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Changes in the Quality Characteristics of Semi-dried Small Squid
Idiosepius paradoxus during Refrigerated Storage

Bok- Mi Jung*, Chang- Bum Ahn and Hyung- Rak Kim!'

Division of Food and Nutrition, Chonnam National University, Gwangju 61186, Korea
'Department of Food Science and Nutrition, Pukyong National University, Busan 48513, Korea

This study evaluated the quality characteristics of semi-dried small squid Idiosepius paradoxus treated with grapefruit
Citrus paradisi seed extract (GSE) during refrigerated storage for 6 months. The moisture content and water activity
decreased significantly in both control and GSE-treated groups with increasing storage time, but there was no signifi-
cant difference between groups. During storage, the degree of water activity reduction was lower in the GSE-treated
group than in the control. The pH change was similar in both groups during storage. The thiobarbituric acid reactive
substances (TBARS) value of the GSE-treated group was lower than that of the control until 4 months of storage,
and was subsequently higher than in the control group. The Hunter color L value did not differ significantly during
storage between groups, whereas the a and b values decreased significantly (P<0.05) in both groups with increasing
storage time. The hardness value of the semi-dried small squid increased with storage time, but there was no sta-
tistical difference between GSE treatment and control. There were more viable cells in the control group than the
GSE-treated group after 5 months of storage. According to the sensory evaluation, neither the taste, color, odor, nor
texture differed statistically during storage between groups, while overall acceptability was significantly lower in the
GSE-treated group than the control after 6 months of storage.
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SHH Alg-FAEE grapefruit (Citrus paradisi) seed ex-
tract]-2 ascorbic acid, flavonoid, limonoid, citric acid, tocoph-
erol 50| g5 2 em(Skjak et al., 1992; Tokoro et al.,
1989), m|A8=2] Al of] JaFe ol = A2 AAlst
= F3 9 o9} R 32 glof 7] (Park and Kim, 2006)
o] Y= Al ® HuE et njAEol et Atavtrt A
A 500 ppm =] WO s A& RE Audleke A7 sk
o bt Qo B, By T, Sdlekr SO A%
o et A EYE 71| 3L QIti(Choi et al., 2000).
w5t 34 Qelol 4l fak, G BVl wak §217] %4
sk, 9% wwk, gordl B4 Y4 Ak, Aok 941 el
Streptococcus mutans 342 A5k &1 5 thFst 7|
A& 71A) 2L Qlt(Jagetia and Reddy, 2002; Borrelli and 1zzo,
2000; Borradaile et al., 2003).

AF7HA A ofof gt dAits A AXxFTHRE 240
9] FZAEA(Hong et al., 2006; Park et al., 2005; Kang et al.,
2011), HA=S ol-&ste] A= F7H7]= AH(Yang et
al., 1999b), B|7}E x| 2]7]4S o] &3t 2 Ao A (Ko et al.,
2005; Lee et al., 2002) 5-0] Ql.o.H 0] & o130 A A& 2.4
019 Z7]= A7 20 em ©, AlF 130 g o441 2o 7F =
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7FobA] ¢kl A 25k Al m e} v] w8t
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Hl-&-& QbR E9] 49 24 o](Sunhae F&S, Yeosu, Korea)
98.35%, 1 %(Shinan, Korea) 0.8%, WEH(CJ, Seoul, Ko-
rea) 0.85%% 3101, A5 A7} Al -3 24 0] 98.2%,
AL 0.8%, WG 0.85%, A5-5A5=2H(ES food, Kun-
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A7) 2o ik Az 20 -3 Bl R = S-S fI5ko]
Hajgh &, 422 AOAC W (1990) 0.2 Z743tglon, 487
A= TESASA7|(HP23-AW Rotronic, Bassersdorf,
Switzerland)E ©]-§-3to] 33] ¥HE 43 &, 1 HHgo =
Ureh et
ME Z5

M7 27 of iE A2 M= Z47t SLAI RS 0851
Az}A|(Colori- Meter JC 801, Color Techno System Corpo-
ration, Japan)S LN (M%), azh(+Z M=/ ST, bZh(+3H4
SRS 2AS )8 38 v 249 5, 1 Ba
© 2 el Qlct. ofuff AR8-3) 325 A Th(standard plate)2] L
2429848, azFe 0.14, 18] T bZHS —0.410] 2Tk
de &%

gz A7) 24010 e PRI 5F FitS the-
ometer (COMPAC -100, SUN Sci. Co. Ltd, Tokyo, Japan)
2 Algsiol 270] BHA 67T S el 2HE A
adaptor type circle, table speed 60 mm/s, load cell (max) 2 kg
o] 27102 ZAalglon], WE AR 103] WRs}3IT.
pH & E= =3

g 712 A7) 24019] pH WEks AOACH(1990) A&
stol 24Jo] SA|o] 10Me] SFHz FF4E Hlslel vy
712 187 vlafgt & pH meter (420A, Orion Co., Beverly,
USA)E o83t S4sk3ith de Al 240 A2 108)
of afeis 2542 H7lstol har] = 187 v %
EAZ o] §3t0] STt BE AR 38 vk 245
7 Bagho= R s,
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Tarladgis et al. (1960)2] ®Hof w2} malonaldehyde®] %F
< TBAZLZ 23315tk 970] 20 g& 402 W2hd 2 M
phosphoric acidel] 20% trichloroacetic acid -8 50 mLE &
A3} 1,700 rpm o2 1.587F upafked mhafjel 100 mLE |
AZEAT0) §20 F 554 100mLE 835 o] £}
< o7}X](No.1, Whatman Maidstone, UK)Z o] #}5}-11 o]l 5
mLE J31 SR ok ol A 15AIZE A X 55k s
Al FE+= spectrophotometer (Optizen 2120UV, Seoul, Korea) =
530 nmo| A FFEE 5745k eH, TBARS7H= SAH &
o] 528 Boto] el gick. wE AR 33] uhe 24l
%, 21 g@gkos Uehpolc.
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(OMNI MACRO Homogenizer, Kennesaw, GA, USA)=
A 3 F o] NP8 AR At Fad 24
= 918l ZF ©A 349 0.1 mLA-& nutrient agar B =] of] =52k
3 - 37709 w7 ]ol4] 2448417 2k e 3 A 7
ehE S4stelc) Aret Bl AR, 4ol BECGM
petrifilm Yeast and Mold count plates, St. Paul, Minneapolis,
USA)S o835t S35t S LAt (Staphylococ-
cus aureus)®| Ayt Baird-Parker agar (Difco, Sparks,

MD, USA)E ©]-4:5t0] KFDA (2008)°] A8 0.2 47

& 3l tiATT9] £74-2 KFDA (2008)2] -5 v A&
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BE A2 A7) 24019 ARAlET} AHgEA-E A (Citrus

paradisi) Zﬂ%A Hsw7he Csha thshg(oI3HAY, 20-22
Al 1078 tde2 A% 2719k 271 ol 1314 A, 3, HAY,
2AZ, FUP10] stel 57 HE=HS ol §3tol 1.2 uj$:
34 B SHL e 20w AXST 871 A
Ap2] S22 A 8 Aol gob i Al 2704 A= /1
on, g AEH YHE 3 Wl ThE 4 FE| A F ok
Al S A AT

SAXE

218 Aato]| B3t A %] 2]= SAS package program (ver 9.2,
SAS Institute Inc, Cary, USA)2 0|83} fﬂ—_nLJAL FEHAE
Fargom, 2 A2l 7kel §o4 AR A4} Dun-
can's multiple range testE ©]-8-5}¢ 7;}%«8}3'11:},
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W Az A7) 0709 ARk R 671Y A% 5 #3719
ol 13] 743t o™ S43gt A= Table 13} 2. 253
7HA = ob A 2] SFA] o2 EH§A1§4 S50 30 1% E5}7
eyt on, 22 e 217F 6.38%2} 6.34%E 2o 7t ¢l
olch zchul FheRo t A2 54.49%, AHEH 7 54.13%
2 B5HA UEbgon, 2315 FE thRAIR 3.5%, AHs
A7 E 3.42%E e YR A A 0 2= tf A 2}
g7 A & 7ol Zfo| 7k vrebutA] ¢kt

TegdEdl sEEdE

A7 7Vl k2 A 7] @A o] 9] S=REteku) B e 2 1)
el A= Figs. 1, 200 AAI= QT t2A| 22] S=Eaheke)
tﬂ% B A 22 35(02) 40.99%) 4] 171 LAl = 38.99%

AE oL Zlol= gl or, 27 o= 34.77%E |
7H ?:;1011 v 3f § 43| ZrastAaL(P<0.05), 3-471Y Fofl= zhz)
32.1%, 31.6%= 27§ dol| v]sf| 4319 2 LH(P<0.05) 3-471-4
Zrolli= 2ol 7t §isitt. 570 Foll= 47hEel vlgl Foj& e

Table 1. Proximate composition of the semi-dried small squid Id-

iosepius paradoxus
Control  Grapefruit seed extract-treated

Moisture (%) 32.140.3" 32.1x0.4
Crude lipid (%) 6.3810.3 6.34+0.2
Crude protein (%) 54.49+0.9 54.13+0.6
Crude ash (%) 3.50+0.1 3.42+0.1
'All values are mean+SD (n=3).
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Fig. 1. Changes in moisture contents of the semi-dried small squid
Idiosepius paradoxus during refrigerated storage.

Mean=SD (n=3).

Means with different small letters within storage period are signifi-
cantly different at P<0.05 by Duncan's multiple range test.

Means with different capital letters within treatment are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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A7 AR L] gk AR AF(0Y) 38.81%0014] 171
ol 34.31%2 A=A g0 H]s| ul-9- 746} 05 (P<0.05),
271 doll= 170t mlash 2fo|7h giSlar, 1-47§ ekl A}
o7} UrebLbA] Rttt 57hEelli= 271 7R o ] gl Wokot
(P<0.05) 3-67HL7toll= Foldo] glolet. A &t A3
7HA R Zholl= 170 el thRAIR 38.99% % A&7 =9
34.31%01| v]sf A HEPH(P<0.05) 7= Al efstale= 6711 d7t
Ao A% 717t 5 A2t 1k Afol= gl A= YERyith
Kim et al. (2005) 5F 7 @ Ao 5 %15 243to] 5T A A]
& 5 A7l SIS RS i st A
< Ueblthar Barstgled] o] & At Ake} vlet gk
o]t

TR (Fig. 2)9 49 d2Alme L7 = W7t
slolovt 27} 37 ol 7hAxskgiaL, 37 Lol 571 7HA]
£ W3t gkt 57 el vlal 67§ Dol At Th(P<0.05).
A7 A R0 B9 Al 2o} ol 17HE 7= 9140l
Sl ot 27 Lol ZA] 748+ 31(P<0.05), 471 Y ©] - 671
TR AlEH 02 skt A 2o A7 & 11
vl ol A 37 Aol Al S7HA7IA] AHg 7 A =7 T2 A = ol H]
o oAl e ® #A Yeom(P<0.05), A77]7F Fet
G| HaEe tf A &of| Bls) As- 7 &7 EA L
w1tk Yang et al. (1999b)S T2 Z 2| AS 223t 9 Ao]9] 4=
T R st ol 8l A Urebd Tk A Barst
Fom, =222 A3t 24 of(Yang et al., 1999a)°] 4]
T RS wo] 2SN AR eyl 2 A
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Fig. 2. Changes in water activity of the semi-dried small Idiosepius
paradoxus squid during refrigerated storage.

Mean=SD (n=3).

Means with different small letters within storage period are sig-
nificantly different at P<0.05 by Duncan's multiple range test.

Means with different capital letters within treatment are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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Aatoltt. t2A == AE AS(pH 6.00)04 27§ L7HA] =
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A 5ol g7 A R ol Al 22 oAl 37HL7HA] o
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(P<0.05), 4-57fhefli= 2to]7F 1%L, 670 Y Folli= t2Al =
7} A7 HA mo vl sl -2 4 O 2 A LR TH(P<0.05). &
7] A =] pH7F Rokom, FhaZo] th A w o AHg-3 7}
A&7} ulst7] gl s 520 A7t A% F 4o
O] pHoll A3FS 7] o= A 0 2 Al ETh Sonetal. (2009)2
DA AR A A FEES ARt A AeFEE0] A
F= OFMHYE WA A X2 9] pHell Faks 4] ehgtet
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2 A7 e M3 QLA At kel e WSkt glole
o2 a3 AAIEA] st

—i— Control

-l Grapefruit

pH
[=1]

dA|

o 1 2 3 4 5 5]

Storage period (months)

Fig. 3. Changes in pH of the semi-dried small squid Idiosepius
paradoxus during refrigerated storage.

Mean=SD (n=3).

Means with different small letters within storage period are sig-
nificantly
different at P<0.05 by Duncan's multiple range test.

Means with different capital letters within treatment are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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Thiobarbituric acid reactive substances (TBARS)

Bh 2z A7) 27019 A% 717t 5 TBARS 71 5745 2
Ph= Fig. 49 2ok tizA| 2] A%7|7tel| w2 TBARS 7}
© ARAF 019914 AR7IZo] S7tdE Freke
U SAAE7MA = Abol7t Iglom, Alxz7| e 271 E7hA] €]
TBARS 7}l Hlal] 67 drfjolli= s 7] LFEbeth(P<0.05). A3
7R JA AZAF 016014 A7717to] Aojdas
7hsta e sAE7RA] 2kol7t Qiglem, Alxz7] oA 4714
74218 TBARS 7}l vl 8l 67 dofl 27| UEHATtH(P<0.05). o
ARG} AREH7IA RS Bl A tlA RO A= Al R4S
0.198 24 AZ 7 B2 0.16 2.2 UERY A3 7kA] 2ol
A oFZE GHA| et ot it 7ke] Zpol= QISIH Yang et al.
(19992) 2o oo 54 & FEE8 o2 2
Aol Bl A% 5 TBARS 7Hs WEthal Baskglon, &
o ZREYAE X2 et 24 of(Yang et al., 1999b)%1-0]| A
&= tjxtol H]s) TBARS 7Hs Wrhil Ha1sk3it). Asghar
et al. (1988)& A|Z2] Az & FESA L aH e u
2}4] TBARS gro] gapichar k¢l Kim et al. (2005)S F
A eAol5 24T o) g Aks}F o] HE PE B508 &
A A A S TBATS A5 AAIEI7F Y AekaL Barst
9o™, Choi et al. (1973)2 nt2 @ Zol= AxAZE 9 A%
717ro] ZAoj7lol ufet TBARS 7h= 23] S715hH AtlSE
OF R ol W2 Pk whon], A 2117 ol malonal-
dehyde®] Y/ 7} Hallofl= &=nk opul ek Az Az} Ui
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15
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Fig. 4. Changes in TBARS (thiobarbituric acid reactive substanc-
es) value of the semi-dried small squid Idiosepius paradoxus dur-
ing refrigerated storage.

Mean=SD (n=3).

Means with different small letters within storage period are sig-
nificantly different at P<0.05 by Duncan's multiple range test.
Means with different capital letters within treatment are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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N7 = Zpol7h Gl ot 370 HE Al 2] 9of] ]af 51
A FhAaE] 7] Al o H, 378D of] uls] 67 Lol A 3] 7t
2 FTh(Fig. 6). AHg A7 & 9] A= A A A 22 S HE 27)
A7HA= 2kl 7k glol ot 37 A o] f-oA o Ak gle
(P<0.05), 37§ Lol vlal 678 Lol @3] FraE|o] A=
oF T U A Hodrh A7t et Al wet A7t
A& 7Fe] Aol UEREA] gigkth thxA| moll Al A== A
22 5of H]3f| 47§ Aol F-oH 07 FHAE] Gl 21 (P<0.05),
470 o] 67§ D7 A= Aol 7k vrehhA] (EkTh(Fig. 7). A
A7 =] A = A| 2 2] Fof| vl 57 Yol 3A] 34 =9
O 1(P<0.05), 17§l A S7HL7IA] = 2fo]7F rebbA] okt
L2709 o] 67 E7HA] Apoli= Gl A& VR T T 24
=2 AHE A7 & 7He] A Zpol= vrehbA] 99ttt Chin
et al. (2005)> AFg-EAEES H7lsto] Alzxgt AA Al
A AR 9 Moz §9 AR FFS FA G AR A
=t AlRE chEAT E A= v AR o] A%
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Fig. 5. Changes in Hunter color (L) of the semi-dried small squid
Idiosepius paradoxus during refrigerated storage.

Mean=SD (n=3).

3Means by the same letter are not significantly different (P<0.05).
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Fig. 6. Changes in Hunter color (a) of the semi-dried small squid
Idiosepius paradoxus during refrigerated storage.

Mean£SD (n=3).

Means with different small letters within storage period are sig-
nificantly different at P<0.05 by Duncan's multiple range test.
Means with different capital letters within treatment are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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Fig. 7. Changes in Hunter color (b) of the semi-dried small squid
Idiosepius paradoxus during refrigerated storage.

Mean=SD (n=3).

Means with different small letters within storage period are sig-
nificantly different at P<0.05 by Duncan's multiple range test.
Means with different capital letters within treatment are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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Fig. 8. Changes in hardness value of the semi-dried small squid
Idiosepius paradoxus during refrigerated storage.

Mean£SD (n=10).

Means with different small letters within storage period are sig-
nificantly different at P<0.05 by Duncan's multiple range test.
Means with different capital letters within treatment are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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Table 2. Change in the number of viable microorganisms of the
semi-dried small squid Idiosepius paradoxus during refrigerated
storage

Grapefruit seed

Microorganism  Months Control extract-treated
0 0 0
. 4 1.7x10! 2.0x10!
Total viable cells
5 3.7x10! 2.3x10!
. S 43100 . 27x10" .
0 ND ND
4 ND ND
Yeasts & Molds
5 ND ND
S S ND MDD
0 ND ND
) 4 ND ND
Coliforms
5 ND ND
S S ND o ND
0 ND ND
Staphylococcus 4 ND ND
aureus 5 ND ND
6 ND ND

ND: Not Detect
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