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Abstract

This study addresses the problem of excess chicken egg inventory at agent warchouses caused by
the mismatch between fluctuating demand and incoming supply, which frequently leads to
product damage and financial losses. The research aims to design an inventory control policy
based on demand forecasting and probabilistic inventory modelling to determine an ideal stock
level. A quantitative approach is employed by first applying the two-period Moving Average
method, which produces an MSE of 6.17 and a MAPE of 0.10 with a forecast of 65 crates for the
ninth period, and then integrating these forecasts into a probabilistic inventory model at a
significance level of a = 0.05 to obtain a reorder point of 214 crates and a safety stock of 60
crates. The results show that this integrated approach enables the agent to trigger replenishment
precisely when on-hand inventory reaches the reorder point, thereby maintaining an adequate
service level while reducing overstock and the risk of spoilage. The combined use of a
quantitative forecasting model and a probabilistic inventory framework constitutes the main
contribution of this study, offering an integrated decision support scheme for determining both the
optimal order timing and the appropriate buffer stock level in a perishable-goods context.

Keywords: Chicken egg inventory, demand forecasting, Moving Average, probabilistic model,
reorder point and safety stock

INTRODUCTION

The production and price of broiler chicken eggs play a crucial role in the national food
system because this commodity is a primary source of animal protein for the population and is highly
sensitive to changes in market conditions. Fluctuations in chicken egg prices frequently occur,
creating stockpiling problems for businesses when selling prices increase (Ilham & Saptana, 2019).
This situation highlights the need to understand the factors influencing stockpiling in warehouses
(Jadmiko et al., 2025).

The availability of chicken eggs exhibits a highly fluctuating pattern, both in terms of demand
levels and price disparities, as well as supply capacity between regions (Hidayat et al., 2024; Santosa,
Hidayat, & Siskandar, 2021). Egg price fluctuations are influenced not only by feed costs and
production inputs, but also by supply instability and changes in consumer demand, which can lead to
stockpiling and damage in warehouses (Xiyang et al., 2018). Analysis of the safety stock level can
maintain product supply stability during times of increased or decreased market demand due to price
fluctuations (Santosa, Hidayat, Siskandar, et al., 2021)

A quantitative approach based on product stock management is key to successfully reducing
product buildup and stockouts in the warehouse (Ariyanti et al., 2025). Demand for chicken eggs and
product delivery times from farmers fluctuate, so ideal safety stock management in the warehouse
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prevents product buildup (Ramadani, 2025; Santosa, Hidayat, & Siskandar, 2021). Safety stock
analysis based on a probabilistic model that manages demand fluctuations and delivery lead times is
an effective model for reducing stock buildup due to overordering from suppliers (Pulungan & Fatma,
2018; Silitonga et al., 2022).

Determining the ideal stock level is based on demand levels, production volumes, and product
selling prices. Therefore, companies require model integration in inventory control management to
prevent stock buildup (Batu Bara et al., 2023; Britania et al., 2024; Luju, 2023). The model for
determining the safety stock level for chicken eggs at egg agents can provide information regarding
the ideal order quantity from suppliers, thus enabling efficient ordering by business operators.

The novelty of this research is analyzing the safety stock of chicken eggs available at egg
agents using a probabilistic method based on demand fluctuations and the lead time of chicken egg
delivery from suppliers. A probabilistic inventory model to determine the reorder point and safety
stock values was developed empirically so that it can provide input for business actors, namely egg
agents, in maintaining the stability of the number of sustainable chicken egg orders from suppliers.

METHODS

The method used in this study is to use a probabilistic inventory model with the amount of
demand and product delivery lead time from suppliers that fluctuate. The probabilistic inventory
method is used when demand and production lead time have fluctuating data patterns so that the value
of the Re-Order Point is the key to the success of ideal inventory (Maulidi & Listianti, 2023;
Pramodya Utami & Mandala, 2024). The method used in the probabilistic demand model to determine
the ideal amount of safety stock is as follows:

A. Demand Forecasting

The forecasting method uses moving averages and exponential smoothing, where this model
will predict the ideal demand volume with the lowest forecast error rate. The forecasting model used
is as follows:

A.1 Moving Average Method

The moving average method is used to predict the value of the next period by taking the arithmetic
average of the actual data from the last few periods (Ren et al., 2016; Santosa et al., 2020). The
formulation of the Moving Average method is as follows: (Pramodya Utami & Mandala, 2024)

MA = Xy, + Xio + Xy,

N
Whare:
Xkn = Demand for the previous data period
n = Number of periods averaged

A.2 Exponential Smoothing Method

The Exponential Smoothing (ES) method is a time series forecasting technique that calculates
the forecast as a weighted average of past observations, with the weights decreasing exponentially so
that the most recent data has the greatest influence on the predicted value (Luh et al., 2019). The
formulation of the ES forecasting method is as follows: (Oey & Ayrine, 2018; Santosa et al., 2022)

Fo.=F +a(Y,-F)
dimana:
F,,; = Data historis periode sebelumnya
F, =Hasil peramalan tahun sebelumnya
Y, = Permintaan tahun pertama
o = Nilai taraf nyata



B. Pengukuran Tingkat Error Peramalan

The selection of production quantities based on the two forecasting methods uses a comparison
of the accuracy level values, namely Mean Square Error (MSE) and Mean Absolute Percentage Error
(MAPE) (Pirmanto, 2024). Mean Square Error (MSE) is a method for determining the error level
based on a measure of forecast accuracy that calculates the average square of the difference between
the actual value and the forecasted value: (Marhama et al., 2025; Santosa et al., 2023)

n

MSE = ¥ (At — Ft)2/n
t=1

Where:

A, = Actual Data

Y, = Forecast Data

n = Number of Data

Mean Absolute Percentage Error (MAPE) is a statistical measure that states the average
magnitude of the forecast error in the form of a percentage of the actual value (Febriani & Febriani,
2022; Meliana & Suwarni, n.d.). The MAPE value can indicate whether the forecast results deviate
from the actual data relatively, where the smaller the percentage, the higher the accuracy of the
forecast model with the following formulation: (Rosida et al., 2023; Setaiawan, 2021)

n
_ 1 Y-yt
MAPE = =73 |12

t=1

Where:

Y = Actual Data

Yt = Forecast Data
n = Number of Data

C. Probabilistic inventory control method

The probabilistic method of inventory control is used when daily demand or lead time is
random and follows a normal distribution (Kunci, 2025; Nopriadi et al., n.d.). This probabilistic
inventory control method allows companies to calculate the reorder point (ROP) and safety stock by
considering the uncertainty of demand and lead time (Purnomo, 2021). The formulation of the ROP
value in the probabilistic model is as follows: (Margono & Lestari, 2015; Pulungan & Fatma, 2018)

ROP = (Xg x Xp) + Z1.q X (\/( Xyx 0) + (XX 64)
dimana:
ROP = Re-Order Point
X4 = Average Demand
X, = Average Leadtime
o,= Standard deviation of demand
o, = Standard deviation of leadtime
o = significance level

RESULTS AND DISCUSSION



Chicken egg demand data shows variations in the number of orders per crate across eight
observation periods, reflecting the dynamics of consumer demand over time. Information about these
changes in demand, when linked to variations in supplier delivery lead times, provides a critical basis
for designing inventory policies, establishing safety stock, and determining reorder points to minimize
the risk of overstocking or understocking. Data on chicken egg demand (crate) and delivery lead times
are shown in Table 1.

Tabel 1 Demand Data and Supplier Delivery Lead Times

Period Demand (Crates) Leadtime (days)

1 54
74
68
70
75
53
66
64 2
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Eight-period data shows that egg demand ranges from 53 to 75 crates per period. This pattern
indicates fluctuating demand, with periods of high demand (74—75 crates) and periods of lower
demand (53-54 crates). Inventory planning needs to take this fluctuation into account to prevent
shortages or stock buildup in warehouses.

Chicken egg suppliers, namely laying hen farmers, require 2 to 3 days to ship their products,
with most periods showing a lead time of 2 days and some periods reaching 3 days. This lead time
variation is important in determining reorder points and safety stock, as a one-day delay can increase
the risk of stockouts during peak demand, while ordering too early can potentially increase storage
costs and risk damage to perishable eggs.

A. Forecast Demand

Chicken egg demand forecasting uses the two-period moving average method (MA=2), which
is then evaluated by calculating the error, absolute value of the error, squared error, and percentage
error for each observation period. This information provides a quantitative basis for assessing how
well the moving average model is able to follow the actual demand pattern in crates, so it can be used
as a reference in inventory planning and ordering decisions. The results of the demand forecast
analysis using the moving average method can be seen in Table 2.

Tabel 2 Moving Average analysis results (n = 2)

Period Demand (Crates) MA =2 Error |Error| |Error|2 Percentage Error

1 54 - - - - -

2 74 - - - - -

3 68 64 4 4 16 0,06

4 70 71 -1 1 1 0,01

5 75 69 6 6 36 0,08

6 53 73 -20 20 400 0,38

7 66 64 2 2 4 0,03

8 64 60 4 4 16 0,06
Forecast Result 65 -5 37 473 0,62

Based on the forecasting results using a Moving Average (MA) with n=2, the forecast value
fluctuated between 60 and 73 cases according to changes in historical data from the previous two



periods. This pattern indicates that the MA=2 method is quite responsive to short-term demand
changes, although deviations still require attention when demand drops sharply.

Evaluation of model performance using |"Error"|, |"Error" [*2, and Percentage Error showed
that the largest error contribution occurred in period 6, with an error of -20 cases and a squared error
of 400, while other periods showed much smaller error values. In aggregate, the cumulative
percentage error reached 0.62 with a sum of squared errors of 473, indicating that the MA=2 model
produced a forecast accuracy level acceptable for operational contexts, with a demand forecast of 65
cases in the ninth period. The results of the error accuracy levels using the Mean Square Error (MSE)
and Mean Absolute Percentage Error (MAPE) methods can be seen in Table 3.

Tabel 3 MSE and MAPE Moving Average Results

Error accuracy level Result
MSE 78,83
MAPE 0,10

The MSE value of 78.83 indicates that the mean squared difference between actual and
forecasted demand remains within tens of cases per period. Practically, this figure indicates that the
moving average model used produces good deviation when demand changes occur, especially during
periods with significant declines. The MAPE value of 0.10 (equivalent to approximately 10%)
indicates that the relative error of the forecast to actual demand is within the acceptable range for
operational purposes. The results of the chicken egg demand forecasting using the single exponential
smoothing method with a smoothing parameter of a = 0.05 for eight observation periods. The results
of the analysis using the exponential smoothing method with a = 0.05 are shown in Table 4.

Tabel 4 Exponential Smoothing Forecasting Results a = 0.05

Period Demand (Crates) (;f 0:5 Error |[Error|  |Error|2  Percentage Error

1 54 52 2 2 4 0,037
2 74 52 22 22 484 0,297
3 68 51 17 17 289 0,250
4 70 51 19 19 361 0,271
5 75 51 24 24 576 0,320
6 53 50 3 3 9 0,057
7 66 50 16 16 256 0,242
8 64 50 14 14 196 0,219

Forecast Result 50 117 117 2175 1,69

The second column contains actual demand data in cases, while the third column displays the
forecast values for each period generated by the exponential smoothing equation, where the forecast
values tend to move closer to the long-term average of around 50 to 52 cases and respond to gradual
changes in demand. Based on the exponential smoothing forecast results, the forecasted demand is 50
cases. The error rate is measured using the MSE and MAPE values, which can be seen in Table 5.

Tabel 5 MSE and MAPE Exponential Smoothing Results

Error accuracy level Result
MSE 217,5
MAPE 0,17

Based on the results of forecasting chicken egg demand using the Moving Average and
Exponential Smoothing approaches, a comparison of demand levels was obtained based on the



forecast error values obtained. The results of the comparison of error levels and demand volume can
be seen in Table 6.

Tabel 6 Comparison of MAPE and MSE values

Tingkat Error Moving Average Exponential Smoothing
Jumlah Permintaan Telur (Peti) 65 50
Mean Square Error (MSE) 6,17 11,70
Mean Absolute Percentage Error (MAPE) 0,10 0,17

Based on the comparison table of the MA and ES forecasting methods, the lowest MSE and
MAPE values are obtained from the Moving Average method, with an MSE value of 6.17 and a
MAPE value of 0.10. Based on these conditions, the demand forecast value used in determining
inventory planning is 65 cases. This result will be used as the demand quantity value to determine the
Re-Order Point (ROP) value in the probabilistic inventory model.

B. Inventory Control Analysis

Inventory control analysis uses a probabilistic inventory model with fluctuating demand and
lead times. Based on the identification results of egg agents, data related to demand and lead time
fluctuations are obtained, as shown in Table 7.

Tabel 7 Demand Data and Leadtime

Period Demand (Crates) Lead Time (days)

1 54 3
74
68
70
75
53
66
64 2
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Based on the data related to lead time and the number of requests, the average lead time value is
2.38 (XLt) and the demand forecast result is 65 crates (Xd). Based on this data, the standard deviation
value of lead time (olt) is 0.52 and the standard deviation of demand is (od) is 8.28. Based on this
value, the Re-Order Point value for ordering chicken eggs at chicken egg agents can be determined as
follows:
ROP = (Xg x X1) + Z1.005) X (\/( Xyx 07) + (Xi’x 64)

ROP = (65 x 2,38) + 1,65 x (\/(65 x 0,52%) +(2,38%x 8,28?)
ROP = 214 crates

Based on the analysis of the ROP determination using the probabilistic method, the Re-Order
Point (ROP) value was obtained at 214 crates. This condition indicates that within ten analysis
periods, the egg agent can place a reorder from the supplier when the stock level in the warehouse
reaches 214 crates. Based on this ROP result, the amount of safety stock can be determined, as can be
seen in the following calculation:
Safety Stock (SS) = 1,65 x (N(65 x 0,52%) + (2,38x 8,287)

Safety Stock (SS) = 60 ccrates

Based on the Safety Stock analysis results, with an ROP of 214 crates, the egg agent has
prepared a safety stock of 60 crates to guard against fluctuations in egg demand from consumers. The
integration of ROP and Safety Stock based on demand forecasting methods allows egg agents to plan



the ideal number of orders to chicken egg suppliers to prevent egg accumulation in the warehouse that
causes egg damage

CONCLUSION

Based on the analysis results in determining the ROP and Safety Stock values, the demand
forecast results are an important factor in identifying the availability of market demand. This
forecasting method is used with an accuracy of MAPE = 0.10 indicating that the forecast results are
acceptable because they are close to the actual demand data. These forecast results are used to
determine the ROP and Safety Stock values where egg agents must order Back to the supplier in 8
periods is when the stock of chicken eggs in the warehouse with a safety stock level of 60 crates can
maintain the ideal condition of eggs in the warehouse. Further research is to develop blockchain
applications to maintain transparency and traceability in supply and demand management activities in
the chicken egg supply chain.
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