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ABSTRACT — The purposes of this study were to develop Hazard Analysis Critical Control
Point plan applicable to cook/chilled Pork Bulkogi (broiled sliced pork with sauces) in school
foodservice operations and to establish reasonable shelf-life limits by assessing food quality
during chilled storage period of 5 days. During the product flow, time-temperature profile was
recorded and microbiological analyses including mesophilic and psychrotrophic total plate counts,
coliform, and fecal coliform and qualitative analyses of Salmonella and Listeria monocytogenes
were done. Chemical analyses (pH, acid value, total volatile basic nitrogen), sensory evaluation,
and quantitative analysis of thiamin were conducted for 5 days of chilled storage. The number
of mesophiles in raw pork (4.26+0.11 Log CFU/g), seasoning mixture (5.97+0.04 Log CFU/g)
and marinated pork (5.56+0.21 Log CFU/g) were below the microbial standards for “requires
further cooking” food items. Listeria monocytogenes was detected in seasoning mixture. After
heating, the number of mesophiles (5.17+0.04 Log CFU/g) were slightly reduced but it did not
meet the microbial guidelines of 5 Log CFU/g for “ready-to-eat’” foods. No other microbes
including pathogens were detected. By reheating the menu item after chilled storage, the
number of mesophiles were reduced in every phase of 1st day (4.62+0.22 Log CFU/g), 3rd day
(4.55+0.20 Log CFU/g) and 5th day (4.254-0.16 Log CFU/g) of chilled storage, and the number
of microbes was below the standard limits for ‘ready-to-eat” foods. At the fifth day of chilled
storage, pH (p<0.05), acid value (p<0.01) and TVBN (p<0.05) showed significant increases.
Sensory evaluation results did not show any significant change for 5 days of chilled storage.
Thiamin content showed a decrease for 5 days of chilled storage. Consequently, the ideal shelf-
life recommended for Pork Bulkogi was within 3 days of chilled storage. CCPs for Pork Bulkogi
were purchasing and receiving of raw meat and some seasoning ingredients, heating, chilling,

chilled storage, reheating, and distribution.
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Fig. 1. Flow diagram for production and distribution of

pork bulkogi (broiled sliced pork with sauces) in
cook/chill system for setting of shelf-life limit.
1. Indicates Measurement points of time, 2. Indicates
Measurement points of temperature, 3. Indicates points
of microbiological sampling, 4. Indicates sampling points
of chemical analysis, 5. Indicates sampling points of
sensory evaluation, 6. Indicates sampling points of
thiamin analysis.
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Recipe name : Pork Bulkogi (Broiled Sliced Pork with Sauces)

Yield : 150 portions (1.65 kg) Cooking loss : 11 %
Portion size : 110g Cooking time : 14 min.
1
. . ——————Refuse EP’
Phase in Product flow Ingredient Quantity (%) © Method
Unit
Sliced pork (frozen) 15 kg 0O
I. Purchasing & Garlic 6 kg 17 Receive (<-18°C) and until pre-preparation, hold (<-18°C).
Receiving Green onion 64 kg 16 Receive (<5°C) and until pre-preparation, hold (<5°C).
Ginger 6.6 kg 62
II. Pre-preparation
Draining of blood  Sliced pork 15,000 Drain blood with sanitary cloth at refrigerator.
Cutting & Washing Garlic 500 Peel skin, wash and drain. Choppd finely by food processor.
Green onion 700 Wash, drain and slice.
Ginger 250 Peel skin. Wash and drain. Grind by food processor. Then extract
in cheese cloth bag.
Mixing Soybean sauce 867
Sugar 107 Mix chopped garlic, sliced green onion, ginger extract oybean sauce,
Rice wine 233 sugar, rice wine, sesame salt, sesame oil, black pepper, red pepp-
Sesame salt 333 er powder, red pepper sauce and malt syrup to make seasoning
Sesame oil 650 mixture.
Black pepper 20 Mix sliced pork with seasoning mixture in sanitary utensil(Use
Red pepper powder 167 disposable gloves).
Red pepper sauce 625
Malt syrup 333
Marinating Marinating for 30min. at refrigerator(< 5°C).
Fill 5 pans(50 cm < 6.5 cm, stainless steel pan) with mixture.
Preheat oven to 160°C before cooking. Place 5 with lids on pans
III. Cooking into steam/convection oven.

Heat at 160°C pressureless steaming condition for 10 min.
Dry heating at 180°C for 4 min. without lids.

IV. Rapid Chilling

Transfer immediately to blast chiller.
Cool to <3°C within 90min., without lids.

V. Packaging

Package pans one by one with LLD-PE.
Label time and date of production.

V1. Chilled Storage

Store at refrigerator(0~3°C). To prevent cross-contamination, cook/
chilled food should be kept separately.

VII. Reheating

Reheat the food under regenerator condition at 160°C for 10 min.,
dry heat at 180°C for 3 min.

Fig. 2. Standard recipe for Pork Bulkogi (broiled sliced pork with sauces) applicable to cook/chill system.

1. As purchased, 2. Edible portion.

Table 1. Operation conditions for analysis of thiamin by
HPLC

Instrument : HPLC (model: Thermo Separation Pro-

ducts 4000)

Column : uBondapak Cy; (3.9%X300 mm)

Eluent : Methanol/water (ion pair mobile phase:
0.0075 M pentansulfonic acid, 0.0049 M
heptansulfonic acid) (30:70, V/V)

Flow rate :0.7 mi/min

Detector : Thermo Separation Products 3000 (UV
254 nm)

Injection volume : 10 pl
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Table 2. Measurements for time and temperature of Pork Bulkogi (broiled sliced pork with sauces) and environment tem-

perature in various phases of product flow

Mean+ Std. Dev.

Phase in product flow Food Item Time (min) Food T(?,Iélf erature Telranr;‘;lrr:ttllllrteré‘t 0
1. Raw Material Sliced pork, frozen NA' 2.1+0.42 4.5~5.4°
IL. Pre-Preparation
Draining of blood Sliced pork 99.0+1.41 -0.5+£2.12 45~5.4
Cutting & washing & mixing Seasoning mixture 68.0139.60 18.7£0.21 20.6~22.9°
Mixing with seasoning mixture 13.5+0.71 1.7+5.16 21.7~22.8
Marinating 30 2.3+4.74 2.4~3.0°
III. Cooking Step 1 10 72.4+3.40 160°
Step 2 45+0.71 82.543.54 180°
IV Rapid Chilling 42.5+3.54 2.5+0.71 NA.
V. Packaging 17.0+£4.24 N.A. 22.8~235
VL Chilled Storage
1% day 2.3+0.21
3" day 2.241.20 1.3~3*
5" day 1.75+0.64
VIL Reheating
1% day 13 80.5+6.36
3" day 13 80.0+7.07 N.A.
5" day 13 81.5+6.36
VIII. Holding(l or 2)
1) Hoiding at room temperature
1% day 60 31.0+1.56 23.2~24.2°
3¢ day 60 32.7+1.60 21.3~23.3
5" day 60 34.5+1.41 21.8~23.2°
2) Hot holding
1% day 60 68.9+8.91
120 63.9+8.50
39 day 60 69.3+1.20 NA
120 61.5+14.20 -
5" day 60 67.9+10.32
120 66.8+8.77

1. Not Attained.

2. Refrigerator temperature.

3. Room temperature.

4. Steam/convection oven temperature.

Journal of Food Hygiene and Safety, Vol. 13, No. 4
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Table 3. Microbiological evaluation of Pork Bulkogi (broiled sliced pork with sauces) for various cook/chill product phases

Mean -+ Std. Dev.

Mesophilic  Psychrotrophic
. 1 total plate total plate Coliform Fecal coliform Listeria mono-
S I
Phase in product flow /Food Item count (Log  count (Log  (Log MPNYg) (Log MPN'/g) almonella cytogenes
CFU/g) CFU%g)
1. Raw material
/Sliced pork, frozen 4.26+0.11 3.87+047 1.67+0.43 1.67+£0.43 -4 -
II. Pre-preparation
Draining of blood/Sliced pork 4.92+0.01 3.66+3.10 1.91+0.39 2.15+0.73 - -
Cutting & washing & mixing 5.97+0.04 3.54+1.07 2.65+0.46 1.49+2.10 - +
/Seasoning mixture
Marinating 5.56+0.21 3.951+0.40 1.03+0.60 0.73+0.18 - -
HI. Cooking 5.17+£0.04 - - - - -
IV. Rapid Chilling 5.11+0.03 - - - - -
V. Chilled Storage 5.04 - - - - ~
1* day 5.13+0.07 - - - - -
39 day
5" day 5.16 - - - - -
VL Reheating
1% day 4.62+0.22 - - - - -
39 day 4.554+0.20 - - - - -~
5" day 4.25+0.16 - - - - -
VII. Holding (1 or 2)
1) Holding at room temperature
1* day-60min 4.62+0.22 - - - - -
3“ day-60min 4.70+0.35 - - - - -
5" day-60min 4.61£0.25 - - - - -
2) Hot holding
1" day  60min 4.62+0.26 - - - - -
120min 4.48 - - - - -
3" day  60min 4.644-0.29 - - - - -
120min 4.56+0.11 - - - - —
5" day  60min 4.45+0.02 - - - - —
120min 4.4410.04 = - - - —

. Indicates colony forming unit.

. Indicates most probable number.
. Not detected.

. Detected.

N KWK -

. Samples were taken at the end of the phase in product flow.
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Table 5. Chemical analysis of cook/chilled Pork Bulkogi (broiled sliced pork with sauces) after various refrigerated storage

times

Storage Time (Days)

Chemical Analysis F-value
0 3 5
pH 6.37'+0.05 6.53"+0.12 6.47°+0.02 6.59°+0.12 7.74%
Acid Value (KOH mi/g) 3.45°+0.33 3.55"+0.01 3.61"+0.36 4.32°+0.49 11.09%*
Total Volatile Basic Nitrogen (mg%) 2332°+2.02  2556"+£342  2624°+£3.09  27.44°+£2.50 5.54*

*p<0.05, **p<0.01.
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Table 6. Mean scores for sensory evaluation cook/chilled and reheated Pork Bulkoegi (broiled sliced pork with sauces) re-

lated to refrigerated storage times

Storage Time (Days)

Characteristics F-value
0 1 3 5

Appearance 8.64+£222 8.54+2.43 8.77+1.87 8294228 0.27
Color 8.18+2.38 8.74+1.96 9.48+2.24 8.91+1.61 2.39
Flavor 8.98+1.54 9.73£2.00 9.294+1.85 9.14+1.27 0.95
Taste 8.07x£2.55 8.45+2.24 7.83+2.79 8.39+1.72 0.45
Texture 10.49+1.12 9.38+2.00 9.67+2.34 8.74+1.66 2.34
General acceptability 8.54+1.87 9.04x1.67 8.23+2.05 8.48+1.73 0.89
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Table 7. Thiamin retention during and after production
of Pork Bulkogi (broiled sliced pork with sauces)
in cook/chill system

) . Thiamin

Storage Time Phase in product -
(Days) flow Amount  Retention

(mg/100 g) (%)

Marinating 0.56 100.0

0 Cooking 0.44 78.6

Rapid Chilling 0.43 76.7

1 Chilled Storage 0.44 78.6

Reheating 0.39 69.6

3 Chilled Storage 0.43 76.7

Reheating 0.35 62.5

5 Chilled Storage 0.35 62.5

Reheating 0.28 50.0
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Table 8. Hazards and critical control Points during and after production of Pork Bulkogi (broiled sliced pork with sauces)

in cook/chill system

Phase in product

Food item Hazard CCP Control method
flow
Raw Material Sliced pork PHF CCP
Ginger PHF CCP
Green onion PHF CCP
Garlic PHF CCp

Purchasing &

Sliced pork,

Improper food temperature in receiving

CCP Maintain food temparature (<-17.8)

Receiving frozen Improper package condition in receiving CCP Inspect package condition.
Keeping the food in room temperature CCP Freeze the food immediately after receving.
after receiving CCP
Ginger Improper food temperature in receiving CCP Maintain food temparature (<-5°C).
Green onion Improper food temperature in receiving CCP Maintain food temparature (<-5°C).
Garlic Improper food temperature in receiving Maintain food temparature (<-5°C).
Pre-preparation
Draining of blood Sliced pork Insanitary handling by food service Use disposable gloves.
personnel Use of sanitary cloth and wash & ster-
Use of insanitary cloth and utensil ilize utensil
Trimming Garlic, ginger, Insanitary handling of food service personnel Handle the food sanitarily.
green onion Prevent cross-contamination.
Washing Garlic, ginger, Use of insanitary sink and utensil Wash & sterilize the sink & utensils.
green onion
Slicing Green onion Use of insanitary knife and cufting board Wash & sterilize knife & cuthing board.
Grinding Garlic, ginger Use of insanitary food processor Wash and sterilize food processor in
parts and dry.
Mixing Use of insanitary utensils Insanitary handling Wash & sterilize the utensils.
of food service personnel Wash hands and use diposable gloves.
Marinating Rise of the temperature in refrigerator Keep food temperature below 5°C,
refrigerator temperature below 5°C.
Cooking Improper heating temperature & time CCP Maintain food internal temperature over

70°C for a minitues.

Rapid Chilling

Improper refrigerating temperature & time

CCP Chill the food for internal temperature
3°C within 90 minitues.

Packaging Keeping the food in room temperature Wash hands, use diposable gloves.
before/after packaging Minimize the time under room temp erature.
Chilled-storage Rise of the temperature in refrigerator CCP Keep food temperature below 3°C, refrige-
Keeping the food refrigerated too long rator temperature below 0~3°C. Store
5 days in maximum.
Reheating Keeping the food in room temperature too  CCP Reheat the food within 30 minitues after
long before reheating taken out from refrigerator.
Improper reheating temperature Heat several minutes over 70°C of food
temperature.
Serving Long interval before serving the food CCP Immediate foodservice
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Table 9. HACCP plan for production of Pork Bulkogi (broiled sliced pork with sauces) in cook/chill system

Critical Monitoring
Control Hazard Control Criteria
Point (CCP) What How Frequency Who
Purchasing from sup- Slice pork Check the microbiologi- At every pui- Receiver
C}g:v#:l PHF pliers who passed Ginger cal quality in spec. and chasing
Material microbiological Green onion delivery list.
quality tests? Garlic
1. Improprer food 1. Keeping temp. stan-  1.3. Slice pork 1.2. Measure temp. at de- At every receiving 1. 2 Re-
temp. in re- dards (FDA:<17.8°C), 2.3. Ginger livery with standard ceiver
ceving with no melting spots? 2.3. Green onion thermometer, check it 3. Cook
CCP#2 . . .
Receiving 2. Improper pack- 2. Keeping temp. stan~-  2.3. Garlic with the eye.
age condition in  dards (FDA:<5°C)? 3. Check it with the eye.
receving 3. Is the package con-
dition acceptable?
Improper heating  Keeping heating time- Food Measure the temp. & Every 10 minutes Cook
CCP#3 temp. & time temp. standards(DHSS: time at heating with the from the be-
Cooking above 70°C, over 2 internal temp. & time ginning to the
minutes)? monitor in the oven. end of cooking
Improper refrige- Keeping refrigerating Food Measure the temp. & Every 10 minutes Cook
CCP#4 rating temp. & time-temp. standards time at rapid chilling from the beginn-
Rapid time (DHSS: below 3°C, with the internal temp.  ing to the end
Chilling within 90 minutes)? & time monitor in the  of rapid chilling
blast chiller.
1. Rise of the 1. Keeping temp. stan- 1. Cook/chill re- 1. Monitor temp. flow 1. Immediately aft- Cook/chill
temp. in re- dards (DHSS:0~3°C) frigerator chart in the cook/chill er attendance/aft- refrigerator
CCP#5 frigerator for storage? 2. Label and in/ refrigerator. er lunch serving/ observer
Chilled 2. Keeping the 2. Keeping refrigerating out record of 2. Check the label on before leaving
storage food refrigerated  period standards(DHSS:  cook/chill re- food storage utensils the workplace
too long max 4 days excluding frigerator and infout record of 2. Once in every
the production day)? cook/chill refrigerator. morming
Improper reheating Keeping reheating temp. Reheated food ~ Measure the temp. & Every 10 minutes Cook
CCP#6 temp. standards (DHSS: a few time at reheating with from the beginn-
Reheating min. above 70°C)? the internal temp.& ing to the end
time monitor. of reheating
CCP#7 Long interval be- Minimizing time interval Reheated food ~ Observe food serving Continuously while Staff for
Serving fore serving the  for serving process, and measure serving serving

time.
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Table 9. (To be continued)

Verification
Corrective Action (s) Record
How Who

Return. Food receive log Review logs. HACCP
Food return log manager
1.2.3. Return. 1.2. Food receive log 1.2. Review logs. HACCP
Food return log Calibrate standard thermometer. manager

3. Food receive log 3. Review log.
Reheat(above 70°C, over 2 minutes) or Time-temp. log Review log. Calibrate the internal HACCP

correct the heating condition.

temp. & time monitor in the oven. manager
Microbiological quality test

Correct the chilling condition for the Time-temp. log Review log. HACCP
food temp. to drop below 3°C, Calibrate the internal temp. & time  manager
within 90 minutes. monitor in the blast chiller.

1. If the food temp. exceeds 5°C but 1. Temp. flow chart record of cook/ Review records. HACCP
not 10°C, then the food should chill refrigerator Calibrate temp. flow chart of cook/ manager
be eaten within 12 hours. 2. In/out record of cook/chill re- chill refrigerator.

If the food temp. exceeds 10°C frigerator
during storage, the food should
be discarded.

2. If the refregerating period exceeds
standards, then the food should be
discarded.

Correct reheating condition to con- Time-temp. log Review log. Calibrate the internal HACCP

form the standards.

temp. & time monitor in the oven. manager

If serving time delays, then the food Time-temp. log
should be refrigerated.
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