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Effects of Vacuum Cooling Followed by Water Spraying on the Quality
of Precooked Skipjack Katsuwonus pelamis

Tae-Hun Lee and Jae-Geun Koo!”

SEIN NW, Gangneung 210-340, Korea
'Department of food science and biotechnology, Kunsan National University, Kunsan 573-440, Korea

The cooling of precooked skipjack Katsuwonus pelamisis a critical thermal process in tuna canning because it affects
the quality and yield of the canned tuna, as well as productivity. The combined method of vacuum cooling followed
by water spraying (VC-WS) was investigated to increase cooling rates, and prevent loss of yield of the precooked
tuna during vacuum cooling. For VC-WS, the precooked skipjack was cooled to 30°C by vacuum at 31 mmHg and
then wetted by spraying water for 2 min. The effects of VC-WS on cooling times, cooling loss, color, texture and
lipid oxidation of the precooked tuna were compared with conventional spray cooling (SC).The cooling times for
precooked skipjack from 75°C - 30°C were 11 min for VC-WS and 145 min for SC. The cooling losses were 1.7 %
for VC-WS and 1.6 % for SC. Peroxide and thiobarbituric acid (TBA) values of VC-WS were lower than those of SC.
The loin of the VC-WS —treated skipjack was brighter and harder than the SC loin, as indicated by higher lightness
and hardness values. Based on these results, we believe that the VC-WS process could compensate for the cooling
loss of vacuum cooling and minimize changes in quality that occur during cooling of precooked skipjack tuna.
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Fig. 1. Cross section of skipjack tuna Katsuwonus pelamis and lo-
cation of thermocouples.
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Fig. 2. Changes in temperature of skipjack tuna Katsuwonus pela-
mis during steam cooking at 100°C.
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Fig. 3. Change in core temperature of cooked skipjack tuna Katsu-
wonus pelamis during spray cooling (SC).
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Fig. 4. Changes in vacuum pressure and temperature of cooked
skipjack tuna Katsuwonus pelamis during vacuum cooling (VC)
at 31 mmHg (30°C).
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Fig. 5. Changes in vacuum pressure and temperature of cooked
skipjack tuna Katsuwonus pelamis during vacuum cooling fol-
lowed by water spraying (VC-WS).

Table 1. Comparison of cooling losses and loin yields of cooked
skipjack tuna Katsuwonus pelamis cooled by spray cooling (SC)
and vacuum cooling followed by water spraying (VC-WS)

Vacuum cooling’

SC
VC VC-WS
Cooling loss (%) 1.6 +0.3% 44+0.2° 1.7 £0.32
Loin yield (%) 429+08 395+0.7° 42.6+0.9°

'Vacuum cooling condition: 31 mmHg/30°C.
2 Different letters within a row denote significant differences
(P<0.05)
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Table 2. Comparison of Peroxide value(POV) and Thiobarbitu-
ric acid(TBA) values of skipjack tuna Katsuwonus pelamis loin
prepared by spray cooling (SC) and vacuum cooling followed by
water spraying (VC-WS)

sc VC-WS
POV (meg/kg) 65.6+0.32 61.2¢0.5
TBA value (OD at 420 nm) 17.740.4 13.5¢0.5

"Vacuum cooling condition: 31 mmHg/30°C.
2Mean =+ standard deviation (n=3)

Table 3. Fatty acid composition of skipjack tuna Katsuwonus pe-
lamis loin prepared by spray cooling (SC) and vacuum cooling
followed by water spraying (VC-WS)

(Area %)
Fatty acids VC-WS SC
C14:0 2.8 26
C14:1 1.0 0.1
C15:.0 1.1 1.0
C16:0 25.9 26.4
C16:1 5.0 4.9
C17:0 14 14
C17:1 1.7 1.6
C18:0 8.6 9.5
C18:1 144 15.0
C18:2 0.9 0.9
C18:3 1.1 1.0
C19:0 0.7 0.6
C20:0 0.4 0.4
C20:1 0.4 0.5
C20:2 0.2 0.2
C20:3 0.1 0.1
C20:4 1.6 1.7
C20:5 34 3.3
C22:0 0.3 0.3
C22:1 04 04
C22:4 2.3 24
C22:5 0.7 0.7
C22:6 25.7 25.1
Saturated fatty acids 41.2 42.3
Unsaturated fatty acids 58.8 57.7

Pﬁ}oﬂ 0| R|= %‘50 271 4
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Table 4. Color value and texture profiles of skipjack tuna Katsu-
wonus pelamis loin prepared by spray cooling (SC) and vacuum
cooling followed by water spraying (VC-WS)

SC VC-WS
60.5+2.132 63.7+2.2°
Color a 56+0.5° 7.00.7°
b 145+0.42 13.2+£0.3°
Hardness (dyne/m?) 603 + 272 633 + 39°
Texture Springiness (%) 101 £ 6° 110 7°
Cohesiveness (%) 113+ 92 105+ 5°

'Vacuum cooling condition : 31 mmHg/30°C.
2 Different letters within a row denote significant differences
(P<0.05)
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Z¥7+ 65.6 meg/kg, 17.72 A 5719} TBAGE 5% A
-5 Zto] B WzkRh vol 4l g5 Wate] By
Ho} f219] 4bsto] tha QbR Ao o AF T Cheng and
Sun (2006):> 7FERE A L] S A7 W2t A 3
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Wbk 2|2 Akslel) QPR ALS A F-E Wzto] B ]
of Blste] Wzt &= U-55] et Al&sHA| W2hol
& ol BRat Azlo] 2] A1 Aslr Ao
] E3F 2E 5 B 3ol Qe A Ak o] A F o] A4
H917] RO o ATk, shekego] 2219 AMAL £4 L Ta-
ble 3of Lhegick, 21 g5 Wzkal 25 Wzt B palmitic
acid (C16:0), docosahexaenoic acid (DHA, C22:6), oleic acid
(C18:1) =02 gho] qhomn E32s} Abito] oAt
of vlsto] gHFo] =t W2k Wiof whE Ahol= e
orort}. 18] 1 1% B33} 2| HFAe] DHAEEH(25.09-25.71)
o] eicosapentaenoic aicd (EPA, 3.31-3.42)0] H|3}o] & 4|3
Lol o] xp=3k 2k Wl e] Z-¢- DHAZ} 25.5%, EPA
7} 0.1% -5 itk R a1} A 4|5 th(Chantachum et al.,
2000).

4
alL
[e)

oL r2
N, 1o
L
B
1o
BN
N
oy

o

1

S0
IJ

i
o

%

_Iu:

J)'

il

o

i

=

H
1o fr Az

ir

Kl

Ol

e
o XL
2 oo

N,
2|
Iid
d
o
N
N
[o
o
fu
>~
g
O,
Z=H
ox
=5

ANy
¢ K
fu
o r
2

¢

T o
R SRS

oK
Mr
4o
oz flo

ohesiveness+= S7| UERY
T A s FOEA A thtstal g o] F7tsk= A0
UElT Desmonds et al. (2000)3- McDonald et al. (2000)
W7t ahol T2 vhel 223t 43170 243 ZAs}od
i

™ ol T
M)
3
KU
'
T
hv)
g
=5
=3
(¢])

4

fr d

e T

R
o

ok
N
off

b5 vlsto] 15 2Rt 0] hardness7} &7 Lt

p

uj
2o
)
K
e
5
2
Ir
i}
ke

>
E |
i
of
1o
St
iy
=)
e
<
&
=
52
&

=
T AEE EY ol WA B2 FH AN B L F
A ol mgo] F Aoz AR H ATk
At AL

BB 20134 PAR ok bk shel T ] 4
o] oJato] ATFE|LE

References

AOAC. 2003. Official Methods of Analysis, 17th ed. Asso-
ciation of Official Analytical Chemists, Washington, D.C.,
US.A.

Chantachum S, Benjakul S and Srixirat N. 2000. Separation and
quality of fish oil from precooked and non-precooked tuna
heads. Food Chem 69, 289-294. http://dx.doi.org/10.1016/
S0308-8146(99)00266-6.

Cheng Q and Sun DW. 2006. Effects of combined water cook-
ing-vacuum cooling with water on processing time, mass
loss and quality of large pork ham. J Food Process Eng 30,
51-73. http://dx.doi.org/10.1111/j.1745-4530.2007.00089.x.

Desmond EM, Kenny TA, Ward P and Sun DW. 2000. Effect
of rapid and conventional cooling methods on the quality of
cooked ham joint. Meat Sci 56, 271-277.

Dong X, Chen H, Liu Y, Dai R and Li X. 2012.Feasibility as-
sessment of vacuum cooling followed by immersion vac-
uum cooling on water-cooked pork. Meat Sci 90, 199-203.
http://dx.doi.org/10.1016/j.meatsci.2011.07.002.

Folch J, Lees M and Stanley GHS. 1957. A simple method for
the isolation and purification of total lipids form animal tis-
sues. J Biol Chem 266, 497-509.

Houska M, Sun DW, Landfeld A and Zhang Z. 2003. Experi-
mental study of vacuum cooling of cooked beef in soup. J
Food Eng 59, 105-110. http://dx.doi.org/10.1016/S0260-
8774(02)00435-1.

Lee TH and Koo JG. 2012. Comparison of the quality of frozen
skipjack tuna Katsuwonus pelamis thawed by vacuum and
water immersion. Kor J Fish Aquat Sci 45, 635-639. http://
dx.doi.org/10.5657/KFAS.2012.0635.

McDonald K and Sun DW. 2000. Vacuum cooling technology
for the food processing industry: A review. J Food Eng 45,
55-65. http://dx.doi.org/10.1016/S0260-8774(00)00041-8.

McDonald K, Sun DW and Kenny T. 2000. Comparison of the
quality of cooked beef products cooled by vacuum and by
conventional cooling. Lebensm-Wiss u Technol 33, 21-29.
http://dx.doi.org/10.1006/f5t1.1999.0603.

McDonald K and Sun DW. 2001. Effect of evacuation rate



on the vacuum cooling process of a cooked beef product.
J Food Eng 48, 195-202. http://dx.doi.org/10.1016/S0260-
8774(00)00158-8.

Tarladgis BG, Watts MM and Younathan MT. 1960. A distilla-
tion method for quantitative determination of malonalde-
hyde in rancid food. J Am Oils Chem Soc 37, 44-48.

Zhang J, Farkas BE and Hale SA. 2002. Precooking and cool-
ing of skipjack tuna: A numerical simulation. Lebensm-
Wiss u Technol 35, 607-616. http://dx.doi.org/10.1006/
£5t1.2002.0912.

Zheng L and Sun DW. 2004. Vacuum cooling for the food
industry-a review of recent research advances. Trends in
Food Sci Technol 15, 555-568. http://dx.doi.org/10.1016/].
tifs.2004.09.002.

Zhang Z, Drummond L and Sun DW. 2013. Vacuum cooling
in bulk of beef pieces of different sizes and shape-Evalu-
ation and comparison to conventional cooling methods.
J Food Eng 116, 581-587. http://dx.doi.org/10.1016/].
jfoodeng.2012.12.036.

17



