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Quality Characteristics of Dried Squid (7Todarodes Pacificus) b
Cold Air Drying Process

Joo-Heon Hong', Dong-Ho Bae?, and Won-Young Lee*
'DG-Traditional Bio-Materials Industry Center, Daegu 704-230, Korea
*Division of Bioscience & Biotechnology, Konkuk University, Seoul 143-701, Korea
Department of Food Engineering, Sangju National University, Sangju 742-711, Korea

Abstract In an attempt to find ways of improving the quality and sanitary state of dried squid, this study compared
artificial drying methods i.e. hot air drying and cold air drying with natural drying method. The drying rates of squid were
in the order of hot air, cold air and natural drying. However, cold-air drying was slower than natural drying at 7°C. The
drying rates increased with increasing drying temperature. When drying temperature was close to the dew point on a
dehumidifier surface, which was the case with cold air drying at 7°C, the driving force for dehumidification was lower
than under other drying conditions, which resulted in a lower drying rate. There were little color differences between the
drying methods and temperature. Squid dried by cold air-drying had better mechanical texture and sensory qualities than
with other drying methods. In addition, the cold air drying method maintained superior quality in terms of the contents of
amino acids, taurine, EPA, DHA, other fatty acids and a low TBA valuc than the other drying methods.

Key words: dried squid, cold air drying, quality characteristics
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Fig. 1. Schematic diagram of a cold air drying apparatus. 1:
dehumidifier, 2: suction fan, 3: control box, 4: heater, 5: blower.
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Table 1. Operating conditions of HPLC for cholesterol analysis

Instrument Waters alliance
Column Porasil 10 pm (3.9 x 300 mm)
Detector RI (waters 2414)
Mobile phase Hexane : 2-Propanol (97 : 3)
Flow rate 0.6 mL/min
Temperature 30°C
Injection volume 20 ul
imethanol =2: 1) 150 mLE H7FF vh2 2,500 pmol A 33471
T ssle] AtEElae] Wi 53 solvent 100 mLE AR o
2, ST §208 B A7) Wi 05% KCIJ‘-’“OH 100
H7hel 12202F B9 AR §718019) =S 47
OM Na,SO,E olg3te] gahfo] 1 55 st 5 A4 7}
SR sEsl] AME FEARICh 59 AL 13% BF/MeOH
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madzu Co., Kyoto, Japan)® 41800} oluf column® DB-Wax

(ID 025 mm x 30 myE AHEEIE2™ | column®] %% 50°Ce]| A
SR AR e B 259C S8 2300074 28 5 o5k
b AT AR el 9 e rle] 2nis 27t 230°C W
250 Cen, AFE SRR Soly NESglge suLe 8
o] A5

Z2HE 24

THAHE B4 Lee T(18)9] W] wje} 28 Ay A
3 ol 80 hexan : 2-propanol(97: 31 £a1A17] & membrane

filter(0.45 um)E o7 3= Table
Waters CO., USAE B

R

15 g

:A],Oﬂ E] B

Z 70141 HPLC(Al-
ancs, a3 7F A Fe] FHys

H|E

A (Cholest-5-en-3p-ol sigma, Inc)
HE erard o m e Fekslolo

i K }1\3 2010 2 A& A
dleje] o-ETHEH), FrHeH
o].;f_ L]_HHL}_(]) ] A lemoﬂ
AA A SPSS(Statistical Package for the
Science) &7 package*: ol-g3fed FakEA 9 Duncan’s
multiple testZ ©]-&-a}o] AAISFALE

= =

At
T

as IS R
e fnie
T 7
19 d Eins
7k 2] HE - - =Sl
Arzrlel 2 ’11}01 L}E}”Oﬂ A7kol 2
AEE veEpilen] 157 el 2 A
ZoiSich WEFNRY] S 15°CelM = A
Z28717ke] glol Azt whi Sitghe] wis)
T BoH, AAEe R Hie 7l B
o 262%°] RS BTk ool e 7~‘C<>H*'h“r dix%ﬂ
7Yl H Zlofla 27|70k o) fo ke Aol whe SRt

FAEA 637
(a)
\ —w-C7 |
Lo ~ *-C11 ]
- “m A Ci5|
_ LN e ¥ ND
2 : N -~ LTeim
> 50 L “
= . v N
g 1 \ N -
< v
S 50+ X .
@ g v N
;5 N “~ \-\
B 404 N )
g . AN .
30 4 =N Sv -
N\, o N ]
v
20 ¥ ¥ H T T N T T T T T T T
0 20 40 50 80 100 120 140 160
80 [N
70 N
- \
2
= 60 \
=
QD - .
2 =
5
g 50
@ 1 .
b
2 S
B 404 e
=] .
= .
30 - .
20 T ¥ T M T T H T
0 3 6 9 12 15
Time (hr)

Fig. 2. Changes of moisture content in dried squids by cold air
drying (a) and warm air drying (b). C7: cold air drying at 7°C,
C11: cold air drying at 11°C, C15: cold air drying at 15°C, W30:
warm air drying at 30°C, ND: natural drying.

Table 2. Moisture content and water activity of dried squid by
drying conditions

c7" Cl1 C15 W30 ND
Drying time (hr) 165 60 50 15 120
MC? 27.5 263 262 264 24.1
Aw 0.486 0473 0.467 0476 0.468

"C7: cold air drying at 7°C, C11: cold air drying at 11°C, C15: cold
air drying at [5°C, W30: warm air drying at 30°C, ND: natural drying.
“MC: moisture content (%).
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Table 3. Color values of raw and dried squid by drying conditions

G2l Ekelx] A 38 A Al 5 T (2006)

R" Cc7 C11 Ci15 W30 ND
56.90 4341 39.74 40.68 48.15 39.24
a -2.10 2.14 1.23 1.50 1.11 1.75
b -3.57 3.45 2.78 3.47 1.68 7.11
AE 40.1 53.23 56.85 55.94 48.43 57.78
"R: raw squid, C7: cold air drying at 7°C, C11: cold air drying at 11°C, C15: cold air drying at 15°C, W30: warm air drying at 30°C, ND: natural
drying.
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Fig. 3. Characteristics of texture with hardness(HD), cutting o W0
shear (CS) and penetration strength (PS) by drying conditions.
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e, Ao Aol= EskAkel palmitic acid(C16:07F & 7
Babe] 30%Z AASRE 19422 ng/100 g, BEFFA LS TAU
Aol 53%E A8 oleic acid’F 38.19 pg/100 g, linoleic acide
1162 1g/100 g, EPAY 10241 ng/100 g, DHAE 147.37 ug/100 g
2 UeRt 2k ARFe] TR 8 FEEAC AR 26)9
At Aoch, WEAE 2ol wpE FAELE SRS 15°CelA

7 ok, e 9 BEshARe 7P wol ghtEof

1.

R N e HAFYTE AR 30°Ce] ARt TR AdAER
proline®] 459 taurine®]  391.8 mg/100 g, alanine®] o} o} Rukalslsl 74 gho] zlE o] FHA 0}7] dofhe-&
Table 4. Free amino acid compositions of raw and dried squid by drying conditions (mg/100 g)

Amino acids RY C7 Cll C13 W30 ND
Tau 391.8 3212 338.1 3473 320.5 322.0
Cys 48.4 38.6 33. 30.3 257 239
Asp 103 7.2 5.6 9.0 5.6 33
Glu 55.0 415 33.2 50.8 254 273
Ser 335 277 30.2 333 238 21.8
Gly 37.1 29.0 27.7 31.2 283 25.1
His 25.8 18.3 22.0 229 22.1 18.3
Arg 114.0 98.3 93.0 103.8 §1.1 71.3
Thr 35.0 243 30.6 32.0 315 27.6
Ala 142.6 126.9 117.0 122.8 112.9 96.5
Pro 4593 428.0 453.9 455.0 34.2 344.7
Tyr 26.5 11.0 14.1 14.8 10.7 3
Val 36.8 28.9 35.6 323 253 25.1
Met 48.4 421 457 44.4 26.4 31.7
Cys 6.1 4.0 5.8 3.6 2.4 32

Ile 21.5 194 16.4 14.2 18.9 133
Leu 393 28.7 39.1 35.0 27.0 27.1
Phe 21.7 18.8 17.4 18.2 143 13.4
Lys 335 30.6 25.1 204 303 174
Total 1,639.6 1,347.6 1,384.7 1,433.0 1,266.7 1,122.1

UThe abbreviations were shown in Table 3.
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Table 5. Fatty acid compositions of raw and dried squid by drying conditions (ng/100 g)
Fatty acids R Cc7 C11 Cl15 W30 ND
Myristic 28.70 1532 16.80 2521 1327 16.79
Palmitic 194.22 137.43 132.50 165.56 119.05 140.71
Stearic 44.45 30.30 30.28 38.52 23.59 3223
Oleic 38.19 2642 26.63 3491 18.41 27.05
Linoleic 1162 435 5.91 932 1.89 5.14
EPA 102.41 78.12 77.02 96.06 64.15 80.05
DHA 147.37 113.97 101.09 131.12 78.17 105.93
Total 566.96 405.91 390.23 500.70 318.53 407.90

YThe abbreviations were shown in Table 3.
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Fig. 5. Changes of cholesterol contents in raw and dried squid by
drying conditions. R: raw squid, C7: cold air drying at 7°C, C11:
cold air drying at 11°C, C15: cold air drying at 15°C, W30: warm air
drying at 30°C, ND: natural drying.
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Table 6. Sensory evaluation of dried squid by drying conditions

c7" Cl1 Ci15 H30 ND
Color 3.11 £ 0.60°2 3.33+£0.87* 3.67+0.87 2.56+0.67 344+ 1.01°
Taste 222+0.67° 2,78 £0.67™ 3.89+0.93 3.00+ 1.12° 3.78+£0.83"
Odor 3224083 2.67+0.50° 3.44+0.53° 3.11+0.78° 3.7840.83°
Texture 301117 311 0,78 3.89+0.93° 289+ 1.17™ 3.67+0.71"
Favorite 2.56 £ 0.53% 2.33£0.50° 4.33+0.50° 33+1.00™ 3.56+1.10°

[\

)

S

"The abbreviations were shown in Table 2.
P*4: mean values (n=20) with different letters in the same column are significantly different by Duncan’s multiple range test (p < 0.05).
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