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Abstract— Corncobs are one of the agricultural wastes that have nutritional and functional content. The advantages of processing corn 

cobs into powder include durability, a smaller volume, and lighter weight, making it easier to pack and transport. One of the important 

steps in making corn cobs powder is drying to determine the durability and quality of the corn cobs powder. This study aimed to 

determine different drying durations of corncobs powders and their effect on physical, nutritional, and phytochemical properties as an 

alternative to functional food and foodstuffs. The experimental design used a Completely Randomized Design (CRD), consisting of one 

factor with four treatments: 4;5;6;7; and 8 hours and four replications. The results showed that different drying times had significant 

(p<0.05) physical, nutritional, and phytochemical properties. Corncobs powder with a drying duration of 7 hours has the best physical 

properties (water absorption at 1.34 ml/g, solubility at 26.76%, whiteness at 66.62%, and bulk density at 0.64 g/cm3), nutritional contents 

(water content at 10.26%, ash content at 3.73%, protein content at 2.20%, fat content at 0.77%, carbohydrate content at 83.04%, and 

crude fiber at 35.77%), and phytochemical content (total phenol at 113.30 mg/100 mg, antioxidant activity at 21.28%, and tannins at 

1.46 mg/L).The implication of this result can be developed as a source of nutrients and bioactive compounds to convert corncobs waste 

into value-added corn products. 
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I. INTRODUCTION

Corn is a cereal crop that can be cultivated in almost all 
over the world and is considered important because of its 
carbohydrate content, second to rice. Throughout the year, the 
role of corn is very strategic and economic, where the demand 
for corn continues to increase. By 2020, the demand for corn 
in developing countries is expected to exceed the demand for 
rice and wheat. World corn demand is expected to increase by 
50%, from 558 million tons in 1995 to 837 million tons in 
2020 [1]. The increase in demand for corn will cause an 
increase in corn cobs waste. Corncob’s waste is obtained 
when corn kernels are released from the fruit. The use of 
corncobs waste as an ingredient for animal feed is still limited. 
The corn plant consists of 50% stalks, 20% leaves, 20% cobs, 
and 10% corn [2]. Corncobs contain 39.1% cellulose, 42.1% 
hemicellulose, 9.1% lignin, 1.7% protein, 15% lignin, 1.7% 
protein, and 1.2% ash [3]. For wider utilization, corncobs 
need to be developed as a source of nutrition and bioactive 
components to convert corncobs into added-value products. 

The processing of corncobs into powder can cause changes 
in corn cobs' physical, nutritional, and phytochemical 
properties. The amount of this change is highly dependent on 
the drying method. Drying is a crucial step in food processing 
and is a common technique in preserving food to produce new 
products [4];[5]. The drying method that is often used in the 
conventional food industry is oven drying using hot air [6] by 
evaporating water from the material [4]. The drying method 
removes moisture from food, evaporation, water for chemical 
degradation reactions, deactivating enzymes, and preventing 
microbial growth. The hot air flowing over the surface of the 
food transfers heat to the drying agent is called convection [7]. 
The drying mechanism starts by blowing hot, dry air on the 
food. Contact between the material and the incoming air 
causes water evaporation on the surface or mass and transfer 
of heat. The heat transfer process occurs because of the 
temperature difference between the material and the air intake. 

Conversely, the mass transfer process occurs due to 
differences in water concentration between materials. Factors 
that influence the drying process include drying air with the 
properties of the material to be dried, including duration, 
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temperature, volumetric velocity, drying airflow, material 
size, moisture content, and partial pressure at material [8]. The 
duration of drying time determines the length of contact 
between the material and heat to affect the physical properties 
of corncob powder [9]. In general, the drying time for 
vegetables or fruit is 6-16 hours, with a drying temperature of 
60-80°C. Using too low a drying temperature results in a 
longer drying time, and too high a temperature will produce 
unfavorable texture [10]. When the drying temperature used 
is lower than 600C with a longer drying time, especially using 
hot air drying, a decrease in the phenol content in the presence 
of oxygen will occur, which causes oxidation [11]. In addition, 
the stability of antioxidant activity is influenced by many 
factors such as raw materials, temperature, and processing 
time. During the drying process, hot air will result in a loss of 
antioxidant capacity due to exposure to oxygen products. In 
mango research, it was shown that low drying temperature 
could avoid phenolic compounds and thermal and oxidative 
damage [12]. To produce quality corncobs powder, in terms 
of physical, nutritional, and phytochemical, we have 
examined drying methods with different drying times. This 
study aims to determine different drying durations of 
corncobs powders and their effect on physical, nutritional, 
and phytochemical properties as an alternative to functional 
food and foodstuffs. 

II. MATERIALS AND METHODS 

A. Material 

Fresh corncobs of mature Bisma variety (80-90 days old) 
were purchased from farmers in Dusun Lawangan, Desa 
Lempuyang, Candiroto District, Temanggung Regency. The 
required chemicals were obtained from the Chemistry and 
Biochemistry Laboratory Faculty of Agricultural Technology, 
Semarang University. 

B. Equipment 

The equipment used in this study included a knife, oven 
(memmert), Chromameter (CR-400), centrifuge (Ap-Laab), 
water bath (Memmert), analytical scales (Ohalis), blender 
(Miyako), desiccator, aluminum foil (Clin pack), vortex (Maxi 

II Type 367000), thermometer, micropipette (socorex), pipette 
(pyrex), volumetric flask (pyrex), test tube (pyrex), clamp, 
tweezers, aluminum glass, porcelain, measuring flask (pyrex), 
beaker (pyrex), erlenmeyer flask (pyrex), Whatman filter 
paper number 42, and filter 60 mesh. 

C. Preparation of Materials 

Fresh corncobs were washed, sorted, peeled, then rinsed 
under running water before being sliced into 5-mm-thick 
pieces. The pieces were dried in an oven at 60°C until the 
moisture content reached 10-11%. After that, the corncobs 
were sieved and packed in an airtight bag then labeled in a 
polyethylene sachet for further analyses. The drying and 
making corncobs powder was carried out by drying fresh corn 
cobs with different drying durations at 4;5;6;7; and 8 hours 
with a temperature of 600C using a cabinet dryer. The cabinet 
dryer is a tiered rack system that uses a heat source equipped 
with a blower as a heat spreader and a temperature control 
valve equipped with a thermocouple to keep the temperature 
stable. The dried corn cobs were then mashed in a blender and 

sieved with at 60 mesh sieves. The corncobs powder was 
sealed in an aluminum foil bag and stored at -400C for further 
analyses [13]; [14]. 

D. Analyses 

Physical analyses were performed on water absorbency 
[15], solubility [16], whiteness [17], and density [18]. 
Nutritional content analyses were carried out on water and ash 
content using the drying method (oven) [19], protein content 
using the Micro-Kjeldahl method [19], fat content using the 
Soxhlet extractor [19], carbohydrate content using by 
difference [19], and fiber crude [19], as well as phytochemical 
content analyses, were carried out on total phenols [20], 
antioxidant activity [20], and tannins [21]. 

E. Experimental Design 

Data were presented in mean±standard deviation (SD). The 
experimental design used Completely Randomized Design 
(CRD), which consisted of one factor with four treatments: 
4;5;6;7; and 8 hours and four replications. Statistical analysis 
used was ANOVA with α=0.05, difference analysis with the 
Duncan Multiple Range Test (DMRT) at 5% level. 

III. RESULT AND DISCUSSION  

A. Physical Properties 

The two samples of corn cobs were physically different. 
Corncobs have different dimensions and grooves, due to the 
wide variety of corn varieties. A single corn plant can produce 
1-2 corns in different sizes and dimensions. The corncobs’ 
structure is unique in each ear. Starting from the core of the 
corn to the outside where the corn kernels are attached (Figure 
1). There are three types of corn seed patterns: straight, spiral, 
and irregular. According to farmers, this pattern can be 
conditioned from the start by taking seeds from corn kernels. 
If the seed type is regular, then the yield will match the 
character of the seed placement. The yield of each depends on 
the variety. For example, vegetables or sweet corn can be 
harvested three times a year, while hybrid corn can only be 
harvested once or twice a year. 

The processing of corncobs into powder is more 
recommended than other semi-finished products, because the 
powder is easy to store, easy to mix, can be enriched with 
nutrients (by fortification), and it is more practical and easier 
to use for further processing. During the processing of corn 
cobs into powder (Figure 2), the handling method applied by 
the workers will have an impact on the quality of the final 
product. Bad and unclean methods will cause quality 
degradation and contamination of the corncobs powder. 

 

 
Fig. 1  Corncobs Fresh  
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Fig. 2  Corncobs Powder with Different Drying Durations 

B. Physical Properties 

1) Water Absorption: Table 1 shows that the corncobs 
powder with different drying durations (4;5;6;7; and 8 hours) 
had a water absorption at 1.32-1.39 ml/g. The level of water 
absorption is influenced by the duration of drying time. In 
contrast to a previous study [22], flask powder dried by hot 
air at 70°C and frozen at 50°C showed a water absorption rate 
of about 2.60-2.74 g/g; and according to another study [22], 
the fruit powder that was dried with hot air at 70°C had a 
water absorption capacity of about 3.07g/g. The absorption 
rate of instant powder is affected by water content [23]. The 
increased water absorption may be due to the effects of 
reduced moisture and increased hygroscopicity of the product 
[24]. The study that conducted also said that the higher of the 
drying temperature then the faster the drying process [25]. 

TABLE I 
PHYSICAL PROPERTIES OF CORNCOBS 

Treatment 

Component 
Water 

Absorption 

(ml/g) (%) 

Solubility 

(%) 
Whiteness 

(%) 

Bulk 

Density 

(g/cm3) 

4 hours 
1.39a  
±0.01 

   27.91a  

   ± 0.20 
66.46a 

±0.02 
0.61a 
±0.01 

5 hours 
1.38b  
±0.01 

   27.52b  
   ±0.19 

66.51b 
±0.02 

0.62b 
±0.01 

6 hours 
1.36c  
±0.01 

  27.14c  
  ±0.19 

66.56c 
±0.03 

0.63c 
±0.01 

7 hours 
1.34d  
±0.01 

  26.76d  
  ±0.19 

66.62d 
±0.03 

0.64d 

±0.01 

8 hours 
1.32e  
±0.01 

  26.39e  

 ±0.18 
66.67e 

±0.03 
0.65e 
±0.01 

 Data followed by different letters in the same line showed statistically 
significant (p<0.05). 
 

2) Solubility: Corncob’s powder has a solubility of 26.39-
27.91%. In contrast, a previous study reported that the 
pumpkin powder had a solubility of 8.77-9.46% [26]. The 
solubility rate is influenced by the presence of water-soluble 
and water-insoluble components [27]. The higher the 
solubility, the better the corncob powder product [28]. In the 
process, activated hydrolytic enzymes break down various 
complex components into simple components. Amylase 
enzymes catalyze the breakdown process of starch and 
produce sugars by binding to peptide proteins and amino acid-
producing proteins [29]. Many factors influence solubility, 
including process conditions, composition, particle size, 
density, pH, and storage conditions [30], [31]. Solubility 
means the ability of powders to dissolve in water. Based on 

the previous study the main factor that affecting the solubility 
is drying process [32]. 

 

3) Whiteness: The whiteness of corncobs powder ranged 
from 66.46-66.67%. The drying duration affects the degree of 
whiteness. The drying process allows dissolved compounds 
such as sugars and proteins to react and produce brownish 
pigments [33]. In addition, the low water content of the 
corncobs powder makes the powder dry completely and 
increases the whiteness of the produced corncobs powder. 
Meanwhile, at low drying temperatures and long drying 
duration, the corncob pieces are not dried completely, and 
some parts are brown in color because they still contain water 
and have a high Aw (water activity) value. The high-water 
absorption during the drying process will result in a larger 
shrinkage of volume and cause an increase in the intensity of 
the brown color [34]. The higher the intensity of brown color 
then the whiteness of powders will decrease [35]. 

4) Bulk Density: Bulk density is the ratio of the weight of 
a material to the volume it occupies, including the empty 
space between the granules of the material [36]. The bulk 

density score will increase when the weight of material 

increase. Density is used to determine the cohesiveness and 
texture of a material. The longer the drying time, the more 
water content is released [37]. The density value is influenced 
by the moisture content, particle size, and powder porosity 
[38]. Food that has a high bulk density shows a high nutrient 
density [39]. For example, corncobs powder with different 
drying times has an ash content ranging from 0.61-0.65 g/cm3. 
In previous studies, longer drying time increased the Bulk 
density of produced Belitung taro flour because more water 
was evaporated. So, solids with a large molecular weight, 
such as carbohydrates, will be more concentrated. Another 
study also explained that bulk density is a property that can be 
influenced by the size and moisture content [38]. The lower 
the moisture content of a material, the better the bulk density 
produced. This is because the low water content in dried 
materials will produce smaller and finer granules. In addition, 
materials that have a low moisture content make powder 
formation easier and prevent powder clumps [36]. 

TABLE II 
NUTRITION CONTENTS OF CORNCOBS POWDER 

Duration 

Components 

Water 

(%) 
Protein 

(%) 
Ash 

(%) 
Fat (%) 

Carbo-

hydrate 

(%) 

Crude 

Fibre 

(%) 

4 hours 
13.64a 
±0.56 

1.86a  

±0.02 
3.50a 

±0.05 
0.48a  
±0.03 

80.52 
±0.02 

38.25a  

±0.02 

5 hours 
12.55b 
±0.56 

1.90b  
±0.02 

3.56b 
±0.05 

0.53b 

 ±0.03 
81.46  
±0.02 

37.40b 

±0.02 

6 hours 
11.10c 
±0.56 

2.17c  
±0.02 

3.69c 
±0.05 

0.65c  
±0.03 

82.38 
±0.02 

36.19c 
±0.02 

7 hours 
10.26d 
±0.56 

2.20d 

±0.02 
3.73d 
±0.05 

0.77d  

±0.03 
83.04 
±0.02 

35.77d 

±0.02 

8 hours 
9.08e 

±0.56 
2.58e  

±0.02 
4.03e  

±0.05 
0.88e  
±0.03 

83.43e 

±0.02 
34.60e  

±0.02 

Data followed by different letters in the same line showed statistically 
significant (p<0.05). 

C. Nutrition Content 

1) Water Content: Table 2 shows that the corncobs 
powder with drying duration of 4;5;6;7; and 8 hours has a 
moisture content ranging from 9.08-13.64%. In contrast to the 
findings of previous studies [40], [41], the moisture content 
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obtained ranged from 5.00-9.64%. The difference in drying 
duration most likely causes the various water content of corn 
cobs powder. The longer the drying duration, the more water 
content is lost due to evaporation. The statement is supported 
by the findings of a previous study [42], which stated that a 
long drying process and a higher temperature caused more 
water content to evaporate so that the material became drier 
and lighter, as the heating process can reduce the moisture 
content in the materials [43]. According to a previous study 
[28], moisture content higher than 14% in flour and powder 
will affect storage quality because it will create a flavourable 
condition for mold growth, insect infestation, and 
agglomeration. 

2) Ash Content: Corn cobs powder with different drying 
durations has an ash content ranging from 3.50-4.03%. The 
level of ash content is influenced by the length of drying time. 
It is suspected that an increase in drying temperature will 
cause an increase in the ash content of the white oyster 
mushroom flour because of the water content in the white 
oyster mushroom flour. The chunks of mushrooms have a 
higher decline so that the remaining material in the mushroom 
increases, one of which is minerals [44]. The levels of ash 
contained in a material can be related to the number of mineral 
elements. The ash content depends on the type of material, 
method, drying time and temperature, and the non-mineral 
components contained in the material [45]. Oxidizers act as a 
proportion of minerals in the material [46]. 

3) Protein Content: Corncob’s powder has a protein 
content of between 1.86-2.58% due to the different drying 
durations. Longer drying duration causes water evaporation 
on the material to be faster and leads to protein denaturation. 
The heating process can damage the amino acids in which the 
heat resistance of proteins is highly dependent on the amino 
acids that make up these proteins [45];[47]. A previous study 
suggests that the decrease in protein levels is due to the 
characteristics of the protein contained in food. Most dietary 
protein is denatured when heated at medium temperature (60-
900C) for one hour or less [48]. The increase in protein content 
with a longer drying duration is due to the breakdown of water 
molecular components (H2O) during the drying process. This 
causes a decrease in water content, thereby increasing other 
elements such as protein content. Oxidizers act as a proportion 
of minerals in the material [49]. 

4) Fat Content: Corncob’s powder has a fat content of 
between 0.48-0.88%. The fat content will increase 
proportionally to the increase in temperature and drying 
duration. Longer drying duration increases the fat content, 
which decreases the moisture content [50]. According to a 
previous study [51], the fat breakdown rate varies depending 
on the processing time and temperature. Fats are easily 
damaged by oxidation and hydrolysis and are sensitive to light, 
temperature, and oxygen. 

5) Carbohydrate Content: Corncob’s powder has a 
carbohydrate content of 80.52-83.43%. The longer the drying 
duration, the higher the carbohydrate content. Some 
carbohydrates are damaged by the long drying duration 
resulting in lower carbohydrate content. Reduced water 
content means foods with high carbohydrates, protein, and 
minerals but less in vitamins [52]. 

6) Crude Fiber: Crude fiber is a heat-resistant part of 
food and cannot be hydrolyzed by the chemicals used in this 
study [49]. Corn cobs powder with different drying durations 
has a total crude fiber ranging from 34.60-38.25%. The 
decrease in crude fiber content in this study is probably due to 
the breakdown of hemicellulose resulting in a decrease in 
crude fiber content because hemicellulose is a part of crude 
fiber. Hemicellulose enzymes can break down hemicellulose 
and hemicellulose enzymes such as gluconate, xylanase, 
galactonase, manase, galactomannase, and pentosanase [51]. 

D. Phytochemical Contents  

1) Total Phenol: Corncobs powder has a total phenol 
ranging from 112.83-113.58 mg/100 mg. The total phenol 
content depends on the drying duration. The longer the drying 
duration, the lower the total phenol. Drying and wilting can 
destroy some phenolic compounds leading to decreased 
polyphenol levels [53]. The number of tannins influences the 
decrease in antioxidant activity from dissolved flavonoid 
compounds because the epigallocatechin gallate in tannins is 
a flavonoid building block that acts as the largest antioxidant 
besides quercetin in flavanol compounds [54]. The phenolic 
compounds are very sensitive, unstable, and very susceptible 
to degradation [55]. Phenols in fruit and vegetables are 
susceptible to oxidative degradation by polyphenol oxidase 
during the drying process resulting in intermolecular 
condensation reactions and decreased phenol content. Oven 
drying uses a higher temperature than sun drying and wind 
drying. Inactivation of the polyphenol oxidase enzyme 
resulting in a higher total phenolic content [56];[57]. Previous 
studies found a strong correlation between phenol content and 
antioxidant activity. Phenolic compounds are easily oxidized 
and sensitive to heat so that the sun-drying process can even 
reduce the content of phenol compounds. Phenolic 
compounds such as flavonoids can inhibit free radicals 
through radical scavenging by donating one electron to an 
unpaired electron in the free radical. The total phenol content 
decreased with the increase in the drying duration of noni 
leaves due to the oxidation process during the heat treatment. 
The drying process reduces the phenol content in the leaves 
[58]. Phenolic compounds act as antioxidants because they 
can bind oxygen, which makes oxygen unavailable for the 
oxidation process, causing phenolic compounds to bind to 
metals, catalyzing oxidation reactions [59]. However, if 
exposed to oxygen for a long time, phenolic compounds will 
be oxidized, leading to a reduction in antioxidant activity and 
the total amount of phenol. The drying process of corncobs 
powders decrease the contents of bioactive compounds and 
antioxidant activity [60]. 

 

2) Antioxidants Activity: Corncobs powder has 
antioxidant activity ranging from 20.61-21.53%. The length 
of drying duration influences the level of antioxidant activity. 
According to previous studies [61];[62];[63], the longer the 
drying duration, the lower the antioxidant activity of corncobs 
powder. Meanwhile, according to another study [64], high 
drying temperature will also decrease the antioxidant activity 
because the high temperature causes damage to secondary 
metabolites that act as antioxidants. Also, previous studies [65] 
showed that the higher the drying temperature, the lower the 
antioxidant activity. The drying process decreases the active 
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substances contained in the materials. The decrease in 
antioxidant activity is also influenced by the enzymatic 
oxidation process, which causes polyphenols to be oxidized 
and decreased [66]. According to a previous study, high 
temperatures in thermal processes can cause a significant 
reduction in antioxidants naturally found in plants which can 
also deactivate enzymes and decrease phytochemical 
compounds [67]. It means that the higher temperature in 
drying process will decrease the antioxidant activity [68]. The 
decreased activity antioxidant was also caused by different 
type solvent and extraction temperature [69]. 

TABLE III 
PHYTOCHEMICAL CONTENTS OF CORNCOBS POWDER 

Dry 

Duration 

Components 

Total Phenolic 

(mg/100mg) 

Activity 

Antioxidant 

(%) 

Tannin 

(mg/L) 

    4 hours 113.58a  
±0.56 

21.53a  
±0.06 

1.50a  
±0.02 

5 hours 113.42b  
±0.56 

21.40b 

±0.06 
1.49b  
±0.02 

6 hours 113.34c 

 ±0.56 
21.32  
±0.06 

1.47c  
±0.02 

7 hours 113.30d 

 ±0.56 
21.28  
±0.06 

1.46d  
±0.02 

8 hours 112.10e  
±0.56 

20.61e 

±0.06 
1.45e  
±0.02 

Data followed by different letter in the same line showed statistically 
significant (p<0.05). 

 
3) Tannins: Tannin content in corncobs powder ranging 

from 1.45-1.50 mg/L. Based on the results of a previous study, 
the higher the drying time and temperature, the lower the 
tannin value of the tea produced. Tannins contain 
epigalocatekaloid, flavonoid constituent that acts as a potent 
antioxidant besides quercetin in flavanol compounds. These 
tannin components will undergo a lot of chemical changes at 
high temperatures.  

Tannin oxidation is influenced by the presence of oxygen, 
solution pH, light, and antioxidants. The epigallocatechin 
component in tea will be oxidized into orthoquinones and then 
condense in the presence of hydrogen molecules forming 
biflavanols. Then, the bioflavanol components will condense 
to form theaflavins and thearubigines which contain lower 
polyphenols [70]. Based on the result of another study, it 
known that tannin content will decrease after heating process 

in drying [71]. 

IV. CONCLUSION 

Corncobs powder with a drying duration of 7 hours has the 
best physical properties (water absorption at 1.34 ml/g, 
solubility at 26.76%, whiteness at 66.62%, and bulk density 
at 0.64 g/cm3), nutritional contents (water content at 10.26%, 
ash content at 3.73%, protein content at 2.20%, fat content at 
0.77%, carbohydrate content at 83.04%, and crude fiber at 
35.77%), and phytochemical content (total phenol at 113.30 
mg/100mg, antioxidant activity at 21.28%, and tannins at 1.46 
mg/L). 
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