumigants helps to 
protect the grain but their use may lead to health human hazards. However, the storage pests are also 
developing the resistance to the insecticides, many alternative storage techniques are inspired to protect 
the grain damages but none were efficient and cost effectives. The application of hermetic storage is 
entirely organic, requiring no chemical or biological intervention than any other technique Navarro et al. 
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[12]. Hermetic storage is based on the principle of keeping low oxygen atmosphere to prevent insect 
survival and reproduction [21]. And also, economically shows that hermetic bag usage become potentially 
more profitable, under basic cost and loss assumptions. The safe storage guidelines will help farmers to 
store the grain for the certain period at the room temperature and appropriate moisture content which 
helps in maintaining the quality of the products. The most important quality criteria reflecting the 
nutritional value of the stored grains are starch, protein, free fatty acid, total phenols and crude fibers. In 
this study, assessment of mentioned quality values of black gram grains have been made for 2 months in 
various storage bags and metal bin.Hence, the objectives of this study were framed out to conduct this 
storage experiment. 
 
MATERIALS AND METHODS 
In this study, changes in nutritional qualities of black gram grains have been studied for hermetic storage 
in metal bin and different storagebags such as GrainPro, Storezo and polypropylene bags. Thickness, 
oxygen and water permeability of storage bags were given in the table 1. In order to integrate the 
difference between storage types, it was paid attention to select the storage structures with the same 
external climatic conditions. This study was carried out in Agricultural Engineering College and Research 
Institute, Tamil Nadu Agricultural University, Coimbatore. For this experiment, the black gram grains 
were freshly procured from the field during the harvest. Then the grains were cleaned and 
preconditioned to the moisture content level of 12%. Then it was stored in all the storage containers 
having 20 kg capacity and each container having two replicates. The metal bin were closed tightly by 
placing the lid on the top with gasket and the storage bags were sealed by twisting the open end of the 
bags without any air or empty space to make it hermetically sealed and stored at room temperature. 
The initial assessment on moisture content and biochemical analysis of grain material were made.The 
samples of stored black grams grains in the containers were analysed for carbohydrates, protein, free 
fatty acid, total phenols and crude fibre during 60 days of storage by using standard methods of AOAC [2]. 
 

Table 1. Specifications of Storage Bags 
 
 

Thickness, 
mm 

Oxygen Permeability, 
cc/m2/day 

Water Permeability, 
g/ cm2/day 

GrainPro Bag 0.78  3  0.0008 
Storezo 0.72 4.28 2.14 
Polypropylene 0.72 5.91 4.37 

 
Estimation of Starch: Carbohydrates were determined by the estimation of starch using anthrone 
method. The dry sample of 0.5 g was taken and homogenized in hot 80% ethanol and centrifuged. The 
collected residue were added with 0.5 ml of water and 6.5 ml of 52% perchloric acid and it was kept at 
0ºC for 20 minutes. The extract was centrifuged and the supernatant was pooled to make upto the volume 
of 100ml. 0.2 ml of supernatant was pipetted out in the test tubes and make the volume to 1ml by adding 
the water. The standards were prepared by taking 0.2, 0.4, 0.6, 0.8 and 1.0 ml of water and the 1.0 ml of 
working standard were added in each of the tube and followed by adding 4 ml of anthrone reagent to 
each tube. Then it was allowed to heat for about 8 minutes in a boiling water bath. Then, it was cooled and 
measured the intensity of the dark green colour using spectrophotometer at 630 nm. The standard graph 
were drawn with concentration of standard and its OD value. By plotting the OD value of sample on the 
standard graph, the concentration of sample (x) can be calculated. The carbohydrate present in the 100 g 
of sample was calculated by the formula. 

�����ℎ, �� =  
� (µ�) × 100

����ℎ� �� �ℎ� ������(µ�) × 1000 
 

Estimation of Protein: Protein estimation of black gram grains was done using the method developed by 
Lowry et al. [9]. The protein was extracted from the sample carried out in buffer used for enzyme assay. 
0.5 g of sample was weighed and grounded well with 5-10 ml of buffer and then centrifuged the extract at 
10,000 rpm for 10 minutes at 4º C. The 0.2 ml of collected supernatant was taken in a test tube. 0.4, 0.8, 
1.2, 1.6 and 2.0 ml of working standard were pipetted out into the series of test tube. The volume was 
made up to 2 ml in all test tubes by adding the water and also the blank. Then the mixture was added with 
5ml of Alkaline copper solution in each test tube and kept it for 10 minutes. Then, 0.5 ml of 
FolinCiocalteau reagent was added in all the test tubes and kept at room temperature in dark for 30 
minutes. By using spectrophotometry, the intensity of blue color developed was measured at 660nm. The 
standard graph was drawn with concentration of standard and its OD value. By plotting the OD value of 
sample on the standard graph, the concentration of sample (x) can be calculated. 
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�������, �� =  
� (µ�) × 100

����ℎ� �� �ℎ� ������ × 1000 
 

 
Estimation of Free Fatty Acid: Free fatty acid was determined by calculating the amount of sodium 
hydroxide required to neutralize the free fatty acid present in the sample and expressed as percent oleic 
acid. The sample was taken in conical flask with 25 ml of neutralized alcohol. Few drops of 
phenolphthalein indicator and then mixture of this content is allowed for boiling. And titration was done 
while hot against the sodium hydroxide solution (x ml). Standardization of sodium hydroxide was done 
by using 10 ml of 0.1 N oxalic acid was taken into a conical flask with few drops of indicator and titrated 
against the sodium hydroxide. Until getting the concordant value (V ml) the titration was repeated. 
Expression for calculating the strength of NaOH and free fatty acid content for 100g are given below. 

�������ℎ �� ������ ���������, ����� =  
(10 × 0.1)

�����

 

���� ����� ����, % =  �
��� ×  �����

0.1
�  ×  �

0.0282

������ ����ℎ�
�  × 100� 

Estimation of Total Phenols: Phenols content in the black gram grains was estimated using Folin-
Ciocalteau reagents which contains phosphomolydic acid and phosphotungstic acid is reduced by 
phenolic hydroxyl group. Ground sample of 250 mg was added with 80% of ethanol, and then centrifuged. 
The supernatant was collected and made into 10 ml in a standard flask.0.1, 0.2, 0.3, 0.4 and 0.5 ml of the 
diluted standard solution was pipetted out into a series of test tubes. The sample having 0.2 ml was taken 
taken in separate test tube. Pipettes out 0.1 ml aliquot extract in a test tube and evaporated on a bath. 
Distilled water was added into a test tubes to makeup a volume to 3.5 ml. Then, 0.5 ml Folin – Ciacalteau 
reagent was added into the test tubes are mixed well and kept for 5 min. Finally, 1 ml of 20% sodium 
carbonate solution was added to all the tubes. And measured the intensity of blue colour absorbance at 
660 nm after 30 min. The concentration of the total phenols expressed as milligrams of gallic acid 
equivalent (mg GAE/100g) in the sample was calculated by plotting the absorbance versus concentration. 

����� �ℎ�����, �� =  
� (µ�) × 100

����ℎ� �� �ℎ� ������(µ�) × 1000 
 

Estimation of Crude Fibre: Crude fibre content of the black gram grains was analysed by the method 
suggested by Sadasivam and Manickam [17]. Ground sample 2g was taken in a container and 200 ml of 
1.25 percent H2SO4 was added and 30 minutes boiling was done. The mixture of the substance were 
separated and filtered through muslin cloth and washing with distilled water was done until the sample 
has no longer acidic. Then the residue was moved into the same beaker and boiled with 1.25 % NaOH for 
30 minutes and then agian filtered using a muslin cloth, washed with 50 ml of distilled water and 25 ml of 
alcohol. The residue was shifted into a silica crucibles (W1), dried at 130ºC for 2-4 hours and cooled and 
weighed (W2). The residue was ignited and ashed at 600° C for 30 minutes in muffle furnace (W3). The 
loss in weight was measured to find the crude fibre content which was expressed in percentage. 

����� �����, % =  
(�� − ��) − (�� − ��)

������ ����ℎ�
 × 100 

Moisture Content, Temperature and Relative Humidity of the Grains: Moisture content of the stored 
grains are determined by using Hot Air Oven operated at the temperature of 130ºC±2 for 6 hrs. The 
samples of the grains were taken from the replicates at a one-month interval for during the 60 days of 
storage. Temperature and Relative humidity are recorded by using the USB Datalogger (Equinox™, EQ-
171) which was kept inside the storage bags and also in a metal bin for continuous monitoring. 
Statistical analysis: The data obtained from the experiments were statistically analysed by analysis of 
variance (ANOVA) adopting the appropriate methods by using AGRES software. The factors were 
designed in Factorial Completely Randomized Design (FCRD). The significant difference between the 
mean was done by least significant difference (LSD) test at 5% degree of freedom. 

 
RESULTS AND DISCUSSION 
Temperature and RH: Temperature and relative humidity inside the hermetically sealed storage bags 
and bin were recorded by using USB data loggers (Equinox™, EQ-171) for all over the storage period 
(Figs.1 and 2). Black gram grains are stored in the ambient condition for the throughout the study. After 
the two months of storage, the average temperature was recorded as 27.9ºC, 29.1ºC, 29.1ºC and 29.3ºC 
with the relative humidity of 60.69%, 58.74%, 58.69% and 60.30% in the metal bin, GrainPro, Storezo 
and polypropylene bags respectively. Among these storage bag, the higher temperature of 32ºC was 
recorded in polypropylene bag than the any other grain stored bag or bin. The temperature and RH were 
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greatly fluctuated in all type of storage container during these studies. Asanga and Mills [1] reported that 
temperature and RH did not show any appreciable change in a stored pearl millet which is stored in any 
of the hermetic container. Villers et al., [20], Navarro [8] and IRRI [13] reported that the grain can be 
stored for 9 to 12 months in hermetically sealed bags whereas in raffia bags (traditional bag) the grains 
can only storable for maximum 3 months. 

 
Fig.1 Effect of temperature inside the bin and bags during hermetic storage 

 

 
Fig.2 Effect of relative humidity inside the bin and bags during hermetic storage 

 
Moisture Content: Moisture content is one of the most important physical factors and plays an important 
role in insect infestation during storage of food grains.The moisture content of black gram grains were 
increased significantly after 60 days of storage which may due to hygroscopic nature of the product. 
Fluctuation of temperature and relative humidity of the atmosphere will also the reason for increased 
moisture content of grains which is entirely depends on the storage material thickness and permeability 
of water and oxygen characteristics. Overall moisture content of the black gram grain were increased 
around 0.5 to 1.5 % (w.b.) throughout the storage period. It was observed that the grain stored in the 
polypropylene bag showed maximum increase in moisture content from 12.11 to 13.44%. In GrainPro 
and Storezo, the increase moisture content fluctuation was around 0.6% and 0.76% (w.b.) after 60 days of 
storage whereas in metal container or bin was observed as minimum increase in moisture content from 
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12.32 to 12.41%. Sbardelotto et al. [18] studied that the fluctuation of relative humidity in the hermetic 
storage atmosphere were gradually increased the moisture content of maize grain after 6 months of 
storage. Slight increase in relative humidity to above 70% which leads the gain in moisture content of the 
stored grains was reported by Faroni et al. [7].The results reveal that there was not much increase in 
moisture content of grain stored in GrainPro and Storezo as like grain stored in a metal bin.  
Starch: Starch content of black gram grains was measured during the storage period of 60 days. From the 
table 2, the mean value of starch contents was decreased significantly with increase in storage period in 
all the storage materials. The initial starch contents of fresh black gram grains were observed as 56.11% 
in 100 grams of samples. After 2 months of storage, the starch content in metal bin, GrainPro bag, Storezo 
bag and polypropylene bag were decreased to 55.78 %, 54.68, 55.29% and 52.47%. The contents of 
starch of black gram grains were significantly reduced around 3.64 % when stored in polypropylene bag 
as compared to metal bin, GrainPro and Storezo bag. (Table 2).Starch content of black gram grains during 
the storage might be attributed to degradation of sugars by metabolic turnover of carbohydrates in grain. 
The results are in agreement with those reported earlier by several researchers [19]. Ovcharov [14] 
reported that increase in grain moisture increases the grain respiration. The loss of starch from the cereal 
grains that can occur during storage as a result of respiration of grains has also been reported by Burton 
[3]. Interaction between the storage container and storage period showed the significance difference at 
P<0.01. 
Protein: Grains of black gram grains were found slightly decreased after storing for 2 months in all the 
mentioned storage containers. Before storing the black gram grains, the proximate mean value of protein 
content was observed as 25.01 ± 0.63%. Then after 2 months, the black gram grains were analyzed for 
protein content after stored in the metal bin and bags. The sample showed the decreased amount of 
protein percentage in metal bin, GrainPro bag, Storezo bag and polypropylene bag are 24.29%, 23.89 %, 
23.77 % and 22.64% respectively. Maximum loss (2.37%) of protein content was observed in the grains 
stored in the polypropylene bag followed by Storezo bag, GrainPro bag and metal bin. Grains stored in the 
metal bin and GrainPro bag retained the protein content without losing much than the other bag storage. 
Overall loss of protein content of black gram in all storage material was around 0.72% to 2.37%.Similar 
study was reported by Pushpamma and Vimala [16] observed the reduced protein content of grains from 
0.51 to 0.74 g/100 in jowar and 0.59 to 0.70 g/100 g in rice. And also a progressive decrease in protein 
content was observed during storage of all types of legumes with a maximum loss in green gram (11 %) 
followed by sorghum (10.6 %) and ragi (5.3 %) after storing nine months. It was observed that an 
increase in non-protein nitrogen with prolonged storage of grains, with varying legumes [15]. Significant 
difference were observed between storage container and storage duration at the level of P<0.05 but no 
meaningful differences were observed in metal bin after three month of hermetic storage. 
Free Fatty Acid: Slight increase in free fatty acid content of grains were observed after storing it for 2 
months in all the storage bags and in a metal bin (Table 2). In polypropylene bags, after storing for 2 
months the grains showed maximum value of free fatty acid content of 2.93 ± 0.72 mg/100g whereas the 
initial value was 2.16 ± 0.10 mg/100g.However, metal bin, GrainPro and Storezo bag were also showed 
minor increase in free fatty acid but not as much as the level observed in polypropylene bag. Similar 
results were reported by Navarro [12] a mean value of the replicates and the standard deviation of each 
value were calculated for the free fatty acid levels of grains stored under hermetic conditions of the 7.0% 
moisture content after 3 months of storage were observed noticeable results when compared with the 
beans were stored at 4°C rather than the controls for which there was a significant increase in free fatty 
acids levels from 0.70% to 0.95%. Statistically difference were observed at P<0.01   
Total Phenols:Gradual reduction of total phenols content was observed after 2months of storage period 
in all the storage containers. Relatively, the reduction of the phenol content in all storage container was 
around 0.11 to 0.24 mg/g. Grain stored in the metal bin was comparatively better than the grain stored in 
the storage bags is shown in the table 2. DeOlivera [5] studied that total phenols during storage of 
different type of sorghum products (grains and flour) stored at different temperature (2, 25 and 40ºC) 
and days (180 d). The result showed no significant effect between the flour and grains but the interaction 
between days and temperature of the storage environment. Total phenols content of sorghum varieties 
were reduced after 180 days of storage in all temperature, the maximum loss was observed at 40ºC then 
the other temperature. Author concluded that the storage duration plays a vital role in bioactive 
compounds but not the ambient temperature of the stored product. No significance difference between 
the interaction were found at P>0.05 but decrease in value are observed with increase in storage period 
in all the containers. 
Crude Fibre: The crude fibre content of the black gram grains stored in metal bin, GrainPro bag, Storezo 
bag and polypropylene bag which were analyzed after 2months of storage which werefound to be 

Shankar  et al 



RJCES Vol 6 [6] December  2018                     20 | P a g e      © 2018 AELS, INDIA 

reduced from 6.20 % (initial) to 6.11%, 5.18%,5.35%, and 5.0 % respectively with the black gram stored 
in polypropylene bag having the lowest value (5.00 ± 0.11 %) and the grain stored in the metal bin has 
the highest value (6.11 ± 0.09%). Folayan Falayi [6] studied that the cowpea grain stored in jute bag, 
plastic container, polythene bag and hessian bag showed the reduction in crude fibre were observed. 
Initially, it was measured as 2.92% then after the storage it was reduced from 2.92 % to 1.91%, 2.92% to 
1.53%, 2.92% to 2.18% and 2.92% to 1.77% in jute, plastic, polythene and hessian bag respectively. 
Similarly in this study, the black gram grains stored in metal bin, GrainPro bag, Storezo bag and 
polypropylene bag showed significant difference at p<0.01. 

 
Table 2. Effect of storage materials and storage days on starch, protein, free fatty acid, total 

phenols, crude fibre and moisture content 

 Initial 30 Days 60 Days Initial 30 Days 60 Days 

Storage Containers Starch (g/100g) Protein (g/100g) 

Metal Bin 56.11 ± 0.37 55.99 ± 0.45 55.78± 0.65 25.01 ± 0.63 24.68 ± 0.29 24.29± 0.14 

GrainPro Bag 56.11 ± 0.37 55.35 ± 0.24 54.68 ± 0.58 25.01 ± 0.63 24.31 ± 0.30 23.89 ± 0.16 

Storezo Bag 56.11 ± 0.37 55.73 ± 0.72 55.29 ± 0.15 25.01 ± 0.63 24.13 ± 0.44 23.77 ± 0.04 

Polypropylene Bag 56.11 ± 0.37 53.87 ± 0.77 52.47 ± 0.44 25.01 ± 0.63 23.51 ± 0.29 22.64 ± 0.39 

 
Free Fatty Acid (mg/100g) Total Phenols (mg/g) 

Metal Bin 2.16 ± 0.10 2.30 ± 0.06 2.37± 0.04 3.31 ± 0.10 3.24 ± 0.05 3.20 ± 0.02  

GrainPro Bag 2.16 ± 0.10 2.51 ± 0.03 2.78 ± 0.17 3.31 ± 0.10 3.21 ± 0.07 3.17 ± 0.12 

Storezo Bag 2.16 ± 0.10 2.59 ± 0.02 2.72 ± 0.10 3.31 ± 0.10 3.25 ± 0.01 3.16 ± 0.04 

Polypropylene Bag 2.16 ± 0.10 2.73 ± 0.04 2.93 ± 0.72 3.31 ± 0.10 3.12 ± 0.08 3.07 ± 0.02 

 
Crude Fibre (%) Moisture Content (%) 

Metal Bin 6.20 ± 0.17 6.15 ± 0.09 6.11 ± 0.09 12.32 ± 0.05 12.31 ± 0.17 12.41± 0.17 

GrainPro Bag 6.20 ± 0.17 5.55 ± 0.13 5.18 ± 0.12 12.23 ± 0.02 12.57 ± 0.11 12.83 ± 0.05 

Storezo Bag 6.20 ± 0.17 5.43 ± 0.32 5.35 ± 0.21 12.38 ± 0.17 12.80 ± 0.04 13.14 ± 0.19 

Polypropylene Bag 6.20 ± 0.17 5.43 ± 0.37 5.00 ± 0.11 12.11 ± 0.26 12.96 ± 0.21 13.44 ± 0.45 

 
CONCLUSION 
Although there was reduction of biochemical parameter of grains in all the storage container, the high 
retention of quality compounds were also observed in metal bin, GrainPro bag and Storezo bag except 
polypropylene bag. Hermetic storage of grains using these kinds of commercially available bags can be 
affordable for farmers and also helps easy transportation. Moreover, storage of grains in storage bags do 
not need any additional installation requirements as it is needed for metal bins.  Because cost of 
installation of metal silos could be economically higher to the farmers. Hermetic bags like GrainPro and 
Storezo bag which give more feasible solution to farmers storage losses in all possible ways. Opting the 
GrainPro and Storezo bag is viable and sustainable storage alternative for farmers’ current storage 
practices. Hermetic storage will be one of the promising and unrisky approaches for maintain the quality 
of the product without losing it during storage and also helpful for suppressing the growth of pulse 
beetles during storage. 
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