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1. Introduction

Industrial development in Indonesia demands the availability of cheap feed ingredients, can be
available at any time and does not compete with human needs. Pollard and wheat bran are by-products
of wheat. Pollard is the outer part of the wheat while wheat bran is the inner part of the wheat. the
second product that is commonly used as fodder for poultry and ruminants. Uncertain transportation
conditions cause factories to store pollard and wheat bran will cause fluctuations in the presence of
pollard and wheat bran. Fluctuations in the presence of pollard and wheat bran cause the feed industry
to carry out large-scale storage as stock materials for the production process. The purpose of the storage
is to maintain the availability of materials but storage that is too long can cause rancidity and reduce
the quality of the ingredients. Decreasing the quality of feed ingredients will affect the quality of the
feed products produced, which will reduce the quality of nutrients that must be produced by livestock.
This happens because the shelf life of pollard and wheat bran is unknown, so that the feed industry has
difficulty managing raw materials. Efforts that can be made to overcome this to determine the age of
pollard and wheat bran.

Pollard and wheat bran that are stored too long usually give off rancid odor. Rancidity is one
type of food spoilage that can be used as a parameter for rejecting food quality [1]. Rancidity occurs in
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foods that contain fat. Rancidity of fats is caused by oxidation (oxidative rancidity), rancidity by
enzymes (enzymatic rancidity), and rancidity due to the hydrolysis process (hydrolytic rancidity) [2].
Oxidative rancidity occurs due to the oxidation process by air oxygen into unsaturated fatty acids in fat
[3]. The oxidation process generally occurs at room temperature, the higher the temperature, the faster
the oxidation process occurs. The results of fat oxidation in feed ingredients not only cause unpleasant
tastes and odors, but can also reduce the nutritional value, due to damage to vitamins (carotene and
tocopherols) and essential fatty acids in fat which of course reduces the nutrients that should be
obtained by livestock. The main breakdown of fat is the appearance of a rancid odor and taste called the
process of rancidity. This is due to the autoxidation of unsaturated fatty acid radicals in the fat. Free
fatty acids with O2 form active peroxides which can form unstable and easily broken hydroperoxides
[4]. The peroxide number is a method used to measure the rancidity of a substance. Peroxide number
indicates fat oxidation due to heat and oxygen [5]. The free fatty acids present in the product will be
oxidized by oxygen and heat to peroxide which is an early indicator of fat oxidation [6].

Rancidity is one indicator of a decrease in the quality of feed ingredients. The more rancid, the
worse the quality of the feed. Decreasing the quality of feed ingredients also affects the shelf life of feed
ingredients, the lower the quality of feed, the shorter the shelf life of a feed ingredient. The method that
can be used to determine the age of feed is the Accelerated Shelf Life Test (ASLT) this method accelerates
the decline in product quality by storing the product in extreme conditions (high temperature and
humidity) so that the determination of shelf life is shorter. ASLT method has two models, namely the
Arrhenius model and the critical moisture content model. The Arrhenius model is suitable for food
products that are sensitive to temperature, fat oxidation, maillard reactions and protein denaturation
while the critical moisture content model is suitable for air sensitive feed ingredients [7]. The purpose
of this study was to determine the shelf life of pollard and wheat bran stored at different temperatures
using the Arrhenius model acceleration method based on the value of the peroxide number.

2. Method

The ingredients used in this study were pollard and wheat bran which were obtained from a
centralized feed store in east Jakarta. The main chemicals used are n-hexane, glacial acetate, sodium
thiosulfate, starch indicator obtained by the Citra Sari Kimia shop in central Jakarta. This research
referred to [8] tests on the estimation of shelf life on pollard and wheat bran with the Arrhenius method
were carried out at three storage temperatures representing cold, temperature room and hot
temperature at 15, 35, and 45°C for 7 weeks. Sampling was carried out on days 7, 21, 35 and 49 to the
peroxide value, after the peroxide number data is known. Afterwards, Arrhenius model test was
conducted to determine the shelf life of pollard and wheat bran.

2.1. Peroxide number

The determination of the peroxide number begins with the manufacture of extracts of pollard and
white brand using cold maceration techniques. Pollard and wheat bran that has been stored in an
incubator at 15, 35, and 45°C is weighed 250 g then put into Erlenmeyer and then added n-hexane
solvent until the sample was completely immersed. Furthermore, the sample was stirred in order to
completely mixed and closed tightly, then macerated at room temperature for 24 hours. The filtration
result was then collected (filtrate I). The waste from filtrate I was then added with n-hexane until the
sample was completely immersed and macerated again for 24 hours, stirred for 5 minutes and filtered
with coarse filter paper (filtrate II). The filtrate I and II were mixed and filtered with filter paper. The
filtrate was then evaporated with a rotary evaporator at a temperature of 40 °C with a pressure of 100
mBar to remove the solvent contained in the extract until all the solvent has evaporated which was
indicated by the solvent not dripping again in a minimum period of 5 minutes. The viscous extract
obtained was put into a sample bottle [9].

The determination of the peroxide number is used to determine the equivalent concentration of
peroxide resulting from the oxidation of fat in the sample (megperoxide/kg sample) [10]. Based on the
[10], 5 g of the extract was put into a closed erlenmeyer and 30 mL of a mixture of glacial acetic acid:
chloroform (3: 2 v/v v/v) was added. After the sample is completely dissolved, 0.5 mL of saturated KI
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solution is added and left for 5 minutes while shaking, then 30 mL of distilled water is added. Iodine
liberated by peroxide is titrated with 0.1000 N standard solution of sodium thiosulfate (Na25203) with
starch indicator until the blue color disappears. The peroxide number is expressed by the following
calculation formula:

(mL titration-mL blank) x N x 1000
sample weight

Peroxide number=

N= Normality Na25:0s 0,01 N

2.2. Arrhenius Model

The results of the observations for each parameter of quality degradation have calculated the rate
of quality degradation per week (reduction in quality units per week or k) by plotting in a graph the
relationship between the value of In quality deterioration activity when following reaction order one
and the activity value of water content only when following a zero reaction order [11]. This value is the
y-axis and storage time, namely the 0, 1, 3, 5 and 7 days as the x-axis at each storage temperature (15,
35, and 45°C). Then look for the value of k or the value of the constant decline in quality per day obtained
from the slope of the regression equation of the two graphs. After the k value is obtained, the In k value
is sought for each storage temperature. Then an Arrhenius plot is made, with the x-axis representing
the value of 1/T (K-1) and the y-axis representing the value of In k at each storage temperature used (15,
35, and 45°C). The k value is the gradient of the linear regression obtained from the three storage
temperatures. From the linear regression obtained on the Arrhenius curve it can be predicted the shelf
life of the product using the formula:

k =ko.e Fa/RT

k= deterioration constant; ko= constant (independent of temperature); Ea= activation energy; T =
absolute temperature (K); R= constant gas (1.986 kal/mol K)

ko is a constant for deterioration of the product that is independent of temperature, while k is a constant
for deterioration of one of the temperature conditions used (15, 35, and 45 °C) and Ea/R is the gradient
obtained from the Arrhenius plot. By calculating using this formula, the value of ko will be obtained.
The shelf life according to reaction order one is obtained by the formula [12]:
InAo-InAt
= Ko

t= prediction of shelf life (day); Ao=initial quality value; At=product quality value remaining after time
t; ko= constant. from the formula above, we can predict the shelf life in days or months

3. Results and Discussion

The peroxide number is an index of the amount of fat or oil that has undergone oxidation. The
peroxide number is very important for the identification of the oxidation state. The high peroxide value
describes the high oxidation that occurs in a feed ingredient. The following is the peroxide value in
pollard and wheat bran for 49 days of storage.

Table 1. Changes in the value of peroxide in pollard and wheat bran during storage

Storage Time (Day)

Feed Temperature (°C)

1 7 21 35 49
15 0.20+0.02  0.29+0.01 0.62+0.03 0.91+0.03 1.07
Pollard 35 0.20+0.01 0.32+0.02 0.72+0.04 1.08+0.04 1.20
45 0.24+0.03 0.63+0.01 0.96+0.02 1.22+0.03 1.38
15 0.16+0.03 0.16+0.02 0.23+0.04 0.39+0.02 0.47
V;}:aezt 35 0.34£0.02 0.63:0.03 0.81x0.02 1.03:0.02 1.28
45 0.34+0.02 0.68+0.02 0.89+0.02 0.91+0.03 143
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Based on Table 1, it is known that the highest peroxide number value occurs in wheat bran with
a storage temperature of 45°C on the 49th day of storage, 1.43 meg 02/100 g of oil. While the lowest
peroxide number occurs in wheat bran which is stored at 15°C on the first day of storage, when
compared to the temperature level with the peroxide number it is known that the higher the storage
temperature will produce a large peroxide number. This happens with pollard and wheat bran, this
proves that the peroxide number is affected by the storage temperature. In the storage time of the two
types of feed ingredients the peroxide number tends to increase along with the length of the shelf life,
this proves that the shelf life affects the value of the peroxide number that occurs in pollard and wheat
bran. Oxidation is supported by oxygen and light. In this study, pollard and wheat bran were stored at
45°C, the temperature setting uses hot light so that this supports higher oxidation than pollard and
wheat bran stored at room temperature. Pollard and wheat bran which are continuously exposed for 24
hours for 49 days help break down fatty acids so that there are lots of free fatty acids that cause the
formation of acrolein and glycerol. This acrolein compound causes the odor and feed ingredients to turn
black. The high peroxide number on the 49th day of storage was also assisted by oxygen because in this
study pollard and wheat bran were stored in an open container which facilitated the interaction of
oxygen with feed ingredients. Pollard and wheat bran damage during storage will affect the quality and
quality of the feed ingredients that will be used to make feed. Although the value of the peroxide
number produced in this study is still far from being toxic, 100 meg 02/100 g of oil. Nonetheless, it is
very important to know the shelf life of pollard and wheat bran, so this research is continued in a trial
of the Arrhenius model of acceleration.

The Arrhenius model is a simple simulation model to estimate the rate of deterioration in product
quality [13]. The Arrhenius model is an approach that quantifies the effect of temperature on
deterioration values and determines shelf life. The data were analyzed using simple linear regression
analysis. The Arrhenius model is an approach that quantifies the effect of temperature on the value of
deterioration and determines shelf life [14] Quality indicators will change due to the influence of
environmental factors such as temperature, humidity and air pressure or due to the composition of the
feed ingredients themselves. In this model it is assumed that the pollard and wheat bran damage factor
is only caused by rancidity, so the data used in this model is the peroxide number data at several
temperatures stored for 49 days.

3.1. Application of the Arrhenius Model to Pollard

Based on Table 1, there is a change in the value of the peroxide number in pollard at several
temperatures during storage. According to [15] the content of free fatty acid in coffee increases during
storage and unsaturated fatty acid decrease Based on the average value obtained, a regression equation
can be made which shows a relationship between storage time and the value of in the pollard peroxide
number at each different temperature. The following is the Pollard regression curve.

storage time (day)

Value of In peroxide
number (Meg 02/100 g oil)
[\

——15°C 35°C 45°C

Figure 1. Graph of the long relationship of pollard storage to the in value of peroxide at 15, 35 and 45°C
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In general, there is an increase in pollard peroxide numbers along with the length of storage time
for both products stored at cold temperatures of 15 °C, room temperature of 35 °C and warm
temperatures of 45 °C. based on the graph above, the value of In, the peroxide number on the product
shows a linearity pattern. It can be seen that the three linear equations for each storage temperature
show a pattern of increase with each increase in temperature. Based on the graph in Figure 1, the In k
value is obtained which will then be plotted to 1/T into a graph.

Based on the graph of the relationship between In K and 1/T, a constant rate of deterioration (k)
of pollard with the addition of propionic acid is obtained, where the higher the temperature, the higher
the rate of deterioration. If the rate of deterioration is higher, the shelf life of the pollard will be shorter.
The constant rate of deterioration in the value of the pollard peroxide number at 15°C is 0.0015/day, at
35°C is 0019/day and at 45°C 0.0021/day The difference in the rate of deterioration is caused by the
physiological processes of the material. Physiologically, after harvesting pollard, there is still a chemical
reaction process in it and this process continues until decomposition occurs. Efforts to slow down this
physiological process will slow down the decay process, carry out preservation at low temperatures,
lower temperatures, the slower the process and the better, because for every 10°C the temperature
decreases, the reaction speed is slowed down by approximately half [16]. So that the variation in storage
temperature will greatly affect the shelf life of a product. Based on the quality degradation value
obtained, it is continued to calculate the shelf life of the pollard.

Table 2. Value of quality decrease rate and shelf life of pollard based on peroxide number
Temperature (°C) Ea (kalori/mol) Ko K/day Ts/day Ts/month

15 0.0015 82045 27.3
35 1781.56 0.04 0.0019 666.97 222
45 0.0021  393.28 13.1

Based on Table 2, it can be seen that pollard when stored at 15°C produces the highest shelf life
of 27.3 months, at 35°C it produces a shelf life of 22.2 months at a temperature of 45°C the lowest shelf
life is 13.1 months.

3.2. Application of the Arrhenius Model to Wheat Bran

As seen in Table 1, there is a change in the value of the peroxide number in wheat bran. The
longer the storage, the higher the value of the peroxide number formed. Based on the average value
obtained, a form of regression equation can be made which shows a relationship between storage time
and the value of the peroxide number at each different storage temperature. The following is an
overview of the regression curve in the peroxide number with the storage time of wheat bran

= 2 A
<]
E
2g
.g = 7 35 49
= -1 4
g9
£® 2
52
E S
<
>
——15°C 35°C 45°C

storage time (day)
Figure 2. Graph of the relationship time of storage to the k value of the wheat bran peroxide number at 15. 35 and 45°C

In general, there is an increase in the value of the wheat bran peroxide number along with the
length of storage time both at a cold temperature of 15°C, a room temperature of 35°C and a warm
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temperature of 45°C. based on the regression graph in Figure 2, the magnitude of the k value of the
wheat bran peroxide number stored at 15, 35, and 45°C, all show a linearity pattern. Based on this
equation, the k value is obtained which will then be plotted by 1/T into the graph below.

Based on the graph of the relationship between k and 1/T, the constant rate of decline (k) of wheat
bran is obtained, where the higher the temperature, the higher the rate of decline. if the rate of
deterioration is higher, the shelf life of wheat bran will be shorter. The constant rate of deterioration of
wheat bran at 15°C is 0.0014/day, at 35°C is 0.0017/day and at 45°C is 0.0018/day. The results of
calculating the value of the peroxide number in wheat bran against storage time will get a constant rate
of deterioration. The rate of deterioration in the value of the wheat bran peroxide number follows the
first order reaction which will then get the shelf life.

Table 3. Value of quality decrease rate and shelf life of wheat bran based on peroxide number
Temperature (°C) Ea (kalori/mol) Ko K/day Ts/day Ts/month

15 0.0014 753 25.1
35 774.54 0.021 0.0017 451 15.1
45 0.0018 446 14.8

Based on Table 3, it is known that the higher the rate of deterioration constant, the lower the shelf
life of the wheat bran and the higher the storage temperature, the faster the wheat bran is damaged.
According to [17] higher storage temperature the greater the speed of deterioration/degradation (k)
resulting in shorter shelf life (ts).

4. Conclusions

Based on the results of the study, it can be concluded that the amount of temperature and storage
time are directly proportional to the magnitude of the peroxide number. Meanwhile, temperature and
storage time are inversely proportional to shelf life in terms of the Arrhenius model based on the
peroxide number. In the Arrhenius model application, it is known that the best shelf life occurs at 15°C,
27.3 months, while wheat bran occurs at 15°C, which is 25.1 months. The suggestion in this research is
to try the Arrhenius model test on other parameters as a comparison to determine the accurate shelf life
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