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Characteristics of Surimi Gel (King Oyster Mushroom and Cuttlefish Meat Paste)
on Lipid Metabolism and Antioxidant Status in High-cholesterol-fed Rats

Soo Im Chung, Se Young Kim, and Mi Young Kang*

Department of Food Science and Nutrition, Kyungpook National University

Abstract We assessed the effect of surimi gel, which is prepared from the king oyster mushroom (pleurotus eryngii) and
cuttlefish meat paste (KCP) on lipid metabolism and antioxidant activity in high-cholesterol-fed rats. Three groups of 3-
week-old male Sprague-Dawley rats were fed on a diet containing 1 g cholesterol/kg for 6 weeks. We administered only
a high-cholesterol diet to the control group, one group was fed on surimi gel containing cuttlefish paste and king oyster
mushrooms, and another group was fed with general boiled fish meat paste (GFP), which is commonly sold in marketplaces.
Plasma and hepatic lipid profiles were measured, and the antioxidant status of the liver was assessed. The plasma
triglyceride concentration did not differ significantly among the groups. Supplementation with KCP resulted in lower plasma
and hepatic cholesterol concentrations and atherogenic index as compared to the control group and GFP, whereas the
plasma high-density lipoprotein-cholesterol concentration was elevated. Moreover, the KCP-supplemented animals evidenced
greater bile acid excretion. The KCP groups evidenced significantly lower plasma and hepatic levels of thiobarbituric acid-
reactive substances as compared to the control group. Besides, hepatic antioxidant enzyme activities, including catalase and
superoxide dismutase, were significantly higher in the KCP group. In conclusion, KCP was quite effective in improving the
lipid metabolism and reducing oxidative stress by upregulating the hepatic antioxidant enzymes in high-cholesterol-fed rats.
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2 Aol AHE WA Aol gl Aldel WAls &
TR ZHE] FFUUA, 2o} (E-Mart Ltd., Seoul, Korea)
ZF8(Yeyoung Co., Seoul, Korea), 2]9S A|#E= % 99%
o]’de] AIYHanju Co., Ltd, Ulsan, Korea), A% (H2gMF,
CJ Corp., Seoul, KoreayS A-&-3}th.

Aol Al 7t 9A4o] o5 Table 191 &3+ Zbzke] wjgt
vl wEbd A zsAch YE BEE20°0) 2301 —5°C A
F2 3 3T A4 AA T A-sla At &gt A &%
7|(Mixing Jar, Kitchen Aid K5SS, St. Juseph, MI, USA)°llA]
108 <t E3st, A=, 258, Al 258 YL 2087 &3
skt Zeo] 50mm, W4l 30 mm, o] 30 mme] Edl A3k
AYsla, OB A 2r7t 75°C7F HEE 712 4087 71E
Shar oA 1587 WAL 2 75°Ce] Az A
X3 ¥ uslele] A2 ARSI
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AsSE Y A8 Design

B A7) AAFES U FLUAEARTH 3779
Sparague-Dawley 712] 3F 30vl2]lE Y3t ARSI 1
F7F pellet®d 9] lab-chow 2]ol& A|F3FHA AL SHol| A&
71774 & ¥, W (randommized complete block design)oll 2]
al 10mk28 37He] Aol o2 UrSith(Fig. 1). A3 2]o](Table
2 A4 2lo] AIN-76 semisynthetic diet(American Institute of
Nutition, 1980)& 7|&£0.2 k= &3 % 2ol& A=, A3t
A3, o BE AP Holole TAPZS fusl] F nIe
ZH|Z (cholesterol, 1% wiw) H715 71202 ATt

Mgl WAl H7F eAo] ofFe] IAEF /NS HA] 9
slo] BFe] 3T/ Aol F Aol HAlE EFSIA] %= control
Table 1. Formular for surimi gel (KCP) prepared with different
amounts of king oyster mushroom paste
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Cuttlefish King oyster ~ Salt Sugar Active
meat paste (g) mushroom(g) (g) (g) gluten(g)

"Control 44 0 2 1 3
2)20(‘%) 34 10 2 1 3
30(%) 29 15 2 1 3
40(%) 24 20 2 1 3
50(%) 19 25 2 1 3

"Control, fish paste without king oyster mushroom
IThe addition rate of mushroom paste was inversely proportional to
that of cuttlefish paste.

Sprague-Dawley Rats
(3-week—old,n=30, &)

)

l Adaptation for a week

Control
(n=10)

KCP
(n=10)

@

(n=10)

1 6 weeks feeding

L Sacrificing Rats }

L- Determination of plasma and tissue lipids lipid peroxide levels.

* Measurements of plasma and tissue enzyme activities.

Fig 1. Classification of experimental groups according to diet
treatment. Control, 1% cholesterol diet; KCP, 1% cholesterol
diet + king oyster mushroom and cuttlefish meat paste; GFP,

1% cholesterol diet + general boiled fish meat paste

Table 2. The composition of experimental diets

(unit : % of diet)

) Group Conrol! KCP GFP
Ingredients

Casein 20 2.75 9.70
DL-methionine 0.3 0.3 0.3
Sucrose 49 39.28 33.57
Corn Starch 15 15 15
Cellulose 5 5 5
Corn Oil 5 434 3
Cholin bitartrate 0.2 0.2 0.2
Mineral mixture 3.5 1.13 1.23
Vitamin mixture 1 1 1
Cholesterol 1 1 1
Test components 30 30
Total (%) 100 100 100

YControl, 1% cholesterol diet; KCP, 1% cholesterol diet + king oys-
ter mushroom and cuttlefish meat paste; GFP, 1% cholesterol diet +

general boiled fish meat paste
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o] &8 (food efficiency ratio, FER)S A A% F7HS 24L&
717 5Ee] 2lo] AHFHLZRY ALtsiT.

AE SEQ| UM X Y| HE:

AdsE A A 1247 B9 AAAR &, ether®} ketamin-
HCI(75 mg/kg body weight, Yuhan Corp., Seoul, Korea)Z v} 3}
E5 sl Agulelld ES FeslaL, AHEE DL 3000 rpm(4°C)
oA 1587 AR s B4 A7 -80°CellM s wast
Ko ANY AHE 74 A 9 2FS AE3te] PBS(phosphate
buffered saline)@ &) W A o|Ed3} FES AAT & A
stod 715515t

o I ES I

) 8% AdF 2 4 GOT ¥ GPTEH

dF 344 AZL2 McGowan S(11)0l <Jst #4184 Kit(Asan
Pham, Seoul, Korea)s AFE-3I9 3, 8% ZFe|=HEQ AHFS
Allain 5 (12)¢] 84948 $-&3 48 Kit(Asan Pham), HDL-
cholesterol> & A (13)0] ¢k 48 Kit (Asan Pham), 2|3
8% GOT, GPT: oRiHAleke] A48 KitE AR5l Zhzt 23
sttt 28] S 43} A 45(Atherogenic Index, Al)(14)E Al=
([Total-C]-[HDL-C])/[HDL-C]Z AlAFatatt.

Folch 5(15)°] A€ WS ARgsto], AL S92H
& 348 3%l fAEA 0.5% triton X-100} 3 mM
ABHA triglyceride®} cholesterol ¥=5 7}

7} 2439},

3) 843 7249 XA HitkskE e

g 7+ 23 Yo d AstE 2 Tarladgis 5(16),
Ohkawa 5(17)2] thiobarbituric acid(TBA)E < ©|&-3>] TBARS
(thiobarbituric acid reactive substance)®] <F= spectrophotometer
(Beckman DU-800, Fullerton, CA, USA)Z 535 nmollA] &-g3135H}
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#2317] 918l Hulcher &
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Bradford 5(19)2 ©]&3}92™, superoxide dismutase 3%+
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A A& SPSS ZEI(SPSS 14.0)2 o]&-sled 7+ 79
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Duncan's multiple range testE AF8-3le] FJAS HSsIF o
(p<0.05)

Uzt na
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of "zl FFE Table 39 JERAATE Bt o] HAFS Fo

Table 3. Food intake and weight gains in fed the experimental diets

g/day
Dietary Group" Food intake Body vyeight FER?
gain
control 19.4+0.12 5.01+0.8° 0.25+0.004°
KCP 19.6£0.07* 4.75+0.6° 0.2440.003°
GFP 19.310.1* 4.2140.8" 0.21£0.003*

YControl, 1% cholesterol diet; KCP, 1% cholesterol diet + king oys-
ter mushroom and cuttlefish meat paste; GFP, 1% cholesterol diet +
general boiled fish meat paste

PMeans with different superscript within the same column are signif-
icantly different (p < 0.05).
YFER = body weight gain/ food intake
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Table 4. Effect of king oyster mushroom cuttlefish meat paste
and general boiled fish meat paste supplementation on weight of
liver, kidney and heart in rats fed high cholesterol diet

Dietary Group”  Liver (g) Kidney(g) Heart(g)
Control 16.840.36°2 2.72+0.08° 1.21+0.03°¢
KCP 11.37+£0.37% 2.610.04* 0.97+0.01*
GFP 13.2540.54° 2.88+0.04° 1.1440.02°

YControl; 1% cholesterol diet; KCP, 1% cholesterol diet + king oys-
ter mushroom and cuttlefish meat paste; GFP, general boiled fish
meat paste

PMeans with different superscript within the same column are signif-
icantly different at (p < 0.05)
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Table S. Plasma and hepatic lipid profile, GOT and GPT levels in
rats fed experimental diets

Table 6. Plasma and hepatic TBARS levels in rats fed experimental
diets

Control" KCP GFP Group” Plasma TBARS(xmol/dL) Hepatic TBARS(zzmol/dL)
Plasma Control 57.97+5.942 24.0613.7¢
Triglyceride(mg/dL) 74.70£3.70°Y 31.0242.21° 56.5043.74° KCP 30.94+1.86° 11.97+0.22%
Total Cholesterol (mg/dL) 91.06+5.40° 39.1242.55° 49.78+3.69° GFP 33.95+1.58° 13.7240.29°

HDL-Cholesterol (mg/dL) 13.65+0.32°  18.44+0.63° 9.66+0.64°
HDL-C/TC(%) 153440.74°  48.38+2.51° 20.50+2.11°

AP 5.6610.34°  1.1140.1° 4.4540.65°
GOT(U/mL) 68.00£6.19°  35.9142.76° 52.74+4.05°
GPT(U/mL) TAT72+4.07°  48.6643.23° 68.2343.47°
Liver

Triglyceride(mg/dL) 95.64+7.60° 89.05+1.88% 103.2242.91

Total Cholesterol (mg/dL)  88.12426.8" 84.00+6.37° 93.04+8.06

Control, 1% cholesterol diet; KCP, 1% cholesterol diet + king oys-
ter mushroom and cuttlefish meat paste; GFP, 1% cholesterol diet +
general boiled fish meat paste

YMeans with different superscript within the same column are signif-
icantly different at (p < 0.05).

YA.I (Atherogenic index) = (TC - HDL-C)/HDL-C

Ak A8 Bl AT AT FU2EE A Eal @
%, Kubo 5(24)°] maitake MAlo] FdzelE HHE & 143
T 24 AFM Y A F FEZEHE FFol F903
Aasiitke Badl v5d A BN, ole HAlol
oA Aol Foh900] H e % T 752
FolFa FHZEHEY] YAER] HFA BHIE S7MIAQRS)
ZH 8 jde FANE 98S Sk B 5 9ok =8 o

HU °1

Nf

M WT o> {o et -4

2= T gl

4

A go] iAol A7k 3 Avsle] Zo2HBS R0
FANTII ACR WAAA FUSEE e R @ 7
i

A% =T} Bobek 526y SHEHIE F5 16} ol ol
HDL®] #AiEafollx] VLDL] 44t SEl2vlE g, 7k
CoA, BAE A7 HFA B &5 }JQ @A &4l
7 arhydroxylase activityS & 7FAZITHaL ST

GOT GPTE = ¢o] op|=Aks Eellohe 8420 iz
e 52 wkdste] xS A AxE HUME $ 3
o SRV 2255 R SRR At B
Zo] Azl ol A2zt gHstE 2 AEe FREe U-
7t @502 sErh 1 A "9 E’\ —E é%kol %"}ﬁ‘:‘r.
Aol v, 73 <
ol X ZHAIE Lol Sl BT f‘%%& ‘%% ]El % GOT,
GPT B43ko] T Aain). LmeA 79, 27N E GPT
o Hja] GOT®] ol @At} L 3ol 7HBX e GPTE
o] $-9= stk

4
EU B BN R

Aol WA A7t 9Ao] o)Be tzEst Uik o B} )
24, GOT, GPTFA7} freldom v vepeh, & Ade) 2
3 Aol WA W7k 04o] ofFEe HAE S 2o 7FeA

o] Q& Aow Holth

HR 7+ =Xl XWIMEE $F0| O|XlE e

7 9 7kx% TBARS &2 Table 60 UERHSITE A=
ollA] kAol E<bd $ho R QA WAEE o TR/ 4
4 2z FollX TBARSE fral7lel <3k A2 &4be] A gz
ol olg¥w Ut} A3} 7122 TBARS S Algo] wA
H7b 9A0] ojEo] txzd g frelFor We FAE W

Aol WAL A7 9o ofFe] mE A Adsk=e| 3t

YControl; 1% cholesterol diet; KCP, 1% cholesterol diet + king oys-
ter mushroom and cuttlefish meat paste; GFP, 1% cholesterol diet +
general boiled fish meat paste

“Means with different superscript within the same column are signif-
icantly different at (p < 0.05).
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Z|o| SHMEIEA(SOD, GPx, Catalase) Mz &3
52 2Eg 2ol gk Aol £ W] AZA] superoxide
dismutase, catalase, glutathion peroxidase 5°] =8| SOD= &
2k8l G424 speroxide radical25-E] H,0,9t 0, 4L Zul3}
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Table 7. Hepatic antioxidant enzyme activity in rats fed experimental
diets

SOD CAT GSH-Px
Group" (umol/min/mg of (nmol/min/mg of
(unit/mg of protein) . .
protein) protein)
Control 0.43+0.10~” 0.45+0.09* 10.03+0.38"
KCP 0.49+0.04* 0.94+0.01° 11.62+0.47"
GFP 0.42+0.06* 0.8120.07" 11.36+0.51"°

"Control, 1% cholesterol diet; KCP, 1% cholesterol diet + king oys-
ter mushroom and cuttlefish meat paste; GFP, 1% cholesterol diet +
general boiled fish meat paste

YMeans with different superscript within the same column are signif-
icantly different at (p < 0.05).
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