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ABSTRACT

Objectives: This study attempt to investigate the appropriate drying methods for post-harvest storage of maize grains with preserving important 
quality and physiochemical characteristics.

Methods: The maize samples were dried using different drying methods such as field drying, greenhouse drying, solar drying, direct fire drying, hot air 
drying, and forced air drying. Further, the dried maize grains were analyzed for physical parameters of bulk density, particle density, porosity, specific 
gravity, shrinkage, and color. The proximate composition of dried maize grains was analyzed for crude protein, fiber, fat content, moisture, and ash content.

Results: There were significant differences (p<0.05) observed for bulk density, particle density, porosity, specific gravity, shrinkage, and color between 
different drying techniques. When considering proximate analysis, protein, moisture, and ash content were shown significant differences (p<0.05) between 
different drying methods. Whereas, fat and fiber content of samples were not shown a significant difference (p>0.05) for different drying methods.

Conclusion: Different drying methods affect the quality and physiochemical properties of maize grains. Among different drying techniques, the forced 
air oven drying method preserved physiochemical and nutritional properties considerably compared to other drying techniques.

Keywords: Drying techniques, Maize grains, Physiochemical characteristics, Proximate composition, Quality.

INTRODUCTION

Grain drying is essential for maintaining grain quality and safe 
storage [1]. A high amount of moisture content during storage enables 
the growth of fungi that produce highly toxic compounds. Therefore, 
it will lead to decreased product quality and shelf life. Maize grains 
are dried to limit microbial development, reduce enzymatic reactions, 
and extend storage life. [2]. In addition, it lowers grain weight, making 
transportation, and handling easier [3].

Conduction drying, convection drying, radiation drying, dielectric 
drying, chemical or sorption drying, vacuum drying, and freeze-drying 
are some of the maize drying processes used today. The qualitative 
characteristics of dried grains appear to be affected by physicochemical 
changes that occur during drying [4]. Color, esthetic appeal, texture, 
form, nutrient retention, water activity, chemical stability, density and 
porosity, and sorption properties of materials are all affected by the 
drying technique and process conditions [5]. The engineering properties 
of dried products and qualities that are connected to product quality are 
the two primary categories of features that are usually studied in dried 
grain products. Dried grain engineering characteristics are critical in 
the design of drying processes and processing equipment, as well as 
in the effective operation and management of processing facilities [6]. 
Effective moisture diffusivity, effective thermal conductivity, specific 
heat, equilibrium moisture content, and viscosity are all engineering 
characteristics of dry grain. The objective of this study is to find out the 
appropriate drying method for maize grains with preserving important 
quality and physiochemical characteristics.

METHODS

Study area

The experiments were conducted at the Food Science and Technology 
Laboratory, Faculty of Technology, South Eastern University of Sri 
Lanka.

Sample preparation

A selected maize variety (Jet 999) was hand-harvested randomly at 
maturity stage. After the harvest, husks were removed and granulated 
manually.

Drying procedure

NAD was carried out by exposing the maize grains in the hot humid 
sun at 30±5°C and 75±5% R.H. The maize sample was dried in the 
greenhouse at 45°C average temperature and 55% relative humidity. 
The average daily temperature during SD (ONT SD-001, Sri Lanka) was 
36.7°C and the relative humidity was 55%. HAD was carried out in a 
hot air oven (WOF-155, China) at 105°C temperature with an airflow rate of 1 m/s, and air humidity was regulated at ≈20%. The direct 
fire drying was undertaken at around 200°C for 8 h. FAD method was 
performed in a laboratory scale forced air drier (BOV-V230F, China) 
at 105°C (Table 1). The experiments were carried out until reach the 
moisture content of 15%. The moisture was measured using a grain 
moisture meter (LDS-1H, China). The moisture content was recorded at 
2-h intervals during the drying process. The dried grain samples were 
packed in an airtight and moisture-proof container after it reaches 15% 
moisture content for further analysis.

Physical characteristics of maize grains

Bulk densityThe bulk density (ƥƅ) was determined by filling dried maize grain to 
100 ml measuring cylinder, the bottom of which was tapped the top 
level with the palm without leaving any air space, then weighed the 
contents [7]. (ƥ

t
) = S

S

W

V

Where;ƥƅ – the bulk density in kg m–3;
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W
S
 is the weight of the sample in kg;

V
S
 is the volume occupied by the sample in m3

Particle densityThe particle density (ƥ
t
) was determined using the toluene displacement 

method. In this procedure, a 25 ml measuring cylinder was filled with 
toluene, and the same mass of sample taken for bulk density was placed 
in the vessel holding toluene. The displacement of toluene level in 
the vessel when introducing maize grains was measured. The ratio of 
the mass of maize grains to the volume of displaced gave the particle 
density [8]. Particle density (ƥ

t
) = 

−
SW

V1 V2

Where,
W

S
: Weight of the sample (kg)

V1: Total volume of solution
V2: Transferred volume of solution (ml)

Porosity

The porosity of maize grain was calculated using bulk and particle 
densities [7].Porosity (ɛ) % = 1- ƥƅ   × 100                  ƥ

t

Where,ƥƅ: Bulk density (kgm−³)ƥ
t
: Particle density (kgm−³)

Specific gravity

Specific gravity was determined as the ratio between the maize grains’ 
density and water density.

Weight in air × Sp. gravity of water

Weight o
Specific g

f displace
ravit

d w
y =

ater

Shrinkage

The shrinkage percentage was determined by the following equation,

Shrinkage (%) = (M
O
–M

f
)×*1.176%

M
0
: Initial moisture content,

M
f
: Final moisture content in percent,

*Water shrinkage factor for 15% moisture content in maize grain.

Proximate composition of maize

Proximate analysis was determined by near-infrared spectroscopy 
(DS2500F, USA). The instrument was calibrated before analysis 
according to wavelength and intensity correction.

Color measurement

The color of maize grains was measured using a colorimeter (CHN Spec, 
CS 10, China). The colorimeter was calibrated with a white surface. 

Measurements were recorded as L (lightness), +a (redness), and +b 
(yellowness) CIE color coordinates.

Statistical analysis

The data were analyzed using SPSS statistical package (SPSS 20.0, 
IBM, New York, NY, USA). The analysis of variance was used to find the 
significant differences, and means were compared using Tukey’s post 
hoc test at 5% significant level.

RESULTS AND DISCUSSION

Physical properties of the maize

Bulk density (kgm−3) and Particle density (kgm−3)

There were significant differences (p<0.05) observed in bulk density 
and particle density among the different drying techniques. The bulk 
density of dried maize grains ranged from 665 kgm−3 to 761 kgm−3 

(Table 2). Maize grains dried using DFD had the lowest value of 
665 kgm−3 while the highest value 761.4 kgm−3 as that of FD. Particle 
density ranged from 1017.25 gm−3 to 1583.06 kgm−3 (Table 2). 
Maize grains dried using DFD had the lowest particle density of 
1017.25 kgm−3 while the highest value 1583.06 kgm−3 was that of GHD. 
With the moisture range of 8.7–21.7% d, the bulk density and particle 
density of the maize grains varied from 421.47 to 594.57 kg/m3 and 
954.23 to 1220.87 kg/m3 [9]. In general grain densities have been found 
important for breakage susceptibility and hardness [10]. The average 
value of bulk density was found to be 790 kgm−3 for maize studies [11]. 
The particle density of maize grain was found to vary from 1194.9 to 
1267.1 kgm−3 when the moisture level increased from about 10% to 
18% wet basis. [12]. However, according to Waziri and Mittal [13], 
particle density is the significance of evaluating density for designing 
storage bins and silos.

Porosity (%)

The porosity ranged from 34.87% to 53.91% (Table 1). Maize grains 
dried using DFD had the lowest content of 34.87% while the highest 
content 53.91% as that of GD. There was a significant difference 
(p<0.05) which was observed for porosity among the different drying 
techniques. The magnitude of variation in porosity depends on bulk 
density as well as particle density. The average value of porosity was 
found to be 56.27% for maize studies. When the moisture content of 
grains was adjusted from 10% to 18%, the porosity rose from 52.61% 
to 56.27% [9].

Specific gravity

There was a significant difference (p<0.05) which was observed in 
specific gravity among the different drying techniques. The specific 
gravity ranged from 1.01 to 1.24, as shown in Table 1. DFD had the 
lowest value (1.01) while GH had the highest specific gravity of 1.24.

Shrinkage (%)

The shrinkage of maize at 15% moisture content ranged from 6.95% to 
11.25%. Sample FAD had the lowest content of 6.95% while the highest 
content (11.25%) was that of GHD (Table 2). There was a significant 
difference (p<0.05) observed between all the samples. The shrinkage 
gives a rough idea of the weight reduction as grain is dried. The loss of 
volatile components such as oils and mechanical losses from cracked 
kernels accounts for some of the handling losses. The quantity of 
handling loss is determined by the initial physical state of the corn, the 
drying system, and the drying procedures. On-farm handling losses 
ranged from 0.22% to 1.71% [14].

Proximate composition of the maize

Ash content (%)

Ash content represents the mineral content of food samples which 
is affected by different drying techniques to preserving the quality 
characteristics of maize grain. The percentage of ash content ranged 
from 0.8% to 1.18%. Maize sample dried using DFD had a retained 

Table 1: Different drying techniques and drying temperatures 

ranges

Abbreviation Definition of the 

process

Drying 

temperature °C

Drying 

time

NAD On farm natural air 
drying

25–35°C 40 h

GHD Greenhouse drying 40–50°C 24 h
SD Solar drying 32–35°C 28 h
HAD Hot air drying 105°C 5 h
DFD Direct fire drying 200°C 4 h
FAD Forced air drying 105°C 5 h



3

Innovare Journal Of Agri. Sci, Vol 9, Issue 5, 2021, 1-4

 Amarasekara et al. 

higher value of minerals than all other maize drying methods such as 
GHD, FD, SD, FAD, and HAD. There is a significant difference (p<0.05) 
observed between all the samples for ash content. The ash content gives 
a rough idea of the total mineral amount present in the maize grain. The 
laboratory experiments show that maize grains contain ash content 
in the range of 0.81–1.35% [15]. DFD has higher ash content 1.18 % 
compared with other treatment methods whereas GHD has shown 
lower ash content (0.81%), as shown in Table 3.

Fiber content (%)

The crude fiber content of maize varies between 2.1% and 3.47% 
with non-significant (p>0.05) observed between all treatments. GHD 
had the lowest contents of 2.1% while the highest content (3.47%) 
was that of SD. The remaining treatments ranged between 2.467% 
and 3.13%, as shown in Table 3. The results of percentage crude fiber 
contents were found in the range of 2.1–3.47%, which is slightly higher 
than the reported values in the literature. Qamar et al. [15] reported 
that the percentage of crude fiber contents was found in the range of 
0.79–2.78%. The crude fiber in maize largely composed of cellulose and 
hemicellulose provides beneficial effects in humans by a lower risk of 
several diseases, including cancers some heart diseases, and increasing 
water retention capacity during the passage of food along the gut.

Moisture content (%)

The percentage of moisture content of the dried maize samples ranged 
from 3.41% to 12.13% with significant differences (p<0.05) between 
all the treatments. GHD had a significantly higher value 12.13%, while 
DFD had a significantly lower value 3.41% than all other treatments, 
as shown in Table 3. Maize grain with high moisture content causes 
several problems while storing and processing procedure. Improperly 
dried maize grain will result in excessive spoilage and storage losses, 
mold growth, and insect damage and also tends to ferment faster. 
Moisture content is also significant to the stability and quality of grain. 
The percentage moisture content of all the treatments studied ranged 
from 3.41% to 12.13%; DFD has lower moisture content and GHD has 
higher moisture content compared to literature recorded [15], who 
recorded moisture content in the range of 8.98–10.45%. Thus, the 
direct fire drying resulted in a considerable reduction in moisture 
content compared with the other treatments.

Fat content (%)

Fat contents ranged from 4.16% to 4.567%. SD had the lowest value 
(4.16%) while FAD had the highest one (4.57%) (Table 3). There was 
no significantly different (p>0.05) observed from different drying 
techniques. Crude fat content in maize grain appears to have beneficial 

health effects which promote heart health. Percentage crude fat of 
the six treatments ranged from 4.16% to 4.57%. This value is slightly 
similar to 4.07±0.02 reported by Okonkwo and Agharandu [16]. DFD 
resulted in considerable protection in fat content compared with the 
other treatments, as shown in Table 3. Qamar et al. [15] reported the fat 
content range 3–5% in dried maize grain.

Protein content (%)

The percentage of crude protein has shown significant differences 
(p<0.05) among different drying techniques of maize grains. GHD 
had the lowest value of 8.497%. The crude fiber ranged from 8.5% to 
10.09%, as shown in Table 3. Proteins provide amino acids (for building 
and maintenance of the body) and energy occasionally which are 
important for normal body functions. The mature maize kernel consists 
of 10% protein content [17]. Analyzed maize varieties had protein 
content between 8.50% and 10.09%; Okonkwo and Agharandu [16] 
reported a protein value of 10.79, which falls within the range above. 
Qamar et al. [15] reported a protein content range 11.05–12.79%.

Color

The color of maize at different treatments in terms of L*, a*, and b* 
values was measured, as shown in Table 4. Lightness (L) of maize, mean 
ranged from 58.201 to 68.889, a value (redness) ranged from 27.62 
to 46.913, and b value (yellowness) ranged from 60.652 to 74.504. 
Compared to different drying treatments, FD and HAD and GHD with 
FAD have the same color range. There were significant differences 
(p<0.05) observed for the color of maize grains dried using different 
techniques.

CONCLUSION

Drying with the application of FAD is a comparably faster method 
with grains that had significantly better proximate composition and 
physiochemical properties. And also, based on this experimental study, 

Table 4: L*, a*, and b* values of maize samples

Treatment L* a* b*

GHD 64.24±4.37a 44.14±5.44ad 61.83±4.31a

FD 58.20±4.30b 37.29±1.57b 68.68±2.98b

SD 60.34±3.70b 46.91±2.98d 60.65±1.65a

DFD 68.89±5.44c 27.62±1.96e 74.50±3.54c

FAD 64.24±3.52a 44.14±0.98a 61.83±1.88a

HAD 58.20±2.54b 37.29±2.91b 68.68±2.44b

The mean values of replicates ± standard error. The values with the same letters 
are not significantly different from each other p=0.05 on Tukey’s (HSD) test.

Table 2: Physical properties of each maize treatment

Treatments Bulk density (kgm−3) Particle density(Kgm−3) Porosity(%) Specific gravity Shrinkage(%)

GHD 756.17±0.15d 1583.06±0.18f 53.91±0.84d 1.24±0.04e 11.25±0.16d

FD 761.40±0.36e 1494.65±0.07c 49.36±0.39b 1.17±0.22c 10.73±0.11d

SD 752.47±0.30c 1581.97±0.11e 52.37±0.24d 1.24±0.25e 9.78±0.19c

DFD 665.00±0.21a 1017.25±0.16a 34.87±0.18a 1.01±0.22a 8.74±0.20b

FAD 751.83±0.15c 1573.14±0.25d 51.99±0.12cd 1.24±0.30d 6.95±0.07a

HAD 731.03±0.12b 1473.37±0.31b 50.32±0.21bc 1.06±0.16b 8.32±0.13b

The mean values of replicates ± standard error. The values with the same letters are not significantly different from each other p=0.05 on Tukey’s (HSD) test.

Table 3: Proximate composition of each maize treatment

Treatments Ash (%) Fiber (%) Moisture (%) Fat (%) Protein (%)

GHD 0.80±0.05a 2.1±0.29a 12.13±0.39c 4.32±0.06a 8.50±0.28a

FD 0.99±0.06ab 2.969±0.19a 9.37±0.25b 4.47±0.09a 10.09±0.31b

SD 0.84±0.04a 3.47±0.47a 10.15±0.77bc 4.16±0.06a 8.75±0.38ab

DFD 1.18±0.01b 2.467±0.25a 3.41±0.07a 4.38±0.10a 9.05±0.04ab

FAD 0.93±0.12ab 3.07±0.40a 9.6±0.74b 4.57±0.14a 9.07±0.5ab

HAD 1.08±0.05ab 3.13±0.08a 4.90±0.11 a 4.45±0.16 a 8.72±0.12ab

The mean values of replicates ± standard error. The values with the same letters are not significantly different from each other p=0.05 on Tukey’s (HSD) test.
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the FAD technique is better when drying time and energy consumption 
compared to other drying techniques. Therefore, drying maize grains 
using the FAD technique are economical in terms of quality preservation 
and energy consumption.
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