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Accepted June 2020 economic condition in society. If the distribution trade was poor, the quality

and quantity of product will be low, consequences to uncontrolled condition
in society. Every actor in distribution trade play important role. Farmer for
instance, if the farmer produces low quality of maize grain, will resulted
unacceptable product in factory. The acceptance of maize in feed factory is
determined by several factor, such as moisture content, microorganism
contamination, and presence of pest. To know the best recommendation
treatment to prevent rejected product in feed factory, it is important to de-
termine the moisture content in trade distribution, because the higher mois-
ture content would increases the possibility of microorganism contamina-
tion. Besides, the best condition storage is also critical for keeping the quali-
ty of maize grain. Therefore, determination of equilibrium moisture content
(EMC) will help the policies maker to consider environment condition for
their storage. In this study, the maize EMC was determined using Hender-
son’s equation. The results showed that the highest EMC was found in the
maize after threshing (23.49+0.58%). The postharvest treatment, such as
drying and sortation is very important apply in such point
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Introduction

Maize is one of potential crop in Indonesia.
Maize commonly used as a source of energy,
either through food or feed. As a food, many
diversification products using maize a raw-
material, such as ice, chips (Hasanah&Dessy,
2019), cake, drinking products (Alsuhen-
dra&Ridawati, 2017) and many other prod-
ucts unpublished in scientific article. Besides,
maize is also able used as sources of energy,
such as bioenergy, bio-renewable materials
and biofuels (Thiex&Richardson, 2004; BPS,
2015) In Lampung Province, the productivity
of maize is growing up year by year, from
1993 to 2015 (BPS, 2015). Moreover, in 2016
the production value of maize in Lampung
reach 1.72 million tonnes, contributed for
7.29% of total national production (Bappeda,
2017). It means that Lampung Province put
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concern in maize production improvement.
Therefore, development of maize production
is important, both in quantity and quality as-
pect.

Distribution pattern in trade represent the
distribution chain from producer to consumer.
The good distribution chain will able to move
the product with very low cost and fairly con-
trol the cost to all of distribution chain actor
(BPS, 2015). The availability of maize in mar-
ket gives multiple effects to enterprises, espe-
cially livestock business area (Mango et al,
2018). It means quantity and quality of maize
will affect the distribution chain, from produc-
er to consumer.

Moisture content is one of the common
problems in distribution chain, in terms of ac-
ceptability maize in factory. Each of feed facto-
ries has their own rule for maize moisture
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content from farmer or other actor in distribu-
tion chain. High moisture content in maize
combine with high relative humidity are po-
tentially become comfort growth condition for
fungi (Sauer&Tuite, 1987). Precise moisture
content measurements are important for
many reasons in the feed sector
(Thiex&Richardshon, 2004) Water is weight
and must be charged to buy and sell food; 2)
Water is weight and has to be shipped; 3) In
storage conditions, moisture content plays a
role; 4) Moisture in feedstuffs and mixed feeds
works as a diluent to energy, protein, miner-
als, and methods for the evaluation of empiri-
cal methods; 5) Proper concentrations of
moisture in diets are necessary for optimum
intake and performance of animals. Therefore,
a precise determination of moisture content
along distribution chain is necessary for pre-
ventive handling.

The equilibrium moisture content (EMC) is
essential properties in the analysis and design
of various food processing. Proper environ-
ment condition will determined the quality of
agriculture product (Widyasanti et al., 2017).
The EMC data is necessary to consider the
grain storage condition. However, most of
maize enterprise ignores to evaluate the EMC
data. (Zhang&Mittal, 2013) found the EMC of
several foods using artificial neural network.
The aim of this study was to measure the EMC
of maize along distribution chain using Hen-
derson’s equation.

Material and Methods
Sample Preparation

This study was conducted in one of small
enterprise in Lampung. This research was car-
ried out through direct observation and field
measurements. The distribution trade, includ-
ing farmers and traders, was determined by
direct observation.

Sampling Methods

The system of sampling was conducted in
3 different points with 3 replications in maize
distribution trade, maize in field, maize after
move from farm to thresher and maize that
ready to send to factory. The sampling tech-
nique is based on the SNI 19-0428-1998 solid

sampling method. The sample was collected
from each point to quantify the moisture con-
tent.

Moisture Content Measurement

The measurement of maize moisture con-
tent was carried out using oven method
(AOAC, 1995). The amount of sample 3-4 gram
was put in oven 100-105°C for 6 hours and
move to desiccator. The sample was dried un-
til the weight constant. The moisture content
was calculated based on weight losses, the dif-
ference between initial weight and latter
weight of sample.

Equilibrium Moisture Content (EMC)

The EMC in trade distribution was quanti-
fied using henderson’s equation [12]. The
Henderson’s Equation was calculated by the
equation:

1— RH = exp [—cT(Me)"]

Where

RH : Relative Humidity (%)

C maize :1.10x 105

n maize :1.90

T : Temperature (K)

Me : Equilibrium Moisture Content

Results and Discussion
Field Condition

The land owner for maize production is the
local farmer with 2-2.75 Ha area of dry land.
The frequency of maize cultivation reach2-3
times per year, depend on the weather condi-
tion. The maturity level was adjusted tradi-
tionally by observed the stalk and husk of
maize. To reduce the moisture content level of
maize, the farmer are usually using sun dryer
for 1-3 days. However, determination of mois-
ture content during sun drying is difficult,
caused by broken maize kernel in overdried
condition. Therefore, non-destructive detec-
tion of maize moisture content is recommend-
ed in farm level. There are several non-
destructive detection methods could be ap-
plied at farm level, including using used ring
electrode pair as sensors (Zhang et al,, 2016),
555 integrated circuit timer (Klomklao et al,,
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2017), microcontroller (Oktavianty&Wildian,
2016) and web based capacitive (Savero et al.,
2018). Preventive action could be controlled
when the moisture content already known at
farm level.

Trader Condition

The trader has important role to send the
maize grain to feed industry. In 1 Ha, farmer
normally produces 6 tonnes maize grain and
send to trader. The maize normally just spread
out on the floor in summer time, rely on the
sun as source for drying. In order to reduce
the moisture content of maize, indoor drying
treatment is necessary. The proper packaging

for maize after threshing is important. Risanda
et al,, found that combination of plastic bag
and hermetic packaging was able to maintain
material moisture content remains low. The
main aim of the packaging is the elimination of
losses in post-harvest processing (Marpaung
et al, 2019). However, the packaging with
nondegradable material, such as conventional
plastic must be one of consideration for envi-
ronment sustainability, including greenhouses
gasses emission (Cahyani et al., 2019).

The three different points in maize distri-
bution trade, maize in field, maize after move
from farm to thresher and maize that ready to
send to factory showed in Figure 1.

Figure 1. a) Maize in field; b) Maize after move from farm to thresher; c)Maize that ready to send to factory

Moisture Content Along Distribution Trade
A precise evaluation is important for the
moisture content of foodstuffs because the
nutritional evaluation is affected by moisture
content. The oven method drying was appro-
priate to determine of the moisture content of
feed ingredients, which included maize (Ahn
et al,, 2014). The moisture content of maize in
different point of distribution trade was
showed in Fig 2. The highest moisture content
(20.47+1.67%) was found in the maize after
move from farm. The moisture content in-
creases from farm and decreases after thresh-
ing treatment. The increasing of moisture con-
tent in the trader is caused bythe absence of
dried treatment. The maize that spread out on
the floor outside to wait threshing treatment
makes the moisture content going down. Such
matter just happened during the summer time,
due to the temperature and relative humidity
in optimum condition. After the maize is
threshed, the moisture content was decreased.
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Figure 2. The moisture content of maize in different
point of distribution trade (three times
replicate)

The need for assessment and improve-
ment of moisture methods and standardiza-
tion of laboratory practices is very important.

Environmental Condition
Determination of environmental condi-
tion was conducted along distribution trade.
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The highest temperature (33.1+ 0°) was found
in the field. Different result was found on rela-
tive humidity. The highest relative humidity
(74%1.73%) was found in the location maize
after threshing. Determination of relative hu-
midity and temperature in maize storage will
help the trader to keep the quality and safety
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of raw materials for process controlling and
food preservation (Butts-Wilmsmeyer et al,,
2019; Palacious et al., 2019). Temperature and
relative humidity are important factors in
grain storage, due to its effect to EMC (Hanif et
al,, 2018).

ORH

m Temperature

Maize after
threshing

Distribution Trade Point

Figure 3. The Environmental Condition in different point of distribution trade (three times replicate)

Equilibrium Moisture Content

The function of temperature and relative
humidity of drying air is defined asequilibrium
moisture contents (EMC). It is important in
order to develop control strategies for the safe
storage of agricultural products. The highest
EMC was found
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in the location maize after threshing
(23.49£0.58%). The finding of highest EMC
after maize threshing because of its high tem-
perature and RH. Different types of grains
require different amount of moisture level for
storage (Hanif et al,, 2018).
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Figure 4. The Equilibrium Moisture Content in different point of distribution trade (three times replicate)

Conclusion and Recommendation
Determination of EMC is important for
grain storage consideration. The best condi-
tion of EMC will effect on the moisture content
of maize grain, consequences on product ac-
ceptability in feed factories. The highest EMC
was found in the maize after threshing. Seri-
ous post-harvest handling, such as drying or

sortation, is important reduce moisture con-
tent level before send to factories.
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