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Effects of IRG Supplementation on Reproductive Performance,
Blood Characteristics and Fecal Odor in Lactating Sows

Yong Dae Jeong, Jo-Eun Kim, Ye-Jin Min, Yo-Han Choi, Hyun-Ju Park,
Hak-Jae Chung, Da-Yeon Jeon, Soo-Jin Sa, Hyun Ju Jin

Swine Science Division, National Institute of Animal Science, Rural Development Administration

2 o T HAAR 7HEo] FUkete] FEAAMIZE ASED Sl FAlo|lBnE AFoR AP Al A=A
Wzo] dgsitt webA, B A3E o|ZEet glolFekA(ltalian ryegrass, IRG)Y ZHEE AR U £51E H7t
7F AAAE, GAEY, EH fo7ts d 248 vl 9FE 5] 8 AAsHAT AR W IRGE H
7FeE2 3480, 5, 10%)2 HAAsAon & 2159 FAE(Y4l 108€H)S Y2 vix|stch. AFFAES &
W d 153 2 BN 3 4FE B2 F 5F0 6T 3A1%9 FRASS R Y] 1RG5 2 10% A
oA FASIAI(C, 214.3 kg vs. IRG5% E 10%, ZHzF 192.1 kg, 194.4 kg p<0.05). AELEAFS IRG
A7MeE 22408 S7FIATHC, 34.7 kg vs. IRGS% % 10%, 22+ 52.5 kg, 52.2 kg: p€0.05). E3 ALRAHF

2 IRG 5%, 10% AZFolA thRto] H|sf ZASFATHIRGS% 2 10%, 3.3 kg, 3.4 kg vs. C, 4.0 kg;
p€0.05). HAAZ F ArAleE fi2FoA IRG 5% 2 10% AHBFETH ZS7FFATHC, 11.5 vs. IRG 5% 9
10%, 22+ 7.8, 10.2 %). 184, 2/448%, @5 W dAHMES 2+ 9 A7t Zo7t glddh. 2 W 3t
4 9 FHAE 5Tt [RGY A7eEo] #8548 FXFHoZ A4S Hp0.05). olfgt ZIHE2 IRGY M
7= AW QAR R I uXA LU wido] o] favka Ao st a3E vebyoh gk, ZH
2= AFE W IRGE 2F ARE EE= AgHQl &go] 7Hs8h Aojtt.

Abstract Increasing production costs due to higher diet prices have resulted in the requirement to find
alternate feed ingredients in the swine industry. This study investigates the effects of dietary Italian
ryegrass (IRG) supplementation on reproductive performance, blood characteristics, colostrum
components, and fecal odor in lactating sows. Twenty-one gestating sows (Landrace, 108 days pregnant)
were randomly assigned into three treatment groups: 0, 5, and 10% IRG supplementation. All animals
were housed in experimental farrowing crates for five weeks. The feed intake was decreased by
increasing the dietary IRG levels (C, 4.0 kg vs. IRG5%, 3.3 kg vs. IRG10%, 3.4 kg; p<0.05). At the end
of the experimental period, increased body weight (BW) was observed in the control group as compared
to the IRG treatment groups (C, 214.3 kg; IRG5 and 10%, 192.1 and 194.4 kg, respectively; p<0.05). The
overall loss in BW for the trial period was lesser in controls than in the IRG treatment groups (C, 34.7
kg; IRG5 and 10%, 52.5 and 52.2 kg, respectively: p<0.05). Fecal hydrogen sulfide and total mercaptan
levels were decreased in both IRG treatment groups compared to the control (p0.05). These results
indicate that IRG supplementation slightly affects the reduction of noxious gases but imparts no
differences in metabolic indices. In conclusion, we propose feeding minimal or restricted amounts of
IRG to lactating sows.
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1. M

olgtg]ot ho| 18tA(Italian ryegrass, IRG)= SHE
I} AlmAEC] &t 2 A5 W APAdo] ErHIL
S, FHolA BAEE ARAE F 9dRESoEE
AelEdo] 71 slom 7159 7|5AE 45t
F| o] A2 HBtE Qlsf Aul gHA| Mol FAg] wht
FEFEAT W IRG Auli7bs/dell tiet A7t 3=
A2l 1Y IRGE 8717 =255 HR3=E
sl At 77 AAastEE AA A7) $85H= A
o] F835}tH1,2l.

U AHIAEY SRFAHFE JR STk Jle &
Alolt}. 2021¢ 71 =iRAI127]9] M| 32.3 keg/ W
ojtt. By X QM| 9 AlEH] A5 & Qs &
5719 AAA A2 A Qlrh EIF FEE i
Atgo] o &E= UEARS] RS 4900 &t
Ue AHoltt. FEARS F8 dRAER] 5 4 o
F o] ARaTt RS dEAEE AYE vEoR
o] 838t 4= QUTH3). 71& F8 YRAIES} H|A A] IRGY
FEEH 7= 5 4 de tiH] RARE R ]
H|26b 7]E o8 AEAtERT Had FEfo] =t
FAE BT & A= 43ka

ol
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211 BASE
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(Regumate Porcine, MSD Animal Health, Belgium)
A5t 5 ml/d¥ Folstgict. Lol gl HE

F5Y AHZ ol ddl AT FHokAr.
7 & 2890 2ZTAAE o FEIRFE &
TABTERA 2179 YAEE 2T AL
2 TYSLE AdEE YA o2t
ot AlEs JAIGA 0] gH=o] QA7
A=719) 2.8 kg A ARISIAT Z/7]0l= A

RFolEton B AWKIE FAT FHSHAL.
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2.1.2 NSaA

A& W IRG H7HE2 0, 5, 10%0]H SAI=(YA
1089®)2 A2j4td 75HE, BHET 154 Qo= AJH
AR HiX]5EAT. AldAREE IRG A7keol whet
7|ZAFALROA AlStAL IRGE A7t & ddsHA &5
o FH|SFAT AFFAIES BT 150 2|7 45
£ x3toto] 553 AASHAT

2.2 ZASE

2.2.1 IRG ¥ AlAI=2| afetX X

IRG HT} AAAEE W 998 7= AOAC
(12,13]9] "ol E3tof #ASIA. 232 105C
9] QEoA 24A7HERF 7HESIo] A% W9 A 5RA
9] £AFE o8 ARESYTh FovA= EFA
(Model C2000, IKA, Germany)ollAl 1 g9 Al&o]A
PR G5 ol8sto] S4siqint 2wl e
AR AL (Kieldahl method)E o]-gdto] A4
AFotdy ddA S 6.255 Foto] FoH3TE &
T AF2 etherE ©l83 &£&M(Soxhlet’ s
method) 2.2 ERISIALE 246, X3, ADF= ZH2t
method 978.10, 942.05 ¥ 973.18% &3 4513
th. NDF= Holst [14]9] 24%< ©183] NDF 5=
Totgct. Ze 2 9 T2 dASSESLEA
(Perkin Elmer 3300, PerkinElmer, USA)E &-&3f &
QISHAE}. Frobm| Akl 2ol4le DAD % FLD7} %
e YA ZZotE T (Ultimate 3000, Thermo
Scientific Inc., USAYE ©|-&58) +=5& ERIsiAt.
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AE W ol2Eet FolaskA AP ZREES] WAYE, EASA, £ Al nXEe 9%
% 9 SANEAY 4% Yehfgltt ARHHF 3. Zar 2 nEt
= A WAL SR ARl ST & A
S717te s Uro] dgAtRAFIEE AT W4 3.1 IRG Y AIEAIRS] JUME 24
AAL BT Al BARE, A4, AR, AAAS B 7oA ARRHE [RG I AJFALRO] gorsla %
GRISIALL OIfAl olFARES, CIRAREAISS 7183t yo Taple 131 Bh 2w 2usek Zoyx|, 2o
. WA 9 =S A7 10.91% 4499 keal/ks
12.12% % 3.57%= S350t 247, NDF % ADF
223 =REXM = 47 22.27%, 48.70% 2 26.13%= A=At F
25 U JREAS B9 AIFF F 9F 208 Fol 2F 7)™l 238, g 2 9l TR 27 6.47%, 0.39%
£ 50 ml FEO| £6tYI B4 A7kx] 70T B¢ @ 0.23%2 UERich @4 ofuliAlel glol4l dleke
stelth. ¥ed AlEs 37C AP she # 37C 0.3%= SEA=EIH APAF(1]o] g=w RG W oy

AEAdeet 1112 A5 Alge |87
(CombiFoss™ 7, FOSS, Korea)S o]&sto] halzl,

A, FESZ, 1 FES S

AFAE TRLD AT 754 BE FAEY T
Ao dAS FHL FHo| £k AFE &
HL 3,000 rpm, 20%, 4CoA FAReFI] S
HElolqict. T, A, AfolEZIQl B ASisiA|#®
E528 (Y54 7|(7180, Hitachi, Japan)E ©]&
Sto] Z7gshoich

2.2.5 2 HAY

AFAE TR AETF 454 F 1259 A¥s
oA AFAFTHE ol8ste] A Wl £ oF 250 g
ISt Fal7 kA& Cho et al. [15]9] ¥
Ssto] AAIsHt =19 200 g9 EAIE=
o] Wu-87]0] Hol 38T oA 30A17HE<L Bl
S87kAZ471(GV-110S, Gastec, UK)E ol-&
D48} SHES S5t UHA AR
EU pH 9 E3RF £40) o-&sltt. R
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TYwo o w1
OAC(2000)40] Z3te] E43t9ick. pHE 3 g9
27mlel FF4E A7t L FAS F pHERY|E

A
Oﬂ o T =
33] St B M2 =2 ol gsHt
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24

SHY BE ARES FAZZIB(SPSS 20.0,
Chicago, 1L, USA)E ol8df E4HEAS AA[sI3itt.
AYEE 94 AAHL Turkey'sHo=Z ERISHAY p
#Hol 0.05 wvrd o IgstSict.
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4, NDF 9 ADF &2 27t 8.5-9.1%, 54.2-57.9%
g 32.2-35.5%2 EAUE It 2 Ao ALEH A
AZES] 24, NDF 2 ADF g2 RG] 71 &
ol 2245 IR AR TS Ae dda
E2 Haoith 18U ARAREE W QU T
NRCI4]9] Z/RES JFaay7 e 2 Aol= ¢l
ict.

Table 1. Nutritional compositions analyzed of the
IRG and experimental diets

Items, % IRG Dietary IRG levels, %
0 5 10

Moisture 10.91 14.26 14.09 13.93
GE, Kcal/kg 4,499 3.929 3,958 3,986
Crude protein 12.12 19.94 14.80 14.66
Crude fat 3.57 4.32 4.28 4.25
Crude fiber 22.27 3.27 4.22 5.17
Crude ash 6.47 4.68 4.77 4.86
Lysine 0.30 0.91 0.88 0.85
Calcium 0.39 0.86 0.84 0.81
Phosphorus 0.23 0.45 0.44 0.43
NDF 48.70 12.20 14.03 15.85
ADF 26.13 5.58 6.61 7.64

‘IRG, italian ryegrass; GE, gross energy; NDF, neutral detergent
fiber; ADF, acid detergent fiber.

3.2 M&H3;

AFEATE 7HA] Al Al 2 245 kgo & A7t b
o7} gloy & Al AlFE x| Bls| IRG A7
oA ZA3tHtHControl, 214.3 kg vs. IRG5% and
IRG10%, 192.1 and 194.4 kg, respectively; p=0.001;
Table 2). E3t TAES] Z/7|E0 AF SAFS
IRG H7M-E(IRG 5%, 52.5 kg: IRG 10%, 52.2 kg)°ll
Al i Z2Fcontrol, 34.7 kg)oll Hls] SAHCE ZrAst
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AHp<0.001). 1Y SAHFA= AFFAIE 714 9
AFA ATt SATFA S AR 27 9 A2
7t ZolE HolA| AA|Tt ARFA| Al SAGFA
£ IRG 7oA Fastke= Al A3itHcontrol,
13.7 mm vs. IRG5%, 11.0 mm and IRG10%, 12.3
mm; p=0.102). TSt ARG FHFL 2R} [RG 3
THEENA 245kt control, 4.03 kg/d vs. IRG
5%, 3.31 kg/d and IRG 10%, 3.37 kg/d; p<0.01).

o
o8

Table 2. Effects of IRG supplementation on body
weight, backfat thickness and feed intake
in lactating sows

Items Dietary IRG levels, %

0 5 0 p-values

BW, kg

Initial 244.76+3.22 244.80+4.54 246.60+4.35 0.936
Ending 214.33+3.79°192.13+16.74° 194.4249.20°  0.001
Loss 34.67+3.18% 52.53i21436b 52.18+11.75° <001
BF, mm

Initial 25.00+1.53 21.67+3.67 24.67+0.06 0.567
Ending 13.67+0.88 11.00+0.58 12.33+£0.67 0.102
Loss 11.33+1.45 10.67+4.18 12.33+£0.67 0.901
FI, kg/d 4.03+0.16" 3.31+0.18" 3.3740.08° 0.001
®Values with different superscripts of the row significantly differ

(p<0.05).

IRG, Italian ryegrass; BW, body weight: BF, backfat thickness: FI,
feed intake.

£ Ao o] IRG A7) AdAE W 2445,
NDF ¥ ADF ¥ tiz1Hth &4 YeldtiTable
D. olggt H5d gFo] #354F YA 0l8-&S A
SA7lE 2R IEA Slch HAA HEERE &
F0-55%)E=2 Foigt Ayt A%, ol 9 oy &
g8 Agzoz A7) §3] ARRYPo] W
Ao AR HF D IEA 45180 BAAJ] IF
< ulA 1 Z3} Aol AAFTHS,6]. T HHAeE &
2 =M AR W HRde F W EERE Qs o
Uz 3F9o2 &84 5 tS]. & oA AgH
SAET e JEES o HA diH] 4817|Ho] f
grgwlo] A o HEVE dEshy dASHd dgal A
A Fof Al ZUEE SHAZITH3] EREE AR
AGA TFYoE HEET 10% U AT [5%F o]
BoHH 94 339 AEFolA A=AFHHC, 4.8 kg
vs. BJEEL]10%, 5.5 kg vs. 2MT15%, 5.2 kg)o] &
7Fetm[16] YAE AbR W ohafet 2H7(2.9-6.6%) &
2 AFAE FHA] F 30¥€(14.1-15.7 mm), 60Y
(15.4-16.6 mm), 909(16.3-17.6 mm)¥} E7tYd

=4
=
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(16.8-17.8 mm)2| SAGFA Y& nIAA| bkt

8]. T3t Al U HGARERR 18.16%, ol=d
2.26%) H7h=s BEo] YA17|17HEt AR HFE St

AA(C, 2.6 kg vs. High fiber, 3.2 kg) AA] FF4A A
FH=Z Zol7h A koka17] 1 A} Bt 9 o]f
49 A Afd H7poll JFE HX] GUATHIT7L A
TE AT 22 R4 AR FoiA] AR
AHFE S7HIA SARFA 2 Azl = A
Aottt diHol] & A4 IRG H7leo] =255
A=A FHFo] ASHC, 4.0 kg vs. IRG5% 3.3 kg vs.
IRG10%, 3.4 kg)=|aL E{7|3FE<t AlFo] Fastal
o} webs, E Aot AFAFETT AFHHL Aolgt
AE Bt F5E0A RG22 ZAESS T
£ 9 ERARE ] 71540] AstEls AR IEA
Aok =AM AHEAESQ] s 5 (6.5, 13,
100%) g9 Al AR Asws 247t 47.2, 226 4
26.2%% ERl" wWrHo| ®FERl AFZTHZ(Carob
bean pulp)x= AZEofA 2tol7} gITH10]. whatA,
AtEAEQl RG] 7157d0] RotA AlAES] AlEAF
o] Fadl Al gAY dFHHo] 8FFE A

3.3 HiANY
FHALE IRG A717E0IA d2 d¥) 24519

o BAAQ] Rol= gltHTable 3). AAAE= o
Z7ol|A IRG H7HET F-9loHA S716HATHC, 11.5
IRG5% and IRG10%, 7.8 and 10.2
heads, respectively; p<0.05). ¥IjZ ARle= IRG
A7 F7kske A7 ERlE Yo FAHR &}
ol gt olfAESrE R T 9 IRG A7 &}
o|7} gtk E3F AA] E o] RAIFOIAE R E A
T2 Fofet Aol7t |AE R ASIARE IRG H7FEAA
Rt 2 SAE UEHth

A=A W RIS S8 Be2 94l

heads wvs.
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At i ojgE|er glo]aetA Myt EfRE WA, dAEA, B Yo uXE dF
I BUETH18]. B9 AR AE 4483 49 A, AR W d94 T2 ERo AR Y Al JF
AEHAE 7 2= FAE 93 9F 2 kgol AFR & "X+ 891 F stoltH20]. Aa-Eo] B2 AlRE
9} SR LS 3 1.5 kg9 Alm7F ERSHCH19]. 18 Fodstd A Wy mAEdaE Qs S xHMKshort
U 2 dFojA IRG H7HES ARAFHTS <F 3.3 chain fatty acids)o] QA= o] AHMAES S40=7

kgo 2 LGRES] WY ARAZYRT} Wl WA
o] B9HQl QS v]d Ao d=slgoL} [RG A7}
o we A7k Zol Ggict. ol YL IRG H
Pl mE AR W Aes T 2712 AZEn AR
W 2o H9AL A AARE AF, ol8AE A
% olSAE 848S AHANITHS). WA, IRG W7
2 ARAFo] Aoy WAHH0A |7t g
A IRG A7tz Q8] Ao steke] 271t gdelow
sheks,

Ao B U AIFE S7MIXITS,21). 3

F=ARR Y IRG 1.5% 52 B Y AJAsEre 5

FAZITHIL), b, BRHEe MAEY Aw Ei
Ab: ) Q0] Ao Qe WeTH22), dejne
EGEE AR ) RG B7He BAEE AL S5
ol

Table 4. Effects of IRG supplementation on colostrum
composition in lactating sows

Items, % Dietary IRG levels, %
0 5 10 p-values
Table 3. Eff f I 1 i i
able 3. Effects of IRG supplementation on reproductive " C " " 0 ST 0 0, o1es
performance in lactating sows
Fat 3.49+0.18 4.53+0.49 4.76+0.49 0.533
Items Dietary IRG levels, % - Lactose 3.16£0.05 3.10£0.07  2.89+0.04 0.224
0 5 10 values Solids 24.50%0.46  24.20+0.35 25.92+0.42 0.336
No. of piglets ‘IRG, Italian ryegrass
Total born 13.00+£1.08 10.80£2.27 11.00+1.64 0.674
Born alive 11.504+0.50° 7.80+2.06°10.20+1.69° 0.033 _
Born dead 15040.65 3.00£0.95 3204222 0.723 3.5 HAHEH
Weaned alive 10.25+£0.25 8.50+1.34 9.80+1.69 0.684 -
e A& W IRG 450 M2 BASHLS Table 59 2
Piglet weight, kg _ N
Birth 1.12£0.08 1424022 1.45+0.17 0.409 ot 2% STHUA(TP, total protein) ¥ EF-(Alb,
Weaning 5.87+0.50 6.07+0.67 6.15+0.45 0.938 albumin)S IRGY] A7}&Zo] 222 o7t ZrlEs

*®Values with different superscripts of the row significantly differ
(X003,
IRG, Italian ryegrass

3.4 =R48E

AR W IRG A7t BR8] nlals 3k Table
4o Yepdch g i Tide g4 16.85%,
IRG 5% A7}l 15.62% 181 IRG 10% F7Foll
Al 17.49%2 EA=Q o A7t Fo3 Aol &
o|x] gttt A 219 3.49%°] HIs] IRG
A7ME0IA =2 ZHIRGS%, 4.53%; IRG10%, 4.76)
< Ho|AFt BAARI Aol Ut FEL=L 1Y
£ Hl&2 IRG F7leEol 9 oA Lot

ABAES] AL ARE BT YA FH7F 9L

%7] wRo] AEoA Efe FYAE AHT & A=
L3 sdoltt. HAES fFA(mammary gland)2
P4 F ZR/7I7HEE SASE B{E ek 23]
oJtH20]. FETE B4R e ollA St FgA
= #E B fAol HgE o 2RE Tt wet

765

Aol FRIFIG o Azt BAHRI &pol7} gict. &

% Q42 4(BUN, blood urea nitrogen)= AU wHH

A At HEARER W40 FAHA ASkEgo

gt A E2 ALE 4 ot 23" BUNS A5 As)

SRR 7] A RAM A AFSk= reference range 9 A

PAF AH2319F FARH IRG H7MHEEY} Rt
| = B

Ol

2FIA(Glu, glucose), FEALHEZ
(TCH, total cholesterol), SXRHTG, triglyceride)
A AgiAL T AR LEE I ot AT
t ZpolE WretiA] ottt 3, L4, v, At
2 FELER A o7t gtk AW FdAF
Jefoll theh 2 #= €8s LDH ¥ NEFAE
iz Bl IRG H7H-ElA Fashe wigo] &
Hot. NEFA= ARA oA EH|== adipokine?]
AFoln FYAPFHTol EFolH FFo] IR
(24]. 28, @A A Azt fogt wshr B
=] gkotrh. 72 AW diAtellA F83t 715 st
= 8 7% sz 1t 715 A#Q GGT, ASTS
ALTE AR W IRG F7keEol] 93 oA gttt

Z}o

o
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Table 5. Effects of IRG supplementation on blood
characteristics in lactating sows

Table 6. Effects of IRG supplementation on fecal
characteristics in lactating sows

Ttems, % Dietary IRG levels, % Items, ppm Dietary IRG levels, %

p-values p-values

0 5 10 0 5 10

TP, g/dl 8.83+0.37 9.07+£0.26  9.18+0.15 0.604 HaS 13.33+6.67 10.00+8.16 7.67+6.23  0.846
Alb, g/dl 4.00+£0.20 4.07+0.20 4.26+0.07 0.416 Total mercaptans 2.67+1.33 2.00+1.63 1.67£1.20 0.872
BUN, mg/dl 12.10+£0.90 11.87+1.83 14.02+£0.94 0.393 Moisture, % 69.05+1.81 73.80+2.47 71.25+£2.90 0.436
Glu, mg/dl 97.33+£1.67 92.33+£5.90 95.60+3.56 0.730 pH 7.56+0.15 7.78+0.05 7.78+0.11 0.403
TCH, mg/dl 79.33+4.67 98.33+8.41 98.20%£3.69 0.072 ‘IRG, Italian ryegrass
TG, 1U/1 85.33+63.33 31.00+6.43 37.80+3.85 0.443
Ca, mg/dl 12.93+£0.07 12.40+0.67 13.10%£0.34 0.502
Mg, mg/dl 2.03+0.17 2.17£0.18  2.06+0.08 0.780
P, mg/dl 7.70£0.10  7.67+0.44  7.82+0.36 0.947 4 42
NEFA, mM/I  82.00433.00 49.33+4.33 54.804+2.99 0.371 - BT
LDH, 1U/1 635.33197.33 597.67+72.72 703.60+46.74  0.529
GGT, 10/l 64.67+6.67 59.00£10.41 64.80+8.84 0.892 ZJRENA RGY AR W H71EE #9517 ¢
AST, 1U/1 32.67£9.67 32.33+4.81 43.00+£9.10 0.618 3 B 7= AABIALE ARSI/ & W =
ALT, 1U/1 35.67+0.67 49.67+5.67 43.80+2.20 0.060 - =
®Values with different superscripts of the row significantly differ Z]%T—_Q] {;}A‘_‘]%h‘% RG %']7}:']-0“‘_] %7]-(21- Ell’tﬂoﬂ A}i/}j
(p(0.05). G2 Aaskeinh. A4 g2 oiE] IRG M7
Glocoee TOR. el choleserol T0. tiehcerides o saletomt O AR URA MAHH ABSL IRG Ao
Mg, magnesium; P, phosphorous; NEFA, non esterified fatty cgﬁ(}—_% ‘?:]'X] %}9\1.1:]_ E‘?r/‘é]%ﬂ —gcﬂlq%;\é% EH}—?'Q}‘

acids; LDH, lactate dehydrogenase; GGT, gamma-glutamyl
transpeptidase; AST, aspartate aminotransferase; ALT, alanine
aminotransferase: IRG, Italian ryegrass.

3.6 2 Ed

Table 62 A2 W IRG H7kpEd] w2 EHEA
< YeRRQlt) RS 279} IRG M7t Afo]
7F @itk IRG H7Hgt TAIES] 9 Y pHE iR+
Hlsl S7FRARE BAARI fold2 lgleh. =¥ W &
Sked d FURIER] Fh IRG 0] 255 4
SFAAEE 27t folst wWsk= Qlgl

AE U s Y FF B AR a2 1A

o] B EA3t B | 7kAdAgo] JS w|HIHIL. &
4= AR W IRG $20-1.5%)°] 5252 HA] 2k
(manure) W WASLSRIESQ] IHE(143.3 mg/l —
95.4 mg/l), H=7(153.5 mg/l —~ 103.9 mg/), 27+=
(2.2 mg/l =1.3 mg/1), AE(6.8 mg/l — 4.5 mg/) &

= ZASIItH11]. Trabue et al. [9]19] A7l WEH
Afa AR oiE] RS ARE Fo] Al 29 Y
Y] A4S BsiGirth In Vitro AlRZTolA
AR o] =2 B eyt 9 HEE R QIET} A7)
Eo] AEHA PATH25]. EFH AR Al A 59
u|AE0] o] FPH R JFL uA Foleh, W=
L mercaptan) o] &3&olch26]. mEkA, AR
W IRG =0l 98t =2 a4 50 2 |3 WA
E4 Aol 83 FFE S AR

766

IRG #7H77 Hol7h gigic. B9l W) Fotiecot % o)
ehe Ao wE folgt Aol gAIE T v
o SAHoR Attt oHat L ATARES A
2 W RG] A7Re A dARElE 9% uHx
oron] 8 fati] FHA ANE AL
oF BoIth gk ARHHY PAR Ao BES A
9 SAFEANE SHH IS D ERRE
AR ) RGE 4% AMS B 7|54 4L A4 T
A ggol 15 Aolth,
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