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This study is aimed to develop the manufacturing process of the jelly mushroom drink
using primary good manufacturing practice (GMP) for community enterprise, Phitsanulok,
Thailand. The evaluation of the existing production process highlighted that the process
had risks of cross-contamination, including from the plant layout, which still lacking in
food safety management systems. Therefore, the improvement of process manufacturing
and layout planning could be divided into three steps: (1) process analysis, (2) line
production development, and (3) design plant layout to prevent and reduce cross-
contamination causes. The cross-contamination incidence was reduced upon the
improvement of the plant layout and processing as observed from the results of the

amount of total plate count were reduced from 1.9 x 10’ to <1 CFU/mL, where yeast and
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mold and 29 to 8.3 CFU/mL respectively. Meanwhile, the counts for Salmonella spp. and
Staphylococcus aureus were below the detection level, whereas Clostridium perfringens,

Bacillus cereus, and Listeria monocytogenes were not detected in all samples.

1. Introduction

A systematic layout plan allows the activity between
the operator and the machine to go smoothly; thus,
increasing profitability to the company. A systematic
layout plan by applying an efficient production flow will
result in the decreased idle time that can hold up the line
production process (Apple, 1977). Facility Planning has
become an essential issue in the manufacturing industry
because it provides essential benefits for the
organization. An appropriate method of process analysis
and material handling can help to increase production
effectiveness and reduce material movement, and also
reduce material handling cost (Devi et al., 2015).

Good manufacturing practices (GMPs) are the
essential operation required to produce safe foods to
ensure that ingredients, products, and packaging are
handled safely, and food products are processed in a
suitable environment during food production. The Food
and Drug Administration (FDA) in Thailand is the unit
that ensures consumer protection in health products. The
establishment of food production facilities should
comply with the Primary GMP for the development of
products to ensure quality, standard, and food safety;
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thus, allowing expansion of the market locally or abroad.
These requirements encompass the design and facilities
of the establishment, hygienic processing, establishment
of hygiene in the premises, personnel hygiene and health
of employees, transportation, product information and
documentation, and food safety training (Cocker, 2003).

The Ban Tha cultivation
community enterprise located in Phrom Phiram District,
Phitsanulok, Thailand, established in 2010. The main
products were oyster mushroom and black/white jelly

mushroom. The jelly mushroom is processed into a jelly

Chang mushroom

mushroom drink, which is another source of income to
the community enterprise. However, the problem
encountered by the manufacturer is that the jelly
mushroom drink has short shelf life caused by microbial
contamination in the processing line, which affected the
time for product distribution and product quality.
Furthermore, the production line, building, and
manufacturing  process did not follow good
manufacturing practices (GMP). Improving the plant
layout and processing flow for factory power used is not
more than 5 horsepower (hp). The researchers intended
to propose the development of the production process
and design plant layout according to GMP and food
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safety guidelines by process analysis to prevent and
reduce cross-contamination causes.

2. Materials and methods
2.1 Processing of the jelly mushroom drink

The Ban Tha Chang mushroom cultivation
community enterprise is located in the Phitsanulok
province, Thailand. Besides mushroom production, the
factory also processing mushrooms to produce the jelly
mushroom drink. The jelly mushroom drink was
processed using the conventional method before the
incorporation of the novel production process. The steps
in the production process started with boiling the jelly
mushrooms for 30 mins, then ground in a blender. Next,
the ingredients comprising of sugar, ground jelly
mushrooms, and colouring agent were mixed in boiling
water for 30 mins until the mixture became viscous. The
mixture was then cooled to temperature room before
filling into PET bottles. The previous production
capacity was 500 bottles/month or depended on the order
quantity. The products that were stored in the refrigerator
at 5-8°C could be stored for only five days.

2.2 Process analysis

The process analysis can be presented in an
operation process chart (OPC), and flow process chart
(FPC) used as a guideline for the development of plant
layout and processing flow to reduce microbial
contamination. The OPC is a diagrammatic
representation of the flow of materials and a sequence of
operations for a given food processing operation (i.e.
operations and inspections). Meanwhile, the FPC is a
chart that showed the sequence of product flow by all
activities recorded in suitable symbols. The symbols of
operation, transportation, inspection, delay, and
permanent are presented in Table 1. The benefits of OPC
and FPC writing helped to simplify the design of a plant
layout and improve work method (Singhtaun, 2008).

2.3 Zoning and barriers

The plant layout and position of equipment in a
processing flow should consider the efficiency and ease

Table 1. Process chart symbols
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of use that occurs after installing all equipment. Plant
design uses zoning to help prevent cross-contamination
in the production line. The planning of the layout has to
consider manufacturing practice and hygiene level. The
zoning and barriers are divided as follows: site barrier
(non-food production areas); and factory barrier: basic
hygiene area (raw materials and finished products) and
medium hygiene area (ingredient preparation and general
processing), and high hygiene barrier (microbiologically
decontaminated products and design risk assessed)
(Wierenga and Holah, 2003).

2.4 Determination of microbiological quality

The measurement list of microorganisms according
to the announcement of the Ministry of Public Health,
Thailand, issue 364, subject - food standards on
microorganisms that cause disease is as follows:
Salmonella spp. (in 25 mL), Staphylococcus aureus (in
0.1 mL), Bacillus cereus (CFU/mL), Clostridium
perfringens (CFU/mL), Listeria monocytogenes (in 25
mL), total plate count (CFU/mL), and yeast and molds
(CFU/mL). All parameters were tested by the Central
Laboratory (Thailand) Co., Ltd.

3. Results and discussion
3.1 Process analysis

The evaluation of the jelly mushroom drink
production process found that the risks of cross-
contamination occurred while boiling the jelly
mushroom drink and the temperature of products in the
packing process. Therefore, to effectively design the
production flow, the process analysis has to be
conducted via assessing the OPC and FPC of the jelly
mushroom drink process.

3.1.1 Operation process chart (OPC)

The OPC shows the five lines of production in the
materials and sequence of operations. The top line of the
processing flow comprising of raw materials and
package for making jelly mushroom drink production is
shown in Figure 1. There were 7 steps of inspections, 5
steps of materials quality,2 steps of temperature and time

Symbols Name Meaning/Action
O Operation Produce or process something or change one or more characteristics of the material.
D Inspection Checking of items to ensure correct quality or quantity.
|:> Transport Movement of people, materials or other items from one place to another.
D Delay Idle time of people, material or machinery (may be accompanied by a time measurement).
v Storage Storing materials or other items.
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Black/white jelly Drinking Coloring
mushroom water Sugar agent | PET bottle
Washing 2 | Quality 3 | Quality 4 | Quality g | Quality
@ - Inspection - Inspection - Inspection . Inspection

Boil 30 minutes
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Quality Inspection
Boil water
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for 30 minutes

Temp/Time
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Cooling 65-70°C
Temp Inspection
Filling & cover

Cooling 15-20°C

Storage 4-8°C
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Figure 1. Operation process chart of jelly mushroom production

of heating and cooling and 10 steps of the main
processing flow concerning the processing of black/
white jelly mushroom. The preparation of jelly
mushroom comprised of 3 steps: (1) washing, (2) boiling
in water for 30 mins, (3) draining the water and grinding.
After the first line of processing flow, the operator had to
clean up the raw material room. The next steps for the
preparation of mixture involved two steps: (4) boiling
water for ingredient mixing, and (5) adding the
ingredients comprising of sugar, ground jelly mushroom,
and colouring agent, respectively. The jelly mushroom
drink was continuously (6) heated at 95°C for 30 mins.
Next, (7) the temperature of the product was reduced to
65—70°C before (8) filling into PET bottles and sealed.
Then the products were (9) immediately immersed in
cold water until the temperature dropped to 15-20°C.
The products were then stored at 4-8°C with the shelf
life of 12 weeks.

3.1.2 Flow process chart (FPC)

The FPC is similar to the OPC regarding the
operations and inspections. However, it involved a more
detailed description of the chart involving transportation,
storage, and delays. All operations are displayed in
symbol forms containing the necessary information
concerning flow analysis and distance of material
transportation. According to the FPC in Figure 2, the
locations for the storage and operations the production of
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jelly mushroom could be divided into three rooms: raw
material room, packaging room, and heating and mixing
room that include the filling area, depicted by the
continuous production process shown in Figure 3. The
drinking water, sugar, colouring agent, and the package
would be prepared after the operator had cleaned the raw
material room. The mixture will then be transferred to
the heating and mixing room. Once the final product was
sealed in a container, it would be transferred back to the
raw material room and forward to the packaging room.

3.2 Zoning and barriers

From the process analysis with OPC and FPC, the
layout of the new production process was carried out
based on the original building area. The area was divided
into three zoning areas according to the risk hygiene
level: basic hygiene area comprising of the packaging
room, medium hygiene area comprising of the raw
material room, and high hygiene area comprising of the
heating and mixing rooms. The layout of the zoning and
barriers are presented in Figure 4. The layout of each
room was arranged according to the cleanliness from
basic hygiene room to high hygiene room that had an L-
line production path to prevent cross-contamination from
occurring during the production process.

3.3 Plant layout

The cross-contamination of processing and plant
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Figure 1. Operation process chart of jelly mushroom production
Symbol
Sr.No. Description O o D D v
1 To material preparation room O = D! ] V4
2 Washing jelly mushroom ./ (S D ] \V4
3 Boil jelly mushroom for 30 minutes ’ o> D O V
4 Grind the jelly mushroom ’ o> D [] Vi
5 Prepare ingredients ._\ o> D! ] AV
. . A . T
6 f::?‘::g;:ts.:edlon of materials and O & E::. \V4
7 To heating and mixing room O ‘:: B! [] \Vi
8 Wait mixing O o [ (] Vi
] Boil water in pot ,”/E:} D ] \V4
10 ::lg)tal:gcl:alc;ire:;:rﬁ)rmded jelly mushroom, ’ o D ] Vi
1 heating 95°C for 30 minutes LE D ] V
12 Inspect temperature and time O o> :g:ﬂ V
13 Cool down at 65-70 ¢C e o | D ] V
14 Inspect temperature O o> —H AV,
15 To filling area O )‘_FD/_ ] AV
16 Filling and cover o> D ] \V4
17 Cooling at 15-20 °C :/\ o> D ] v
18 Wait cool down O o j ] Vi
19 To fridge in warehouse O ‘_’{_Il_ ] \V4
20 Storage at 4-8 2C Q o> D! —D—“v
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Figure 3. Flow process of jelly mushroom production
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Figure 4. The zoning and barriers of jelly mushroom plant
layout

layout such as people’s movement in the plant,
equipment positions, and materials flow is avoidable
when the area of the plant was divided according to risk
hygiene level. The designed plant layout is presented in
Figure 5. Two washbasins were positioned at the factory
entrance and in front of the high hygiene room for
cleaning hands, whereas the food washing area was
separated from the hand-washing facility. All ingredients
were kept in the raw material room. The ingredients were
prepared and delivered from the raw material room to the
mixing and heating room that had different hygienic
level via the window and placed on the table in the
mixing and heating room. In the mixing and heating
room, the products were heated and cooled at the mixing
and heating machine. The jelly mushroom juice was
filled into bottles and sealed before cooling them
immediately. The final product was brought to pass
through a window to the raw material room and then
delivered to the packaging room to be kept in the
refrigerator. The raw material and package receipt used
the exit door of the packaging room as well as
transporting products from the packaging room. Usually,
the raw material, packaging receipt, and transporting
products would be done at different times.

3.4 Microbiological quality

The microbiological quality of jelly mushroom drink
showed that the cross-contamination assessment that
occurred in the production processes development could
be reduced in the production process. The microbial test
presented in Table 2 shows that the amount of total plate
count and yeast and mold of the product after process
development decreased from 1.9x10” to <1 CFU/mL and
29 to 8.3 CFU/mL. respectively. Salmonella spp. and S.
aureus counts were below the detection level.
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Figure 5. The Plant layout of process and walking of people

Meanwhile, C. perfringens, B. and L.
monocytogenes were not detected in the samples. The
results of the microbial test complied with the beverage
product standards of The Food and Drug Administration
Thailand.

Table 2. The results of measuring the amount of

microbiological in the jelly mushroom drink process
developed

cereus,

The amount of

The microbiological analysis Be tglrl §r0b1010g1i1}ter
development development

1. Salmonella spp. (in 25 mL) <1 <1

2. S. aureus (in 0.1 mL) <1 <1

3. B. cereus (CFU/mL)
4. C. perfringens (CFU/mL)
5. L. monocytogenes

Not detected Not detected
Not detected Not detected

Not detected Not detected

(in 25 mL)

6. Total plate count 7

(CFU/mL) 1.9x10 <1
7. Yeast and molds

(CFU/mL) 29 8.3

4. Conclusion

The results of this study provided production
processes following the requirements of the primary
GMP and process analysis comprising of the OPC and
FPC of line production of jelly mushroom drink process.
The zoning of the factory according to the hygiene risk
level and the design of the plant layout could prevent
cross-contamination in the production process. The
improvement of the plant layout and flow processing
carried out in three steps could reduce cross-
contamination, as exhibited by the results of the total
plate count of yeast and mold that was reduced from
1.9x10" to <1 CFU/mL and 29 to 8.3 CFU/mL
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respectively. Salmonella spp. and S. aureus counts were
below the detection level, while C. perfringens, B.
cereus, and L. monocytogenes were not detected in the
samples. The shelf life of products was increased from 5
days to 12 weeks at the frigerated temperatures of 4-8°
C.
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