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Abstract
Indonesian consumers are fond of commercially sterilized milk as indicated by increasing product
sales. High demand for products intensifies the need to increase productivity, generally achieved by
minimizing product defects. This study aimed to reduce the number of defects in commercially sterilized milk produced using overpressure rotary retorts. Based on Pareto analysis, the percentage of
defective products was 5.14% of which 2.37% were dented bottles. A cause-effect diagram (Ishikawa
Diagram) was used to find the root cause of dented bottles. The pressure difference between the retort
chamber (external pressure) and inside the product packaging (internal pressure), and the number of
bottles stacked inside the retort basket (bottle density) were found as major factors for causing dented
bottles. The internal pressure was 1.20 bar higher than the external pressure. By reducing the pressure
difference to 0.40 bar, the percentage of dented bottles could be reduced to 0.79%. Applying the lowest bottle density (73% of the retort basket area occupied by bottles) during the sterilization process
could decrease the number of dented bottles, however, it also increased the appearance of striped lids.
The best conditions for sterilization (pressure difference = 0.40 bar; number of bottles/basket = 1938
bottles) which were used in the three-month full-scale production trial reduced the percentage of defective products from 5.14% to 2.24% of which 0.76% were dented bottles. Setting the retort pressure
at 2.80 bar could avoid 52,920 defective bottles of commercially sterilized products per month.
Keywords: Commercially sterilized milk; Product defects; Dented bottles; Overpressure rotary retorts;
Sterilization

1

Introduction

Based on the Neilsen RMS 1st quarter of 2019
Survey in Indonesia, consumption of liquid and
powder milk increased by 11% and 5%, respectively. Increased consumption of liquid milk in
Indonesia makes competition among producers
even tighter. To remain competitive notably requires continuous innovation and cost reduction
strategies during the production of dairy-based
products (Kong, Yang & Xu, 2019; MagnusCopyright
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son & Berggren, 2017). In terms of improving
a product’s quality and productivity, reducing
product defects may be considered as a strategy
(Zhang, Kano, Tani, Mori & Harada, 2018).
According to Ahmad and Ginantaka (2018),
product defect categories in commercially sterilized bottled milk are leak, blown, nonstandard
label, no coding, dented bottle, narrow seal, folded, wrinkle and overheat. The bottle used for
commercially sterilized milk is mostly made of
HDPE (high-density polyethylene) (Potts, Amin
10.7455/ijfs/10.1.2021.a8
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& Duncan, 2017). As an elastic material, HDPE
bottles will expand when exposed to heat (Zheng,
Zhang, Ma, Wang & Yu, 2019). Balancing the
internal and external pressure of the packaging
during the sterilization process is important
to prevent deformation defects in semi-flexible
packaging (Hariyadi, 2017). Primanintyo, Syafei
and Luviyanti (2016) reported a successful application of the six sigma method to reduce defects in the production of car tyres. A similar approach to decrease product defects in the textile
industry (Heijacker company) was also reported
by Wulandari and Bernik (2018). These studies
indicated that product defects could be reduced
by up to 50%. This study aims to reduce the
number of defective commercially sterilized milk
products in HDPE bottle produced using overpressure rotary retorts.

2
2.1

Materials and Methods
Materials

High-density polyethylene (HDPE) bottles
(volume of 140 mL) produced by Kalbe Milko
Indonesia Company were used in this research.
Commercially sterilized milk was produced
according to the standard operating procedures
(SOP) of the company. The sterilization process
was carried out using a Stock DFT Rickerman
SRX 1300-4-HV-PS overpressure rotary retort
(Germany) equipped with PicoVACQ Orion
TMI 1 C data logger (France) and an Ellab
Track Sense Pro - Wireless Data Logger (Denmark). Statistical data analysis was carried out
by Minitab 19 (United States).

2.2

Cause-effect Analysis for the Selected
Product Defect Category
An Ishikawa (fishbone) diagram was used to investigate the selected product defect category.
Factors causing the defect in the selected product
defect category were analyzed through discussions with machine suppliers and production, engineering and utilities unit staff in the company.
The cause-effect analysis covered four aspects:
man, method, machine and material. The possible root causes of each aspect were determined
by focus group discussions.

Improvement of the Largest Defect
Category
Possible root causes obtained from the causeeffect analysis were mitigated and implemented
during production. During the production trial,
the heat adequacy of the sterilization process was
measured in terms of minimum F0 value. The
F0 value was determined using the trapezoidal
method, based on dynamic product temperatures
recorded by the data logger (Ellab Track Sense
Pro Wireless Data Logger).

Verification of Improvement in
Results
A 3-month production trial was carried out to
verify the improvement. The improvement was
quantified by comparing data from the 3-month
production trial and the production for one
year prior to this study covering the number of
product defects in all identified defect categories.

3

Methods

3.1

Pareto Analysis
Data used for Pareto analysis was from the production period of March 2018-February 2019 at
the Kalbe Milko Indonesia Company. The defect
categories and number of defects were collected
during this period. Based on the Pareto analysis,
the defect category with the highest percentage
of all defects was further investigated and discussed within this study.
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Results and Discussion
Pareto Analysis of Product
Defects

Pareto analysis is used to analyze a series of processes that aim to overcome weaknesses or problems that arise (Wang & Choi, 2019). Pareto
analysis focuses on risk that might occur when
designing and modifying a process. The Pareto
analysis principle lies in determination of the
20% of main causes that must be dealt with so
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as to solve 80% of the problems. Absolute values can be arranged in Pareto diagrams to show
which technical characteristics are the most important and the risk priorities of existing requirements (Erdil, 2019). Pareto analysis is also used
to prioritize determinants that can be a focus for
improvement (Shivajee, Singh & Rastogi, 2019).
Pareto diagrams of defective products from
March 2018 to February 2019 are shown in Figure 1. The largest contributor to total product
defects was dented bottles (2.37 %). Total
product defects were 5.14% of the total production. Therefore, dented bottles contributed
46.07% of the total product defects. In this
study, the dented bottle defect category became
the priority for improvement to identify the root
cause through fishbone diagram analysis.

3.2

Cause-effect Analysis for the
Largest Product Defect
Category

Dented bottles were observed to occur during the
sterilization production process. The determination of cause-effect in the Ishikawa’s diagram is
unlimited but it can be used to determine significant factors (Simanova & Gejdos, 2015). Fishbone diagrams require a focus group discussion
as the main tool to identify the main problem
(Elleuch, Dafaoui, El Mhamedi & Chabchoub,
2016). Through discussions with machine suppliers, production teams, engineering teams and
the utility team, the main causes of the problem for each factor were found. The cause-effect
analysis results are shown in Figure 2.

Man
The man factor in the cause-effect analysis is
the operator who operates the retort. Retort
operators’ technical knowledge, technical skills
and technical behavior were evaluated by experts
from the machine supplier. Each production shift
had one operator of the retort and there were
three shifts in one day. Every year, the supplier
provides refresher training for the operators and
assesses their competencies. An evaluation of operators’ competencies was based on pre-test and
post-test results, with a minimum pass score of
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8.0. Based on Table 1, the technical knowledge,
technical skills and technical behavior of the operators meet the supplier’s standards. Therefore,
the retort operator is not the cause of dented
bottles.
Table 1: Pretest and posttest scores for retort
operators trained by the machine supplier.
Operator

Pretest

Posttest

Note

8.0
8.5
8.0

10.0
9.5
9.5

Pass
Pass
Pass

Operator A
Operator B
Operator C

Machine
Closed containers of the food to be sterilized
are placed in the retort for a certain time, at
high temperature and pressure. A commonly
used material of containers in a retort process is
HDPE (High-Density Polyethylene) plastic. The
sterilization process used with semi-flexible packaging requires over pressure to maintain the integrity of the packaging. Packaging damage can
occur due to an improper combination of increased pressure and expansion of the product
in the containers (Augusto, Tribst & Cristianini,
2014). The sterilization process parameters that
must be controled are temperature, time, pressure and temperature distribution in the retort
(Hariyadi, 2017). The retort supplier ensures the
good working condition of the retort through a
retort maintenance agreement. The supplier’s
annual retort inspection report in June 2018
showed that the retorts were in good condition
and working properly. A reading from the retort thermometer was within the tolerance limit
based on the calibration results. The retort thermometer calibration was performed at temperatures between 100.00 o C and 122.00 o C, with
a maximum correction of + 0.1597 o C which is
below the maximum correction required by the
maker ( 0.5000 o C). Other checks were carried
out on the timer used in the retort, the pressure
gauge of the retort, the rotary speed of the basket and the sterilization value obtained by the
products. Checks on the timer were carried out
from 5 minutes to 15 minutes, with the results of

±
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Figure 1: Pareto diagram of product defect categories during one year of production

Figure 2: Fishbone diagram for the dented bottle defect category

correction at 10 minutes showing 1 second. This
time correction is within the maximum correction limit required of 5 seconds. The pressure
gauge calibration was carried out in the range of
1 bar to 4 bar. The correction value of the pressure gauge was + 0.011 bar which is below the
maximum correction of
0.050 bar. The rotational speed of the basket was inspected at 800
to 1000 rpm. Correction for the rotational speed
was + 5 rpm which is lower than the maximum
tolerable value of
10 rpm. The validation of
the sterilization value results ranged from 10.41
- 13.29 minutes which meet the required minimum sterilization value of 10.00 minutes. Based

±

±
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on these annual inspection results it can be concluded that the over pressure rotary retort is in
good condition and effectively performs the required sterilization process.

Material
Material factors observed in the fishbone diagram are specifications of bottles and lids. The
bottle used is a single layer type HDPE, with a
colorant agent. The HDPE material functions
as a radiation barrier and oxygen barrier. Inspection of bottles was carried out by comparing the required and actual specifications. Based
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Figure 3: Position of dents in a defective bottle

Table 2: Physical properties of HDPE bottles (April 2019)
Parameters

Result

Standard

Glass Transition
Wall thickness (S1)
Wall thickness (S2)
Wall thickness (S3)
Wall thickness (S4A)
Wall thickness (S4B)
Wall thickness (S5)
Wall thickness (S6)
Sealing area
O2 Transfer
H2 O Transfer

132.25
1.1
1.1
0.4
0.6
0.6
0.6
1.3
3.4
10.5
30.5

> 130
0.9-1.2
0.8-1.2
0.5-1
0.35-0.8
0.35-0.8
0.35-0.8
0.6-1.6
2.5-3.5
< 11.0
< 32.0
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Unit
o

Ö
Ö

C
mm
mm
mm
mm
mm
mm
mm
mm
1010 cm3 / cm2 /mm/sec/cmHg
1010 cm3 / cm2 /mm/sec/cmHg
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Note
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
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Table 3: Cp and Cpk for bottle wall thickness
parameters (S1-S6)
Sampling point

Cp

Cpk

S1
S2
S3
S4A
S4B
S5
S6

0.56
0.57
0.54
0.55
0.55
0.56
0.53

0.56
0.57
0.54
0.55
0.54
0.57
0.54

2.
Ring design contributes to strength of the bottle
structure. The HDPE bottles used in this study
have 4 circular rings, with a diameter of 2 mm.
The aluminium lid to seal the HDPE bottle has
three different layers, i.e. aluminum, adhesive
and LDPE. Table 3 indicates that all the lid parameters assessed are within the required standards
and may not be the major cause of the dented
bottle.

Method

on the results shown in Table 2, it can be concluded that all the specified parameters were
within the required standards. Release analysis
is normally carried out for every bottle arrival
once a year. The last release analysis was in
April 2019. Plastic bottle thickness distribution
and glass transition temperature are two possible
packaging factors to cause dented bottles. Position of dents in a defective bottle after sterilization is shown in Figure 3. The thickness distribution is checked for every release and the glass
transition temperature is checked annualy. The
bottle thickness distribution, analyzed by Minitab 19, is shown in Table 3 and the bottles meet
the specifications since Cp is equal to Cpk, as
also indicated in Figure 4 and Figure 5. Cp is
an index of short-term process capability, where
calculations only pay attention to the distribution of data but do not pay attention to data
centering. Cpk is an index of short-term process
capability, where calculations focus on the distribution and centering of data (Aslam, Wu, Azam
& Jun, 2013) It can be concluded that the material factor has no effect on a dented bottle.
The glass transition temperature of HDPE is
132.25 o C which is much higher than the sterilization temperature of 121.0 o C. Therefore, the
sterilization temperature is unlikely to cause dented bottles. Other possible factors that contribute to dented bottles are the packaging permeability and the structure of the bottle. Permeability of HDPE to O2 is 10.5 × 1010 cm3 /
cm2 /mm/sec/cmHg and to H2 O is 30.5 1010
cm3 / cm2 /mm/sec/cmHg. These permeability
values meet the standards as specified in Table

Ö
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Commercially sterilized milk is processed using
a rotary over pressure retort. Process parameters which are important and may contribute to
dented bottles are temperature, pressure and the
percentage of the retort basket area occupied by
bottles (bottle density). The temperature and
pressure profiles during the sterilization process
are shown in Figure 6. The maximum temperature experienced by products and the packaging
material is 121.0 o C which is much lower than
the glass transition temperature as already discussed above. More importantly, a process parameter that potentially causes dents on the plastic
bottle is pressure difference. Figure 6 shows that
external pressure in the retort is 2.00 bar and
the internal pressure in the bottle is 3.20 bar.
An imbalance between external pressure and internal pressure may deform packaging, especially
for packaging materials that cannot stand a high
pressure difference. Hariyadi (2017) stated that
there is excess pressure on over-pressure retorts
which serves to keep the packaging from expanding too much and causing damage to the packaging. When the retort pressure is too low, the
packaging expands because the internal pressure
is higher than the external pressure. A pressure imbalance causes the product to expand and
bottles to contact each other leading to dents.
From focus group discussions it was agreed that
pressure in the retort during the sterilization process is the main possible cause of dented HDPE
bottles. A plan to reduce the pressure difference
was developed for process improvement. Another
possible cause of dented bottles from the method
perspective is the percentage of the retort basket
area occupied by bottles (bottle density). The
bottle density used during normal production
Volume 10
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Figure 4: Control normal capability sixpack report on S4A for incoming bottles: March 2018-February
2019

Figure 5: Control normal capability sixpack report on S4B for incoming bottles: March 2018-February
2019
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Figure 6: Chart of the sterilization process at retort sterilization temperature 121 o C, sterilization time
10 minutes, retort pressure 2.00 bar and 82% bottle density.

Figure 7: Percentage of product defects at various pressures, with retort sterilization temperature 121
o
C, sterilization time 10 minutes and 82% bottle density.
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Table 4: Physical properties of aluminium lids (April 2019)
Parameters
External limitation
Width Tolerance
Thickness Tolerance
Peel strength
Heat sealing
Sterilization at 121 o C (30 min)

routine is 82%. For futher improvement, experiments were carried out by reducing the bottle
density from 82% to 77% and 73% at optimum
retort pressure.

3.3

Improvement of the Largest
Defect Category

The improvement plan to reduce dented bottle
defects was executed by increasing retort pressure from 2.00 bar to 2.40 bar, 2.80 bar and
3.20 bar. The experimental results are shown
in Figure 7, where an increasing pressure decreased the percentage of dented bottle. A better balance between internal and external pressure in the bottle reduces the number of dented
bottles. Least dented bottles was obtained at a
retort pressure of 2.80 bar, where 2.36% of all
products produced were defective and 0.79% of
all products were dented bottle defects. Based
on this result, the retort pressure used in studying the effect of bottle density was 2.80 bar.
Reducing the number of defective HDPE bottles
by increasing the retort pressure may affect the
sterility level received by the products. Therefore, it was necessary to measure the sterility
level (F0 value) by performing a heat penetration test using 12 data loggers. F0 values were
calculated using a trapezoidal method, with a z
value of 10 o C based on Clostridium botulinum
(Membre & van Zuijlen, 2010). Minimum F0
and maximum F0 results, and their difference,
are shown in Figure 8. All F0 values were greater
than 10 minutes which indicates that the sterilization process was sufficient.
The bottle density is the percentage of the retort basket area (6,496 cm2) occupied by bottles.
IJFS
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Result

Standard

Unit

Note

Conform
116
125
10.28
41.69
Conform

Conform
114 - 118
123 - 127
> 3.5
> 4 40.00
Conform

mm
µm
N/15mm
N/15mm
-

Pass
Pass
Pass
Pass
Pass
Pass

A reduction in bottle density from 82% to 77%
and 73% was expected to provide the right distance for bottles to expand. Based on the results
shown in Figure 9, it can be concluded that reducing bottle density reduces total defects and
dented bottles. However, there was an increase
in striped lid defects caused by friction between
the aluminum lid and spacer mat due to loose
space when the basket rotates, and a reduction
in productivity. Therefore, this strategy to reduce bottle density was considered ineffective as
a solution for reducing product defects.

3.4

Verification of Improvement
Results

According to Giwa et al. (2019), experiment results obtained on a process over a short-term
period of time need to be verified over a longterm period of time. Studying the process
over a long-term p period of time can accommodate other factors that did not appear during the short-term study of the process. The
results of the long-term study over a threemonth period, where 3,495,726 bottles were produced, are shown in Figure 10. 2.24% of all
products sterlized were defective and 0.76% of
all products were dented bottle defects. These
results are comparable with those obtained during the production trial at 2.80 bar (2.63% of all
products defective and 0.79% dented bottle defects). Therefore, it can be concluded that an increased retort pressure to maintain pressure balance in the HDPE bottles can result in a reduced
number of dented bottle defects during the company’s routine production. By applying a retort
pressure of 2.80 bars can reduce the percentage of
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Figure 8: Sterilizing values (F0 ) at various pressures, with retort sterilization temperature 121 o C,
sterilization time 10 minutes, and 82% bottle density.

Figure 9: Percentage of product defects at various bottle densities, with retort pressure 2.80 bar, sterilization temperature 121 o C and sterilization time 10 minutes.
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Figure 10: Percentage of product defects during three-month production, with retort pressure 2.80 bar,
sterilization temperature 121 o C, sterilization time 10 minutes and 82% bottle density.

defective products produced by the company by
2.9%. Based on the monthly production volume,
the company gains an additional output of 73,080
bottles which is equivalent to USD 16,733 per
month.

4

Conclusion

Production of commercially sterilized millk in
HDPE bottles experienced product loss, where
5.14% of all products produced were defective
and 2.37% of all products were dented bottle defects. Dented HDPE bottles was the largest defect category based on Pareto analysis. Based
on the cause-effect diagram, the root cause of
the dented bottles was a pressure imbalance experienced by the bottles during the sterilization
process. The retort pressure was 2.00 bar, while
the internal pressure was 3.20 bar. These conditions cause the product to expand and bottles
to contact each other leading to dents. Production trials carried out at a retort pressure of
2.80 bar improved the process, where 2.36% of
all products produced were defective and 0.79%
of all products were dented bottle defects. Applying a lower bottle density during the sterilization process could decrease the number of
dented bottles, however, it increased the numIJFS
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ber of striped lid defects and reduced productivity. The best conditions for sterilization (retort
pressure = 2.80 bar; number of bottles/baskets
= 1938 bottles) were verified over a three-month
full-scale production trial. By applying a retort
pressure at 2.80 bar the percentage of defective
products could be reduced by 2.9%, and in return this could save the company up to 73,080
bottles monthly (equivalent to USD 16,733).
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