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SUMMARY

I. Title

A study on production of a value-added pork using glycine betaine
II. Objectives and Rationales

1. Objectives of the study

Because all glycine betaine used in Korea has to import, it is necessary to
develope a way for extracting glycine betaine from a sugar beet cake cheaply and
to find application for producing value-added pork using it. Therefore, the
objectives of this study were to develope an efficient extracting method of glycine
betaine, and to investigate effects of dietary glycine betaine on growth

performance in pig and meat quality of pork.

2. The necessity of the project

As opening meat trade market of the world, domestic meat industry has been
suffered with imported meats that has a better meat quality and lower price.
Therefore, it is only way to develope a high quality brand-meat as a value-added
product for competition with the imported meats. Recently, Korean meat scientists
have tried to improve the pork quality using biological activities materials.
Extracted glycine betaine from sugar beet cake contains yeast, protein and
minerals. Thus, dietary glycine betaine could improve feed efficiency in pigs and
improve pork quality. Moreover, glycine betaine has been shown to have a

positive biological effect in human. Therefore pork accumulated glycine betaine by



dietary glycine betaine could affect on human health positively.

. The contents and scope of the study

This study was designed to develope a manufacturing method for a extracting
glycine betaine from a sugar beet cake cheaply and to development a brand-meat
and high quality meat by dietary glycine betaine in pigs. This study was
established properly glycine betaine feeding levels for meat quality improvement,
and determined glycine betaine accumulation ratio in muscle, physico-chemical
property of meat, and blood characteristics associated with stress. Also this study
was investigate effects of dietary glycine betaine on improvement of pork quality
and reducing occurrence of PSE(pale, soft, exudative) pork.

Effect of dietary glycine betaine on growth performance were determined by
dietary glycine betaine during several feeding periods in pigs. Effects of glycine
betaine on meat quality were confirmed with various measurements of pork and
carcass grade as levels of glycine betain accumulated in muscle. Finally inhibition of

PSE pork occurrence was confirmed with measuring blood characteristics in pigs.
IV. Results and recommendation for application

1. Results

A) Effect of dietary glycine betaine on meat quality and characteristics

of pork carcasses

Dietary glycine betaine (DGB) in pigs affected on chemical composition of pork.
Moisture and protein concentration were not different among treatments. But
intramuscular fat of ham cut from DGB was higher compared to that of control,
and belly cut of DGB showed higher ash contents compared to control.

Pork color was improved by DGB due to increased ultimate pH during cold

storage of pork. TBA value was showed that DGB was lower compared to control



of during cold storage. Futhermore DGB inhibited lipid oxidation of pork with
increasing ratio of saturated fat concentration. Tenderness also improved with
DGB due to higher ultimate pH. Lower shear force value and longer sarcomere
length were observed in DGB pork. Consequently, panelist gave better palatability
score to DGB pork over control with all quality measurements.

DGB also affected on blood characteristics. As increasing level of DGB, lipid
concentration was decreased, and numbers of platelet and red cell were increased
in blood. It was also observed that cholesterol concentration was decreased as
increasing level of DGB. However there were no differences in materials related
with stress in blood between DGB and control.

The results from this experiment suggested that increasing level and period of
DGB could improve pork quality. Data showed improvement of meat color,
water-holding capacity and tenderness of pork with DGB in pig. Finally
characteristics of pork carcass were improved with DGB. As increasing DGB level,

appearance of A grade that is the best grade for pork carcasses in Korea was

increased.

B) Development of establish on the progress of products and production

on a large scale

Betaine(glycine betaine, N,N,N-trimethylglycine) is an important osmoprotectant,
which is able to restore and maintain osmotic balance of living cells. It is
synthesized and accumulated in response to abiotic stress such as high salt
concentrations. Most of organisms are not capable of accumulating high level of
betaine except several halophile microorganisms. For large production of betaine
from the microorganisms, choline has to be supplemented in the media together
with exposure of strong light because they are photosynthetic microorganisms. An
yeast, which was very resistant to toxic metal lons, and screened in my
laboratory, produced 123mg of betaine in one gram of the cells under optimum

conditions. When pigs were {eeded with diets supplemented with the yeast

_10_



accumulated large amounts of betaine, no significant increase of it in the bloods
was observed. However, significant level of betaine was detected in the meat of

the pig relatively depending upon the concentrations of betaine supplemented in
diets.

C) Effect of glycine betaine feeding levels and periods on growth

performance in pig and low-fat, functional on pork products

This study investigated the effects of glycine betaine on growth performance in
pig. First, a total of 400 pigs were divided into 4 feeding stages (Stage 1:
23.10+£1.43Kg, Stage 2! 37694162, Stage 3 6651+344Kg and Stage 4:
94.42+2.17Kg initial weight) and then each feeding stages were divided into 4
treatment groups (Control: 0%, T1: 0.2%, T2: 04% and T3: 0.6% glycine betaine),
respectively. The average daily gain and feed efficiency of T2 and T3 were
significantly increased (P<0.05) by glycine betaine in stage 1, 2 and 3, whereas
feed conversion was significantly decreased (P<0.05). Thus, glycine betaine could
be influence the pig growth performance. In feeding stage 4, average daily gain
and feed efficiency were significantly increased in 0.4% glycine betaine feeding
group compare with other dietary groups, although feed conversion was lower
than others. We assume that 0.4% glycine betaine feeding was most efficient
dietary level. Summing up the a forementioned results, glycine betaine was
affected in growth performance. Also, it may be assumed that the pork can be
product with the high function and high quality.

Seconds a total of 240 pigs were divided into 3 feeding stages (Stage 1:
33.47£3.74, Stage 2! 53.74%593, Stage and 3: 90.85:4.94 initial body weight) and
then each feeding stages were divided into 4 treatment groups (Control: 0%, T1:
0.2%, T2 0.4% and T3: 0.6% glycine betaine, respectively). In feeding stages 1,
average daily gain and feed efficiency were significantly increased in 0.6% glycine
betaine feeding group compared with other dietary groups. In feeding stages 2,
average daily gain of 04 and 0.6% glycine betaine groups were significantly

higher than the control and 0.2% groups. Average daily feed intake and feed

- 11 -



efficiency were no significant differences between the control and glycine betaine
feeding groups. In feeding stages 3, average daily gain of 0.6% glycine betaine
groups was higher than the other dietary groups. Average daily feed intake and
feed efficiency were no significant differences between the control and glycine
betaine feeding groups.

Thus, dietary glycine betaine could be influenced the pig growth performance.
As a result of this study, we assume that 04~0.6% glycine betaine feeding was

most efficient dietary level.

2. Recommendation

Now a days domestic pork industry has been suffering with imported pork that
is much cheaper than domestic pork. To compete with imported pork, development
of value~added pork using biological activities materials is necessary. As shown in
this study, extracted glycine betaine from sugar beet cake contained various
nutrients such as yeast, protein and minerals, and feed efficiency could be
improved if it added in pig diets. Futhermore dietary glycine betaine could improve
pork qualities such as meat color, water-holding capacity and tenderness.
Immunobiology activity in pig also could improve with dietary glycine betaine so
that it could help pig farmer directly. Surprisingly appearance A grade of pork
carcasses could be increased as increasing level of glycine betaine in pig diets.
Consequently using glycine betaine as a substitute of pig diets helps not only

increasing income of pig farmer but also heath of consumers.
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H2 & 3de Zlse 98

LA Aetar gtk HElS MAgtE tiFEY vAdE
< BYA cyanobacteria ©1o]A 73 Wl A mte] IAE IS Fojof 3
HAE] g wELIY] YA diEAdde Bug vyt gloh 1o A 2R F
ZAFE AL 17 =Y A7 flolx wEkel A sbEe ERE B AA 9 ARa
T AYAY Este vled AEsA, FEAE S wEd At $43 4 gl
£ dEed F97t % FZ nAe anEAr SAYEA #Ha 2%
(Cadogan &, 1993; Cromwell %, 2000), & =%Z7} &3 (Cromwell 5, 2000)% 9 o}y
T2 @EAe F/AIIE A3(Smith %, 1999)7F itk Rustgon, ned
< ®olI MRS 29 ¢ Yhn Rt Ao (Matthews 5, 2001).
AE W2 diAdn e quxisg a2gdxn A3 dudy & JUAE
B HFEGEY ARFTAFE F/AAU R AHMatthews 5, 1998).
A & %7} &% (Casarins, 1997, Mathews %, 1998)%}

v 1A EAFE obul xAtol B (trimethyl-glycine) 18|32 39 o] 3}2t& o A
TAAET. HEQL B3 £F 2EHR otgol xxo) =
AHH A5 FEo2 {7l FHobgl oW (Petronini 5, 1992), WEIQ L 4 =
22 lipotropic E#& YEh™(Finkelstein, 1990; Barak %, 1993), 233
S-adenosyl-methionine® 7% 43l methyl?| & AF & $ U} E3 SA A T A
Ao e A & ¥ (Saunderson & MacKinley, 1990)

3718 F2 A7 AHAES) A YA §ho) viAE FHAA E2RE FHI
Fout AF Aol M i=(Webel 5, 1995; @verland 5, 1999) wlElQ o] A=l &3}
T WA R, ol wEle FAHo] Wolxm £ FolFn Fo7)3e
-] AAA R/ Wwd Ao Azt zeg ZFHE g 8 &
© HErd e gt A A AAEA HAE FoF FovIde B A7 B

28T HAo)

._.Ol‘l

=
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16. A7) 8234

2]
FAE BAFEE Axr] FUYPE 4dd F7189 Y4 ol HFsith Uit
o2 527 $3y FFZL gujE A85H, glycine betained @3 7L A4A
& Uz FF(D0)E &z ARE S

17. W%

BEAGFE 1A
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r o

ol
2,
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o
il
Y
lo,
e
<z
~
! <
PN
>
=
Hd

Aol FAE A= 80F 9 39 W AE[(Landrace xYorkshire)xDuroc]& ©] 83312
™, kgHE APALRE Folste] 110kgol o8 W =53t AR 484 g
FABAY. Al FAlE AlgTe AYYEHTSEATACIE T LA ARSE HA
2 (FUSAARFA 2NN 617 B AF &3tk =58 HAle

Bdistn &I ATAR ojFste ARy 45 AT

(2

A A3

2] - oj5}

o

wo m

—_—

il

)
o,
tlo
Mo
12

2. 2349

ARE A9 A712 Fgsa 3mm SH0ERZ £33 F 50m FH A8 3g
Z 37 ol Polytron homogenizer(IKA T25basic,
MALAYSIA)E 13500rpmoll A 10%%F 72 35Fe] pH-meter(ORION 520A, USA)E =
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gt

. AgAslE (TBARS)

TBARS = Absorbance O.D. x 5.88

k. $4 (Color)

522 Minolta chromameter(Minolta CR 301, JAPAN)E A}l&3te] 938 Ags
53] wrEdte] W :(lightness)E YeliE L'z, A A% (redness)® UelgE a"3t,
FH=(Yellowness)E UehllE b'ghe 2389 old ZFMS L o) 892, a 7t

°] 0921, b kel 0.783%) FEF=MBL AL&3te XFEFSF T =A5)
2}. A X7H(Shear force)

AaE 4 7Y 2% 4% Fo] wue 172 XY 127 95 dHom
5o cutting compression probeZ ©] &3 Instron Universal Testing

Machine(Model 100)9ll 98 A=A} o|w 71719 AL ol 2r}

Load cell : 5kg

Range 50kg/10LB

Cross head speed : 100/min
Chart speed : 100/min
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o}, A A & FAW (fatty acid & crude fat)

7] A18E Folch 5 (1957)9 #8g ol &35t ZA}g FE3to] =ATFE 2
stol] Abgeta, &9 Z2AW AJg9] chloroform ImlE ¥ 5 s, olF 10044
2 #3sto] 20ml tubed] ¥ETH olm Iml9 methylation (methanolic-HCI-3N) *]ef-&
Y3 waterbathol A 60CE 40%7F wgA Itk ¥Hgo] EdFE WWAZ]5L, hexane
3ml#d ZFF 8mle 93 78A voltaxing ¥t} voltaxingo] &9 AlE8F WX st

FEIAI 2 FEH7 FUA Imle WA Gas chromatography 2 ¥4 8

p o4

2

Table 1. GC conditions for analysis of fatty acid compositions

Item Conditions

Instrument Hewlett Packard 6890 Gas chromatography
Column 5% Phenyl methyl siloxane 30m x 320 g
Temperature program 5C/min

Detector Flame Ionization Detector (FID)

Initial temperature & time 50 C & 1 min

Final temperature & time 200 T & 40min

Injector & dector temperature 270 C

Carrier gas He

Sphit ratio 9 1

v, F392H9E (cholesterol)

S 20ml tube®] ¥ 3 10ml saponification (30% KOH 6 : ethanol 94)
AlekSs Y3 733 (homogenizing) AZ1th T#A3ME A8E 60CoA 1A7H5<E w
0 3 BIAZY o]F FHS 5Sml9t hexane 10mlE ¥ Z3bA voltaxing A
A F gAse FEY AL A ImlE HAste gds] axAG

Az3E A& pyridine 200609}t sylon BFT 100 E o] dold 3 GCE B4

3

o

o,
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Table 2. GC conditions for analysis of cholesterol contents

Item Conditions

Instrument Hewlett Packard 6890 Gas chromatography
Column SAC-5 30mx0.25mm 1D, 0.25um

Detector Flame lonization Detector (FID)

Initial temperature 266 C

Final temperature 280 C

Injector temperature 300 C

Dector temperature 300 C

Carrier gas He

Split ratio 100 : 1

VA SAWsHE PR 20749 BRAA BHE s7] He) BT Re)

AE F 508 FAAZ Adste] A7zl we wﬂ 37
7

1
A L &< A 452

| 2
Hol e HHE FAYE wIAR H ""\]OP‘E\E} ZLE]J., doiEa A St
= 2 F¥E 4tedd 1599 Holeh vinE
J5 &% 70C7HA ovenoll M 7tg3sln 22
2 AgA ARBAMHEA O o435t
A3 5 & (fresh meat)2 WA (aroma), § M (color), 7] % % (acceptability)®& ZA}E4
i, Z¥S5(cooked meat)E FA(color), FU(flavor), TEFA(uiciness), A=

(tenderness), 7] 3 A (acceptability)& z}z} 2A} e}

HE m ﬂl
o
2
X
ol
o
e
o
e
b
o2
fo

ol. A7 o] (Sarcomere length)

& AT 27 3x3)2 AZ £ solution AQ.IM KCI + 0.030M H:BO3; +
ommM EDTA + 25% Glutaraldehyde)oll ¥ W¥AA (2~4T)AA 223 ¢ 25
o 24130l B3} & Solution B (0.25M KCI + 029M HsBO; + 5mmM EDTA +
2.5% Glutaraldehyde)ell ¥ i W44 (2~4C)dlA 17904 19241 7H5 < x| g}, o]
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sample 259 A wet 24 Aestn Solution Bl BAUE el FA3te
= Zes Yol HA FolFa A FAV &7 FEE Fop Hol

FA33te ¥4 otdst 2o
T: A8 D AFYL oA &gol= 29 Fol

Sarcomere length = {632.8x10° x D x +/(T/D)* + 1}/T
Z. A7

HAFML Hx HEH FE dd& Qg & FAASF7(Vet-ABC, USA) &
A3 FA7] (Express Plus, USA)E o] £3te] AlFoz A5

Z}. B.4 3 (water holding capacity)

w3 ARE vEl FAE & tubedl] FF b 70T water-bathdl A 3023 7}
4 & yzhsto 3000rpmoll A 10837 9A RSt 2 FAE AT deg F
A3t A5 thsle] RIS drying oven 105CAM AFRAA &AL

((TEEH%)/100+«(AE L] FAHHg) - T3 g)}
E2 loss(%) = x 100
TG %)/ 100=A] B 2] AFH K g)

3. A ¥4

ojdel M Aojx FAHE SAS/PC+ (SAS, 1996) system o] &3t} FAE

A 2 Duncan® tE5HAS QAT
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4. 43 4 2%

7}. pH

Table 3. Effect of ditary glycine betaine on pH

Treatments Storage(days)
1 5 9 13
C 5.50+0.09" 5.52+0.10™ 5.5620.07" 551+0.07°
Loin T1 550+0.08" 5.50+0.01° 5.56+0.02° 5.56+0.03°7
T2 5.47+0.04" 552+0.04°P* 558+0.05” 556:0.01°%
T3 5.52+0.06°° 5.54+0.07°°° 5590050  561+0.165°
C 5712018 576:013""¢  574:0,09°P 5.92+0.14
T1 5.63£0.09°%  564+0.11*%%  590:0.07**  5.77:0.06"""
Belly T2 5.80+0.22"5¢ 5.83+0.16" 5.83+0.04%" 5.86+0.07""
T3 5.76+0.10*%°  575£0.05**°  583+0.06"®  582+0.05""
C 586:006%%  572+0.24°"C 57840145  57620.10*"P
Picnic T1  571:009"%  580+0.13*® 599+0.23%  585+0.05""®
T2 5.63+0.06°° 5.78+0.21"° 5.990.13% 5.92+0.15
T3 5.98+0.25" 5.79+0.11°" 5.82+0.18"5¢ 5.84+0.23*"
C 564+0.06°°  572+0.15"°  569:0.13°"  581+0.29"C
q T1 560£0.01°”"  559:0.04*%"  573+0.185P*  590+0.17*
o T2 5.73+0.27°%P  573:0.19**  572+0.15°P 5.96+0.17*
T3 5.83+0.31"8 5.82+0.11% 5.76+0.17°° 5.96x0.10%

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

APCPMeans in the same column with different letters are different(p<0.05).

*b¢IMeans in the same row with different letters are different(p<0.05).
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T3F7F b2 Ao} vlas] ¥
-2 golAE AEE YEHUd oY A Fide T3 ARE
a}gle] pHE

pHE Yehhit 2489 pHe

A7g713ko] 7}
Eb A gt
A7 el Ao FRE A YEhA g g B

el pHe A% 71 T377F vbg Ay vlus) &2 &S et pHe

59 rE4E dE, §AF54 9L v 2900, dwrd o pHt & BAE &
A A BEgol S48 "k B Ao B4 sideE] Bl TIF &
pHE Yetulnz R SAddqA s dE&dd nus 948 Aoz Atgdn

Y. TBARS

Table 4. Effect of ditary glycine betaine on lipid oxidation (TBARS)

Storage periods

D
Treatments 1 5 9 3
MA?mg/kg
C 0.20+0.02° 0.21+0.01™ 0.22£0.01° 0.24+0.01°
Loin T1 0.20+0.02° 0.20+0.01° 0.21+0.03° 0.24+0.05
T2 0.19+0.06° 0.20+0.02° 0.22+0.03* 0.23+0.04%
T3 0.20£0.03° 0.20£0.01° 0.22£0.03° 0.24+0.02°
C 0.2020.05° 0.25+0.01° 0.30£0.01*®  0.3420.04
Belly T1 0.19+0.05° 0.25%0.03° 0.30£0.02%"  0.33+0.07*"*
T2 0.20+0.01° 0.26+0.03° 0.30£0.01%*  0.32+0.03"
T3 0.21+0.05° 0.25+0.05° 0.28+0.05°  0.32+0.03"
C 0.20+0.05° 0.23+0.02° 0.23+0.03° 0.25+0.01°
Picnic T1 0.21+0.02° 0.23£0.01° 0.23+0.02° 0.25+0.07°
T2 0.200.02° 0.22+0.01*° 0.23+0.02*° 0.25+0.03
T3 0.20+0.03° 0.22+0.03* 0.22+0.02% 0.25+0.01°
C 0.2140.05° 0.21+0.07° 0.24+0.01° 0.29+0.05*
Ham T1 0.20+0.01° 0.22+0.02° 0.23+0.01°  0.28+0.03*"
T2 0.20+0.03° 0.22+0.02° 0.24+0.01° 0.27+0.01"
T3 0.20+0.05° 0.20+0.03° 0.24+0.03b 0.26+0.04%

' C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

2 MA: Malondialdyhyde
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APCPMeans in the same column with different letters are different(p<0.05).

»>“I\eans in the same row with different letters are different(p<0.05).

TBARS= AWe AdAFEE Jehdls Roz2x TBARS#O] = I
o] APg Aojrk AA7IZF B AAHEE BA BE 299 ZHoA A7)
Zkol F7vEE TBARS# o] F7Mste A%S vehddd. 54, 4o azx R
2]9] TBARS# S A 779 {9 ol yehix &gty 28y AR R
Me AZ 99 ol F5E T29 T377 t& 7ol vlus] foxor e TBARSHE
YERAS. B AFZAF iAo o} wielgle Fod7 AZA0 F
WA dFS vEe Aoz Aladyg
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D 3=

Table 5. Effect of dietary glycine betaine on meat color (L*)

Treatments” Storage(days)
1 5 9 13
C 4949400  47.02:2.00° 4900391  56.99+2.25™
Loin Tl  4925+379°%  49.84+260°  47.22:¢221°%  5588:2.20™
T2 4709+293" 4707216  4701+2.45"° 5681234
T3 47.88+255™  49.47+345°"%  4750+3.10°%  55.88+1.39*
C  5152¢155°%  5330£341°"%°  5490+3.00™  49.961587°P%
Belly Tl 56.04+£1.77%  5460£152*  54.86:1.34™  44.36:2.38%"
T2 5441+1.87°%  5458:+253%  54.88:4.04™  4873+354"F°
L T3  52.81+234%°  53.88+291*  5435:168"  4516+2.30"
C  4918+262°%"  49.43:1.84°"%°  4871+355°™°  54.40+2.70"™
— T1  47.06+367 50.75+2.95%  47.31#301°F  4853+513%F
T2 46.49+1.62% 49302637 488142627  50.85+4.05°
T3 4656+393%°  4579:3267 44871735 48.70+4.01°*
C  4664%131%  4920+376°P%*  51.38+290°" 535515024
Hamn T1  4963+304°%  4808+320°°%F  49.25+353°  50.94+6.22°P
T2 4929+4.14°%  46.49+1.95™°  5371230™" 47635017
T3 47.08:461°  47.89:560°°%F  46.20:351° 45.96+3.63%C

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCD
a,b,c,d

*

L 71

L
o,

rr
Ho
o
g

3 [
e 5 =

g Uehie 9EgozA L'go] 5248 gae

A AR\l F484E BEZE FARGT SARAY BE

Means in the same column with different letters are different(p<0.05).

Means in the same row with different letters are different(p<0.05).



e Az e 3977F 2T vus ¥ BEHS JeEddd A%
134+ A4, dd2 28x A9y F99 BEge dE7o] vas) dgd 497

7h 2 BEge JeEpddn B A¥dn wEd 47 ALY AE, g
D3 sivtel Hele) BERE BiE Ao Azgg
D ANE
Table 6. Effect of dietary glycine betaine on meat color (a")
b Storage(days)
Treatments
1 5 9 13

C  1269+1.93% 17.05+1.93*% 16.80+163% 7.94+1.11°%¢
T1  12.75+127°P° 16.39+2.26%% 16.39+2.26%P% 7.80+0.93°H

O 159043.16™  18.00:385% 13.604150°0 707073
T3 1512+312°% 14.94+2345% 1575220475 7524113
C  736+1.48%°  810+1.78" 829+1.23° 1319+2.80%"
Belly T1  670+1.00%  7.46+093%° 813+0.97%™ 17.76+2509"

T2  825+¢1.78""  733:069® 7.76+1.60™ 1556+2.28A5C2
) T3 7024067  7.45¢1.09%  7.77:047™ 15.17+1.645
C  13.89+3.07%%® 1804+2.05% 1654+2.69%* 12.39+2.26"%
Tl 1559+1.74% 17.15:261*® 16.38+2.31%% 1565+3.83"8

Do o 14925367 1748:2.06™ 15626267 14845243
T3 15153115 17.14+200°5* 17.08+245% 13.74+155°°
C  1341+2.80%%% 1361+4.38°%% 11.23+3.255F% 10,02+2.625P
Harn T1 1210£3.13PF  1333+2.89° 14.22+1.41°%P 1316254

T2  10.96+2.40° 15.94+1.09%5% 998+3.08" 10541254
T3  9.93+3.83%° 12924285 129242855 145942 8282

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCDMeans in the same column with different letters are different(p<0.05).
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abedyfeans in the same row with different letters are different(p<0.05).
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Table 7. Effect of dietary glycine betaine on meat color (bx)

Treatments” Storage(days)
1 5 9 13

C  527+156"%  741+1.107%*  6.82+1.235P* 7454115500
Loin T1 445:1.11%%% 754413557 754+1.35° 6.61i1.09Df3“Ga
T2 498+207°F 720+26575F  542+130™  6.63+1.07°%®
T3  479+2.08* 703+1.81PFFC* 572+150%% 587131
C  424+119°° 549+0.705°™¢ 590+157°7° 869+159"%*
Belly T1 4.70£092*"" 533+0.85°™  589+0.93" 8.15¢2.09BC3‘
T2 4.69+0.75"P° 56341 22PFFH  589+1 90°"  7.60+1.34°PF
. T3  340+1.10°  493+1.01"™  585+065"" 7.21+161°
C 6124183 940207  021+1.99™  10.00+1.70*
Pienic T1 5462204  933+150°%  820+169°%  821+2.065
T2 568+1.74*  924+174%%*  807+1.99™*  8.86+0.714%
T3  577+165" 7.02+1.80°P%F%* g19+2.10"%  8.09+1.015°
C 571+1.14%%°  818+3.38"8%  7.29+1.425°® 7.093+] 26512
Harm Tl 532+198* 693+1.16"PFF%  780+1.65""  843+1.45°“
T2 5374135 7214195756 74042045  6.19+1 5450
T3  4.35£181°° 540+1.36"°"  719+1.365° 882+1.08"F

Y C: commercial diet, TI: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABLDNeans in the same column with different letters are different(p<0.05).

**<Means in the same row with different letters are different(p<0.05).
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Table 8. Effect of dietary glycine betaine on shear force in loin

Treatments

1

Storage periods

1 5 9 13
Kg/cm®

C 3.13+0.67°° 3.00£0.75° 2.93+0.67% 1.70£0.41°°

T1 3.65+0.40° 2.87+0.55° 263052 2.28+0.60™

T2 4.43+0.66% 3.60+081"" 3.34+0.51"" 2.07+0.65"

T3 3.98+0.84% 3.21£0.46™ 2710545 1.98+0.50%

' C: commercial diet, T1: containing 0.2% glycine betaine, T2' containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

APCPMeans in the same column with different letters are different(p<0.05).

**“IMeans in the same row with different letters are different(p<0.05).
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Table 9. Effect of dietary glycine betaine on shear force in ham

Storage periods

Treatments” ) 5 9 13
Kg/cm®
C 550059 2.64+0.445 2.50+0.32" 2.90+0.52%°
T1 5.03+0.45% 3.44+0.62%° 3.08+0.72% 2.62+0.25™
T2 5.4620.36% 3.40+0.63" 2.88+0.36™ 2.76+0.21"%
T3 5.17+0.33% 3.16+0.56"° 2.93+0.69* 2.91£0.14"°

Y ¢ commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCDMeans in the same column with different letters are different(p<0.05).

**“I\eans in the same row with different letters are different(p<0.05).
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Table 10. Effect of dietary glycine betaine on water holding capacity in ham

Storage periods

1
Treatments 1 5 9 13
C  57.84%1393** 52.18+257"%®  6141+£1087°  42.33+1.85°
Loin T1 37.20+5.96° 39.55+7.64° 4468+18.81  35.36+1891
T2  4929+525%8%  §1928+820% 51374590 33.99+6.29°
T3  5997+13.14%  54.17+969°®  4876+1746  39.60+14.60
C 4702+6.32°5°  6767+279%  50.01+3.98%  40.29+9.15°
Bell T1 37.94+4.81° 34.00+9.49¢ 36.31£7.53°  41.41+11.41
ey T2 4123:634°B®  5324+405%%  6256+17.01% 3851+12.66°
T3  56.23+12.18" 4841+9.07°  53.66+11.22°°  5351+1262
C 52.53+3.29 56.95+8.02 62.87+4.59 53.80+10.40
Pienic T1 49812257 42.73+20.68 49.58+3.70 51.20+457
T2 4164635  33.64+1947°  65.00+17.95°  42.98+11.40%
T3 50.46+1.48 47.41+1.32 53.46+12.02  47.02+2957
C 50.65+5.14%  46.27+4.66™™®  5563+6.04° 38.29+5,73°
Ham T1 34.72+2.67° 32.63+3.04% 4158+10.87 46.64+9.39
T2 46.98+8 33" 40.9645.11"8 47.92+4.84 45.74+10.80
T3 4907+723%  42.126.72"B 50.3245.12 36.99+12.36

' C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.
ABLDNeans in the same column with different letters are different(p<0.05).

**c%\leans in the same row with different letters are different(p<0.05).
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Table 11. Effect of dietary glycine betaine on sensory evaluation in loin

Storage periods

Treatments”
1 5 9 13
C 3.3¢ 35 34 3.3
Fresh meat Tl 3.8 36 35 3.4
color T2 35° 37 36 35
T3 3.9 36 3.4 34
C 4.2 45 45 4.2
Fresh meat T1 4.1 46 44 4.1
flavor T2 4.3 46 45 4.3
T3 44 48 46 43¢
C 4.3" 44° 46" 4.2
Fresh meat Tl 44 44 45 42
Acceptability T2 43 44 45 4.3
T3 4.3 42 43 4.1
C 32 33 35 35
Cooked meat T1 3.3 34 35 34
flavor T2 34 3.2 3.6 3.3
T3 3.4 33 36 35
C 3.6 3.8 4.0 4.1
Cooked meat T1 35 3.8 39 4.2
tenderness T2 35 36 3.8 4.1
T3 3.4 37 3.8 4.0
C 39 3.8 4.0 41
Cooked meat T1 3.8 3.7 39 4.1
juiciness T2 3.7 3.9 39 40
T3 3.7 37 3.7 4.0
C 42 4.3 45 44
Cooked meat Tl 4.1 4.2 45 4.6
acceptability T2 4.2 44 44 45
T3 4.2 4.3 4.6 46
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Color (5intensive, 1:poor), Flavor (5:igood, l:bed), Tenderness (5isoft, 1:tough),

Juiciness (5:Juicy, 1:dry), Acceptability (5:good, 1:bed)

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.

ABCDMfeans in the same column with different letters are different(p<0.05).

abcd\eans in the same row with different letters are different(p<0.05).
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Table 12. Effect of dietary glycine betaine on sensory evaluation in belly

Storage periods

Treatments”
1 5 9 13
C 3.3° 35° 35° 3.4
Fresh meat T1 3.4" 36" 35" 3.4
color T2 35°%8 35° 3.6" 35
T3 3.6" 36" 3.4° 3.4
C 4.2 43 42 39
Fresh meat Tl 42 45 43 38
flavor T2 4.1 4.5 44 39
T3 43 4.4 42 4.0
C 4.2 4.2 43 43
Fresh meat T1 43 4.1 42 4.2
Acceptability T2 4.3 4.1 4.2 4.3
T3 45 3.9 4.1 4.0
C 43 4.4 45 4.2
Cooked meat T1 42 43 45 43
flavor T2 43 44 4.6 4.2
T3 43 45 45 4.1
C 3.9% 39" 4.1 43
Cooked meat T1 38" 35° 4.0 43
tenderness T2 3.7¢ 3.6° 4.1 4.2
T3 3.7° 35° 3.9 4.1
C 3.2 3.8 3.8 36
Cooked meat T1 33 3.8 3.7 35
juiciness T2 3.2 3.6 3.8 3.6
T3 3.1 3.7 3.7 3.6
C 42 45 45 4.2
Cooked meat T1 4.1 45 45 4.1
acceptability T2 4.2 4.3 46 4.3
T3 42 4.4 45 43

Color (5iintensive, 1l:poor), Flavor (5:good, 1:bed), Tenderness (5:soft, 1:tough),
Juiciness (5:Juicy, 1:dry), Acceptability (5:good, 1:bed)

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCDMeans in the same column with different letters are different(p<0.05).
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abc,

*Means in the same row with different letters are different(p<0.05).
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Table 13. Effect of dietary glycine betaine on sensory evaluation in picnic.

Storage periods

Treatments”
1 5 9 13
C 4.2 43 42 4.1
Fresh meat Tl 4.1 4.4 4.1 39
color T2 4.2 4.2 4.3 4.2
T3 42° 45 4.4® 4.2
C 39 3.7 4.0 3.9
Fresh meat T1 3.8 38 42 38
flavor T2 37 35 4.1 3.7
T3 3.8 3.7 43 3.8
C 45 4.2 42 4.2
Fresh meat T1 43 45 4.3 4.1
Acceptability T2 45 4.3 4.6 4.3
T3 44 4.4 45 4.3
C 39 4.2 4.2 3.8
Cooked meat T1 3.8 4.1 4.1 3.8
flavor T2 3.7 4.3 4.3 3.7
T3 3.8 42 43 3.9
C 33 35 3.4 3.2
Cooked meat T1 3.4 34 34 3.3
tenderness T2 35 36 35 34
T3 3.2 3.6 3.6 3.2
C 39 35 35 3.4
Cooked meat T1 35 36 34 34
juiciness T2 34 34 35 33
T3 3.8 37 3.2 3.5
C 38 3.8 3.8 39
Cooked meat Tl 3.7 3.7 37 3.8
acceptability T2 36 36 3.9 39
T3 3.4 37 3.9 3.9

Color (5iintensive, 1l:poor), Flavor (5:good, 1:bed), Tenderness (5:soft, 1:tough),

Juiciness (5:Juicy, 1:dry), Acceptability (5:good, 1:bed)

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCPMeans in the same column with different letters are different(p<0.05).
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*>“Means in the same row with different letters are different(p<0.05).
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Table 14. Effect of dietary glycine betaine on sensory evaluation in ham.

Storage periods

1)
Treatments 1 5 9 13
C 4.2 43 4.2 41
Fresh meat T1 4.1 43 43 4.0
color T2 4.3 45 4.1 41
T3 4.4 46 4.3 42
C 39 38 37 40
Fresh meat T1 38 37 3.7 42
flavor T2 3.8 3.8 35 41
T3 3.7 3.6 3.8 4.0
C 42 4.0 43 45
Fresh meat T1 4.1 43 44 45
Acceptability T2 4.3 4.2 4.5 4.6
T3 4.2 4.1 4.2 45
C 39 3.8 40 4.2
Cooked meat  Ti 38 3.7 4.1 42
flavor T2 39 38 41 4.3
T3 3.7 3.7 4.2 4.1
C 3.7 37 4.0 4.2
Cooked meat  T1 36 38 4.2 4.1
tenderness T2 35 3.6 4.1 4.2
T3 3.7 3.8 41 4.0
C 3.8 38 3.7 4.3
Cooked meat  T1 38 3.7 37 4.1
juiciness T2 3.7 36 3.8 4.2
T3 3.6 3.5 3.7 41
C 42 44 4.1 4.0
Cooked meat  T1 42 42 4.2 4.2
acceptability T2 4.1 4.3 43 4.1
T3 4.3 4.4 4.2 4.1
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Color (5iintensive, l:poor), Flavor (5:good, 1:bed), Tenderness (5:soft, 1l:tough),
Juiciness (5:Juicy, 1:dry), Acceptability (5:good, 1:bed)
Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.

ABLDNeans in the same column with different letters are different(p<0.05).

2P\ eans in the same row with different letters are different(p<0.05).
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Table 15. Effect of dietary glycine betaine on blood Characteristics.

Blood Characteristics?

Treatments”  WBC RBC HGB HCT PLT MCV MCH MCHC
(10¥mm® (10%mm® (g/d0) (%) (10%mm®) (Wm® (qg) (g/d0)

C 17.33 638° 1226 2470 15500° 5566° 19.20° 3453
T1 16.83 637° 1246 3486 129.00° 5500* 1953* 3576
T2 17.00 715" 1203 3523 19633 4933% 1683 3413"
T3 17.06 7100 1216 1216 25933 50.00% 17.20° 34.36"

YC: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.

YWBC: white blood cell count, RBC: red blood cell count, HGB: hemoglobin, HCT:
hematocrit, PLT: platelet count, MCV: mean cell volume, MCH: mean corpuscular

hemoglobin, MCHC: mean corpuscular hemoglobin concentration.

ABCPMeans in the same column with different letters are different(p<0.05).

_51_



ab¢O\leans in the same row with different letters are different(p<0.05).
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Figure 1. Effect of dietary glycine betaine on triglyceride.

C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4% glyci

ne betaine, T3: containing 0.6% glycine betaine.
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Figure 2. Effect of dietary glycine betaine on creatine phosphate.
C commercial diet, T1: containing 02% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.
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Figure 3. Effect of dietary glycine betaine on glucose.
C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.
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Figure 4. Effect of dietary glycine betaine on cortisol
C: commercial diet, T1: containing 0.2% glycine betaine, T2 containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.
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Table 16. Effect of dietary glycine betaine on fatty acid composition.

Fatty acid (%)

Treatments” Myristic Palmitic Palmitole Stearic  Oleic Linoleic 2714 spa/
acid acid ic acid acid acid acid acid USFA
C  155°% 20072%¢ 315"¢  13.15°C 4356°%¢ 14.96™° 356" 34.77/65.23
T1 135" 1957°P 296%FE 13.94°FP 439075 14.45"® 3.83" 34.86/65.14
Loin 9 144" 2154% 342*® 1369°" 4375*%¢ 1256° 3.60™ 3667/63.33
T3 140* 2063*° 257°%F 1525 4337°5¢ 1309° 3.69*° 37.28/62.72
C  155*" 1889°%FP 213 1276™ 4565"° 1669*° 233" 33.20/66.80
T1 142" 1898%P 227°PF 1431%%P 4263% 17.27°" 317" 34.71/65.34
Belly T2 161°% 18440 254°°PF 1501°%¢  4209° 17.18"" 312°% 35.06/64.92
T3 130" 1831°° 245F 15714 4528°F 1472°% 224® 35.32/64.69
Cc 137" 1811° 221" 1273%F 4373 1834% 352" 32.21/67.80
T1 151 1984%P 225F 1426"° 4525%% 1261° 428% 3561/64.39
Picnic 9 154* 1932%P 351% 13167 43.89°% 1507*" 351" 34.02/6598
T3  127° 1855° 239°PF  14.13"P 44.22%%¢ 16.09*" 348" 33.95/66.18
C 178" 18885 230""°PE  11.03F 4570"" 1553*" 408" 31.69/67.61
T1 152" 1950°° 227°PF  1346°° 4583% 14.14™ 3.28"" 34.48/6552
Ham T2 132" 1992*%¢ 310" 1235” 4534%° 1433*" 364" 3359/66.41
T3  120° 1944%° 238PF 1371°" 4353*% 1585*" 389" 34.35/65.65

DA . .
C: commercial diet,

T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

? SFA/USFA: saturated fatty acid/unsaturated fatty acid

ABCDE,
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"Means in the same column with different letters are different(p<0.05).
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Table 15. Effect of dietary glycine betaine on cholesterol.

Treatments” Cholesterol (mg/100g)
C 43.10
. T1 42.86
Loin T2 4052
T3 37.96
C 44.28
T1 44 .07
Ham
T2 44.10
T3 42.68

P C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.
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Table 17. Effect of dietary glycine betaine on sarcomere length

Storage(days)
Treatments"
1 5 9 13
; m
C 0.75+0.05™¢ 0.83+0.04*° 0.87+0.08"° 0.94+0,08""2
T1 0.67+0.12°% 0.70£0.11%° 0.78+0.165% 0.83+0.165¢
Loin T2 0.73+0.04"¢ 0.85+0.07"*° 0.91+0.127° 1.00+£0.22°
T3 0.61+0.175 0.650.085 0.73£0.11%%° 0.80£0.11¢
C 1.63+0.07% 1.81+0.14%° 1.90+0.15*° 2.11+0.30"
T1 0.630.15" 1.79+0.16" 1.98+0.10%" 2.18+0.20"
Belly T2 1.52+0.21%¢ 1.66+0.18" 1.89+0.215° 2.21+0.30%2
T3 1.12+0.09% 1.21+0.07°™ 1.26+0.06" 1.43+0.26%
C 1.55+0.125¢ 1.64+0.15% 1.82+0.13%° 1.95+0.15""2
o Tl 1.50+0.09% 1.600.06™ 1.76£0.14% 1812012
Picnic T2 167+0.26° 1.86+0.24"% 1.97+0.30™ 2.01+0.30%
T3 1.41+0.13%° 1.53+0.06%° 1.63+0.08% 1.65+0.10%®
C 1.48+1.33% 1.62+0.07°¢ 1.88+0.11%° 2.02+0.26™°
- T1 1.49+0.11%¢ 1.66+0.10™° 1.74+0.14°° 1.91+0.39%%2
a
M 153:023%  166:019™  183:030°%®  202+050
T3 1.36+0.14%¢ 1.42+0.125 1.52+0.13° 1.660.10%

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.
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Means in the same column with different letters are different(p<0.05).

Means in the same row with different letters are different{p<0.05).
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Table 18. Effect of dietary glycine betaine on Crude fat

Treatments” Crude fat
%

C 8.10+0.98"
Loin T1 753+1.04%B
T2 6.96+1.34%

T3 6.22+0.28%

C 33.30£3.29

T1 34.74+5.45

Belly

T2 34.32+2.45

T3 33.30+3.11
C 14.54+0.73"

. T1 7.96+1.02°
Picnic c

T2 8.31+0.37
T3 10.92+1.98°

C 6.66+1.43

T1 6.54+1.15

Ham

T2 6.70+0.51

T3 6.40+1.11

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABLDMeans in the same column with different letters are different(p<0.05).
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Table 19. Effect of dietary glycine betaine on yield grade of pigs.
teld grade
Treatments” Y &
A B C D
C 9? 18 12 6
T1 15 14 10 5
T2 19 10 12 4
T3 7 14 16 8

" C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.

2) Number of pigs

EXH AlgEAY 58 2YACE B T277 ASF 23557 MR 2o,
Ti77 &2 B2 ASE £¥AEE Yt 284 BSF £33 = dx
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Table 1. Effect of ditary glycine betaine on proximate analysis

Treatments” Moisture Crude Protein Crude Fat Ash
C 71.27:2.12* 22.38+1 57"¢ 2.68+0.10° 6.50£1.20°"
Loin T1 7359v0.73* 20.81+096% 2.66+0.24 4.77+0.105FC8
T2 72.86+0.42° 21.20£0.33*" 257+0.17% 4.45%1,10"H
T3 72.70v0.17* 21.14+0.64*% 2.8240.28" 5.45+1.02°F
C 74.68+0.06" 18.94+0.605¢ 6.88+0.55"" 3.34+0.39"
T1 75.73+0.38" 18.45:0.74%  542+0.78%5P 3.41£0.26°1
Picnic T2 74.84+057* 19.88+0.40"*  519+0.97°* 345+1.24%1
T3 73.91:0.60" 19.66+0.47"" 7.84+1.18%° 3.9610.15"°%
C 72.91+1.89 20.20£1.78*%  521£416°"F  518+0.33%%
Hemn T1 74.30£0.60" 18.84+1.18™° 498076 4.99x0.71°FFC
T2 73.68+0.46" 19.50£0.75"" 8.32x1.74" 5.60+0.74°F
T3 7750:5.09" 18.36+4.67° 75842567 5.430.47°F
C 59.29+9.36° 22.00+4.674% 4.38+1.43% 6.260.38°P¢
Belly T1 59.166.28"C 18.79+1.51%¢ 3.16:057° 7.19+0.77°¢
T2 52.12+546° 23.48+3.49" 3.64+0.49° 9.04+1.91%
T3 55.92+7.37°C 22.78+3.85"% 401+1.41° 8.20£0.92"8

P C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.

ABCDMeans in the same column with different letters are different(p<0.05).

**c\Means in the same row with different letters are different(p<0.05).
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Table 2. Effect of ditary glycine betaine on pH

Rolvt 47 * 90
e Mool 42 HAAN B 3

Treatments” Storage(days)
1 5 9 13
C 564+0.07°F 5.69+0.04% 5.78+0.02°" 5.760.03"
Loin T1 5.52+0.02%° 552+0.01%° 565> 5.70+0.05™
T2 5.53+0.04%° 5.59+0.05°*° 5.60+0.02°*° 5.7020.05"
T3 5.61£0.02°%° 5.60+0.04Cb 5.68+0.01°° 5.77+0.02"
C 6.02+0.56"5 6.17+0.09" 6.04:0.13%" 6.05+0.10*"C
T1 6.00£0.09*P¢ 5.95:0.04%" 6.02:0.15*"  597:0.12%%P
Picnic T2 6.19+0.21" 6.28+0.16" 6.05+0.06" 6.10£0.15"%
T3 5.86+0.13"P 6.19+0.16" 6.14+0.02" 6.09:0.12*%¢
C 5.81+0.10%°PE 6.06+0.01%* 6.06+0.06* 5.89+0.06°"*
Ham Tl 5.74£0.097F 5.93:0.15*° 5.900.01*%P 5.72£0.01°
T2 5.74+0.05°%F 5.99+0.19"" 5.93+0.03%%¢ 5.90+0.14%°
T3 5.74+0.04°F 5.96+0.19"2 5.87+0.10*%P 5.83+0.10°°
C 6.09+0.08"" 6.17+0.01% 6.10£0.04% 6.11£0.03%"
Belly T1 5.93+0.09%PP 6.06£0.11 5.97+0.08"" 6.040.14%™
T2 6.14+0.18"° 6.20£0.08" 6.09+0.16" 6.20+0.04"
T3 6.05+0.09%%¢ 6.21+0.05" 6.13+0.12" 6.1740.03"

C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.
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ABCDNeans in the same column with different letters are different(p<0.05).

abednfaans in the same row with different letters are different(p<0.05).
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Table 3. Effect of ditary glycine betaine on lipid oxidation (TBARS)

Storage periods

1
Treatments 1 5 9 13
MA?mg/kg
C 0.06£0.01%8 0.1120.04% 0.14£0.02 0.15£0.02
Loin T1 0.020.01¢ 0.060.02"? 0.11+0.01 0.1620.04
T2 0.03£0.01%¢ 0.03+0.015 0.12+0.01 0.13
T3 0.07% 0.12+0.01A 0.15+0.02 0.19
C 0.10£0.01 0.10+0.02 0.12+0.02° 0.15£0.02
Pienic T1 0.04+0.02° 0.07+0.02° 0.15+0.01%" 0.17+0.03
T2 0.07£0.03" 0.06+0.01° 0.15+0.01% 0.18+0.03
T3 0.01£0.02° 0.11+0.03" 0.19+0.02% 0.20+0.03
C 0.10x0.01* 0.11x0.02 0.15+0.03"P 0.16+0.02"®
Harm T1 0.04£0.02° 0.1520.17 0.13+0.03"8 0.16£0.01*"
T2 0.050.01% 0.07£0.01% 0.100.02"° 0.14£0.01%
T3 0.11£0.01°° 0.11+0.02° 0.21+0.01% 0.19+0.02%
C 0.09+0.03%%° 0.12+0.03° 0.18+0.02%2° 0.28+0.04°
Belly T1 ().0&:0.01;b 0.09+0.01° 0.16+0.02°5° 0.27+0.06
T2  0.070.02°% 0.0920.01° 0.090.04"° 0.260.03°
T3 0.1320.01" 0.11+0.02° 0.17+0.01*" 0.37+0.09

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

2 MA: Malondialdyhyde

ABCD

ab,c,d

Means in the same column with different letters are different(p<0.05).

Means in the same row with different letters are different(p<0.05).
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Table 4. Effect of dietary glycine betaine on meat color (L*)

H,

o] A4 txFo wjste) T2FdA ¥ #e Rogd & AT

Fel7k A4/ B A, v 2 ARRAe A

—

e

Treatments” Storage(days)
1 5 9 13
C  5013+153%®  4990+050”°  54.05+1.48*% 52751052
Loin T1 5353:1.41°P%  5203+158°°  56.21:039"™  5524+0.97°"
T2 5437:141°°  61.05:1.11%  57.87+1.80°"  60.070.84™
T3  53.39:046"° 54.54+0.57° 53.16+1.29" 53.12+1.20°
C  3992:234®  3879+1.40™  4053:1.03" 44.45+1.02%
Picnic T1  4093:0.85°  43.88+1.25"" 42.42+1 20 46.81+1.23%
T2  40.08+1.44 40.06+2.05"° 40.04£1.05 40.70+0.91°
> T3 4177154 42.08£0.914"" 41.06+0.72 4559+1,18*
C  4345:0.86"" 42.14+1.68% 40.34+1.17° 43.93+1.47
Ham Tl 3690+395%  46.22+137°%  43.7421.41° 45.84+0.32°
T2  4545+1.66" 46.68+2.03"8 47.24+2.10" 44.80+2.07
T3 40.24+1.46™°  47.46+1.31%° 40.38+0.68™ 45.46£1.63°
C  41.05:047 47.46+1.31° 41.46+1.07° 41.96+1.56°
Belly Tl 4147+1.48 43.22+0.83 43.47+0.85 44.26+153
T2  41.10£0.87 45.25+1.97 44524171 42.64+0.47
T3  39.56+152° 44.10+0.87° 42.49+0.90° 41.63+0.92"

Y C: commercial diet, T1: containing 0.2% glycine

glycine betaine, T3: containing 0.6% glycine betaine.

ABCD

_66..

betaine, T2: containing 0.4%%

Means in the same column with different letters are different(p<0.05).



*>¢I\eans in the same row with different letters are different(p<0.05).
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Table 5. Effect of dietary glycine betaine on meat color (a")

Treatments” Storage(days)
1 5 9 13
C 8.48+0.21% 7.97+0.34 8.58+0.42°P 8.35+0.457
Lo T1 10.04+0.19" 9.64+0.61a 7.85+0.64"° 7.46+0.55"%°
O o g7ov041® 8.04+055 887+044°F  860:0.44°"
T3 9.45+0.65"P 9.21+0.57 9.66+0.33" 9.42+0.67"
C 16.10+1.77°®  17.86+0.55" 19.41+1.00° 14.15+1.45°
Picri T1 20.54+0.73% 19.77+1.46° 18.48+0.44 15.06+0.97°
1ICnic
T2 1652+0.73" 18.33+0.68 18.75+0.37 16.80+1.11
. T3 18.44+0.14"P 19.34+1.18 18.59+0.53 17.41+0.98
a
C 14.68+1.11° 12.16+0.885®  13.89+0.70°®  11.7120.82%
- T1 17.40+1.36 16.27+0.99%%  18.08+0.80*  12.11+0.33"°
am
T2 15.14£158 15.95+1.44% 13.13+0.90° 14.48+0.88"
T3 17.95+0.93" 16.11£1.04%  17.76+0.73**  13.04+0.38""™
C 18.08+0.58 16.11£1.04 1754+1 538 16.08+0.65
Bell T1 15.18+1.44° 17.85£0.97®  19.00£0.92"° 16.82+0.96™
(o4
Yoo 16.09+0.85 15.22+1.04 15.18+0.75° 17.15+0.33
T3 15.35+1.46 17.69+1.23 17.49+0.54" 15.60+0.73

C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCD

Means in the same column with different letters are different(p<0.05).

#b¢I\feans in the same row with different letters are different(p<0.05).
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Table 6. Effect of dietary glycine betaine on meat color (b*)

Treatments” Storage(days)
1 5 9 13

C 3.42+0.41% 2.700.22%° 4.22+0.54°% 4.19+0.37%
Lo I 4.04+0.37 4.450.31% 3.930.33° 4.78+0.58"
T2 4.46+0.45° 5.490.32% 5.65+0.324 6.22+0.25™
T3 4.390.26" 4.79053*° 5.28+0.40*""  6.35+0.43"
C 4.04+0.21%° 5.26+0.51%° 6.44+0.85" 5.88+0.85"
—— 556+0.15" 6.87+1.21 5.91+0.61 555+0.67"
T2  342+0.29% 4.70+0.13° 478+062° 6.47+0.75%%
o T3 6132040 6.46+0.71° 5.350.36" 8.25+0.65"
C 4.05+0.36° 3.33+0.328 3.41+0.36° 4.41+0.83°
_— 5.10£0.12%%° 764+0.76™ 775£056™  6.60£059"%
T2  4.83+0.32% 6.25:0.78*®  611:x051°"" 699058
T3 573:017*" 7.03+0.48% 525:0.81°"  4.84+0.79""
C 5.63+0.32% 7.04+0.48" 4.49+1.04° 4.97+050"°
Belly Tl 3.811.04° 5.87+0.52%® 5.37£0.53® 6.88+0.87%°
T2 3.87+0.53° 6.23+0.52° 4.25+0.46 6.01+0.34""
T3 4.62+0.84 6.54+0.68 4.67+0.63 5.55+0.38""

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.

ABCPMeans in the same column with different letters are different(p<0.05).

*“Means in the same row with different letters are different(p<0.05).

bre %9 FAEE Uehiy, AuHew begto] £SFE Folu el Me
WAA G RE TR FAZE Aol 5
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Table 7. Effect of dietary glycine betaine on shear force in loin

Storage periods

1)
Treatments 1 5 9 13
Kg/cm®
C 3.400.07 3.43+0.07" 3.39+0.10* 3.07+0.06™°
T1 3.09+0.05" 3.21+0.10° 3.21+0.07*" 3.01£0.07*"
T2 2.67+0.09° 2.98+0.05° 3.05+0.06% 2.89+0.10"1°
T3 2.42+0.09° 2.87+0.04™ 2.94+0.05° 2.79+0.05%

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCDPNeans in the same column with different letters are different(p<0.05).

ab%9\leans in the same row with different letters are different(p<0.03).

A2 (Shear force)2 & AGA 28HE IS Fslv, F9 A A9
E2 AMEEE YA SFXNRA AgEe] BEFE L A4 99 TAHFS
of Md¥2 WERNE F98x &L UYxTe A7) 4SS gashd vE
A FAFAME 2388 [JAze] S/HEFE FUMEe AR vEoy, wE]
BAT7F dET) vaste] ve ghg el WER g9 FFe] 5EFE B
AdEE HoFEnh watd e g9 @ FoFFo] Adde JIdE nAe AL
= Atgdnh 949 pHO SH(FE)e] A9 o] wEl FoAFAAM e HdrE
BojgEn, ol WiER] 7b =& BRE S vk B8 AAde] shsEiteE AS 9
0] 3= Q
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Table 8. Effect of dietary glycine betaine on shear force in ham

Storage periods

Treatments” ] 5 9 13
Kg/cm®
C 4.82+0.26° 4.33+0.20*° 3.40+0.11° 2.99+0.06°
T1 4.45+0.22° 3.93+0.13° 36220.18° 3.020.04°
T2 4.40£0.13° 4.35£0.08"a 3.43+0.07° 3.00+0.04°
T3 4.29+0.09* 3.81+0.08% 3.28+0.08° 2.92+0,05°

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

APEPMeans in the same column with different letters are different(p<0.05).

2\ leans in the same row with different letters are different(p<0.05).

54 299 o Ao e RE AYTFAA ARI] FALSE AT
Fase Aoz vebgth awy 4708 wads 5a49) Awst ge ekl
& FIF T3} T3A 2o Awr} g2 nelzn,
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Table 9. Effect of dietary glycine betaine on cooking loss in pork

Storage periods

Treatments” 1 5 9 13
....... %

C 20.87+0.68°  2273+0.40%®  24.04+0.38°  29.81+0.15"

Loin T1 2384+0.84°  26.85:0.93%  27.39:128"  3257:0.66™
T2 2263+1.03°  2672¢1.09%°  27.34t146°  33.02:0.31™
T3 21.32¢1.83°  27.06£0.90"  2507+059™  32.01+0.96*
C 225140505  23.24:069°  20.24:0.93%  33.05:0.65""
T1 2656+0.90  32.20:0.16®  32.16+0.66™®  36.14+0.95™

Ham T2 26.19+0.54%  2877+0.17° 29.78+0.97°P*  3161+1.16"
T3 24.13:0.49°  29.00:0.64%°  27.42+055%  32.21+1.04%

Y C: commercial diet, T1! containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCD

a,b,c,d

Means in the same column with different letters are different(p<0.05).

Means in the same row with different letters are different(p<0.05).
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Table 10. Effect of dietary glycine betaine on water holding capacity in pork

D Storage periods
Treatments 1 5 9 13
%
C 80.77+053"P  74.45+1.21%%°  70.20+1.07"  62.38+0.72°¢¢
Loin T1 80.51+2.28°5  76012097*®  70.6620.36™  63.42+0.335%¢
T2 81.92+053%  76.99+1.05"%°  71.40+0.79%  65.36+0.23™
T3 81.63+057%™  76.60+0.90" 71262025  65.70+0.32%
C 78.35+2.83%8% 78354088882 7078+0,08"°  73.57+0.34"*°
Pienic Tl 70.97i2.5£c 70.35+288°  73.15+155"  73.81+0.78"
T2 80.90+1.07°°%*  81.90+1.07%*  71.92+0.06"°  74.52+0.25"°
T3 76.45:1.67°%  7645+167%  71.90+0.28"°  73.77+0.46"°
C 73.99+341°%°  7399+341%®  7135+001"  73.28+0.02"
Harm Tl 78.87+1.76*%*  78.87+1.76"%  72.67+0.09""  72.85+0.69"°
T2 8357+0.77%* 8357077  72.29+0.81"°  73.86:0.91%°
T3 71.68+3.46°°  7168+346°  72.44:029"  72.78+0.75"
C 8269+3.85%*  82.69+3.85™ 51.44+1.00°® 50.91+1.15%
Belly T1 78.29¢1_33222"‘ 78.29+1.34%°5% 49014172  62.63+0.55°°
T2 74.05:6.54°°% 740546548 50.12+257°°  57.01+3.33"®
T3 75.770£5.46°%%* 75704546  5239+1.19%°  60.70+1.72%°

1)

C: commercial diet, T1: containing 0.2% glycine

glycine betaine, T3: containing 0.6% glycine betaine.

betaine, T2: containing 0.4%

ABCDMeans in the same column with different letters are different(p<0.05).

ab,c,d

Means in the same row with different letters are different(p<0.05).
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Table 11. Effect of dietary glycine betaine on sensory evaluation in fresh loin

Storage periods

1)
Treatments ] 5 9 13
C 4.00£0.58 3.00£0.41 3.25+0.48 2.67+0.33
Color T1 4.00v0.41° 3504025  350+0.29%° 2.00° )
T2 4.25+0.25" 4.00+0.41a 3.75+0.25a 2.000.29
T3 5.25+0.75° 4.00£0.71%° 4.25+0.25% 2.50+2.89°
C 5.00+0.58 1.75+0.25™ 2.00£0.58° 0.25"
Flavor Tl 5.00+0.41° 1.75i0.25: 2.0010.582 0.25°
T2 5.25+0.25" 1.75+0.25 2.0020.71 0.50°
T3 6.25+0.75° 1.75+0.25" 1.75+0.48" 0.50°
C 2.000.41° 3.25+0.25° 3.00° 3.00°
Dri Tl 1.7520.25" 3.25+0.63" 3.00% 3.00°
p T2 175+0.25° 350+0.87° 3.00® 3.50+0.29°
T3 2.00+0.41 3.250.63 3.00 3.00
C 1.25+0.25° 1.25+0.25° 3.00:058"  6.00£1.00°
Off-flavor T1 1.25+0.25° 1.00° 2_501:0.29222 5.75£0.25
T2 1.00° 1.00° 2.75+0.25 5.25+0.25"
T3 1.50+0.50° 1.00° 1.75£025%°  550+0.29°
C 3.25+0.48% 3.25+0.48% 4.00% 0.67+0.33°
Acceptability T1 3.00£0.41%° 3.75+0.25° 4.00‘3’*AB 0.50i0.29;
T2 350+0.29° 4.00+058"  450+0.29%%  0.75:0.48
T3 3.500.29b 4502029  475+025™  0.75+0.25°

Color (1-3 : pale, 4-6 : normal, 7-9 : dark), Flavor (1-3 : weak, 4-6 @ moderate,
7-9 : strong), Drip (1-3 : small, 4-6 : moderate, 7-9 : large), Off-flavor (1-3 :
weak, 4-6 : moderate, 7-9 : strong), Acceptability (1-3 : dislike, 4-6 : moderate,

7-9 : like)

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCDMeans in the same column with different letters are different(p<0.05).

ab,c,d
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Means in the same row with different letters are different(p<0.05).
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Table 12. Effect of dietary glycine betaine on sensory evaluation in picnic

Storage periods

1)
Treatments 1 5 9 13
C 450065 4.250.63 3.750.48 4.950.48
Color T1 4.250.4° 3.250.48b 4.750.75 3,750.48b
T2 5.500.29° 5.000.417 5.250.63° 3.750.25
T3 5.500.65 5.000.71%° 5.250.25% 3.330.33"
C 3.500.65 3.250.63 3.250.48"° 2.000.41
Flavor T1 4.000.912; 2.750.63"’: 2.000.41*13b 1.750.48:
T2 3.000.71% 3.250.25 4.250.85" 1.750.48
T3 3.500.65a 2.750.25 2.750.48"52 1.00°
C 3.500.50 2.250.63 3.750.48 2.250.25
Drip T1 2.250.25 2.500.29 2.750.48 2.952.95
T2 2.750.25 3.750.63 2.750.25 2.500.29
T3 3.000.71 2.750.48 4.000.71 2.00
C 2.250.48 1.250.25 2.000.71 3.000.91"
Off-flavor T1 2.250.48E 2.501.19: 2.501.19‘; 5.750.252a
T2 1.500.50 1.250.25 2.000.58 5.750.25"
T3 1.750.48" 1.00b 1.750.25° 5.67.033%
C 5.500.29"52 5.000.58% 5.00%5 4.000.58"°
Acceptability T1 5.000;/13Ba 4.001.08% 4.001.2(333" 1.750.2&”3:3;
T2 6.00"2 5.000.58" 5.00"% 2.500.65

T3 5.500.29B2 5.500.29° 5.750.25™ 1.670.33%°

Color (1-3 : pale, 4-6 : normal, 7-9 : dark), Flavor (1-3 : weak, 4-6 : moderate,
7-9 : strong), Drip (1-3 : small, 4-6 : moderate, 7-9 : large), Off-flavor (1-3 :
weak, 4-6 : moderate, 7-9 : strong), Acceptability (1-3 : dislike, 4-6 : moderate,
7-9 : like)
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Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABCDNeans in the same column with different letters are different(p<0.05).

abed)\leans in the same row with different letters are different(p<0.05).
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Table 13. Effect of dietary glycine betaine on sensory evaluation in ham

Storage periods

1)
Treatments 1 5 9 13
C 5.00" 5.00+0.41 475+0.25% 3.75+0.48"
Color T1 4.00i0.41‘3:" 5.25+0.75% 5.50+0.29° 3.750.48°
T2 5.25+0.25 6.00+0.41 5.000.41 4.75+0.48
T3 5.50+0.29" 5.50+0.50 5.25+0.48 5.00+0.58
C 2.75+0.48 2004041  1.75+0.25®  1.25+0.25""
Flavor T1 2.50+0.65 2.25+0.48 2.25+0.75 2.00AAB
T2 3.00+0.41 2.50+0.29 2.25+0.75 250
T3 2.50+0.65 2.0020.41 2.25+0.95 1.33+0.33"
C 3.00£0.41%° 2.50+0.29° 3.00% 3.75+0.48*
Drip Ti 3.00£0.41 275025 2752025 3.25£0.25
T2 3.00£0.41 2.50+0.29 2.75+0.25 3.25£0.25
T3 2.50+0.29 3.25+0.63 2.75+0.25 3.00
C 1.00° 1.25+0.25° 375+025°  7.25+0.48%
Off-flavor T1 1.25+0.25° 1.25+0.25° 3.50¢0.29z 6.25i0.25iza
T2 1.00° 1.25+0.25° 3504029  6.25+0.25""
T3 1.00° 1.50+0.29° 3.00:041°  567+0.33%
C 450050 450+065°  4.25+0.25™"  250+050°
Acceptability T1 4.00‘33AB 5.00+0.58 4.00¢0.41:; 2.7510.252
T2 47550255 425:025° - 450+0.29%°P*  275+0.25
T3 5.95+0.25" 5.25+0.75° 5.00™ 3.00°
Color (1-3 : pale, 4-6 : normal, 7-9 : dark), Flavor (1-3 ! weak, 4-6 : moderate,
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7-9 : strong), Drip (1-3 : small, 4-6 : moderate, 7-9 : large), Off-flavor (1-3 :
weak, 4-6 : moderate, 7-9 : strong), Acceptability (1-3 : dislike, 4-6 : moderate,
7-9 ! like)

Y C: commercial diet, T1: containing 0.29% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.

ABCDNMeans in the same column with different letters are different(p<0.05).

**“‘NMeans in the same row with different letters are different(p<0.05).
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Table 14. Effect of dietary glycine betaine on sensory evaluation in belly
H Storage periods
Treatments 1 5 9 13
C 3.7520.75% 2.25+0.63° 4.50+0.29° 450+0.29%
Color Tl 3.754:1.11b 3.50i0.87b 4.75¢o.25b 5.50¢o.29/:’
T2 450+0.65° 3.00+0.91 4.75%0.25° 5.750.25%
T3 450+0.65%° 3.00+0.91° 450:050®°  6.33+0.33
C 2.25+0.63 2.75+0.75° 2.50+0.87 2.50+0.65
Flavor Tl 1.750.25 2.00+0.82 3.00£1.23 2.50+0.65
T2 1.75+0.25 2.75+0.75 2.25+0.95 2.50+0.50
T3 1.750.25 2.75+0.75 2.75+1.18 3.67+0.33
C 2.25+(.29° 4.25+0.63° 3.00° 3.50+0.29%
Dri T1 2.25+0.29° 4.00+0.41° 3.00° 4.00£0.41°
b T2 2.25+2.29" 4.25+0.48 3.00b 3.50+0.29*°
T3 3.00+0.41° 4.25+0.48" 3.00b 3.67+0.33%
C 1.00 1.50+0.29 350065 3.00+1.41
Off—flavor T1 1.00° 1.50i0.29§c 3.25£0.48° 1.751‘0.252
T2 1.00° 1.500.29 2.75+0.25 1.75+0.25
T3 1.00° 1.75+0.29%" 2.25+0.48" 1.67+0.33%
C 4.7540.63 3.750.48% 3.25£048°  250£0.65"°
Acceptability T1 450+0.65 3.75£0.25 3.25+0.63 3‘5Oi0'29A:
T2 4.75+0.25 4.25+0.25 4.00+0.71 4.25+0.48
T3 4.75+0.25 4.95+0.25 4.25+0.48 4.33+0.33"

Color (1-3 : pale, 4-6 : normal, 7-9 : dark), Flavor (1-3 : weak, 4-6 : moderate,
7-9 : strong), Drip (1-3 : small, 4-6 : moderate, 7-9 : large), Off-flavor (1-3 :
weak, 4-6 : moderate, 7-9 : strong), Acceptability (1-3 : dislike, 4-6 @ moderate,
7-9 : like)

Y C: commercial diet, T1. containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

ABLDMeans in the same column with different letters are different(p<0.05).

abed\feans in the same row with different letters are different(p<0.05).
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Table 15, Effect of dietary glycine betaine on blood Characteristics

Blood Characteristics”

Treatments”

WBC

RBC HGB HCT PLT MCV MCH MCHC

(10%mm®) (10%mm®) (g/de) (%) (10%/mm®) (Wm®) (ag) (g/dD)
C 17.60 791 1353 4207*  29333% 5333% 17.17° 317"
T1 14.30 617 1137 3390° 23067"® 5533*" 1843 33.03"
T2 19.50 736 1360 4207%  197.33% 57.33% 1847% 32.378
T3 20.70 789 1347 4037 274.33*® 51.00° 1690° 33.33"

YC: commercial diet, TI:

containing 0.2% glycine betaine, T2: containing 0.4%
glycine betaine, T3: containing 0.6% glycine betaine.

2WBC: white blood cell count, RBC: red blood cell count, HGB: hemoglobin, HCT:

hematocrit, PLT: platelet count, MCV: mean cell volume, MCH: mean corpuscular

hemoglobin, MCHC: mean corpuscular hemoglobin concentration.
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Means in the same column with different letters are different(p<0.05).

Means in the same row with different letters are different(p<0.05).
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Table 16. Effect of dietary glycine betaine on fatty acid composition.

X

Fatty acid (%)
Treatmentsl) Myristic Palmitic Palmitolei Stearic  Oleic  Linoleic Archidonic SFA/
acid acid ¢ acid acid acid acid acid USFA?

c 098 218" 295%P  1338% 47.34%F 1212° 1.26"*° 36.17/66.70
T1  1.03° 2528 214 15277 4822PF  7929F 0280 4158/58.16

Loin T2 0957 2364 258°PF  21.39% 3818 11.21%¢ 1.70%" 4598/53.67
T3 1.14%°%P 2280°H 281°"%  1520° 46.86° 10.10°° 0.77°  39.14/60.54
C  112%FP 2563° 221" 193¢ 4632F  578% 1.69°PC  4268/56.00

Picnic  T1 1.08%P 96105  213%  1526° 4390° 988"  1.29%°Y 42.44/57.20
T2  090° 2259 276°PF 1701  4148" 1343* 062°°Y 41.10/58.29
T3 107CD 2412%  317%¢  1484° 5064% 504 090*"C 40.03/59.77
C  129°¢ 26298¢ 3035  1464° 50514 210" 203 42.15/5767
T1 128%¢ 2731% 3025  1490° 48.00°%° 200"  190°®  43.49/55.01

Ham T2 1.32°% 2659 397  1450° 5030"% 122 1.95%  42.41/57.44
T3 135A 2723%  366°%  1435° 50.01%B¢ 131" 187%  4293/56.85
C 0.95° 2203 272°PF  14.97°F 4885°Y 10.09°° 093PV 37.25/6259
T1  1.08° 2421 227°F 15277 49.32%80 7 15F 051°  4056/59.25

Belly 1o 005P 2524 268 1528° d6dlf  845°  081°  4147/58.35
T3 1.06%° 2463°F 295°P  1425°F 494528 701F 043°  39.94/59.84

Y C: commercial diet, T1: containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.

? SFA/USFA: saturated fatty acid/unsaturated fatty acid

ABCDEFNeans in the same column with different letters are different(p<0.05).
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Table 17. Effect of dietary glycine betaine on cholesterol.

Treatments'’ Cholesterol (mg/100g)
C 42.96"
_ T1 39.14%
Loin T2 40 95™B
T3 39.96""
C 49.33
. Tl 51.78
Picnic T 5073
T3 49.67
C 36.60°
T1 41.65°
Ham T2 44221
T3 42.95%"
C 49.91°
T1 50.60%
Belly T2 32.95°
T3 37.62°

Y C: commercial diet, T1' containing 0.2% glycine betaine, T2: containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.
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Table 18. Effect of dietary glycine betaine on sarcomere length

b Storage(days)

Treatments ) 5 9 13
C 1.49+0.01° 1.58+0.04%° 1.69+0.05% 1.72+0.02°
‘ T1 1.54+0.02° 1.66:0.01""  1.76+0.02° 1.780.04°
Loin T 1.50+0.03¢ 1.68+0.02% 1.77+0.02° 1.78+0.04°
T3 1.53£0.04° 1.66+0.02°%  1.76+0.06™ 1.82+0.04°
C 158+0.03%%  1.67£0.02°% 1794003 1.75£0.03
o T1 1.52+0.05" 1.68+0.09° 1.80+0.03° 1.79+0.07%
Pienic— ) 1.69+0.06% 1.65+0.04° 1.78+0.02° 1.79£0.03*
T3 1.68+0.07%° 1.7420.02°° 1.88+0.04° 1.86+0.03°
C 1.43:0.07° 1.79+0.04° 1.87+0.04° 1.85+0.05°
T1 1.5620.03° 1.71£0.06° 1.83+0.06* 1.88+0.07°
Ham T2 1.58+0.07° 1.77+0.12° 1.82+0.06" 1.83+0.02°
T3 1.44+0.06° 1.79+0.03° 1.89+0.04° 1.82+0.05°
C 1.5420.02%° 1.64+0.03% 1.54+0.02"" 1.47+0.03™
T1 1.5920.03" 1.57+0.03% 1.530.02° 1.62+0.02"
Belly T2 152+0.03% 152+0.02°° 1541002 1.63£0.03"
T3 1.68+0.03*" 173:004%  161£002"° 1544003

Y C: commercial diet, T1: containing 0.2% glycine betaine, TZ2: containing 04%

glycine betaine, T3: containing 0.6% glycine betaine.
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Means in the same row with different letters are different(p<0.05).

Means in the same column with different letters are different(p<0.05).
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Table 19. Effect of dietary glycine betaine on carcass characteristics of pigs.

H Live weight Carcass Backfat Carcass grade
Treatments . .
(kg) weight (kg) thickness (mm) (A and B, %)
C 108.79+1.76 84.33+1.37 22671418 50.0
T1 109.22+9.61 84.67+7.45 23.33+3.93 83.0
T2 109.65+4.24 85.00+3.29 25.83+2.64 100
T3 109.44+3.50 84.83+2.70 26.00+4.43 83.0

Y C: commercial diet, T1: containing 0.2%6 glycine betaine, T2 containing 0.4%

glycine betaine, T3: containing 0.6% glycine betaine.
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T vlgulAE FHSF 100miol £= 3 1g, polypeptone lg, yeast extract 0.5g,
NaCl 0.1g, MgSQ4 0.03g, KH2PO4 0.01g, K2HPO4 0.0lg< =9 t}d pHE 6022
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& 5 ALY 849 SHF AN F 2L PR tA] dHdEYsd EE
& (crude form)e] #El o2 vt WE Y FAE
ZAEE 33te] Dowex 50W (50x40-200, H+ form, Sigma)ol 713t obg A% H

4 6mle] NH4OH |02 HERS BFA|7|X o|& 45TCA No 7H2E Z9 A%
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7} periodide Wl 23 A=

A& 05mle] 0.2ml9] acid-KI €9 (75g I, 10g KI in 1M HCDHZ 7}% og 7}
HoA"ste] Holwal 9087 WS AT o7)d 2mle] HAFHFE st e
B -10C9 12-dichloroethaned 7Fatx oAl & E¢3 & BXsd 5 2IE &
=¥tk F71 8wl FFHE A4 4E 36mmolA FREE FH3 & wE
Joz ZA% g vlwste wetel %S 4H3)

W) 271 EH 2B H(FET-NMR spectroscopy)oll 93 A 2 A&

74713 sdege dade HE @R A9 Fo) e 534 Y F
F4g HFoE 47| FYRPRE BT 47189 BAo] okF Agsirh Qur
o2 547t 298 HUEL 8712 ALS5H Betaine® @7 2& 442 v
HE2 F5D0)E $912 AR 06 ~ 08 mlo] 40 % AR/ E ARD
£ NMR #3710 92 233k o Wgele Oh H 827139 8% (b
Ax713% Yol deu (e AwHes wWussl: ofdd (b Py
sla) Yo,

t}) High performance liquid chromatography 4]0 o3t A&
- column : C18 or Shodex NH2

- mobile phase(°] &%) : acetonitrile/water = 50/50

- flow rate ' 1ml/min

- UV wave length for detection : at 194nm
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) 'H 947183 B3d 98 Betaine [(CH)N'CHC00 & 4% 3¢ 3
Asl CHol A 97hel shate F547 CHol 2700 siRete 2379 vd §54
of Welbol & A% 27 el 8% 3~45 ppm FAANA A48 A% dAhE 2%
79 v FFAel UHR (Y 1. Mk NE AN H5HAS 2ho) 2P
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oA HiEFSl ol AFHUAS.

(3) High performance liquid chromatography(HPLC) 241 <} § A&
@Al HoluhA wlelel AHS A% FAoly HA 420 dAd w& A
Zko]l 22¥ 3 71717k 27tojolr EAu]go] FHristA 28F

o ARSHI A SAE wiEgd B4 2 FFERA}

1) ol&3 A

AbE A 00, 02, 04, B 06%2] HEIS HIHE Abg F9A 24 1 IHEA
of WERle] FAH =AY 438 PAFoRA W YA Y KA HEd] 5
e

49 A9 FHESS HAToA 48Y B Heg At a)
22 9w E%o) e pEs 2 4% anE SRS ) 98

eSS F93 AISHA Y HE 5 ALorw AR E¢ES AAT E
Ao 4u) B39 boiling ethanold Hriste] Ealsts A71e Ay 23 2 AAE
Fgsrgoer AAE WEQe] AFES HPLC #doly periodide W o2 717 4
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3) A wer] FF A 2 A
AP Rl o] Rl ZH—J?} & AGF FHFFE /st 98 24¢ e
dEFEdAA Y4e FA31E A homogenizer(polytron) 2 vhaj gt = 4u] H )9
A

boiling ethanolZ A7}8te 408 B¢ 23S F43 & A5 94E FAsH IRE
2 80% boiling ethanol® 3 o FEF3Ach FEAEL Al 17000xgd £EF 4C
AN 3020 AR st BEEEE AAG e AA L 24E A el we
Al st A,

2. ERE o] &g W AN
1) w73
AEA, 53] 433 e BAYEQ AT dAE choline monooxygenased)]

o8} cholinesl ¥ Zehol4l WEtIS th AFA ol FEAULH Heole] 7
$E AR Z1Ze) o) Weele] otz gAgel BEFAh WM AR FA

A e AP £48 F3F89 whole cell extracts} WEAPOZH JEF 943
AX FFSA G ARl o wEdE FhE ARRE YeAd 4R
ZAVSHA

2) g

dFe] W AL f5d7] 98 2o FH2EYA
AdE 27 238 Y whole cell extract %315}04 olg U=
d T AR FAA FEAL Y82 do wgA] o2 wEQl] Frt2 FAHE

A} AR E BMBY

vh NEdFe 32ASE A
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1) ol&4 A

S

dgAzgoR Yo RYHD v 9T AGSF R AARFSE A4 95
EES AAT dA4o) & 292 FHE 5% DM 7|22 AT 48/56%, £ 7
5/10%, 3% 5/10%, ¥l §718 9/12% % #7180 60~65% TF=ol A& ¥t
oliz} 7FA <) 1009/kge 2 vl$- AHste &R Fo HAE LawiAg A8 &

2 diREEE G gEsn gk ey AR wet Xolzh AR 8~ 12%4
&, nEeZ SO; NOs, 2 NH; 53 449 5 Aol ggfxof o]
2 AAzSor stz AdAeME BLEYVE AEst EEES AAT F BM
o AMgstn ok WA B APAME giFAA-E A% B Ao I APA
AR A A FLAAAYLE A FLo gt R A E
bA ZAF R

>
i
ey
N
0
=
N
il

2) GUe o] w2

RS FHSTE Brix 22 10, 20, 2 300] A 33 3 vFIL2 HIFP
9] NaCl, MgS0,, 9471818, & AAYoZ QA(urea)E 3% A7MsAY 244 &

U = Zx 1 3—_0

EFEE F& polypeptones A2 M7 & pHE 4~552 HANAG. o
5000xg9] X2 4T 1087 AR 2442 AAD b TN
© 2 autoclaveste] Wizl A&}

m
]

l‘

3 FTEAHLT 2 A8x HA

371 YPD WiAlZ ODew=10°} A wl¥d F+E LA 100ml F 5ml & H7t
& the 30CAAM AEE wjoksts m 24A7F vhoh vl S HH e FAe AR
S FHBEAYCR SAFYL.

3. 444

7t. FT-NMR ¢ & W& £4
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=
iul
-

A A AA weld(panel 1), A A wjerd
E F2EHY E¢A(panel 2) T MNEERANA F
=4AF wetd(panel 3¢ Z7 FT-NMR #goz 2Asgo. 24 ZAs
3~45ppm BHANAN 2FFS dd FFAY Yl ARANN F53 2Ao] W
Bagdol FAHAe.

W E}el e AAELR] e 7
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4. HPLC #el 9@ M5 2AR=

wair Sisoe T2
8 rom b
J; UMYV
il oned

betaine

betaine 2.00 361.58 3.07 - —- 1.00
100 .

=]
£
£
s
s B0~ B
g z ;
£ E i ;
3 1
: A |
# h PRI N, - :
o . !
; I P T i ] L
Fi = e . P :
o ﬂﬂmmmagwmuﬁnw 1 K
Rl bt B D005 UYL of Mot 2 . [
o R B DI 14y 0 I Wi
RO FROrorw Tt 04 Ban SADS - SN I Nwrber &
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106+ S i

. 00 i :
: ok |
g |
E: % .
s % 8 P |
8 € * |
= |
# ] ot }

o- - g ; , : ; -

Minides :

o NN Cniain DOTmined g e S 000 . BO% Sk ey Sicemee: %
e BB HNDAMEAS DOTOMANNS.GY, : Ben 8 0 1 S0 Wik, 0§ Bsrbome. 3
R 3% L0 © X% Bt 3

il PR G 0 001 OB Srom &

o W A nlA = stress @Y &3

1) 500ppm&} CAe.Z stressE 713 ERE TT o2 & HEQ A

i

Effect of Cd

Cd (500 ppm) S. cerevisiae

100

(&) ~
[e) [8)]

Betaine Production
N
(6)]

Culture Time(hr)

_91_



2) 1.75M NaCl® stress& 7}

o
]:o{‘
oul
st
opN
M
(o
i
e
=
iu)
e
o
>,

Effect of NaCl in Media

()NaC! - - - - (+)1.75M NaCl

S.cerevisiae + NaCl

Betaine Production

24 50 72 96 168
BH 2 Al 2F (hr)

3) 10mM =Z=tol4l WElJ O 2 stressE 713 ERE FH o2 3 wlged Ak

_92_



100

75

50

25

Betaine Production

2) A3

3) A¥

Effect of Betaine(10mM)
in Media

(+) betaine - = - - {-) betaine

24 48 72 96
Culture Time(hr)

A5 F7-E 500ppme] Cdez WA 2EHAE 713 oS Bl 9
A 13 Adeidd & wied g FFoZ A2 (Oppm, ---)EAY
Aol 50ppme] Cdg #H7bste] el AL 8PS vzF2
ZE& AR WMIARE ALY vlmdtY L.

NEFTE 2 $HO2 1775M NaCle wjAlol #rtste] widat Ay
HETFEZ ZEMA NEER T & ERE wgata wEd A4
< "I

ETMA G 10mMe] HEFQS Artete wiFgdozn Fgael wE

1223

lol FE3 Y& ART FES wiXE AL A IE WE

i

o A FAE FANANEAY 4RE 2AHAL.
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2. ¥ e Fa ASHA AP0 e e B

s |HPLCZ 43| acid KIZ 9 7 3 2 (mM) g
G-B GB 9 249 GB & | (A 8) Zh&

Foz| mM | mg/mEA | mM |mg/mt 8% | HPLC |acid KI| HPLC |acid KI
0.0% | 0.73 0112 0384} 0.177 0.73 0.82 1.00 1.00
02% | 145 0223 |1442| 0.218 1.45 142 1.99 1.73
049 138371 0364 [1512] 0.232 2.36 151 3.23 1.34
0.6 % | 3.59 0552 {1922] 0.295 3.59 1.922 492 2.34

o] 2= unknow material E°] vl el periodidests] Z2§S WG =AR

2 Z2YHy gad A3s 2Aagye FHolw o 2 ZS5zAY =Xg wEele
o] HHEMYLE HPLC 32 FT-NMR #ylo#s Atgdy 57kl A7t 2853
B B Ao 2280 BHY.

vh WERQl Fol AFSSIA S F9a Wbl FFEAL
(Al 4 A dE AN P e F2e 23E)

uh, FeSO4% 2EH2E 718 FF RFAGA Ad wlgd FF AHEA
GB A%
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FeSO, = stressZ Jist &7

—

225
200
175
150
125
100
75
50
25

mg /g cell

g 25mM FeSO:2 2E#x 748  Fe® §H8H% 2E ZZwjA0) 13)
ze

3 &= 38 M) F WF gl Abgstgon i EA Y wEQ 5
T2 X220 ot A REE FFL acid-KI HEoz =A3AH

A EFE AN 2G2S Qlo] mjFFd FF ALA G-B A
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175
3 150
(3]

@ 125

£ 100

i 75

<l

% 50

0

G 25
0

FLE AR vl A 9] Bri ¥ (10, 20, 2 30) #AARNLEL A ART
T FEALEE xAEIF oY £F YPD A (Brix 3.0)°] ¥l E §23 o=
A sl P EM

RNoem™ Brix ¥EEE 2 zol/t filey out Brx 309 iAo A
Fol 15% Eou Aoyl FHAMAE Zolst gt ol dHEol &
Hol oinl <A JYFH AT AAJAES HAAM A HE Fol A

=

[+

Z. 71k 2Ed 2o gig wed A g

5mM, 2 10mM$] Cu, 100uMe] Se o2 AEHAE 713 #WEd A FAL
153}920‘4 23H BEFZANA WU AR AAAol ¥k A ImMe

A AN B A3 £ F U

o
o
0
z
&
Vo
HU
el
oﬂ.
mlm F

S ARANYAd AFstd AG3E L FAE e
AAE AAAEF(ERE: 90~93%)S A HAHR_oR AFTHAS.
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A5 A Mg dFAT Jlend

7o Fde nE 2 WY
R

T WMIHAE FHSF 100ml ¥ £59 lg, polypeptone lg, yeast extract
0.5g, NaCl 0.1g, MgSOs 0.03g, KH2PO4 0.01g, K2HPO4 0.01g& %2 & pHE 6.0
o2 A% F 121TCTAA 1583 "3 YPD viX & Foujde 313 dAux =
ARESEET FTEBE HE zA Apduls A3 YPD ®lxl 100ml 2 1.6g9
Bacto agarg #H7}ste) 2 oz d#¢ g uAA AL wigd E4L
ACAA Baste of 270Y vt v & mAste] F59 498 2422 43 3%
}(Rose %).

2) EHE
SAER ] REgE #FE FAY wEoes AAuAd FF o 30TAA Ay
& &5 FA AELE 60nmolN Y FREE SHE BEFFcANes BYd
o HEd A A} HEE F7-& Aol mid-log phase (ODeo=~10)0] =&
& TAE ALY HAusubel B)..

4o #A0 NEQ BF 24

1) #Ae 3 2 e 57 YA

ANEF FAS 1500xg8] EEZ 4TA 1087 AR5 353 e 74
£ 4ol PEE B =S s g 80CHA 4087 AEse FAS
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B3 F A5 Ae FHaa oA BE 0% dEetEd F7E HstEd 2023 A F
Z3ty vy $£AF A5AFH T4 12000xgd 52 4TAA 2087 A Ee st
E4E2S AAGYY. 3¢ A5AL 0TAAN Axdd dess &8 AR
g A3E 849 FFHS S F 2L 2doR A dAEYs BEE A
2e ¥ o AAG O olF ZAE(crude form)d wWERI oz JArh wE Y
AAE A7) ZAZE] wErdS FHdlo Dowex 50W (50x40-200, H+ form, Sigma)

1

go|en@sAE Ao} Ta) 845 A2 columno] FFste] WErde AFA
& 5 EHRE 2842 53 ARG AARAT. o)

masxe] AP WEe AL IN NHLOH §9422 §%47]31 % 45T

N Ny H2E Ed QES dE ARFY FRED st A6 AHEaRY

7}) periodide ¥l o & A=
Alg o 05mlol 0.2mle) acid-KI £ 4(75g I, 10g KI in IM HCDE 743 ot 7F
F Agste] HojdA 908 WY, ¥ ¥ 2mlel WA FHFS Smid
12-dichloroethane (-10C)& &A1 7tk o & EFT F 2030 £33 AA st
aA 2 K80 9 BYE FESD dERIY 20=9 FEAV &H =
e F718v 22 I 4L 36mmolH FFEE SAHIY BFE HEHILR
2% ga vlwste] weQl $%F& 2 A3 (Incharoensakdi ).

W A7 FEEZH(FT-NMR spectroscopy)oll 93 AA 2 A

= [ e

AA7EH ~HERL A ety G35 Ao} Fofl we} 5HHY IV F
FAE BAFng YAV TFERE LS G F71ES BY ofF Adsin. I
Hon FHavt XFH FFAES S AHEE T Betained A% 2 4E g v
Wez 23D &z AHEE 06 ~ 08 miel $50 5 AR & A=
¢ NMR £37lo} ¥ &A%tk o wygele b 'H 827139 3474 (b °C
A7) FAPel oy (e A¥Hez wmars oY b WHd

.
o AT of WY e FUH Yot urke] ¥ wR ohzt B



we W3 Aol £e50) ARe ARw APgow of Wi du LAY

(Tugnoli ¥ Alcalde).

t}) High performance liquid chromatography £24io] o}gh &g

(1) ¥ 38 (intact form) 22 o] EA

—column : C18 or Shodex NH2
-mobile phase(°] &%) : acetonitrile/water = 50/50
-flow rate : 1ml/min

-UV wave length for detection : at 194nm

@ FEAF F 24y
B

e S Alaiz 59 ol we} diethyl ethoxymethylenemalonate(DEMM) &

Az e

T 280nmoll X EFEE AT g EEFoR 24 g vusty ¥

% 32+

2 BrE

(1) periodide o] 2§ A=
EETHF WEJoz BAZ Ax e Lo nldste FRET

T
Aoz Zse BAEol faTol 3

ZH
(2) '"H #4712 wyol o8] Betaine [(CHy)sN'CH,CO0 1S A48 79
3719 CHzolA 97idl Sidsl= E4X3 CHx9 2709 sﬂﬂé}% 2% 5

=

o @ Faadel vehvbel & 49 A 9dd 3~45 ppm I
A oddd AT dXEE 2% F9 Y FFA0) UrE}‘ka(:L‘%} . u
A AR FAAA HFAAGR Fho]l FHoAMEIY Yol AFHA

[e]

(3) High performance liquid chromatography(HPLC) 244 2)3t Ak
Aol HlA HE A 98 Aot HA BMzxA A
ol B2 AlZto] 2853 7|77t :7tolojA R An|go) FHulsiA A
83,
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9. ASH A0 A9 e 2A 2 FYzA

2,04, % 06%9] HEAE HIMR Als T4 2 R 2523
| SRR 978 F4Fo2N et AEsA o] S welol
SHESE AT AEgAY BAA ELE st 2471 sle
=

So vls Ads L AEH ARE FOABE Q7] R

ot

&

4

M

2) A THRse WEQD B 2

o,
o

HERRlES A% AsdAg 48 T& A&orz APy B4 E
el 498 3¢ boiling ethanolg I 7tste] Eaists] 47 2)9 4yl 2L
TR FAE welcle A HPLC o)y periodide W o=

Aated A5 vlwstgt.

e e

3) =5 FHE vig 7 24 2 A%

ARl A o] Fd 2 QAT E59 dUe AxAae A vzt B2 o
- HIEY FTHTE lstd RIE 224G T deFxdA d4S fAFEA
homogenizer(polytron)2 %3] #23 3tdg. o3 2 Ao 48] 319 boiling
ethanol& #7138l 402 & < O Zsde FANE IRHES 80%
boiling ethanol® & ©f F&3Ath FF A4S A 17000xge) £E2Z 4TA 30
= dAED st BEEES AASGeY HA B A7) Wy wat A
AT,

2t AAE o83 wEQA A
1 w73

A8, 53 493 wetd ANgsd AFRF$olME choline monooxygenase)

913 cholinecll A Z}oldl wietd e thak ARA Fo] FHEHJOH ot A

o
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T FARE Z1zke) os) wlElQlo] Frtz A gol TEHAT Wk A
A HER B E4F FE389 whole cell extracts}t ¥rgAZoZH AR E 9
oM FHIA Fn% AR g WEINS Frtz PAEF YEAY AR
FAsE

2) 9y
el WER S FE7 98 2R AHAEYAE A FRAA el
a7 HEH whole cell extract £H]8le] o] I xANA wlge &2 WP

EE #AM) 5948 987 39 ueA e o

=

ehelo] F7hz A

s NREFY FAHSE A4
1 ol&H w7
ARAzEoR R EYHD U A9e ARES R ASTSE 4D OS

48/56%, XL =%
510%, 3 5/10%, B3 F718 912% 5 H7180] 60~65% TH=o] Y& MWt

iliA
o
o
o
2
X
rob
o
oX,
o
iig
Mo
BN
oft
ok
Rul
il
B
X
o
=
N
N
o
o
il
of

—
o}

T, I¥LE SO; NOs, € NHs 53 4 o} &=l 3o o
& AAstAol g AdAdgE FUEYY)
of AHgst givt meEba 2 APAINE PP AT B AP A Ay
AAAA ALY APz AT
RA zASHA T

2
A PR Fol o) vk Tt AAA Wt Aolk YA 8~129%
29 5

wd
o
>
1l
s
N
Yo
=
)
i
>
oo
X
off
o
A
it

FEE FTHTE Brix o2 10, 20, 2D 300 HA A3 S njFhdis g Mgt
2] NaCl, MgSOs, QA8 E, = AAhY902 QA (urea)E 3% H7bsbAU Ade
A

EF3EE £2 polypeptoned A= HsHg thS pHE 4~552 R AT o=
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5000xg% &5 = 4ToA 1083 494
© & autoclavesto] X2 A&t Th

e
ich
ol
2
{h?
oo
oX,
214
o
2
L
b
hul
djo
ok
>
lo
ok
il

3 THAHT 2 A= AA

371 YPD WA Z ODeo=100] =A wId FF& LA 100ml 7 5ml 4 27}
g o 30TeM deshe] wigsts vl 2442 v HH°M% iﬂﬂﬁm A 43

S EFBEAEeE =434

vh SLA WA E ARS S g A

EEel AYA A4e UL BANOT 82 FL §7128 WaUow dy o
AuiFatan gout A Felstrl AN NFd FT& FANE FEARS A o)

2) HruA wjAzg R oud

AT Az T4 FAArPoR IRFEE ¥ AR A E2EFEHY ¢S
33ty d99e s 3FE FAXE Brix 20(per wt.), EEFEEL 1%(w/w)
TEE AT ARS FHY S¢S AEstE olfE HAdS Fogo] ofd
27 FFRoly thg dAToe ME SARE AFEE AT HA HAjugo
Aladsed AS ?13‘3}04 4R A AFstd EEE 2 $3& AAT O 2¢

ERFEE 9 P97 £ O dxsle FFT-ES 51~53%E 2433

ul
th A EFES Silistopper(FHAZ YFE B3 1000ml AlFH ] 2/18 54 o
= 121CelA 2081 27 & A7 ¥4sle ALgsty sig. g4 F137174A
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HEE WA NBE A 43I @4 E b BB TG B 80%
AL 7Hs) FAS Yol W FAE BAW F& AHAL 23, A4 2 Acid

2. A4+
7 Wgd el fFEA3 § HPLC #4)

D 48y

HERlE HPLCE AME3te fEAgE wEx @3 A7 248 4% 190nm~
200nme] 3go] o #&L UVelM ZAstojol sht o] gdo) g ME sensorrt
A3 F56717E ojddh By ojyd o) 93t Li & normal phased 7%
192nm A #4330 o1} Bessieres 59 A $E 200nmol Al ER3E S APt u}
o Abgdhs Aol tEd weld olE FwEly] SiE 2 AFAdN el me
Herdle] F3Ee BAAeH (29 D WEdY A FFEE 192nmolA Yo
FAste FAAA AHEE S UG E B3AM ZFR). 28 192nmeoll A 9
BE FHLE APAel Eolx  oE AAsZA  Altaic 5&  diethyl
ethoxymethylene -malonateE Al£3t¢] uj$ dAE Sexz w= 280nmol A
FREE SAS 2AFoEzA APHY AHe 2E BHIg 2 uzs
sensitivity) = 7§25 QAT Bndgn B AgAdME ve
8t 2 Yoz EAgon(ay 2) BAxAL

filo
1

o

A
Column 1 C18
Eluent © 100mM + ACN (Isocratic)
uv © 280nm

o3

°lH, 6% A=el vehd 71thd Peaks}t wWiEtQ el Ao fo] £ YL
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gAsAqth webdd HPLC W oz wERle BAE A¢ o o wa 24

o
32

+

2) HiErl Fof A9 FY & ZFo] SHE wEel vEEY

0.2, 04, 2 06%(w/w)2] eI A/ AFAIRE AR A §9% & 3
A gD FAHES U7 AFHA} A AR FAY el wel S5 dE

i)

A& FE3kd HPLC WHo= FHSUTHE 1). datad] AHEE Eoluz wetd
AgE 27 Acd KI BHlogx BAse 435 nasdriE 2). WElE F43
AEH A ool Wetql g el FosA ¥E dxTel vlE FRE f

ool HHHA gem ol o HErdo] HE3I] FFT AS HAES E4)

A 2 2 EFE A8HY) gEQ Ao A9 ey SASU wE

A B¥E AR 04 2 06%S gk AlgE Ao tzTo v £l

T ol 7t gl = 2hz 27v) 2 25uiy Eol Foid wElele A o] shdty
o

F Y ZxAole} vlsz3lv(data not shown) E3 oA FZ&, AAT vl
A8E HPLCZ #4351t arEdAd:E gl g4 2o A8z A
(data not shown). WetX o5 datac] 9J3td Ao Q=9 wWERo] WE 3t
o FEAE FHtE FNEE A GG EFol FHH gy HEA A
o FEEr

l

oo M
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(23 2)

2,0—}
i No.  Wavelengthi{nm)  Abs.
S L
\ e M2 No. Wavelength bm)  Abs,
8 - 1 305.80 0.0025
£
2 ol
= 1.0
g
£2 1
< It
0.5+
il
W\
00 ¥ \&w:\"‘ 7 ¥ T y 7 i 1
200 250 300 350 400
wavelength{nm}
(E 1> HPLC ¥l 43 vigd FFEA
AR W GB . a9 0 g4wF | sA% 9 A2
i (mg/ml) (mg/g meat)
1 0.811 4.13
0% 2 0.846 2.33
3 0.919 3.13
1 0.775 412
0.2% 2 0.909 1.93
3 0.863 3.74
1 0.919 10.89
0.4% 2 0.846 3.91
3 0.860 6.28
1 0.891 4.24
0.6% 2 0915 9.74
3 0913 4.99
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(E 2> Acid KI %9 ¢ 24 3
Ats W GB g ) i TAS W FRF

% R (mg/mD (mg/g meat)

1 0.190 2.11

0% 2 0.157 2.34

3 0.171 1.05

1 0.212 1.61

0.2% 2 0.198 1.07

3 0.201 1.84

1 0.168 2.05

0.4% 2 0.262 2.04

3 0.236 1.55

1 0.272 215

0.6% 2 0.265 3.45

3 0.243 2.65

& 33% 7} uj & 96*17».} T2 424%° sHFete 14% S FdFe] 3F-data
not shown) 3}iL 1o A+ do] =2 FYnr o

A4(FL9 19% H)e E¥° 80CIN 2447t E8A% A7 ¥ NsaRE HF
el MG A 36%9] A4 g T2A% F AT ES 2 9 19%9) AS
F UL T Q] AYPol Tesgon 224 AL AA Fe 19% 4

AR REclME A AARA @Y 3). et AR A9l AzxdEE =
Wahs S ANSER wiFuAZ ALL3l7] AaiME FAst A5 le) &<
HA

4) FEE A2 3 A8EER vk 2 e A BA
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FRAZAA N wiExA(ED 30%, pH 50, 23 Z7)) oA 3xtad] A 5
Y Hor vkt AA WA 22 100mlE HsY FFE(0D/600), PCVE =A%

o BE 80% A€ 4 ¥9E Jle) EEE A4 F EF acid KI Yo wa
100ml W Fol € wEeQd AAFESAT (2" 4), A G9FAT vErd
Ay FolE BAYHaY 5). 1x 484 2 TAADZ 1g T 34.2mg(2.6%)
o], 22t 4@ A E wWF 2413+ 40.2mgel wlElle] 7} YAk

b

(29 3)
40 ¢
35
30
o 25 —— 19%0
2 s 19%~0
-~ 20 —— 19%—1
8 15 —8—19%-2
—x%— 36%1
10 —o— 36%2
5
O J

B FEE FAALT. ARF 32 FdT FEE 36% R 19%E
& 80T oA 24417 AX(19%-1 2 -2, 36%-1 2 -2)& Tt A
Star o 24712 wioh WGl S Hste FALF S FHRAoH AAF
3hA] @& ET19%-0) = A AFeA RAo
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(29 4)

Fig 4. Assay of GB in 100ml culture

e 2HYTE(PCY)

1Al & (mg/100ml)
21 Al £ (mg/100mi)
o XML (mg/i00mY)

B2t (el

= 2N ST EPCY} 2.432 3847 4.466 2258
iz 1A & (mg/100mi) 9.77 1282 10.85 6.49 14.43 11.76 12.81

2R Al = (mg/100m) 8.32 92 8.05 493 10.79 761 548
vt SR E (g H00mi) 9.8 1157 9.75 £.44 10.08 11.49 10.03

(29 5)

Fig. 5 Assay of GB in dried cell mass

45

== 1A Al & (mo/gt B)
2RHA £ {my/g2t B)
——3RA & (my/g2! B)

YA ?J(h[rjs)
AANE(mg/g2id)| 40.165 32.808 24298 201432 25576 23934 29.052
2RIA & (mglgd F) 34.18 2382 18.8 19.58 25 15.48 12.44
—- 3R Z(my/gl F) | 40.348 30.064 21.828 19.958 21.034 23.398 276
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vt F iAo A FFo] 30% YAE B0l FE ojfe ALYLE AR
& 247 ASERAA AFI] toxic 3L FE BAUSR AR AETT FHEE
B2 EeEo] FiH o AT AAMHE sofste Aoz dEA ot ofd
Wi LH7IEo] AFstd Aol A|Fs] /fEE ook & Aot o Az HHE
& HAEE T3 80CNA 2447 7FE R inactivation 3 Z3} Al a=mo] AFe] 7}
TR dAYE A EE A9 Ay g Gk 123} FaPgoew g4
A FRAEAE 540 e BAAA Fr1dado] MEHojor & otk

=ygue] Baxd AT F 0% HAste] BAFAOH VEAL U F ¥
BE 12470 vk RS AHshe] WE AAFE Acd KI Bgo 4 3
8 AARES AR A Ao )

3 g Axs BHGA (2" 6) AT

FHE D FAEIF oY AR oF 0% B

K
o
2
o
&
S
rir
2
2
=
o2
lo
oiY,
o

tgel F7] Fol Hsdlel R STA29 TR M B ofuel oAl
Fol Ay TRAAS Agotel IR R HeF Yok WA WA A9

dolgle AT ARG ¥ FHH L fHAd BoE 534 E A (compatible

solute)g! HWlEtQ)L SHE 2EH2E 713 Ag o]d] wE3te] A AE o)

ZAd. £33 wWelde oA groupd donor 2% Bur ol A HAA 5 o

G SRR AFEHI Utk oS AFRA VRS F dEA dom =Y BE A

BAAM 2 FFE HolH(universa) €A T4V Bt Aoz 48A U

(Lamk, Boch and Pocard). ©] 7% cholines 3 dAMEZZ 3] choline
3

dehydrogenase 3 choline oxidaseoll 23+ 23}E 53} FAHE Aoz LA 3l
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o a2y Zde] XU FEE vl 2 I(trace amount) = IL7Fo}o} A in vitro

Aol gk ekl diggd S&ele AP gk A2 ZY Boe ol wg

o

3

=

obu] :=4Q) glycine™ methyl transferase, glycine sarcosine methyl transferase, %
sarcosine tdimethyl glycine methyl transferase & 49 €3t methylationo] alAx =
HELl o] Atol 7hs ol UF Ut (Sing, Waditee and Nyyssola). @WabA A8 &
EE vEls Ads 488 24 € a2 21324 32 gxTE 9dy wgx
AoM Zhzh v g FAE F48 1 glass beadE AbEte] AT mhisto

whole cell extract® Z A st} XA o4 o)

(¢ 6.)
Fig. 6 Pt & HiXjoll A o] AjZHH o Efel A A
1400 -
12.00
75 27 8 (mgS0g 2 L)
oo —— 12U (MyS05R )
3R E Y (myS0gE )
8.00
6.00
4.00
2.00
0.00
A1 2 )
B 2R H (mgl0g 2 YD) 330 1217 11.89 11.56 11.38 11.06 10863
—a— 1A S (mgS0gY YY) 838 8562 B.15 833 1039 793 B.32
3AHRH (MBS0 L) 387 11.69 988 516 1088 11.49 10.13
whole cell extractell 10mM<9] glycineS H7}sted 30CAA 6087F L A7) & &7}
2 348 vEdS AFEY FP9h@g 7). 24 2 gz2To e $o4 QE
datax RARom g wkg o] BF3E glycined F& A3 AY FAA YA
o] FAFA ol B BEAE ARIAYUYE AT "oy = B Ay
Ade g9E SE2 N33E vAESHE 98 AR ERY 2EH 24 U$3d
HER S AdstE 713 da MAEANY AL AsHo AJHT RO 2Ey

of A,
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(Z4g 7)

Fig. 7 Betaine Synthesis from Glycine in vivo

=]

FEEEC]
B
22 m

B 4
~

b
ry

GBS & (mM)

Hz?
HX A7) 061 0.47 0.43 0.43
HyzA 0.58 033 046 0.48

8) AsaR wikel og wEeR) HAAYN 21 FY

IS A7 % 7] 49 data® ol §5Ho] 54 BEEeAM S WEQ Aol =
e #HAH3 stgoem AF7xe AEZAH ANBETFE 5mMY CuSOsol 13 uj kgt
T o1& Fito® o8 XU polypeptone X NaCl 59 ¢ Ao o) o
2 H7E WANM WFsts WA 27 pHE 600% 24 HITAE I8
AHH oz 2dHA Y3 FAe A B

Fe AU 0} MG Folt o1 Fe

9] Hr2 37 3}930111 g2 30C
& $A% 4% A0 $89 e Pao) AEHATHIY 8 2 9). W 100m)
G ANFEY ) % ol FA B FAY AW 9 474 BAG A )

Yohol HHD MAL MYAH F 2400 AR 2o WFE A%
A% A F7H9A Fskvh aet TA VY FAG ARFS WG T 6~1242
ol Aozt HAQon WRe ASsel® o4 9t T QAT GEFZ WA

ol pHE 6022 2dd F wMiF F o8 FAFIA B718 FE3] AR SH(2E

o3
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10 % 1D, 100m! wFels] bl AN AT vzaRe (19 10), #A
SATAT et AL BxTe A MG AF %A olFlE gastdon
712 A R WETY A FAZES AQo vARAT A¥Fe) fxT
HlE 1/30] F71EQe} ol F719 % $Ee FogozA A
g AL FUE ABS] AEFA to9e AERGY A58 AEd
o WErloz AVHUY HEY Aow dSUY

F1
1~

o

(19 8)

Fig. 8 Assay of GB contents 100m! culture
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Fig. 9 Assay of GB in dried cell mass

B 21 A} 2t(hrs)
‘ VRN & (mg/gd 8) 94.48 87.80 85.09 79.81 59.68 6212 66.90
I—-._27‘EMIE(mgIg7_" £) 75.60 103.31 56.69 41.78 50.51 39.75 32.57

(€ 10)

1R & (my/gd B)

—e— 2XHAL & (/g B)

Fig. 10 Assay of GB in

100mliculture

2.456

7.816

2.863

5.457

1.42B

4.987

weral 2t (hrs)®

o@ X &8 (PCY)

1.279

2.395

2.863

1.426

1.483

GBE & (mg/t00ml)

2.456

3.73

7.818

5.457

4.987

Of AN 38 (PCY)
C1GB 2 2 (mg/100m1)

- 114 -




(9 11)

Fig.11 Assay of GB in dried cell mass
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I ] HE(V)E ol &3t 72 AFDAE AT 2PN AsAHS AA
& o

APAAE ¥ wFARE Fd93ste dxTe dzTe Fose
Wl g AL o) glycine betaineg 0.2% H7Fs e+ 1, 04% F7Fs AT 2
283 06%E H7EE AT 302 At FoI33

ALEA GO AL Zetold] WENIE At AEIFIF(Huie] )M B
Z A FUAL AR 37be] choline B7F flol wlEll A Jl%d ARE

o) g3to] AT £ 00%2) Sekol4l MERIS FHWol ALS BT

Table 1. Experimental design

Phase Ttem Treatments
Control Treat 1 Treat 2 Treat 3
Phase 1 Number of plot 4 4 4 4
(23 ~45kg) Number of pig/plot 5 5 5 5
Phase 1I Number of plot 4 4 4 4
(37~70kg)  Number of pig/plot 5 5 5 5
Phase 1 Number of plot 3 3 3 3
(65~100kg)  Number of pig/plot 10 10 10 10
Phase IV Number of plot 3 3 3 3
(90~115kg)  Number of pig/plot 10 10 10 10
DAE1

WA A F o] 23.10+1.43kgel 39 & ZF[(LandracexYorkshire)xDuroc] #HE 8052
TASE 33U AAGAE S AAEAT. AEAAE AEE Qv BAIE (R A S EA
2)8 F9% dFE=+(Control), hx Atgu Zatojal e 02% H71F(Treat
1), 04% 7t (Treat 2)9F 06%E H71E F(Treat 3)Z 47 MY E 3o AZF 4

HEE PR 554 gl wiA P B AFGAI R A Sl wE A
B A (utol o)A BE - AR ARE o3 HAF £x
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99.9%¢] 2etolal WER S FFuwol ALE ST,
2) A8 2

TRM A F 0] 3769+1.62kge] 3¢ % [(LandracexYorkshire)xDuroc] A& 80F&
TAEHY 2970 ALGAFE AAFIAT AFEAE AES I FAB(FAYEA}
8)8 99% =7 (Control), 42T Atgul Zgo]al WELNE 02% H7}F(Treat
1), 04% H7H(Treat 2)9F 06%E H7}3t F(Treat DE 478 A& st AP 4
HE o ET 554 Qe WAL B AMFAIR AMEE FEloldl wErde
Aadigta Ags(Autol )l A B - AR ARE o839 PAT £

)l
99.9%2] Zeol4l MEIAS FFwol AhgaAt
3 A4 3

AR A F 0] 6651+3.44kge] 39 nE[(LandracexYorkshire)xDuroc] 4 E 1205

t
T 3WE, WY 1054 AL WAFAT. B ALAGD AED SeolA W
Ve Bdois Ag(Aviol )l 2o - AFE ERE o] §3ho] 4T &
=3

gol il WEde FHE Pl LA
L2 P

AA A F o) 90.42+2.17kg ] 3¢ A E[(LandracexYorkshire)xDuroc] H-§E 120%
S FTAIStA 26Uz AAFAE S AATAY AFEAE SHES I EAE (RS
FEAR)E FoI¥ =T (Control), HET ALl Zgholal WEAL 02% HILTF
(Treat 1), 04% 7} (Treat 2)9 06%E H71eF(Treat 3)2 47 Hae 3o
2T 3WE, VERZ 1054 gAgel WAt B AAFA G A& ZTolal )
ERlE: Fadista A sta(Autol)d N £ - AFY ARE o] &std ARG &
5 99.9%9 Zvtolal wEllL FHtol A& AT

O

- 117 -



9. Arg#EeE] € AgAs
D AE

AN E S =Y A7) 20x08me) A E AN AAstdlen, EATRE F
28 HEE ARSST. AtRE o WY& 25kg

71E AHEste Ao AFAHES
sRoH, g2 = Ho RAE e UEE ol&do AFEFA I3

o 4l AYFAY, APASHAY, AR

o AF 2 ASAHIARFS NPT EA
&S AdSET. B AGAEY AR AET, AED SAE 2 ¥{E AR Y
wWlgt = Table 13 #Zv).

2) A
ARG E Evre A7) 31x12me) A EAdA AXNsGgoen, EAERE )
WA s EAleln EwW onige Efiolui(HW)E AESIHY. Alsdo wHe
50kgel Bl & v 2 AESR AMG F471E AHEEd Aoz AFaA
EE ggoH, g9 29 Ho EFY gl UB L ojgte AFEA HF

o
¢
0
20
of¥
e
R
o
X

\
offt
flo
>
o
opN

gAY Aty d2SA g dIAEAHFHT
AREEE AN B GG A2 ARl WTEE Table 13 20

3 A4 3

AFANRE B 2717 31:40mQ ABFFAN AAstGon, EATEE )
g wbge 243e ASSAnh Ande PHe kgl
AR Fo1E ALE w402 AFAAER AR AF
AEEAA 4% AYTAY, AYARAAY, AREES
Al AHgE AbRS] WP EE Table 13 2t

2

=]
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AP B =717t 31x40mQ AREFANA AAFGon], EAFEE )
g o 2E3e ASagth ART PHe kel E

Table 1. Formula of experiment diet(%s, as fed basis)

Item Experiment diet
Phase 1 Phase 1I Phase 1 Phase IV

(Nursery I) (NurserylI) (growingIll) (FinishingIV)

Ingredients
Yellow corn 4757 58.90 67.32 69.25
Soybean meal 31.20 30.85 23.60 14.68
Wheat bran 5.65
Wheat 10.00
Wheat flour 3.00
Rapeseed meal 3.00
Limestone 0.49 0.74 0.43 1.00
Tricalcium phosphate 1.59 1.39 1.92 0.84
Salt 0.10 0.25 0.30 0.30
Vitamin® 0.10 0.10 0.10 0.10
Mineral™ 0.10 0.10 0.10 0.10
Animal fat 4.70 447 2.16 1.00
Molasses 0.50 3.00 4.00 4.00
Lysine 0.20 0.10 0.07 0.08
Methionine 0.15
Antibiotics(CTC)™ 0.30 0.10 0.00 0.00
Total 100.00 100.00 100.00 100.00
Chemical Composition
DE(kcal/kg) 3,515 3500.00 3400.00 3300.00
Crude protein(%) 19.50 18.50 16.00 14.00
Lysine(%) 1.20 1.10 0.90 0.75

* Vitamin @ vit A, 4,000IU ; vit D3, 800IU ; vit E, 151U ; vit 3, 2mg , thiamin, Smg

; riboflavin, 2mg ; vit Bjs, 16mg, pantothenicacid, 11mg ; niacin, 20mg ; biotin, 0.02
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mng
* Mineral : Cu, 130mg ; Fe, 175mg ; Zn, 100mg ; Mn, 90mg ; I, 0.3mg ; Co, 0.5mg ;
Se, 0.2mg

E2 e

Antibiotics @ Nincomycin, 44ppm ; Carbadox, 50ppm ; Penicillin, 50ppm ;
Sulfathiazole, 100ppm ; CTC, 100ppm

2 AFYE L Y

NEAATE NRNDES Tt 42 Aol FAPIN BFE A9ddn

&S Yol AR Adsdn, FAEL AANAFTAA FaRASTA F71
3 AFY FAE ASUITeR Yol At en, A7 &(feed conversion
rate) & ALEAH Fo] ZAFE o] AEsga, A2 E & (feed efficiency)S F 3|

EAEM L SAS(1995) programE ©
T#7 $943 AAL Duncand tEA Y

2. A3 2 u3

7F. A8 1(23-45kg)

Fetol4l wERQle]l Artd A8 E 3 A= Qo) dFEA Y, dIAEAHB
2 A HEEEE Table 290 e ‘ﬁ‘:}.
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Table 2. Effects of glycine betaine supplementation on the growth performance of

nursery pigs(Exp. 1)”

Treatments?
Item

Control Treat 1 Treat 2 Treat 3

Initial weight, kg 23.40+1.67 23.75+1.55 22.25+1.07 23.00+1.41
Final weight, kg 45.50+2.63 45.50+2.65 45.75+2.38 47.15£2.70

Feed Intake, kg/d  1.67+0.60 1.63+058 1.55+0.54 155+0.54
A dail

VETAge CA 0674003%  066:0048  072:005°  0.74:0.04*
gain, kg/d

Feed/gain 2.49+0.12% 2.48+0.14* 2.19+0.15" 2.13+0.138

Gain/feed, kg/kg  0.40+0.02° 0.41+0.038 0.46+0.03* 0.47+0.02%

" Eighty pigs with an average initial weight of 23.10+1.43kg (SD).

? Control : The pig fed on commercial feed(100%).
Treat 1 : The pig fed on commercial feed(100%) with glycine betaine(0.2%).
Treat 2 : The pig fed on commercial feed(100%) with glycine betaine(0.4%).
Treat 3 : The pig fed on commercial feed(100%6) with glycine betaine(0.6%6).

ABC Means with different superscript in the same row are significantly differ at p
<0.05.

g8l =7t =i, o]zl tha] ArstEwA Q1A
49 wEQde] Ao

At FAAXNEE T8 A9 dFAEA
AZE =T, AT 1, AT 2, 2 AT 30] 7 167, 163, 155 L 1558 B
o FAHA Aole Aoy Y2 Hlatd Fetolal WE]] AR AR we
TARAAFS Bid ZgoA WEJL F4A Fa s1%e] v 28A
d, A AAE WAFANZH methionine ©]1} cholin Bt} XY A" oz v
A71E Agstd Foh & e FoJalZ ol methionine® cholin®] #7pag Aok
st AledrtE 2R 8 F ok F dAE AR ZEARA Zolgls M Tl
A FEH o FE Ao Fo.

3t
dzFol ulskel 02% Zetoldl HE BATE FAHA Hol7t @

h 84

e e
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SR TE

A ol7h itk wEele @
o UANE T8 T AYE @9

fo

o} el 04%~06% A7M5EE
17%0

9

a2 2. =L JUAE F9F v KEIE
o] dgZA R F/ANANY Bastgtt(Matthews 5, 1998). A2 &8 & Y9 FA
2% 2 AME ngon gz ol e 02% HIF e #

2 aol7h Ao, 04~06% Zeholal wWlER] H7MTE dZTo] Hlste] 79
¥ ARESS BAY

A ol Al HWEd S Atgo)] 04~06% H7Mste 395w 2
dGESANFS AsE &S Frbeta

|
;g

. A1 ¥ 2(35-70kg)

Zetoldl HEQle] WrbE ARE Feld AEA o] FAY, APABUAF 2
AR E 8-S Table 39 YehA e}
Table 3. Effects of glycine betaine supplementation on the growth performance of

nursery pigs(Exp. 2)"

lte TreatmentSZ)
m
Control Treat 1 Treat 2 Treat 3
Initial weight, kg 37504191  38.00+1.81 37.25+1.65 38.00+1.12
Final weight, kg 68.00+1.86  67.00+1.45 67.25+1.62 70.28+1.75
Feed Intake, kg/d  2.23+0.53 2.07+0.60 2.07+0.60 2.27+0.50
Av dail
er.agek Zy 096+002°5  091+0.02°  094:002°  1.01+0.02*
gain, Kg,
Feed/gain 2.34+0.05"  2.29+0.06° 2.21+0.05° 2.25+0.06°
Gain/feed, kg/kg 0.43+0.013  0.44+0.01® 0.45+0.01* 0.45+0.01*

b Eighty pigs with an average initial weight of 37.69+1.62kg (SD).
? Control : The pig fed on commercial feed(100%).
Treat 1 :
Treat 2 :
Treat 3 :

The pig fed on commercial feed(100%) with glycine betaine(0.296).
The pig fed on commercial feed(100%) with glycine betaine(0.4%).
The pig fed on commercial feed(100%) with glycine betaine(0.6%6).
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ABC Means with different superscript in the same row are significantly differ at p

<0.05.

HERIS YRR {7]Ae) &AsE 0}‘3] Y Abo] 5 (trimethyl-glycine) 281 £d9
o olztatgel M LAEHE FFHA FHAET WEIL B3 &7 2EFHS of
Aol 2Ho FHFW AFAHA Aoz f7)A¢ Folglon(Petronini &, 1992),
lEt1S A Ao 2 lipotropic &35 e Y (Finkelstein, 1990; Barak %, 1993),
18} 3L S-adenosyl-methionineg 73t methyl”’| & #AF & & Y}

AL 71ZEERHEBT~T0kg) ZholAl wElel 06% H/HF7F & A e wa
st AdFFA o] 1.0lkgo2 FoAog Eotth gz, AT 13 & F 27 7
7k 095, 091, 0942 LdIFFAFS BYth ASHAZL HYTF 3, Uz, APTF 1
g AT 29 ¢o2 747 227, 223, 207, 2.07kg/¥ 9 ARAA DS BY o
FEAFL AEAAFS vasA A e AT How, AaEAF P FHY
TFE ‘Q“"Z‘—Xﬂ‘&ﬂ F7hle RS B & o AlBESS AT ENY EAZHoE

ARAE 2 ZAolE G} =T vlusted 0.2% Feholal e
A HTE KA Aolrt QAAAT 04~06% H7FFE dEZTFol HIEY 93
22 ¥ ABREES EAY WEL HANA FIA =4 AW FAs 7L,
F37) Fol 7k, aEa AREES MAAITGT AE Y v (Campbell ¥, 1997;
Casarin &, 1997, Cromwell 5, 1999), Fernandez-Figares 5(2002)& A3ty A2 &
FAR AES] 4G S 2ol wEr Fo zHE: FH7] st 0~05%9
HAR Sdtold HENE FAsgE, WEd Fd5Fe) 252 AP A
TAAY aAE BYoH, 53] AUAE AFAZ HASNA aHdHoletn B33}
A7 ZAst At AFolAnt FAA R T U FHL S UdeguE
AERLTEE 277 2 AT blste fooz gton, Zolal ¥Er
A7HT BAE 04% H7FF7L A B ton, gg o 06%, 0.2% o))

2 235 aosd 2ol WED 04~06% HFIFFIE R T vEd 93
AEgh AR ES U WA AABQT S Fase A P AA Y
g AoR A€o

.._,

=

R

2
ém

9. A8 3(65-100kg)
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Zetolal WElQle]l H7ME AlRE Fo3 SAHEA 9
2 A8 EES Table 49 Ve Q)

olN

A, dTAERAAZ

Table 4. Effects of glycine betaine supplementation on the growth performance of

growing pigs(Exp. 3)"

Treatments?

It
e Control Treat 1 Treat 2 Treat 3

Initial weight, kg 65.91+3.39  67.27+4.40 65.55+3.46 67.30+2.49

Final weight, kg 94.00+367 96504450  101.37+1.21  100.60+1.44

Feed Intake, kg/d 3.124057*  2.82+0.41° 3.22+0.52% 3.22+0.60"
Average dally 0 01,004 0944004  116+008° 10740048

gain, kg/d

Feed/gain 345+0.15"  3.00%0.15" 2.80+0.19° 3.01£0.128

Gain/feed, kg/kg  0.29+0.02°  0.34+0.028 0.360.02% 0.33+4.018

Y One hundred twenty pigs with an average initial weight of 66.51+3.44kg (SD).
2 Control : The pig fed on commercial feed(100%).
Treat 1 @ The pig fed on commercial feed(100%) with glycine betaine(0.2%).
Treat 2 : The pig fed on commercial feed(100%5) with glycine betaine(0.4%).
Treat 3 : The pig fed on commercial feed(100%) with glycine betaine(0.6%5).

ABC Means with different superscript in the same row are significantly differ at p

<0.05.

Zeholal wetel AFEFol AEEY WA HREA ML JRS 244G 2
e g 2ok ARAATL AT 10 282keg/DoT M Bgor] fgoz
W, RF 2 AT 3 £02 747 312 322 322kg/D)oI AT LREATL

dzgel wate] 2ol e ARt fgdoz Fgon, Fefoll ¥
A7bE 2ble 04% B7ET7F 02% 06%0) Mgt foHoR & dFZEA

ofy

e e ge 9

7btE 1.16kgS R Ath. Smith 5(1994ab)S v & =9 AFEI 5420 1]x
HERQIe] H1EAE dolry] Yt WES 0 =& 01% FFo HolE Fo

= AAsseH, vgd A7tz A dBTAFe] dxTel I & IS

Loz
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Bon, ST SHAIMAIE Aee #he W s 43 deudd
DA} AREES BET Hstel Feeld WHA AT HgHoz

3 AR EEL S5 BHe) ABLTFEE Faste) AN Fe 2A 7

2zt A1¥ 4(90-115kg)

Eotol4l vEllo]l AstE AIEE FA% v Eo) Yo dBFAY, AGABRAF
2 2 Al E8-8 Table 59 JeEl i)

Table 5. Effects of glycine betaine supplementation on the growth performance of

finishing pigs(Exp. 4)”

Treatments®

It
e Control Treat 1 Treat 2 Treat 3

Initial weight, kg 90.83+1.98  90.17+1.98 90.17+2.38 90.50+2.23
Final weight, kg 115784384 114.48+510  117.17+3.96  115.50+3.42
Feed Intake, kg/d 3.33+0.48 3.23+0.28 3.40+0.41 3.43+0.44
Average daily
gain, kg/d
Feed/gain, kg/kg 3.37+029'  3.40+0.48" 3.160.23% 3.45+0.22%
Gain/feed, kg/kg  0.30x0.03°  0.30+0.05"®  0.32+0.02* 0.29+0.025

1.00£0.10°  097+0.18° 1.08+0.08* 1.00£0.07°

Y One hundred twenty with an average initial weight of 90.42+2.17kg (SD).
? Control : The pig fed on commercial feed(100%5).
Treat 1 : The pig fed on commercial feed(100%) with glycine betaine(0.2%).
Treat 2 : The pig fed on commercial feed(100%) with glycine betaine(0.4%).
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Treat 3 : The pig fed on commercial feed(100%) with glycine betaine(0.6%).

ABC Means with different superscript in the same row are significantly differ at p

<0.05.

Fo gz T et Skl WlEld HbFUF B AF¥E B
Zatolal WEkl 04% H7FE7E 1.08kgo 2 ThE Aol H|E
THAFE 24T ABAATES AHYFLd FIAA Aolrt @l
323/kgo 2 7} & AsHFFS Rgoed, vdgoes dExT, AT 2, AT 3
o)glom, Zt7t 333, 340, 3.43kgel Atk AlREE&E A HET FAA 04% Fgelal
WElel H7T7t 0.32%kgo 2 TE A Fol nlstd SoARow gkow 02% 7t
TE9 hETE 0.30kg, 06% H7FPE 020kgE YEhAT ARS8 7 &L =771
3.37kg °lR oM, 04% H7HF+E 3.16kgs VERUO] Zetoldd WiEd Mt A5
o B 4FE nAE Aoz e

om, AT 10]

vh BAAY 24

=to]4l WiglQle]l Hrtd ARE 9
Table 69 YeEF AT

[
Iz
Ho
it
2
2
2
ox
X
oX,
tlo
e
>
o
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X
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Table 6. Analysis of dietary glycine betaine

on economical efficiency in pig growth

stages
Phase Item Glycine betaine”
0% 0.2% 0.4% 0.6%
Average daily gain, kg/d 0.67 0.66 0.72 0.74
Feed Intake, kg/d 1.67 1.63 1.55 1.55
Phase 1 TFeeding days 33 33 33 33
(15~30kg) Total feed intake, kg 55.11 53.79 51.15 51.15
Added glycine betaine, kg 0 0.11 0.20 0.31
Glycine betaine cost, 5,000/kg 0 550 1,000 1,550
Average daily gain, kg/d 095 091 0.94 1.01
Feed Intake, kg/d 2.23 2.07 2.07 2.27
Phase I Feeding days 32 32 32 32
(37~70kg) Total feed intake, kg 7136 6624 6624  72.64
Added glycine betaine, kg 0 0.13 0.13 0.44
Glycine betaine cost, 5,000/kg 0 650 650 2,200
Average daily gain, kg/d 0.91 0.94 1.16 1.07
Feed Intake, kg/d 3.12 2.80 3.23 3.23
Phase Il Feeding days 31 31 31 31
(65~100kg) Total feed intake, kg 96.72  86.80 100.13 100.13
Added glycine betaine, kg 0 0.17 0.40 0.60
Glycine betaine cost, 5,000/kg 0 850 2,000 3,000
Average daily gain, kg/d 097 097 1.08 1.00
Feed Intake, kg/d 3.33 3.23 3.40 3.43
Phase IV TFeeding days 25 25 25 25
(90~115kg) Total feed intake, kg 8325 8075 &.00 8.75
Added glycine betaine, kg 0 0.16 0.34 0.51
Glycine betaine cost, 5,000/kg 0 800 1,700 2,550

1) Abbreviated 0%, added 0% of glycine betaine; 0.2%, added 0.2% of glycine
betaine; 0.4%, added 0.4% of glycine betaine; 0.6%, added 0.6% of glycine betaine.

Glycinebetaine(Z gtol X 9 €121, o}3} W} Q)e

guaternary ammonium compound$]
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ol ol Axd A W, W e, 2 R g AFE SUHA AEEA,
Yoz go a9t QE Ae® rudga

4% 1941Y 20~50kg AHFAIGollA Eeteldl wErS] A7F Foi7t 43 2 BAA
o MAE FFS 5T 2ok AGAY BLES 2T dBTAFL 067kgol N
om, vk 06% Zholdl WElQl HIMTE 074kgd TAE 2R AAGAY 71HF
btz vlste] 06% Eekeold WEd H7H77 231kgd FAE BAT AFEA
71 ES dxTE 511kgd AFEE AR o, 06% Serolal wWERl H T
i+ 51.15kgS AM#H3ted 396kgd ARE Ayt ow, E 231kgd FAHE B3]
fEol AR 8 T78&S FAd H3ld 575kge] A E AT Ao® e Algn2
gakabd 3,204€ (3.96kg+5.75kg, 3308 /kg)olth. 0.6% Fetel4l WER] H7bF &
ALFAN A 717 RE 0.31kge] ZEtolal WlEIIS F38t9 7] wF e 1,5509(5,000/keg) 9l
F7H g ol EJAL AtmulelA 320490 AT Qo AF ALS 33F<¢ 1F
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37 34411 65~100kg APUWMH Ftolal HEre H7t il
d "AE 9FE AEIETD AE7¢ 319 B¢ dETY %_l%%ﬂl%k-"— 091kg,
04% Zold wErl H7FE 1.16kge YBFAE Bl NY7
skl 0.4% Zeheld] WEtd HIMFE 7.75kgd FTAE HATh A 712& 1Y Bt
WETE 96.72kgd) AHEE AR o0, 04% F7HFE 100.13kg s A3 dzT
of wsle} 0.4% FatolAl wiEkel HI7FFE7F 34lkg S o AFstY F7tE ARH]E
80U (FAHE=ALE 2619/kg)H SeholAl HlElQ) H7bzF 04kg ¥-&2 20009 (50009
/kg)o 2 dixTo) vlate 289099 wlgo] FHoem Qv AF gz v
o 04% Ztolal WlERQ] H M7 280099 FriulEo] ERAW FAE 7.75kg <
Hol FEto]ll Higtd A7I7E HA o ANAG Fdd BE FFE WA Ao g
ok 2T A% 7.75kge FAE YHE AR L TF&o] 343kgol B R 2658kg 9
Ats7F Boste AlRuE 2 3astd 6940¢€ 0t AF Fetolal wlEld S Fostew
ArS 31Y B 159 405099 AAF ojeje] wAAT

Fteldl HERIY Y987 HE AMEREEE a7k 14TE@R609 D)ol AnlEa gle
W, A% 9o g Yo asnm U Fo AgTae M AHEI v g
Z WEde dIFRLToEA FAYA ZFHE HFF FA olF FHEHAA F3)
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Table 1. Experimental design

Phase Itemn Treatments
Control Treat 1 Treat 2 Treat 3
Phase 1 Number of plot 4 4 4 4
(33~110kg)  Number of pig/plot 5 5 5 5
Phase II Number of plot 4 4 4 4
(63~110kg) Number of pig/plot 5 5 5 5
Phase I Number of plot 4 4 4 4
(90~110kg)  Number of pig/plot 5 5 5 5
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APEAE T2 MA AT} 334743 74kge) SAE 80F(Y 407, & 407)E
of Z3tAlFQ 110kg 7R 92U ALEAIES AAs AT A8EAE 48 A
AR E e iZF(Control), &7 A& Ul 2}o]2l WELQ) 0.29% H7F(Treat
1), 04% 737}?(Treat 2)% 06%ZE AHA7ME F(Treat DE 478 Y E 39 X 4
HHE ghE G 5 )Y vl A3kl

AYFAIH O+ WA A F o] 53745593kge] SAE 805(L 40%F, & 409)8 FAIS
of E3AIAQ 110kg 7HA] 5993 AMGAIE S AAERY AldAAE AMFAE T A
2ol 47 A2 AAst A 49HE, vt E G 5548 Ao A

AN RS A AT o] 90.8544.94kg] HI K= 80F(Y 407, F 40F)E TG
of E3AAQ 110kg 74A 2297 AMSAIES A
2ol W M2 BAs AT 49E w5 554 e wix st

. A 2 AR

AFAE L Eel WAo] 534m (20x29m)% AGEANA Ao, £a}
Fae AR &Y Bteln B vige /3 B 253e ASHUh ATl
W Tokgol BolZ Q& 2HUs 578 AL ol ALgstel Byoz A
FEuEe B e ¥RH0 g UES olgde] A#F
A FET BRI E o8 FER 2BV BE o g3t 8712 AR
EARNATS AHste] EARIE DA
AFAFISH M= AFAE 13 2o zdon ANaAT 4% @ Azda2
& NPFEAC Hs ARFAP, YBAREAY, AREES
AN P AHSE SR ED W% F7) AR MFEE Table 29 2k

2
e
o
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Table 2. Formula of experiment diet(%s, as fed basis)

Item Experiment diet
Phase 1 Phase 11
(Growing) (Finisher)

Ingredients

Yellow corn 67.32 69.25
Soybean meal 23.60 14.68
Wheat bran - 5.65
Wheat - -
Wheat flour - -
Rapeseed meal -~ 3.00
Limestone 0.43 1.00
Tricalcium phosphate 1.92 0.84
Salt 0.30 0.30
Vitamin” 0.10 0.10
Mineral™ 0.10 0.10
Animal fat 2.16 1.00
Molasses 4.00 4.00
Lysine 0.07 0.08
Methionine - -
Antibiotic™ 0.00 0.00

Total 100.00 100.00
Chemical Composition

DE(kcal/kg) 3400.00 3300.00

Crude protein(%) 16.00 14.00

Lysine(96) 0.90 0.75

" Vitamin : vit A, 4,000IU ; vit Ds, 800IU ; vit E, 151U ; vit K3, 2mg ; thiamin, Smg
; riboflavin, 2mg ; vit Bi, 16mg, pantothenic acid, 11mg ; niacin, 20mg ; biotin, 0.02
mg

™ Mineral : Cu, 130mg ; Fe, 175mg ; Zn, 100mg ; Mn, 90mg ; I, 0.3mg ; Co, 0.5mg ;
Se, 0.2mg

EETY

Antibiotics : Lincomycin, 44ppm ; Carbadox, 50ppm ; Penicillin, 50ppm ;
Sulfathiazole, 100ppm ; CTC, 100ppm

o RAYE W RAPY
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APBAHES AY7INES FAFH AFS ARy FAFAN FFE AYstn
AP Vo] MAHFS AN, =AEE AAAFTAN FEAFTAA F7
3 AFY FAZS AFSVI0CE UFo A doen, A2 & S(feed efficiency) S %
A AARAH T dig v&2E AEIA

& BAES
EARS L SAS(1999) programE o] £33 RAEA 4, AFFre] HFE
foA AAL Duncand] BEZAWH O E 5% FEdA HASH
2. 42474 2 33
7t 2ol WiEl ATl SAE~vSEE3~110kg)e] AF5AA v
A= I
1§ =e dFEAE dIAEA

Zetoldl Wekglo] H7lE ARE FAD F4~v

HZF B AR 882 Table 39 Yeh e}

Table 3. Effects of glycine betaine supplementation on the growth performance of

growing ~finishing pigs(Exp. 1)V

TreatmentsZ)
Ttem
Control Treat 1 Treat 2 Treat 3
Initial weight, kg 34.94+5.06 34.25+3.15 32.38+3.96 32.44%2.40
Final weight, kg 112.00+4.84  107.75+7.74  111.25#509  112.67+6.28
A dail
VETage Ay 085+003%®  081+006°  087:005*  0.88:0.06"
gain, kg
Average daily AB AB A B
, 2.92+0.53 2.80+0.56 2.99+0.44 2.81+0.20
feed intake, kg
Gain/feed, kg/kg  0.29:0.01° 0.28+0.028 0.29+0.02° 0.31£0.02%
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D Eighty pigs with an average initial weight of 33.74+3.74kg (SD).

2 Control : The pigs fed the commercial diet{100%).
Treat 1 : The pigs fed the commercial diet(10096) with glycine betaine(0.29%).
Treat 2 : The pigs fed the commercial diet(100%) with glycine betaine(0.4%).
Treat 3 : The pigs fed the commercial diet(100%6) with glycine betaine(0.6%).

® Means with different superscript in the same row are significantly differ at p
<0.05.

PetE o] wiErd ddssrt Ha, ojAe] Al AtstsEwA
2 o] "o} Zgolil WERIE F
7HA 8 %ol dum A ded, R wAE HFFANZAN methionine o)
cholin ¥t} EHY g#AHoR WAVNE AFsa . F HEgde FGAR
methionine® cholin®] H7F38 ZHekste] A2 g7t A & 4 Qv $ Hx= At
T4 2HAZA AolE AXYN FRI o] FHL 2Aso Fuh

2ol MEY HIMFES 2Esty R2UT FHANEY AR dBEH)
27 viste] 02% FeHelal wetd A T fHQ) ol AT
TAFE ZHom, 049 06% HA/MTE iz ¥std ta ¥ dGFAZL B
At HMEd b 3tels 0.2% # AT vldke) 04%9 06% FAHTEF foA o
2 dETAFE BAT(P<0.05). dERIL Be guds ve oyx|Atg a8a
AP Gl ds} 52 oUAE FAF HKEeES dGFAFL FANAG B
3t A cH(Matthews 5, 1998). %JEH}E*,;}%JE*% gzFE AT 1, AYTF 2, 2 A
T 3°] Z+2t 2927, 2.89, 299 ¥ 281kgE wPon wZ T nlae 06% Feholal
WERQD X777 freF oz ve agag “H%% B ATHP<0.05). Matthews %
(200D 0~05% H7/lFEoz2 WMEAS FAA FH89e o dB3EABH At
BEE FFE MAA ddod, dFsHABS WER FAZ Qe FoRoem
(P<001) #23tddh =& HE AL 025% FAA 743 2L AadAFS wqa
Rasdoh ARETLS AFFTAFH FAG ARE wgon], dzFe Zehla ¥
ERQL 02969 0.4% 7T el Fo2Q aolzh gder, 06% Zeto]dl wEr
B7brE Q2T vldte] ooz e ARESS B YTHP<0.05).

< AFHE Qo ool WS Almd 06% A7tste] Fosd F ol
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Fgel 2A 198 Aez Asdr

v 2ol Al wielQl Al FEol §AE~HS=(53~110kg)e] AF 5 v
A 9

Zz}olAl ulElole] HItE ARE Fo3 A ~-nSEY dIGTAHZ, dIAEA
A D ABEELS Table 49 e Al

Table 4. Effects of glycine betaine supplementation on the growth performance of
growing ~ finishing pigs(Exp. )"

Treatments”
Item

Control Treat 1 Treat 2 Treat 3

Imtial weight, kg 60.71+6.77 50.00£5.32 03.40+3.47 02.44+3.57

Final weight, kg 108.71+1090 102.78+6.42 108.30+7.82 102.00+5.83

A dail
verage QA 18040088 078+012°  092+0.11%  0.82+0.10"
gain, kg

Average daily

. 3.09+0.80 2.87+0.35 3.09+0.63 2.97+0.48
feed intake, kg

Gain/feed, kg/kg  0.26%0.03 0.27+0.04 0.29+0.04 0.28+0.03

Y Eighty pigs with an average initial weight of 53.74+593kg (SD).

? Control : The pigs fed the commercial diet(100%).
Treat 1 : The pigs fed the commercial diet(100%) with glycine betaine(0.2%5).
Treat 2 : The pigs fed the commercial diet(100%) with glycine betaine(0.4%).
Treat 3 : The pigs fed the commercial diet(100%) with glycine betaine(0.6%).

Means with different superscript in the same row are significantly differ at p
<0.05.

ALFAIE 7135 2H(G3~110kg) =EFol4l wlElQl 04% H7HT7F b A9 v
wate AdFEA Fo] 092kgo R fFojHow EUTHPK0.05). ET, HETF 13 A
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o

27 37F 742k 0.80, 0.78, O.82kg2] YFTAFS RAT wElY g dFoA
2 AFAE] wE] 0.126%E g dEA Y Als ARAFS i

Etll(Cera®} Schinckel, 1995; Matthews &, 1998), 2 A7 247 dBAImAH2L
27, AYT 1, MY 2 28 AT 39 £o7 z+zh 309, 2.87, 3.09, 2.97kg9
dRMEAAFS Bol ATt F989 Aolrt itk gy iz T ulso
06% Setoldl WER H7/FF7E @& g IS Bg99. RIS ATrE
of TAMeE FAAHA Aol dlon, gz T wwate Zetoldl e Hit
T7F B2 B2 A8 28 BAT WEAE HAd FA AARESS ALANG
A Bustg o (Campbell &, 1997; Casarin 5, 1997, Cromwell %, 1999),
Fernandez-Figares §(2002)2 #3td Al 2 Fod3 =9 A EAo Zglo)al
el Fo Z3E 797 95t 0~05%9] ¥WHZ Sdo]A eSS F93Y
H, MER FoeEel TS E JAEH FAHYU AHFE BHPon, =3

UAE AR HABA Eolgdn nasdtd, £ AT59 AFE 47
Sxo FRAQ TR AN

g, 2o W Aol HGE] HFER) NAE 9%

Zetoldl Welelo] 7R ARE Foiw MKEO0~10kg) AFEAZ, APA

BAHYE 2 AAREA S-S Table 59 L}E}lﬂﬁ‘:}.
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Table 5. Effects of glycine betaine supplementation on the growth performance of
finishing pigs(Exp. )"

Treatments?

Item
Control Treat 1 Treat 2 Treat 3

Initial weight, kg 93.13x4.91 89.7516.36 90.00+4.44 90.56£4.09

Final weight, kg 112.00t4.84  107.75+7.74 111.25+5.09 112.67+6.28

A dail
OreBe CEV 0862013%  082:019°  097¢009°  1.00:0.14%

gain, kg
Average daily
] 3.27+0.45 3.27+0.46 3.41+0.62 3.41+0.71
feed intake, kg
Gain/feed, kg/kg  0.26+0.04 0.25£0.06 0.28+0.03 0.29+0.04

Y Eighty pigs with an average initial weight of 90.85+4.94kg (SD).

? Control : The pigs fed the commercial diet(100%).
Treat 1 : The pigs fed the commercial diet(10096) with glycine betaine(0.296).
Treat 2 : The pigs fed the commercial diet(100%) with glycine betaine(0.4%).
Treat 3 © The pigs fed the commercial diet(100%) with glycine betaine(0.6%).

AB Means with different superscript in the same row are significantly differ at p
<0.05.

=%0o]a WElE quaternary ammonium compound$¢! ¥l A FEAE
(deZwart 5, 2003) HIE} H7bA], ¥ 424 AUzt 84 29 oiyy JEY o
of Zx¥ A% g, W2, Uig 2 JHEel dig A3e T/AA AgEA, G
2l 9 ZH7F der(Sakamoto®d Murata, 2002) L& - th5Al 7hSol Al 39
2EH2E AFANAFE 22 &¥A Jd(Augustine®?} Danforth, 1999).

2ol WERl HIteE g 2eiste 2297 FHANE F g SA DTS dE2T
Hlate] Ztolal WiEll 02% HsbFrE dgtew, wide] ol wErl 0.4%9
06% A7t dx7d Hge 52 d25AFS 290, Solal WEgd A
Zrell= 06% H7H77F 02%°) vlste] foA oz & IdFTAFS B I THP<0.05).
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o H7TEHE Fotry] A5t WEQS 0 £ 01% FFo] #olg Fo gL 4
AlstAcd, WEl Hrt2 Q8 43T A dzTo vlE 2L 4% Ueng
dBAEAAZTE dzT9 o)l WEA HAT e §9HA Heo)7t Ut
e AFAEL HEQd T4V AT GBS vAA gEda nusged
(Webel, 1994; Casarin 3, 1997; Kitt 5, 1999), At gAz o] F7t £+ #4dde A
& oblE lysine/calorie Bl EE FAHE ALY YA FFo oste] Jgg w
< = Y E:ﬂ_z‘s}ﬁi‘:’r(Haydon S, 199%). AlEE &L diETo Hlste Fgfolal
WEFQ) 04%9 06%H 777 L ARESS Bgon, A ADT FAA 06% 2

A
ehelal ekl AH7byrE 02902 b3 Egtch B ARE 8ok Zetolal wekl
04~06% H757F dix7ol vlste] LTS} Aga e Friste] AN T4
o 714% Aoz Alzdd

&)

2ol HE H7keES ArhrIzbe] A P AL 9GS Table 79 YEHY
At
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Table 6. Analysis of dietary glycine betaine on economical efficiency in pig growth

stages
Glycine betaine”
Phase ftem 0% _ 02%  04% _ 06%
Average daily gain, kg 0.85 0.81 0.87 0.88
Average daily feed intake, kg = 2.92 2.89 2.99 2.81
Phase 1 Feeding days 92 92 92 92
(33~110kg) Total feed intake, kg 268.64 26588 275.08 25852
Added glycine betaine, kg 0 0.53 1.10 1.55
Glycine betaine cost, 5000/kg 0 2650 5500 7,750
Average daily gain, kg 0.80 0.78 092 0.82
Average daily feed intake, kg = 3.09 2.87 3.09 297
Phase II Feeding days 59 59 59 59
(53~110kg) Total feed intake, kg 182.31 16933 18231 17523
Added glycine betaine, kg 0 0.34 0.73 1.05
Glycine betaine cost, 5,000/kg 0 1,700 3,650 5,250
Average daily gain, kg 0.86 0.82 0.97 1.00
Average daily feed intake, kg  3.27 3.27 3.41 3.41
Phase I Feeding days 22 22 22 22
(90~110kg) Total feed intake, kg 7194 7194 7502 75.02
Added glycine betaine, kg 0 0.14 0.30 0.45
Glycine betaine cost, 5,000/kg 0 700 1500 2,250

Y Abbreviated 0%, added 0% of glycine betaine; 0.29, added 0.2% of glycine

betaine; 0.4%, added 0.4% of glycine betaine; 0.6%, added 0.6% of glycine

betaine.

AFEAE 11 33~110kg AFEAI A STelal werd Ad7F g7 4% 2 ZA
o WAlE FFe O vk AIFAE R2d B dRTe dIFTHFLS 085kg

Reow, A 06% Eetolal WEIQl H7MFE 08%kegd FAE Hol AFAEH 7]
& iz Blste] 06% Zol4l wiErl H7M7) 276kgd] FAE EAT. A}
GNF JIES ETE 26864kge] ARE AFERon, 06% FEhojal wWEQ

it
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A7}t 25852kge A 10.12kgd) A2 E Hzslgew, w3 276kgd TAHE
B2 WEo AlReFE& S FAH o F8W 68%ee AIERE HEE Aoz deht
AtgHl2 FAbsd 6,1499)(10.12kg+6.82kg=16.94kg, 3639 /kg)elth. 0.6% Z2polAl )
Bl A7} FATE AFFA VIS 155kget ZEolA wE S F9EHr] 9E
o 7,7509(5,000/kg)el F7tul&o] o] Fod Algo] iy AAH LR o]e] @AY}
12 (UAAT AEAHEL] FHY nFZ BA= EKo AN 7%t 7L
of o]ejo] MY RoZ AZHLY,

AMFAF I 53~110kg AFEAIFAA FElolAl wErd A7t F97F 44 2 AA
Aol WA FFL thed 2ok AFSAY 599 B¢ gE2T Y A FS 0.80ke
Rew, v 04% Feholdl WMEQ] A FE 09%kee FHE B AIAY 7
¢ gzl Hlstd 06% Zetolal wElQl HIFFE7E 7.08kge] FAE RAtH AL
FAE 7IEd dE2TFE 18231kgd AHEE AMHEUow, 04% ZTolal wlEl
A7 18231kg e AHSA AFRANY NES ABAA DTS TG dE T
B8t 0.4% oAl WE H7MF7 708kgd FAE B9 "ol A28 FES
TA Wk 237%ge ALREE HRT Aoz Yeh AlEH|E2 @AW 86359
(23.79kg, 363¥/kg)°lth. 04% Zola Helel H7 FHTE AFAGIFES
0.73kg®l 2eol4l HEII S F937] BEo 365098 (5000/kg)el F7HH]l &0l EA
ARt ArzuldA 86359E AREHY] Wil AI 157 498599 AAH oo
Ao, =3 QYYLTHER] H2E LEFAY HA= EHo] YA Jhsetd]
F7F A5 ool MY Aoz Atz

APFAIF MY 90~110kg AFFAIEANAM Fatoldl wield H7F Foi7b A% 2 A
el PlAE YL dSF 2o AIGAY 229 B WETY 9235 AL 0.86ke
olNew, Wi 06% Zetoldl WEIY HILTFE 1.00kgd] FAE B AAGAY 7
HEd gzl Bl3te 06% Zekol4l vlelel HrLEr) 308kge FAE BRI A}
FAE 71E G dxTFE 7194kge) ABE ZAHFon, 06% Sl wEY H
7bE 75.02kge A 3.08kgd AlEE F7tE Fostgoew, w3 3.08kge F
AL 27 HEA ARLTFES FTA) Fa 1050kge] AES BAT Aoz Y
Bhd AtsH2 $hastR 2,6039(1050-3.08kg=7.42kg, 3639 /kg)elth, 06% o)Al
e I FATE AFFAEVILES 045kge] SeolAl HEIQE Fosdr] o
ol 2.2509(5000/kg)e] F7H]Eo] ERAT AauidA 2603U& A7 HF
o A= 159 44399 ZA A ole] WAEAY. B AT B A gAY E Aol

N

B>
4
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A8 nFEAS BAS £50) A Vsdte 7k £56 NdF Aoy Ak
A 8 A AdssE AT sl&olA
9 e R AR THAE AL 1€ A GFR A9AE 2o 2
9 B AAE qus MHA FE AR A B 5L 5D A% 2
943 AAGE 2 AAY Aeold D Mool BHE ARE oS HAE
ASBE 1% olde Y Folw, o]F B 4B EE nFAL - w54 A
fomm BAEFY AY9,
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