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Collagen and Texture Properties of Commonly Consumed Fish Species in
Korea as Sliced Raw Fishes
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This study investigated the collagen and texture properties of commonly consumed sliced raw fish species (CC-SRF)
[olive flounder (OF), red seabream (RS), Atlantic salmon (AS), coho salmon (CoS) and sockeye salmon (SS)] dis-
tributed in Korea as sliced raw fishes. The crude lipid contents of CC-SRF were 5.5% for OF, 6.8% for RS, 18.5%
for AS, 16.1% for CoS, and 5.7% for SS. The collagen content and solubility from CC-SRF were 622 mg/100 g and
78.0%, respectively, in OF, 270 mg/100 g and 75.6%, respectively, in RS, 237 mg/100 g and 24.1%, respectively, in
AS, 341 mg/100 g and 65.7%, respectively, in CoS, and 246 mg/100 g and 17.9%, respectively, in SS. The texture of
CC-SRF was affected by the lipid content, collagen content, acid solubility, hydroxylation, and cross linkage degree.
The highest hardness of CC-SRF was obtained from OF, followed by RS, SS, AS and CoS. There was, however, no
difference (P>0.05) in hardness between OF and RS and between AS and CoS.
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Table 1. Produced area, sampled condition (weight, length, state, area and period) and sample code of commonly consumed fish species
[olive flounder Paralichthys olivaceus, red seabream Pagrus major and salmons (Atlantic salmon Salmo salar, coho salmon Oncorhynchus
kisutch, and sockeye salmon Oncorhynchus nerka)] as sliced raw fishes

Sampled condition

. . Produced
Fish species area _ Length (cm) . Code
Weight (g) Number State Area Period
Total Body
) Jeju/Wando/ 1,026+25 40.7#1.5 35.7+14 9 Live Tongyeong 21.9-10 OF-1
O“Ve ﬂounder i e e R s
Geoje 2 051+44 52.1+1.2 452419 9 Live Tongyeong 21.9-10 OF-2
1,508+107 44.0£1.8 37.2+1.6 3 Live Tongyeong 21.10-12 RS-1.5
Red Seabream Japan s e T
2 630£130 48.1£1.9 40.4%1.0 3 Live Tongyeong 21.10-12 RS-2.5
Atlantic salmon _  Norway 4,116+164 64.441.0 59.1+14 3 Fresh Busan 21.10-12 AS
Salmon  Cohosaimon Chile 4,186£190 63.3+1.1 59415 3 Frozen Busan 21.10-12 CoS
Sockeye salmon Russia 4,033+252 60.7+1 .2 55.7+1.2 3 Frozen Busan 2112 SS
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Table 2. Lipid content of commonly consumed fish species [olive flounder (OF) Paralichthys olivaceus, red seabream (RS) Pagrus major,

Atlantic salmon (AS) Salmo salar, coho salmon (CoS) Oncorhynchus kisutch, and sockeye salmon (SS) Oncorhynchus nerka) as sliced raw

fishes

Sample code’ Lipid (g/100 g) Sample code Lipid (g/100 g) Sample code Lipid (g/100 g)
Vo D0R05 5 62104 AS o 18020650

-110.6° RS 25 7.5+0.4¢ ~16.1£0.4™

Mean 5 5+O 8' Mean 6.8+0.8' 5. 7+0 3AB'
ISample codes (OF-1, OF-2, RS-1.5, RS-2.5, AS, CoS, and SS) are the same as explained in Table 1. 2The different letters (capital letter in
each olive flounders, red seabreams and salmons, and Roman alphabet in mean of olive flounder, red seabream and salmons) on the data in

the column indicate significant differences at P<0.05.
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Table 3. Collagen content and solubility of commonly consumed
fish species [olive flounder (OF) Paralichthys olivaceus, red
seabream (RS) Pagrus major, Atlantic salmon (AS) Salmo salar,
coho salmon (CoS) Oncorhynchus kisutch, and sockeye salmon
(SS) Oncorhynchus nerkal as sliced raw fishes

Collagen (mg/100 g)

CoS 2244168 (65.7) 117+17%" (34.3) 341+11°

SS 44194 (17.9) 202+7°" (82.1) 246478
ISample codes (OF-1, OF-2, RS-1.5, RS-2.5, AS, CoS, and SS) are
the same as explained in Table 1. *The different letters (capital let-

Sample code’ - —
Acid soluble Acid insoluble Total
1. 67657 (782) 13029° (218) 59737
OF 2 503+50°€ (77.9) 1434238 (22.1) 646+28F
Mean  485+56" (78.0) 137+24"(22.0) 622+40"
15 200£2°(T72)  59:4*(228) 2594
RS 25 208+6° (74.3) 7219 (25.7) 280+15°
Mean 204+6" (75.6)  66x10' (24.4) 270+15'
AS 571137 (24.1) 180+22°" (75.9) 23711~
(65.7) (
)

ter in each olive flounders, red seabreams and salmons, and Roman
alphabet in mean of olive flounder, red seabream and salmons) on
the data in the column indicate significant differences at P<0.05.
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Az 3E AR al, 02 2 039] 3557} Qe ol 2
Y A= o= al, 02 R al, a2, a32] 2572 sub-
unit 274 9] £} §low ofFof whet 11 Bax7) o2k
0wk v Slek. whebAl, 2 ATolA] Aee 1719 E
o) 4% 017} a39] o) 5127} 5 5te] 2| 517) o= Wil
A olF ol &5 el A ZebAlS] subunit /8 0] 371

gmny oy gl
—
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Fig. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) patterns of acid soluble collagen from commonly
consumed fish species [olive flounder (OF) Paralichthys olivaceus,
red seabream (RS) Pagrus major, Atlantic salmon (AS) Salmo sa-
lar, coho salmon (CoS) Oncorhynchus kisutch, and sockeye salm-
on (SS) Oncorhynchus nerka) as sliced raw fishes. Sample codes
(OF-1, OF-2, RS-1.5,RS -2.5, AS, CoS, and SS) are the same as
explained in Table 1 and marker protein is expressed as a MP.



402 WAE - ol - AR - o HA - S - s

2 FHAE 0] Sl ANA 2712 FAE 0 Sl AYUA & 57t - 1.5kg 2 2.5kg)d F 709 o ME(al MEL} a2 HE)O]
g1t OIE Haojl‘“ A A7 9E 5= AAIstooF & = EHKP A2 2788 ko) 7F I AE
NS A 02 et 9 ch(Kim and Park, 2004). $HH, Park et al. o] ALO] thasH] 31719] o} (Al o, -’;01/\ 2= o Aok

(1995)= 01% o5 ZI F Jol, A, Aol B 7ol o, & 01 L 1"’401) 2 FFCF19] B 1kg A 2 kg,
A9 ol W22 THEle] i, e, mEol W Wgele] 4 5] A9 15ke W25 ke A BT ol 28 2 4F

2 al, 02 W o332 FAAE ] Qlckar B gk ulr) 913, Ciarlo et 7184 ia}ﬂ 9] A7|o= sfjelof tfot A2 n|Fo] Hol =

al. (1997)2 Argentine hake Merluccius hubbsi 7472 Ze}Alo], 2 AlS 2 AA = o] 9191, hetero type & & A o] QU iTh

Montero et al. (1990) o] 4 Zep7lo], Z12] 1L Kim and =atzlo| ofo|i At XA

Park (2004)2- North Pacific hake Merluccius productus®] <+

23} AR Zapdlo] BE ol U g2 FAE o] 9t B sk dubA o & Feple 3719 Lol :mojA Afsto] glaL, o
ul7} Qieh. §H, o] S thavn] 17bo] of B(FUAF o], pqdar S NS Aol HiEFA 0% 1,0537) e of oAt 2| 2

HE, Aol 2910 W Fdol)d E A g il e 7O Slol(Parketal, 1995), 58S ob7] gfotot= of
o 02 Wh=)of| T3k 2AL 01501] A Qo] = o] W7} 62 1) =4S g/100 g of material = Web= FHFE T 1,000 %17
M= of u]alo] AR AL, 02 HEE doj(tiafofsle], & B AP 22 2402 el ik, thad] 31| o

oo} & Fof)7} 71 Ashd L E]—&oi = 1 ojo] & (AL Fol, U4t s, tiA o], &%1o] 9 Z-dof)d
o|9lch than] 17kl Zakolo] A4S 1 kg W 2 kg, FEe]  TH(FOIY B 1 kg H 2 kg, H59] 4 1.5kg L 2.5 kg)

Table 4. Amino acid compositions (residues/1,000 residues) from commonly consumed fish species [olive flounder (OF) Paralichthys oliva-
ceus, red seabream (RS) Pagrus major, Atlantic salmon (AS) Salmo salar, coho salmon (CoS) Oncorhynchus kisutch, and sockeye salmon
(SS) Oncorhynchus nerka) as sliced raw fish

Amino Oliver flounder (OF)! Red seabream (RS)' Salmon'

acid 1 2 Mean 15 25 Mean AS CoS SS

Asp 3344352 339+3.5% 337+31  27.247.9" 314:0.9° 203+3.0' 36.242.0%% 33.3:0.2%8 37.1+1.8°%
72,645,381 65.6£1.991
38.2+3.148! 41.0£1.38001 "
53.0+2.6°8" 58.8+0.8°"

Glu 945+2.1%8  038+6.1°  94.244.1' 104.0¢4.0°° 101.1+2.68¢ 102.6+2.1" 107.5+3.8%0MI 96.7+2.048 109.4+3.2°"

Pro 100.9+2.9%¢ 102.0+2.6° 101.5+2.5"  98.4+2.6°°C103.7+6.6° 101.1+3.7" 98.9+1.1A%C" N 93.5+5.3%" 92.0+3.84

Na W07 1398413 1398613 12104 1414:20° 14186050 1287100 1ISGHTON 1205288
Val  246:09% 253:21%° 250415 247307 237413 242:07' 237424M 24825 280421%
Cys - - - - - - -3 - -

Met 143030 224174 B.83.181  42:36M  46£1.39

16.9+2.2%  17.6+2.5°" 19.2+0.9%

30.8+£3.54"  30.4+2.6% 34.8+1.5%

3.7£0.9% 4.0£1.8"  5.2+0.6°

Phe 173:06° 180412 177409  187+04 18.0+0.5% 202412550 19116/ 219+20°
9.6+1.3" 88+16° 9014 N24150 90164 1124148

35.3+1.8%! 3744239
10.041.08" 107£07%
Arg 64.0:3.25 66.6+0.9° 653:26 69.6:22° 67.2¢1.9% 684+17 650451501 5744128 639+1.3%

Imino acid171.8+6.48  173.7+£3.75C 172.8+4.8" 179.245.85C 182.2+4.1° 180.8+2.1" 171.546.3%" 158.8£3.24" 157.8x4.1~
ISample codes (OF-1, OF-2, RS-1.5, RS-2.5, AS, CoS, and SS) are the same as explained in Table 1. 2The different letters (capital letter in
each olive flounders, red seabreams and salmons, and Roman alphabet in mean of olive flounder, red seabream and all salmons) on the data
in the row indicate significant differences at P<0.03, 3-, Not detected.
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e g3t o} 25 Gl AR FEHAY opr| At 2
d& A 5to] 1,000 7H7]  ofw] it 2b7] 4= Table 49} 2+
oF. thas] 317 o] F (Al g0, Ak X, tA g,
ool TAgle] ol & o & el FEHl

1,000 Z+7] & ofr| Ak ZE7]=9] AH-9- glycine©] 236.6-295.5
7] IR 7 =k gk, Febdle) 1,000 1] o gly-
cine®] A1 o] 714] o} HES Su) Zekd F ool
337 77], Ao 347 27), TE0] 334 77], 23] 350 7],
& of(chum salmon) 363 %+7](Kimura et al., 1988)2, A4 &
2| =2}l 5 brownstripe red snapper Lutjanus vitta 252 77|
(Jongjareonrak et al., 2005), walleye pollock Theragra chalco-

—_
=
(=

gramma 197 Z+7](Yan et al., 2008), cobia Rachycentron cana-
dum 307 Z+7](Silva et al., 2014), marine eel-fish Evenchelys
macrura 278 #+7]|(Veeruraj et al., 2013), turbot 203 2+7](Ji-
anan et al., 2019), g2k o} 2504 Zk7](Potaros et al., 2009)
2, silvertip shark Carcharhinus albimarginatus ™ -2 =z}
70] 310 #k7](Jeevithan et al., 2014)2 H & 17 Q1a7, B AL
o] A¥e o] 5 Helofl Stk thaxn] 317 o F (=il
of, Ak R, A o], 2o W Fdo)) &5 frelf =
7o) oful At 24 % glycine THS-0.2 BL, 521 S4o]
Atk P& w] %]+ imino acid (hydroxyproline+proline)=
157.8-180.8 X+7] {91 & ol &= ¢low, Feplo] U5t
Al EA3H= obu| 1Akl hydroxyproline2] 79I -2 A0 H]
2 dEH o] ZEHloA & o e 54 AQ1 ofn] At 24 of
B2 YER It Ando et al. (2001)3 Montero et al. (1990)
2 hydroxyproline2] 7J-%- triple helix 73 QHA4Slof| 7] oSt
3 H gk 8Er} Qi o] o Zh2 Ak UubA o 2 Fepllof of
u]i=Ab 2A4J0] glycine-imino acid-7|E} o}w]ieAbo 2 JLAJE
o] o= 72 54 dlxzol 2t HekE ItH(Kim and Park, 2004).

ES ZeAe ekstotu| Al 358(cystine, cysteine 2 me-
thionine)¥} tryptophan, isoleucine, tyrosine, phenylalanine,
hydroxylysine ¥ histidinex} 22 952] o}u] 1Ak AHEA &
2 A=HA AW, 20 77] olstz HEEE Aom deA
AH(Kim and Park, 2004). & ¢1-ol| A HERE Fof, =, of
AgFAe], o] H 3ol &5 2 Sl 20 %] o)s)
opu|leAbE2- gFefotu| e Al 38 (cystine X} cysteine> KL &
<%, methionine 4o 1.8 27|, 2= 2.1 2], tfA]ekao]
6.8 27], &490] 4.2 Z7], 0] 4.6 A7), tryptophan (:F
E7%), isoleucine (To] 12.3 27|, 5 11.4 27], thA kA
01 16.9 77], &0 17.6 27, 0] 19.2 77]), tyrosine (
301 3.5 371, 55 4.7 27), A F91e] 3.7 371, 24101 4.0
2171, Z-410] 5.2 27]), hydroxylysine (3321 9.6 2+7], 2H= 8.9
7], Aekelol 112 7], &40 9.0 27, Felof 112 2
7]), histidine (3Z0] 6.9 27, F= 6.4 27], ThA{2kelo] 10.0
7], &0] 104 271, T410] 10.7 77]) 52 22 850l
11, phenylalanine2 33 17.7 271, 2= 18.4 Z+7], T A1k

0] 20.2 Z7], 2910 19.1 A7), T40] 21.9 27| &2 20 Y&
£ YR SiTt. o]4Fe] opu| Al EA4J 0 & u|Fo] Hof 2 3l
oflA & W GAIE 5F o &5 el AR Fedle A
Al el o] ofn| At 2A40S L STt 3H, Song and
Jang (1993)%= Z}AlS 1 F27} glycine-hydroxyproline =
+ proline-7|E} o}u| Al 5o peptide?] FE|E FAJs5taL 9l
i, o]& HHEsko 2 Ql5}o] glycined} imino acid”} o}
G-E o] 9lom, $F3fotu| i AK cysteine, cystine ' methionine)
3} W01l tryptophano] HE]0] 4] QThT B
3zt gl

thaH] I 2 Zehal 7he] A4 ofm] Ak glycine®] 73
Q- 207} 295.5 A7|R2 7HAF =9k, T2 0 2 340§(269.3
7)), ZE(242.7 7)), HAFA(241.3 27)) 9 FHo
(236.6 Z71)9] ol o, 3, iAol H FH0159
A YA 2ozt AATHP>0.05). 183, imino acid+
0] 180.8 X7 = 71 =34aL, tha- 0. =2 of(172.8 217])),
A FAN(171.5 Z71), =$10](158.8 %17]) B T-A|(157.8
Z170)8] s=o] o, Fol et tiA g0, 2 olet g0l o] 7
5 oA Aol 7t QIATHP>0.05). AWt o2 Zerl o] =
A S A2 B4 B2 Fel Ak e o
ol ofgh 4= Q1= imino acid 22} AHd o] QlaL, A =
imino acid £/3 9] 79 o] 77} ZA-5el Hlsto], h/d ol F
7F-2 A ol ol Histe] RBA fhrE o] Qe Ao g dEA QL
tH(Park et al., 1995). 0]} 22 imino acid®] AT} A 4] -2
O E u|Fo] Hol oA o5 o 259 Fehall Ao
s 2 G 25 Eol 7P wo et 24
, Thr o2 o], g o], o] & 240 5o o=
4 =] At o9} -2 imino acid®] FH-S than] S| =
2 gFrat e 2213kl Fake A2 ek = Aok Park
etal. (199512 017 2% 42 Zehile] ofu]ieAl 1,000 2171
g hydroxyproline®] 27]5== /0] 9] 7976 17|, 019
78585 771, iAol 9] Z49- 79 1471, arEo] 9 74972 172t
BURITA s 74 ot

thasn] SI% SRCEolo] B9 1 kg B 2 kg, 59 A 1.5
kg % 2.5 kg)d = F2|3t 259] o] 153 259 s 4%
fref SS9 1,000 7H7] @ obw] At 2 (77142) gly-
cineo] Fojo] A9 7}712753 A7) W 2632 A7 2, FEo] A
9 7171 239.0 A7) W 246.3 Z7] 2, imino acid®= 3012 ¢
ZFZF171.8 77 W 173.7 #4712, 2=9] 49 2121 179.2 27|
91822 7|2, 259] ol 57} W Zepol nhE glycine 713}
imino acid 7ol 2121 Q1 ZFo]7} QI = 2] ¢k Th(P>0.05). 5
T 259 Fo] L5259 R 45 - Skl o)
A 24(1,000 #7] I ZE7]4=) 3 cystine, cysteine, tryptophan
2. o]F 3} Fdof| TA GOl BF E4E, methionine o] 2]
-7 14 27 D22 7], J59] - 24222 27 9
2.0 Z17], isoleucine Fojo] A 212 12.1 Z7] 2 124 7+

R
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Ol AL Zv7F11.7 77 9 11. OXP7] tyrosine-> 301 9]
Z¥7k 3.3 A7| W 3.6 7], 250 A9 Zh2 4.6 A7) W
7], phenylalanine 33019] 7% 212+ 17.3 771 4 18.0
7], 220 AL 27 18.7 7] U 18.0 A7), hydroxylysine
olo] A% B 0.6 171, HES] A9 778817 9.0
F7], histidine2- 3g0{2] 49 712} 6.7 A7) W 7.1 27, F=
O] A9 217 6.5 77] 4 6.2 27| &, ol F 3 Sl A §lo]
EY opn|icAte] - B opu|ieAboll A F-2)F Q1 Zfo 7} ¢l
HEIX) GF3L(P>0.05), 20 271 ol31E hehufo], R A1 2
2Hl ofr] At 278 Ve SiTh
SotAle] FT-IR AHEH

g o,
r>4 -
d
J

r>4 rlo 2

l

Chan l o] o (=dink e, %‘* i KHH Fael,
=4 01 Ao 9 FEEo1e] 9 1 kg W 2 kg, T
o] 49 1.5kg @ 2.5 k) 2 D3 o] F 28 93 A7FEA

A9 FT-IR AHER EAL Fig, 29} a1, 0]9] 8 &
< 9] F(absorbance peak)+= Table 52} At} AL ot
AF z24d 0] glycine-proline or hydroxyproline-7]€} o} i=ARS.
2 o]2oA] 9o, o] 2] HELo| = (peptide) A= glycine
9] -NH group} polypeptide chain®] carbonyl group¢! C=0
2 o]Fo]A QJrtal & 4= Qlrh(Bella et al., 1995). Muyonga
et al. (2004)1} Jakobsen et al. (1983)2 A EZ o)A e}
amide A, L II 2 [M1Q] 8 &< JJEL(absorbance peak)=
polypeptide®] e} o] 2111, amide B 8 & 14
£ 2,950-2,850 cm! §$19] FoA] e 9loH, CH,
9] stretching vibration (A15%15)S YERWcta 2 1gh H}7}
Qltt. IE3E Doyle et al. (1975)2 amide A%] 8 &= Y3+
3,600-3,200 cm! 912 G Aol A LEFAL 9131, N-H group
I} OH group®] stretching vibration®f £J5}o YelLT, pep-
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Fig. 2. Fourier transform infrared (FT-IR) spectra of collagens
from commonly consumed fish species [olive flounder (OF) Para-
lichthys olivaceus, red seabream (RS) Pagrus major, Atlantic salm-
on (AS) Salmo salar, coho salmon (CoS) Oncorhynchus kisutch,
and sockeye salmon (SS) Oncorhynchus nerka) as sliced raw fish.
'Sample codes (OF-1, OF-2, RS-1.5,RS-2.5, AS, CoS, and SS) are
the same as explained in Table 1.

Table 5. Fourier transform infrared (FTIR) spectra peak locations and their assignments for collagens from commonly consumed fish spe-
cies [olive flounder (OF) Paralichthys olivaceus, red seabream (RS) Pagrus major, Atlantic salmon (AS) Salmo salar, coho salmon (CoS)
Oncorhynchus kisutch, and sockeye salmon (SS) Oncorhynchus nerkal as sliced raw fish

Amide? (Wave length, cm™)

Sample code’
A B I I Il}

General 3,200-3,600 2,850-2,950 1,600-1,800 1,300-1,600 600-1,300
OF T 3,296 ) 2,926 ) 1,633 ) 1,538 ) 1,234

2 3,300 2,926 1,637 1,542 1,235

15 3,294 ) 2,925 ) 1,632 ) 1,542 ) 1,237
RS 25 3,297 2,925 1,633 1,544 1,237
AS 3,296 2,924 1,637 1,542 1,235
CoS 3,307 2,924 1,648 1,545 1,236
SS 3,306 2,924 1,640 1,540 1,233

ISample codes (OF-1, OF-2, RS-1.5, RS-2.5, AS, CoS, and SS) are the same as explained in Table 1. 2Amide A, N-H Stretch, coupled
with hydrogen bond; Amide B, CH, Asymmetrical stretch; Amide I, C=O Stretch/hydrogen bond coupled with COO-; Amide II, N-H Bend
coupled with C-N stretch; Amide III, N-H Bend coupled with C-N stretch.
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o2 o) e} Fof (B 1,637 em™), F-10(1,640 enr
Nl 2-990§(1,648 cm-l)QJ s=o|9lch ZeHAIQ FT-IR AH EH
% amide [19] 8 &< 9|3+ 1,600-1 3000m“ﬂ4ﬂ—4 4o

of A LFERLEAL @137, NH bending 2 CN A2 53 B¢ o] Q)
o}, thaeH] 313 5 AR ZEHl 9 am1de e =8 &4
1) 3= 1545-1,540 cnr! H 9] 2, oyl o o o] X 112 Flo]| 9
A5t onl, £10]7} 714 9k, The-0 2 2HE(1,544 eom”),
LA FARE L300 cr) 3 B0 o)
ol @it F2Hl 9] FT-IR AHER Z amide [19] 8 &
I3+ 600-1,300 cm™ H ol A WAL 9131, peptide LHoﬂ
CN group 7} NH group 415053} o] 900, 27l
triple helical 29} o] QIch than] 317 28 A7 A
oA amide [119] 8 &4 1 2=1,237-1,233 cm’ HE =2,
Ak ofojo] Hmx) 5] sk, FEol 714 ok,

S0 2¢10](1,236 cm), Fo]e} thAf ko] (RF 1,235
cm) W F10(1,233 cm™) 9] o] qith
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Fig. 3. Hardness of commonly consumed fish species [olive floun-
der (OF) Paralichthys olivaceus, red seabream (RS) Pagrus major,
Atlantic salmon (AS) Salmo salar, coho salmon (CoS) Oncorhyn-
chus kisutch, and sockeye salmon (SS) Oncorhynchus nerka] as
sliced raw fishes. 'Sample codes (OF-1, OF-2, RS-1.5, RS-2.5, AS,
CoS, and SS) are the same as explained in Table 1. *The differ-
ent letters (capital letter in mean of olive flounders, red seabreams
and salmons, and Roman alphabet in mean of olive flounder, red
seabream and salmons) on the data indicate significant differences
at P<0.05.
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H & A= Fig. 33 2t} o] 58 I 159 A= ol 2
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SAo] 5207 glem?) 9] mol Gl o, Fo| L5 s 5
A FA ] L5k 0] 52 79 A< Atol7t Q1A
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kg, 352 4% 1.5 kg, 2.5 kg)'H == 3ol 4 2 kg ©f
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=0] 49 25kg o] A7} 1,426 glen? O 2, 1.5kg o]#|€] 1,173
g/lem?o]| H]5|o] {2124 0 2 =3tH(P<0.05).
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