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Effects of Coenzyme Q10 on the Antioxidant System in Blood and Liver of Laying Hens
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ABSTRACT The objective of this study was to investigate the effects of dietary coenzyme Q10 (CoQ10) sources on the
antioxidant defense system in the blood and liver of laying hens. Thirty-six 40-wk old Lohmann Brown hens were randomly
assigned to three groups based on body weight, with four cages with three layers each. Laying hens were divided into one
of the following groups: control (CON), powdered CoQ10 (PCoQ, 100 mg/kg diet), and emulsified CoQ10 (ECoQ, 100 mg/kg
diet). All hens were fed a control diet or a control diet supplemented with powdered or emulsified CoQ10 ad libitum for
five weeks. There were no differences in body weight, weight gain, and organ weights among the treatment groups, including
the liver and spleen. The blood total antioxidant power (TAP) in the ECoQ group increased (P<0.05) by approximately 2-fold
compared to that in the CON group. However, there was no significant difference in blood TAP levels between the PCoQ
and ECoQ groups, although a decreasing trend (P<(.13) was observed for levels of TAP in the ECoQ group. The mRNA
expression and specific activities of superoxide dismutase, glutathione peroxidase, and catalase in the liver were not affected
by dietary CoQ10 or type of CoQ10. However, hepatic lipid peroxidation in the ECoQ group was lower (P<(.05) than in
the CON group. In conclusion, emulsified CoQ10 increased blood TAP and decreased hepatic lipid peroxidation without
affecting antioxidant enzymes, suggesting that emulsified CoQ10 might be more applicable as an active antioxidant supplement
than powdered type in laying hens.
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M E 24 229 o]FAAAuto|E ZA|5h A+g]-89 (redox)
Hhgof 23k gt} 2hgol| = Fodts ZoR FHT B2

Coenzyme Q10(CoQ10)< A-&4 HIEM I} fALSH % Ao A FE-S Wi thQuiles et al., 2005). CoQl0S &
Eo] Azl de] 27 = W (Battino et al., 1990), "] EZE2] & M| 2T} v Ao A BT SRS A ASE
o} MEu AxpADA ] AbslA 0lxkE} ZHgo| Tholslo] of AAitsl WSS dAlshes st T)Eol Hu

ATPE AAlel= tA} Zgo] =od 8-S gt} (Kamzalov et al., 2003; Bullon et al., 2015) =%].2™ H|E}T!
(Ernster and Dallner, 1995). 53] thA} 2-g-o] w]-$- &utst Cu ERTE gitstgo] e o2 dela] Slth(James

AR A% @ 2g E3 e Ao nEZcgold] et al, 2004; Niklowit et al., 2004),

CoQ10°] o} EAsh=s Aoz e thAcosta et al., Krizman et al.(2013)& 2FgHA ol CoQ10(5 mg/kg)& H
2016). 7] 2ol P4 48 CoQlo BB Alxe] that 3 Bl 2h 25 FellM CoQloe] FEel frelsAl S7F
9 nEZ=go} 75 Foll Fo] e e HAez B st A2 Baskslth T3k SAl(Arbor Acre, Cobb 400)°]
153 T Turunen et al.,, 2004; Gutierrez-Mariscal et al., A CoQ10 F] Al 22 9] gitslg o] Frlsa Al AW &

2020). ©121& CoQ109] A2lZ 7153 tlEo] CoQl0L & gFo] ZHaE] o] HgF(ascites)©] W o] st Ao®
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EFgTHGeng et al., 2004; Gopi et al., 2014). ©]&]3F G}
CoQ10 Foi7F A3t 5 22| nEZ=goloA] Al2s
3 e 54 T 7 E ks 28 Fofl o8l B
= Aol A7 wFEeltHCurrie, 1999; Geng and
Guo, 2005). Shetty et al.(2014)= CoQ10 22 A] nEZ=
glolo| A tocopheroxyl radical Z-2 A fall7]e] wHAjo]
S7FEO R CoQl0 HolE AHshateS AAlshe Fag o
g 33t Husksich #H ol S8 AI(Ross 308)
AlA in ovoZ CoQl0S T3t Fah&, 47, s 2h&
< 7 F Jdoe AT A3kx BaE 3 9lok(Kalantar
et al., 2019). SAl(Arbor Acre)®] A 23} oA Fit
H Hxgh Abst ~EY ) FaeS A F
(Niu et al., 2009) F-3}&kol] CoQ10E FoJahH watol| A X
k] BARSHAEE-S AAlste] Fakg A otE oAWE o 2
th= Zlo|tiKalantar et al., 2019).

oe] A7 2= Hol H3A Ay A= WA
CoQl0°] A ZZlo] F&3] EAs7] vl Hluwd 2 &
AE oIk = FAIR FEo] Ag Al 2E# 20 =5
= dellA CoQl0 Fole EFAQ Aor HuHdrt
(Geng et al., 2004; Acosta et al., 2016). T2 Ztol|A] 2| 2|4
o] 80% °]/d= st ndT) mleEdge] viHsh
bt Walzem and Chen, 2014). 53] AFAHg S 9
a 1= SFE kAol A ARE fdo] Rkl
b 22 o] 4kelA ~Ed 27t ufg- 4lZekrh(Julian, 2005;
Trott et al., 2014; Lin et al., 2021). wl2br] A=Al CoQ10
< F9& AF A 2329 nEZE=g o} 7|52 kst &
£o] SRR gAE o2 WAEE Akst ~Ed A E
AAE Wolsl=s $83 98 7UE 4 ATh(Krizman et
al., 2013; Jang and Moon, 2016). %854 UslA=
CoQ10 # A 7t 7155 Zel e}t Al A2 oA A v ER
=glo} dia} Zgo] &gty AR KW QlrkSharideh
et al.,, 2020). WapA] Abedol] WE A} 2E#H 20 2 A
A A kst AFRHTIA O] Foe FEEA] AR
SR E uf- Fagh Wgo] 2 th

AA7HA] Aol 3PE CoQl0 T3 2L dtslA|e] &
e TEo A A 2 Ued =Efs 99 F
(Shekelle et al., 2003; Sohal et al., 2006; Acosta et al., 2016)
I HEo] M7l 88 de 9A] vl Fa3g 89l
o= dHA Utk 53] [AAGL] Fhkst 24 A A
Fr3A 71 o] Aol A F7F A9 A o] -&-Eo] TA
3] Z71F2 4 Yth(Jang et al, 2014). WA £ A= 4ket

1. SASE L AIHMA

E Ao+ 4073 2] Lohmann Brown 36577} 3A 50
ok 2bd de] wix|y ol whet gl Z7H(CON), E CoQl0
o T(PCoQ, 100 mgkg A=), 3} A CoQl0 FAT
(ECoQ, 100 mg/kg AtR) & % 3 Aol Ao|Ad 354
Hjx|etgich Aldole E(Purity 99.3% Coenzyme QI10,
Inner Mongolia Kingdomway Pharmaceutical Limited, China)
I LS 3 CoQl0s AHESHATE CoQl0 3= &
ol 5 lecithin 0.4% F718ke] 50T 1A17F &
73] Z3fste] Attt 7% AlsE 4-& Al (Table
DE ol&3l] B = 73 FE9 CoQlo= AM= kg
100 mg T2 WSt AFFAI RS 4077 FH 455
B 55 B AASA o, AlE7IZE Als e ARl
sta AAsFTF71E olgdte] 55 Faetth dedE
£ 24 6A1FE 25 9AIZIA] 1Y 15A1ZF Al o =
TFE 20 LuxZ A3tk 4 AT 2524 Alds
MAIBEE o i) Foll 93¢ Ale 7art EAe Il
Ae Ald Aol At & AP st T
A AHE 3 FEARTERY3](2014-02) TS 55t

of AFRARS Al

AfENE T8 SA 4 AT Fit Aol 7Pk 65
(n=6)5 st 95 AW ko= Arste] 4Eg
YN sodium heparin®] I+ x13 Al el Fol 3,000
rpmol| A 2083t A4 Eelste] IS Eefsidith 1t v
e AT 100 ggo®m Shitsto] mr)ekslom A 24
EXEH 1 -70C 242 Yeae ¥4 A7 B

stttk

2) Total Antioxidant Powers(TAP) £44
B Ao ALg-gh A ddo] gatelE] %L Total

antioxidant power kit(Oxford Biomedical Res. TA02, UK)E
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Table 1. Formula and composition of the basal diet fed to laying hens

Basal diet
Item
Amount
Ingredients (%)
Corn 41.25
Wheat ground 15.00
Soybean meal (44% CP) 25.00
DDGS’ 5.00
Canola meal 2.00
Animal fat 0.50
Molasses 0.50
Granular ark shell 1.00
Dicalcium phosphate 0.70
Limestone 8.70
Sodium chloride 0.20
Vitamin - mineral premix’ 0.15
Calculated chemical composition
Metabolizable energy (kcal/kg) 2,750
Crude protein (%) 16.50
Ether extract (%) 2.90
Crude ash (%) 13.00
Calcium (%) 3.90
Available phosphorous (%) 0.33
Lysine (%) 0.90
Methionine (%) 0.45

DDGS: Distiller’s dried grains with soluble.

! Contained per kg: vit A, 7,000,000 IU; vit D;, 1,500,000 IU; vit E, 10,000 IU; vit K, 1,000 mg; thiamin, 1,000 mg; riboflavin,
3,000 mg; pyridoxine, 6,000 mg; vitamin B, 18 mg; biotin, 40 mg; folic acid, 400 mg; Mg, 150 mg; Cu, 8,000 mg; Fe, 40,000
mg; Zn, 60,000 mg; Co, 100 mg; I, 1,000 mg; Co, 100 mg; Se, 250 mg; Mn, 90,000 mg.

o]g-5}o] ELISA(VMax, Molecular Devices, CA, USA)ZA] £ FE39t. =22 RNAzol £doA #2333 =
450 nmollA] EA G EF LMo 2 TroloxS AFE3s chloroform= Z3% % YA E2]3}aL 2-propanol &2 RNAE
of FiA kst s vla - EAETh AR A B2t RNAS | pgl 552 % &3]
Improm-II Reverse transcription system(Promega, Fitchburg,
3) st 24 mRNA 28 24 USA)S ©] &3l cDNAE F/d3Isith
(1) 2+ =Z|ollM RNA 22| (2) aRT-PCRZ 0|28t mRNA && Z=AL
7k A EE2 AEgt AeAle] 7 2R oz RE Real-time PCR-S MyiQ(Bio-Rad Inc, USA)S ©] &3}

RNAsoITM kit(TEL-TEST Inc, USA)Z ©]-2-3}<] total RNA 23 2o 3o g2 AA)Eg T PCR ¥HS-E-2 cDNA(10
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ng) 5 uL, primer(5 pmole):= Z+7t 0.5 pL, SYBR Green 10
pL, ddH20 4 pL= 4ol % 20 uL7} H%2 £3sta 95T
3R Hx AAS A7) oS 95T 1533 WA, 60TellA

15%7F A3 72T 4027 493 40§4 wrE-El ) o]

o]A 94°C 1327t A = AX F 55TAA 123 A
g -S A s v g o g 55T 0.5CH

FeA A B ETEZQ SYBR Greeno] o Yo v}

At B Fstn k] A EA TS ACtHkH
Livak and Schmittgen(2001)°] A|A]ZF 2724 vl o 2 FA]
S} t} Real-time PCRoY| A}8-3F primer= Table 291 el
nie} 2

=
7t 27 2] cytosol®} microsome ¥2-2 0.25 M sucrose &
21(0.25 M sucrose, 0.005 M MgClZ, 0.025 M KCI ¥ 0.008

4) SAkEL 24 SN T gl I|Il npAKSL EA
o

2 QAL T 3EAE A5G, Il Zu 4
A

15-2]7](Centrikon T-2080, Kontron Instruments, Sw1tzerland)

=L

2 105,000 x g(1 AlZhellA LAl F2]gt 3 A2 cytosol, 2
Z2 1 ml9 1.15% KCl &Yl #23}3ke] microsome S 2
Esle] -70Ce ¥F BEH3ITE 7F 229 superoxide

dismutase(SOD) & =+ Fridovich(1974) WHo 2 =43}
Aok &4 xS HE de] Adgshd w89
ol xanthine oxidaseE &3F3}o] 0.02 abs/mLo] H == 7|&
AL Attt oloA 919 £3ddldd ARE 7tste] vE
S7hA19F EAlel cytochrome Co| #2b F3ATF=HH
SOD B == Falgict. BLE A4 cytochrome C £+
ol 50% AAHE ¥ 1 wmit2 233tk Gluta-

Table 2. The primer sequences used for qRT-PCR

Fol7k A 9 7 229 A3t Ao VAL 9F

thione peroxidase(GPX) /4 =+ Tappel et al.(1978) *Hl
e} AlRof] ¥H-8-8-9(0.1 mM NADPH, glutathione reductase
1 unit/mL, reduced glutathione, 0.25 mM; pH 7.4)S Z7}3t
3 587F 37T incubatorol|A] A#8t1 H,0,2 £%6te] &
FFEACNA FBE(B40 nm)e] Fa H=E5 S8
GPX ZAZ wite @d megd 1% B 2EEE
NADPH nmol 4% 72|33 th Catalase(CAT) %
H,0,7F H,0¢ 0,2 TalE= $55 T33 = (240 nm)
2 283 4 3le] ZARBIATHAebi, 1974). 1 unit B4 =
© 25CoA £% 1 mM H,0,5 E3lists B4 s 9
31t} Microsome®] A& #}F31E-2 thiobarbituric acid W
Holl w2} malondialdehyde(MDA) A4 &< 333 =7(532
m)2 FFEE 5%t T s thBidlack and Tappel,
1973). E40] 5old == HA S ZolA il mg
T TR et FAEIITE w242 BCA
kit(Thermo Scientific, USA)E AH8-3}] ELISA(560 nm)Z
ks =

l‘l[‘ l‘l

3. E4 Az

7 Ao dus HyrRTUAE BAS L B
2]+ 2ol M2 Proc GLM(SAS Institute Inc., Cary, NC,
US, 1996)°l 2|3t A FAHEA S AAISHth F-3ke]
o] io] Q1 E 7% Tukey WHHO2 95% F3(P<0.05)° 4]
oS AT BA T Uit T7F B A A

o]
FAL 85% FE(P<0.15)014 1 W= s
Z 1

&-3lo] thZT(CON), CoQ10 &

Item Direction Sequence (5' to 3') Size (bp)
Forward AGG GGG TCA TCC ACT TCC

SOD 122
Reverse CCC ATT TGT GTT GTC TCC AA
Forward TTG TAA ACA TCA GGG GCA AA

GPX 140
Reverse TGG GCC AAG ATC TTT CTG TAA
Forward GGG GAG CTG TTIT ACT GCA AG

CAT 139
Reverse TTT CCA TTG GCT ATG GCA TT
Forward CAG CAA TGG GCA AGA AGA

RPL27' 81

Reverse GCA TCA GGT GGT TGT AGT T

' RPL27 (control gene).
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FT(PCoQ), CoQ10 3} 1 2TH(EC0Q) & 3w o= H%
sto] 573 AL AlRS AAEta AW @Akst o] 28
AFE AT WA Al 7|3t Bt AlFe] Wik A1E
e85 T 19 v FAE 573 A= Table 3 3 49
zzy A A1SFATE 100 mgkg 72 B2 == 3} CoQl0

o3k ALk Ale] A}, able] A5 2 SAE A2t
ztol7b gl A2 yehudth 1F 9 vge] AdiA
(g/100 AF) A o]E CoQ10 Fol & Fol ol u}
g JEFe %i‘}iﬂr.

Aol AdA A CoQl0 Fol F &dx
A g4tslE(total antioxidant power, TAP)2] ZI+= Fig.
1of] AAJE BRe} 2} 55:7F CoQl0 Fol F AlghA "o
AA gAFE}E(TAP)S ECoQ(1,638.94367.3)0 4 thz
(840.72+96.3)Et} °F 28] F &= 94 2 2(P<0.05) 575
St 2 Y PCoQu2 2T vlw Al oF 1.58] = A
iﬂ ‘Eﬂ—}\yi}eﬂ(TAp)o] _7:7].5].01 01,]. %g]x% i]-o] 040] _7:7].
= AHP<0.07) & Btk A ECoQT PCQT 7H
T‘H 2k glo] ECoQarell A Z A aH4kst=(TAP)o] F7}at
7—&?*(P<0 13)S 2 tkFig. 1).
9l f3}F CoQl0 §of 5 4beA|] 7t 4ol EAlS}
Frrel 320 mRNA HE g9l 5ol SHEE A
= Table 5 2 Fig. 20 212 Uepd vke} 2t} SOD,
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Fig. 1. Total antioxidant power of the blood in laying hens fed
control diet (CON) supplemented with powdered CoQ10
(PCoQ group), and emulsified CoQ10 (ECoQ group).
MeantSD (n=6). ** Values with different superscripts in the
bar significantly differ (P<0.05).

GPX ¥ CAT % o
PCoQ* E&= ECoQ Tt o4 Aol gl
el tH(Table 5). 7t

mRNA &&d-2 U273 v A] PCoQT X+ EC
SOD mRNA &S 7t 0.46-0.784), GPX mRN
0.28-0.384l, CAT mRNAE 0.34-0.36¥) =& 23
Btk grlsl §40 5ol s A A
277 v w 3} CoQ10 Fol| rt}
2 Aol ¢lATHFigs. 2A, 2B and 2C). 221} 4k
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Table 3. Effect of dietary Coenzyme Q10 on body weight and gain in laying hens

Treatment'
Item
CON PCoQ ECoQ
Initial body weight 2,044.8+£114.9 1,969.7+74.0 1,980.8+100.1
Final body weight 2,244.0+£118.3 2,140.7+£149.8 2,187.4+230.9
Gain for 5-wks 199.1+£104.7 171.1+£147.3 206.6+149.1

MeantSD (n=9).

! Treatments are as follows: CON (control diet), PCoQ (control diet supplemented with powdered CoQ10, 100mg/kg diet), and ECoQ

(control diet supplemented with emulsified CoQ10, 100mg/kg diet).

Table 4. Effect of dietary Coenzyme Q10 on the relative weight of organs in laying hens

Treatment'
Item
CON PCoQ ECoQ
Liver, g/100 g BW 2.06+0.23 1.98+0.15 2.08+0.48
Spleen, g/100 g BW 0.12+10.02 0.11£0.03 0.12+0.02

Mean+SD (n=6).

! Treatments are as follows: CON (control diet), PCoQ (control diet supplemented with powdered CoQ10, 100mg/kg diet), and ECoQ
(control diet supplemented with emulsified CoQ10, 100mg/kg diet).
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Table 5. Effects of dietary coenzyme Q10 on the mRNA expression of antioxidant enzymes using qRT-PCR in the liver of laying hens

Treatment'
Item CON PCoQ ECoQ
ACE P ACt P ACt ana
SOD 4.3240.54 1 5.4440.65 0.46 4.68+1.60 0.78
GPX 11.96+1.78 1 13.82+1.51 0.28 13.36+1.27 0.38
CAT 2.98+1.05 1 4.44+0.65 0.36 4.52+1.40 0.34

Mean£SD (n=6).

! Treatments are as follows: CON (control diet), PCoQ (control diet supplemented with powdered CoQ10, 100mg/kg diet), and ECoQ
(control diet supplemented with emulsified CoQ10, 100mg/kg diet).

2 The values are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (RPL27). The fold
difference in the relative expression of the target gene was calculated as the 2744,
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Fig 2. The specific activity of antioxidant enzymes (A: SOD, B: GPX, and C: CAT), and lipid peroxidation (D: MDA) in the liver
of laying hens fed control diet (CON) supplemented with powdered CoQ10 (PCoQ group), and emulsified CoQ10 (ECoQ group).
MeantSD (n=6). *® Values with different superscripts in the bar significantly differ (P<0.05).

z2) o] A3} kKlipid peroxidation) X|E=
E2rHEYh /o8 A(P<0.05) R
2D). ¥ 2 {3} CoQl0 Tzt A AT vl A
FrolA Aol 7h rehA] Sk

ECoQ ol A]

[

a

Sl Al CoQ10 H7HALEE Fofshd 8, 1§ 24

o= UERdriFig

A CoQl0 F5=0] Zrtata A 2Z o] Aksl ~E# 2~}
Aol Haste] A AWl At = 208 Ky
32 H(Geng et al., 2004; Honda et al., 2013; Gutierrez-Mariscal
et al,, 2020). WehA] & AFE A3k Ak ~AEY AR A

T —

WZE o] thEsle AtEA Al CoQ10(100 mg/kg ALE)
= golste] 7} 3+ 22)0] ikst 2hgof nx= £
E ZAbsTh gk 21 A ARl CoQ109] A <] -84
= Eol7] A3l 3t FRE A7t g Al olE kst A%
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of MX= B teiA e AbstaA} sl B AT
e Ao B4 2 {3} CoQl0S 553t Fogh Zxle}
FAFSHAl Geng et al.(2004)= SAI9IA] CoQ1020 2 40
mgkg AR)E 36€3E T Al AlF, AR AR AR LT
% ol 7\1—7] Uy.]](ﬂ]x} ol Al Z]—)oﬂl: o:l 51:9_ U]i]%] 0}0}0\4_
B diste] Aakgo] AA8] fHadhs 3lo® B
3ITh. 3l Sharideh et al.(2020)S A S8 oA
CoQ10(300, 600 = 900 mg/kg ALR)E 83 Fof Al AF
9 2ro] FEFoll= S XA @skot, A A A
A7l Bt dS& Em_—a}"it} ol%del A+ At
Kol Alg W] 100 mgkg 2] CoQl0 Hol= Al
A2 2L v T %}714 FAllE frefgh Gkl gle 3
or Yzt
E ATlA CoQl0 wod F AFAIS] A of|A HA|
AF8F(TAP)-2 ECoQell Al TAPZF @AsHAl S/t
zx\ 1}\1 SOD & 7\,\}5} ‘6]—}\}-§]. };‘_/\4 mRNA =3
COQ10 %04011 w2 o4 zfol7t gld
CleO FolTollA 2+

%1t} Bayril et al.(2020)2] A7-llA= wF=2]Al CoQl0
o Al PdF} 3F 22 SOD B4 G == JEF2 1A
Al FRANE, o] AHAIS s dAT] AT = &
7t e Haste] B AER fAgE 23S Btk
Geng and Guo(2005)E SAl9l CoQ10(40 mg/kg)S o]t
A Bag o] dasigion ol 3 24 U nE
cejofe] ikt T B AlESE B BAE9 ﬂ/‘qi}"ﬂ
ol 7|R1d vt B stk Al A {FE o] &3 B2
ATellA CoQ10 o Al EAF} 3+ Aol A A It
= ?ﬂ?ﬂo] A7 olefdt Adbe Al 229 Abs)k-gkel
RS oA CoQl02] &Hitsl 218wl Aoz Hast
,\,\WWeber et al., 1994; Sohet et al., 2009). A Z=Z]oi A
CoQ10 g3} T3 ascorbic acid®} a-tocopherol ETH=
A 3t Ao R AEA Ut Weber et al., 1994).
Al 224 SOD, GPX, CAT &% #& 3ikst a4s
AA IS fFdshe A 2Ed 2~ aR15S Al
= A8S dhe Aoz F gdEA UthAebi, 1974
Fridovich, 1974; Tappel, 1978). ¥ Al& ZA3} A-&A oA
CoQl0°] &kl aAEe WS F7HA7IA= LA
Frei et al.(1990)°] &b 7+ %2)o] n|EZcg]o} AxbAd
GAAA CoQl0°] 2 AFsl-ghl whg-of #rofste] g4kt
8-S SN F vk sisith rhe-2ollA CoQlo2 &

% o

g, 32 A 22 A WA HIE B9 42 Ztstal 3t
AARoz gitsl 8-S T A8 E Eusau Stk
(Kamzalov et al., 2003). ¥ AoA4= CoQ10 F A] 4heh
AollA 7F 229] gatsl A5 WS folz Ajole
AAA T 288 Al fRAH e A4S Bk o|Hd A
S CoQl0°] A7 4tah-ghel Whe-8 Ba &4 AAE AA
shl7] Wil gAaksl gaEe] o] Hadhs R E
A 4= gtk a3y AEEES o] 83 dF AN
5 S7MIA AAZstet

CoQ10°] SOD$} GPX BA=E =
DNA 45 dWshs 9do] githe
al., 2008).

CoQ10°] Al z2|9] gtste o n|x]= 2Hg- 713 &3t
= TE YA A, X, A, AFR 24, 38 59
P D FF Toll whet ohest xo|7t e Aoz g A
I THKamzalov et al., 2003; Sohal et al., 2006). Sharideh et
al.(2020)9] Aol eJehA 1t 7] ook vgk Fo] thdet
& TA(ZEHA CoQ10 T Al Al A 7HAA]7]
nEFZ=go} Al 285 sl BS 3 A I
n)Rtka skt S Al F3 54 o 9]
b 2A o] Ego] AE A9 CoQl0 H7} v &
oz A& B35e 4 i Maruyama et al., 1995). °]&
CoQ109] g4tksl -8of ozl Fgo] Fie oa Fdts=

At 2R E 3 220 St Ei@ T W71 Wi
© 2 P Frei et al., 1990). © =
o?ﬂ'o‘Pﬂ CoQl0°] A ZA oA 4 E AASH= 4
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