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ABSTRACT — The purposes of this study were to develop Hazard Analysis Critical Control
Point-based standardized recipe applicable to cook/chilled Broiled Spanish Mackerel in school
foodservice operations and to establish reasonable shelf-life limits by assessing food quality dur-
ing chilled storage period of 5 days. HACCP for the production of menu items was identified in
simulation study. At each critical control point, time-temperature profile was recorded and mi-
crobiological analysis was done. Also chemical analyses and sensory evaluation were conducted
for 5 days of chilled storage. The results of time-temperature measurement of Broiled Spanish
Mackerel by each production phase showed satisfactory condition that met the standards. Broil-
ed Spanish Mackerel showed excellent microbiological quality from raw ingredient phase (TPC:2.
58+0.12 Log CFU/g) to holding phase (TPC:2.70+0.42 Log CFU/g). Coliform (0.84 Log MPN/g)
and fecal coliform (0.84 Log MPN/g) were detected from marinating phase (TPC:3.82+0.52 Log
CFU/g). After heating, only few mesophiles were detected (TPC:1.83+0.49 Log CFU/g). No
psychrophiles, coliforms and fecal coliforms were detected. In the phases after rapid chilling, dur-
ing chilled storage and after reheating and distribution, almost none of the above microbes were
detected. Salmonella and Listeria monocytogenes were not detected in all production phases.
The pH immediately after cooking was 6.65 and then increased significantly to 6.81 on the third
day of chilled storage (p<0.001). Acid value did not show significant changes while total volatile
based nitrogen (TVBN) dramatitically increased during storage periods (p<0.01). In the result of
sensory evaluation, general acceptability points had been rated high in the first day of storage,
and then, the points were decreased significantly on the third day (p<0.05). General ac-
ceptability points ranged from 8.86 to 10.68. Accordingly, Broiled Spanish Mackerel is highly re-
commendable cook/chill system. Considering the DHSS standards for storage, the ideal shelf-life
recommended for Broiled Spanish Mackerel is within 4 days excluding cooking day. For Broiled
Spanish Mackerel, critical control points were purchasing and receiving of frozen Spanish Mack-
erel, heating, chilling, chilled storage, reheating and distribution.

Key words [ School foodservice system, Cook/chill system, HACCP, Broiled Spanish Mackerel,
Microbiological/chemical/sensory quality
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Recipe name : Broiled Spanish

al.

Mackerel

Yield : 150 portions(15kg) Cooking loss : 9.9%
Portion size @ 100g Cooking time : 15 min.
AP .
Phasein . .. . Refuse EP
Ingredient i Method
Productim flow ngrecient  Quantity  (g¢) (o) €
Unit
) Spanish mackerel 38 count 24 Receive(<-17.8C) and hold until pre-preparation
I .Purchasing (frozen) (215 ke) (£-17.8%C).
& Receiving Ginger 0.6 kg 62 Receive( <5TC) and hold until pre-preparation{<5<C).

II .Pre—preparation

Thawing Spanish mackerel

i 16,300
Cutting & Spanish mackerel
Washing

Ginger 224
HOIdm.g before Spanish mackerel
... Cooking

it B TR

Rice wine 292
Mixing White pepper 34

Marinating

Thaw in flowing water(21.2C, 2hr).
Remove unedible parts. Wash and drain.
Cut in 5cm thick(total 150 pieces)

Peel skin. Wash and drain. Grind in Food processor.
Then extract in cheese cloth bag.

Mix ginger extract, salt, rice wine, white pepper to
make seasoning mixture.

Mix 150ps of Spanish mackerel with seasoning
mixture (Use disposable gloves).

Fill sanitary utensil with mixture
Marinate for 30min. at refrigerator(< 5C).

M .Cooking

Spread 6 pans with soybean oil. Arrange 25ps a
pan{50cm X 6.,5cm, stainless steel pan with holes).
Preheat oven to 160 before cooking. Place 6 pans

with lids on steam/convection oven.

Heat at 160C pressureless steaming condition for
10min.

Dry heat at 180T for Smin. without lids

IV Rapid Chilling

Transfer immediately to blast chiller.
Cool to <3T within 9%0min. without lids.

V .Packaging

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

VI.Chilled Storage

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

Vl.Reheating

Reheat the food under regeneration condition at
160C for 10min.. Spray sauces(soybean oil :
soy bean sauces - rice wine = 2 . 2 ¢ 1).

Dry heat at 200C for 5 min.

¥ 1. As purchased 2. Edible portion

Fig. 1. Standard recipe for broiled spanish mackerel applicable to cook/chill system.
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Spanish mackerel,
1 frozen 1,2,3
| ..
Thawing . S.easor.nng ml)fture
1| (in flowing water) |1.2.3 (Salt, rice wine, white pepper,
't 1 ginger extract) 1,2,3
Cutti & Washi
) utting ashing 123
1 Mixing 1.2
|
Marinating
1 (in the refrigerator) 1,2,3
Cooking
1, 2| (by the steam/convection oven) |1 2 3 4,5
Rapid chilling
1, 2 (in the blast chiller) 1,2,3
Storage(1*, 3™, 5" day)
1 (in the refrigerator) 1,2,3,4
Reheating(1**, 37, 5™ day)
1| (bythe steam/convection oven) [1,2,3,5
Holding in room
temp. for 60min,
1
(llt‘ar‘d'sth day) 11233
Hot holding for
1 60min. 123
(lit'3l‘d,5th day) s &)y
Hot holding for
120min,
1 1,2,3

Fig. 2. Flow diagram for production and distribution of broiled spanish mackerel in cook/chill system.

(llt, 3\"6' 5th day)

%1. Indicates measurement points of time, 2. Indicates measurement points of temperature, 3. Indicates points of mi-
crobiological sampling, 4. Indicates sampling points of chemical analysis, 5. Indicates sampling points of sensory evaluation.

=
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Table 1. Measurements for time and temperature of broiled spanish mackerel and environment temperature in various

phases of productim flow

Mean £ Std. Dev.

. . . . Food Environment
Ph tim £l Food 1 T
ase in productim flow ood Item ime (min) temperature (°C) temperature (°C)
1. Raw Material Spanish mackerel, frozen N.A' 2.842.5 9.4~104°
II. Pre-Preparation
Thawing Spanish mackerel 32,0+ 2.83 -2.1+2.26 7.1~10.0°
Cutting & washing Spanish mackerel 19.5+ 0.71 -0.3+£2.83 8.0~12.6°
Cutting & washing & mixing Seasoning mixture 375+ 353 17.74+1.06 23.1~23.7
Holding Spanish mackerel 106.5+ 0.71 0.6+3.46 4.0~4.9'
Mixing with seasoning mixture 75+ 071 2.6+3.46 23.6~23.9°
Marinating 37.5+10.6 37+191 4.0~49
. Step 1 10 67.0+4.24 160°
1L Cooking Step 2 5 76 180°
VI. Rapid Chilling 67.54+24.74 3.0+0.07 N.A.
V. Packaging 10.9+ 1.91 N.A. 21.3~22.8
VL Chilled storage
1* day 1.5+0.21
3% day 224120 1.3~3*
5" days 1.3+0.64
VII. Reheating
1¥ day Step 1 13.0+4.24 70
Step 2 5 75.7+£0.49
3 day Step 1 13.5+2.12 70 NA
Step 2 5 77.0+4.03 o
5" day Step 1 135+2.12 70
Step 2 5 76.0+1.41
VIII. Holding (1 or 2)
1) Holding at room temperature
1% day 60 39.1+0.21 17.4~23.2°
3 day 60 353+4.24 20.3~21.2°
5% day 60 31.34£5.02 18.7~19.7°
2) Hot holding
% d 60 60.5+12.45
ay 120 67.6+1.20
" 60 59.246.08
3" day 120 61.0+3.54 N-A.
5* day 60 60.5+10.39
120 61.7+11.60

x 1. Not Attained, 2. Room temperature, 3. Water temperature, 4. Refrigerator temperature, 5. Steam/convection oven temperature

& Listeria monocytogenes7} 0.5~3°CojlA Z2188 B 71
3t¢{3, Hudson 5°%& Listeria monocytogenes, Yersinia
enterocolitica, Aeromonas hydrophila7} -1.7°Col A% F2)
g 9182 A HEY ) Snyder’™= 4.4°Ce] 7 ok
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Trb Sebrted 1480] Ao Em, 284 E SR
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g 71EQ] 70°C o] 3o ® FEI A7tE T 2ol W
£319t}. o] £%& v|= FDA"| A PHF g2]¢9] |7}
PP o AAF T4°C 71l H§e S|t Listeria
monocytogenes9t e A LF L YALLME A S5
ojx|gt F4lo] 7hedtd], 74°CY A7tEE F AbErtE
g Arrd Aol MY LEEA 7} o) Fas)?

Hi A oA Aol M) 6077 HAAl, AF LT
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Log CFU/gE T 84 wgton, 11 olf+= W5 o3 o
WA S AR dEe® ARG 3 F T
YEoldlF 45U 4.34 Log CFU/g HUHE e 4]
Z, ice boxzZ 4R &l Axe] %7} A4Ete S
E Esta 5 AU e & = Ak & Snyder”7t

AlEjo} gle. ANG FA4NMe 98 FYU7IEQ 4 Log CFU/g of

R —AT8 YA E BT A7, F2d5T 2.58 gto] 22 "Good™ o] Fol &3tHch Aedgs WHE Al

Table 2. Microbiological evaluation of broiled spanish mackerel for various cook/chill phases (Mean+S.D)
Mesophilic to- Psychrotrophic ~ Coliform  Fecal coli- Listeria

Phase in productim flow'/Food Item tal plate count total plate count (Log  form (Log Salmonella  mono-
(Log CFU%g) (Log CFU%g) MPN/g) MPN’/g) cytogenes

I. Raw material/Spanish mackerel, frozen 2.58+0.12 438 =3 - - -
II. Pre-preparation

Thawing/Spanish mackerel 2.58+0.07 4.39* - - - -

Cutting & washing/Spanish mackerel 3.04+0.21 3.18+0.40 - - . -

Cutting, washing & mixing/Seasoning mixture  3.04%0.79 1.48 - - - -

Holding/Spanish mackerel 2.70+0.42 3.25+£0.83 - - - -

Marinating 3.82+0.52 3.631+1.36 0.84* 0.84* - -
III. Cooking 1.831+0.49 - -~ - - -
IV. Rapid chilling 1.89+0.41 - - - - -
V. Chilled storage

1* day 1.60° - - - - -

3“ day - - - - - -

5" day - - - - - -
VI. Reheating

1% day - - - - - -

3" day - - - - - -

5" day - - - - - -

VII. Holding (1 or 2)
1) Holding at room temperature

1" day 60 min
3“ day 60 min
5" day 60 min
2) Hot holding
st 60 min
1 day 150 min
rd 60 min
37 day 190 min
th 60 min
5743 150 min

1. Samples were taken at the end of the phase in productim flow

2. Indicates colony forming unit
3. Indicates most probable number

. Detected in the first one out of duplicate experiments

4
5. Not detected
6

. Detected in the last one out of duplicate experiments
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Table 3. Microbiological evaluation of equipments and
utensils used for broiled spanish mackerel by
swab method

Mesophilic total Coliform Fecal Coli-

plate comnt  (MPN'/ form (MPN"
(CFU/124 cm® 100 cm®) 100 cm®)
Cutting board 3 - -
Kitchen knife 2° - -
Mixing bowl for =9 - -
seasoning mixture
Mixing bowl for 0.38+0.18 - -

spanish mackerel
mixture

% a. Indicates colony forming unit, b. Indicates most prob-
able number, c. Detected in the first one out of duplicate ex-
periments, d. Not detected

e A7t AA e 1 el 4.38 Log CFUg2
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] el ARASE Speleied, 53] 43 3d el 72
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39,
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Table 4] A A8} T}
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7FF 2™ (p<0.001), AA sAA = 6.830.2 FEFITL
pH7E HE B2 offolA 6264, Ba olfol At
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&7} (Acid value) —4F=7-0l9] A7HKOH mg/gy= %
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7b Al sk 2 SN TR A9 180l
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Table 4. Chemical analysis of cook/chilled broiled spanish mackerel after various refrigerated storage times

Storage time (Days)

Chemical analysis F-value
0 1 3 5
pH 6.65"+0.08 6.53"+0.08 6.81"+0.08 6.83"+0.09 40.54*+*
Acid value (KOH ml/g) 2.90+0.96 3.05+0.82 3.06+0.99 3.13+0.81 1.38
Total volatile basic nitrogen (mg%)  9.60"+3.88 10.85"+2.07 12.00°+2.28 13.51"+3.41 3.46%*

X ***: p<0.001, **: p<0.01
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Table 5. Mean scores for sensory evaluation of cook/chilled and reheated broiled spanish mackerel related to refrigerated

storage times

Storage time (Days)

Characteristic F-value
0 3 5
Appearance:Conformation 11.44+1.74 11.69+1.49 11.2940.56 11.41+1.45 0.26
Appearance:Gloss of surface 11.44°+1.82 10.19*+2.45 8.79"+1.53 10.09"°+2.84 3.77*
Degree of broiling 7.743.59 10.58+2.81 8.95+1.99 9.47+2.60 2.83
Flavor 8.29+2.54 9.79+2.91 8.33+3.23 7.7743.32 1.97
Taste 9.16+1.70 10.34+2.76 8.91+2.27 8.75+3.16 1.60
Texture 9.35+2.80 9.18+3.05 8.63+1.67 8344255 0.72
General acceptability 9.91°+2.31 10.68°+2.03 9.13"+1.98 8.86°+2.79 3.74*
% *: p<0.05

23t g ARE L ded, AATFole] AR o]
P AV whet mejtn g A e FYEo A 199
57l e ASE W o2 Btk WY % o
Al A7 190 7ML ALE wka A3} gAas oy
F A ApolE Kol ¥th Az AA7IZE Hule|
A aske APE BAoy FA foFelx gyt
HAREARl &= A 153 vhde] HrtolA a1 10.68,
HA 8869 FE 7153t vjwd HE2A S &
T AATE ANH) #E HFee Fe Futh A% 19
o] A7t 2o oA F7hs obd vk, A% 3%
off frold o2 2HA3lATHp<0.05).

oleigt #Firte] A0 E FTF & W ATl 2
2% w1t 1d A Fsdvist A7rE @ ezt #58 F
2ol 958 Aoz PrhHT 2 of ATFEAY 13
7FEE v A8, 2, AFE 22119 W& &
&3 sauceE EAFSILL 231 HE S d7] HECE Als

g

Ho ot N

ME7iete| 43

Aol AR Fete] vlgEH FAF o] 3
FAS AR 5 T T Ao s FIEAS. A5}
oME ARMEQ #5719 A% F 7P FA B7HE9L
T, A% 3ol FAR) ZAaE How, AAQl £3
=9 H4E 8.86~10.680% Ueldtt. o] g Ao o
819 A4FA] o= cook/chill systemol) vl-¢- @3 S0z
A7}, HE ezt 399 A AAE 7)F
ARt A 5UA AbEQ) F3xe Hv) 88608
Rt 153 W E B8 75380 84 =4 B7HE
& YA A SA7AE deH e EAL Sl
AAXG. a2} 5 DHSS 9 A7)0l & ¢
AT 4 HFo|nZ2 o] Y)Fol mE} AP7)TE 4dR
Agshs Ro| vhgAlsirtal Ak

AELBIEN SRueE

SE-AQAIZE EA F HAE B4 AEE B AR
ole] QAGAE AEAHNILE BAA, Al
e Faded AHE AAaAd Feudy 24
EU0g AgEld Fe@Ede FHsad. AEsHe
&, Foue3 2 #2715 Table 691, ool 93] 23k
HACCP A& R E Table 79 AAIBIH T Ax]ole] 3
H Touadle A A A, xR, ¥, A
A7 E L A EA A

n &

o] TAEo] A2 HAGT wiRDAANNE AEHX &
© o A FrhEAT ¥ 59 599 olgEty
A o @59rte] drtel 93 DHSSY9] X A7|Eg 1
23t Abx] ol A7) A 4Y oY= AtH A
o). wehd 9= DHSSYY 2|34 A3 F5dle] A3
78 ze7} o]FojR 1 T4 DA A ] Qo] HA3] T
AlF b 4bx] 0] 7} cook/chill systemol] wi-$- A 5l 2-4]
P& 2 ATE 3 ¢ AU FF g RY FE
& NP o2 cook/chill systemS g2 =913}
9 ARADol A cook/chill system2 -85+ s wF2 2
AL E Fstodor 3, F2lgtae] f8Bed
HE FHH0E AT F e FAZAIAAY &9l
ojFojel st FuAdoMe FEETF ZOWA
cook/chill systemo]] st 2l sfEsfiof 55, cook/
chill system© 2 AAFeE S419) FARFTE $)s] HACCP
system®] Al Aot S FAL HUR {A5] 9
g A7 2 7HE, AVtE 286 B3 AT, cook/chill

Jas ANt

Journal of Food Hygiene and Safety, Vol. 13, No. 3



A Quality Assurance Study for the Application of Cook/Chill System (1) 289

Table 6. Hazards and critical control points during and after production of broiled spanish mackerel in Cook/Chill system

Phase in product

Food item Hazard CCP Control method
flow
Raw Material Spanish mackerel PHF CCP
Purchasing & Improper food temperature in receving CCP Maintain food temperature(<-17.8°C).
Receiving Spanish mackerel, Improper package condition in receving CCP Inspect package condition.
frozen Keeping the food in room temperature after CCP Freeze the food immediately after
Teceiving receving.
Ginger Keeping the food in room temperature after Maintain food temperature(<5°C).
ge receiving
Pre-Preparation
Thawing Spanish mackerel Improprer food temperature in thawing Thaw in flowing water(<21.2°C, <2 hr).
Use of insanitary sink Wash & sterilize the sink.
Thawing with other frozen food in flowing Thaw the food separately from other
water frozen food.

Handle the food sanitarily.

. Insanitary handling by food service personnel Prevent cross-contamination.
Cutting & . L
Trimming & Spanish mackerel Minimize hand contact.
Washin Use of insanitary cutting board & knife Wash & sterilize cutting board & knife.
shing Use of insanitary sink & utensils Wash & sterilize the sink & utensils.
Ginger Use of insanitary knife & food processor Wash & sterilize knife & food processor
Draining of water Spanish mackerel Draining of water on the kitchen floor Draining of water at shelf.
. . Rise of the temperature in refrigerator Store pre-prepared food in refrigerator
Holding Spanish mackerel Keeping the food refrigerated too long maximum 24 hours.
Mixin Use of insanitary utensils Wash & sterilize the sink & utensils.
g Insanitary handling by food service personnel Wash hands and use disposable gloves.
— . . . Keep food temperature below 5°C,
Marinating Rise of the temperature in refrigerator refrigerator temperature below S°C.
. . . Maintain food internal temperature over
Cooking Improper heating temperature & time CCP 70°C for a minitues.
. - . . . Chill the food for internal temperature
Rapid Chilling Improper refrigerating temperature & time  CCP C within 90 minitues.
Packagin Keeping the food in room temperature Wash hands, use disposable gloves.
ging before/after packaging Minimize the time under room temperature.
Rise of the temperature in refrigerator Keep food temperature below 3°C, refri-
Chilled-storage Keeping the food refrigerated too long CCP  gerator temperature below 0~3°C.
Store S days in maximum.
Keeping the food in room temperature too Reheat the food within 30 minitues after
. long before reheating taken out from refrigerator.
Reheating Improper reheating temperature cce Heat several minutes over 70°C of food
temperature.
Serving Long interval before serving the food CCP Immediate foodservice
system & recipe®] £ & 3 9 AP PFHow 2 A7 1964 E SRS ATk A7
sAstodo} & o]k, A9 2L Axlchskasl eI EA ] Postdoctor 7] 2|

oz s ApTe] YRoln, olo] A= YL},
LA w
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