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SUMMARY

I. Title

Production and industrialization of well-being source meat through development of
environment—friendly functional feed additives

II. Research performance

The index for research performance evaluation was three applications and one registration
of patent, two SCI research papers, three technology transfer deals, education of three
graduate students, six cases of industrialization and two cases of promotion. In this project,
we applied for four patents and published two SCI-level papers. In addition, we contracted
four technology transfer agreements and five graduate students got their degrees. We
produced six farm products and promoted through the media including broadcasting and
newspaper for 29 times. And one non-SCI paper and 8 meeting presentations were

performed.

II. The purpose and need of R & D

The final goal of this research is to proceed further development phase following the
previous 3 year project "Bio-Feed Additives Research Center (BFARC)”. We mainly
focused on developing environment—friendly functional feed additives and omega fatty
acid-balanced feed using multi-species probiotics, bio-active compounds and functional
agricultural and marine by-products to produce and industrialize well-being source meat
and processed meat.

The detailed research goals are: 1) Industrialization of the results of previous BFARC
project, 2) Optimization of production system of multi-species probiotics as an alternatives
of antibiotics, 3) Development of feed additives to increase transfer rate of bio—active
compounds to source meat, 4) Development of feed additives using functional agricultural
and marine by-products, 5) Establishment of optimal composition ratio of
environment—friendly functional feed additives containing multi-species probiotics, bio—active
compounds and agricultural and marine by-products, 6) Production and industrialization of
processed meat products using non-preferred meat part and fat, and 7) An increase of
domestic meat sales and income of livestock farms through increased consumption of
non-preferred meat part.

Nowadays, worldwide feed additives and probiotics market have been continuously
growing. In addition, probiotics have drawn attention in South Korea due to the strict

regulation of antibiotics as a growth promotor. However, probiotics that clearly proven its



effect and function are rare. We developed multi-species probiotics as an alternatives of
antibiotics and for environment-friendly livestock production.

Furthermore, functional food market has been increasingly growing because of the global
spread of well-being trend and the influence of aging society. There has been increasing
demand for safe livestock products that not only have taste and nutrition, but improve
consumer’s health. Additionally, high rate of non-preferred retail cut lower the
self-sufficiency ratio of domestic livestock products. Therefore, our group is trying to
produce environment-friendly and functional livestock products and their processed products
using preferred and non-preferred parts.

In addition, there has been various research to utilize agricultural and marine
by-products, along with the research investigating natural materials as alternatives of
antibiotics. To solve the environment problems and produce environment-friendly livestock
products, our team developed antibiotics alternatives using the natural substance in

agricultural and marine by-products.

IV. Contents of research

This project consists of three sub-projects. (1) Sub-project 1: Commercialization and
production of environment-friendly livestock products using multi-species probiotics as an
alternatives of antibiotics, (2) Sub-—project 2: Commercialization and production of functional
livestock products using bio—active compound-containing feed additives, and (3) Cooperative
project 1: Development of environment—friendly and well-being feed additives using
agricultural and marine by-products.

This project was organized to facilitate the technology transfer and successful commercial
production through cooperation between university and involved companies.

The followings are contents of each project. Project I: Establishment of optimal
composition of multi-species probiotics, including lactic acid bacteria (LAB), yeast and
Bacillus that specialized to defense against pathogen, Establishment of large—scale
production system and formulations that enhance delivery efficiency across the
gastrointestinal tract, Project II: Development of feed additives that increase transfer rate
of bio—active compounds in source meat, using polymeric carrier, and Cooperative project I:
Development of functional feed additives using agricultural and marine by-products that

was confirmed those effects through the previous project.
V. Results

Project I, multi-species probiotics team: The main goal of this team is 1) to develop the
optimal composition of multi-species probiotics including LAB, yeast and Bacillus as

antibiotic alternatives and 2) to optimize the industrial production process. For this goal,

two strains (Pediococcus acidilactici GS1, Lactobacillus plantarum GS1), Saccharomyces

_7_



boulardii 796 and two strains (Bacillus licheniformis T2, Bacillus thuringiensis T3) were
selected from the LAB, yeast and Bacillus, respectively. And species—specific medium (2.
acidilactici - MRS/ L. plantarum - CM/ Yeast - YSM1/ Bacillus - BSM3-1), drying method
(LAB - freeze drying/ Yeast and Bacillus -hot spray drying) and excipient (LAB - skim
milk 98% + MSG 2%,/ Yeast - rice bran / Bacillus - zeolite) were established and through
this method, we have finally produced multi-species probiotic samples.

Probiotics were encapsulated into HPMCP in the form of tablet to increase the delivery
of probiotics to the gastrointestinal tract when administered by oral route. Encapsulated
model probiotics was well-protected from i/n vitro stomach and showed high survival rate
from in witro intestine conditions. Also, the stability of the encapsulated formulation were
improved during prolonged storage. The same results were observed in in wvo feeding
experiment tested on chicken.

In Project 1II, bio—active compound-containing feed additives team: In this project,
selection of candidates for functional feed additives and its characterization was conducted.
Multi-species probiotics, flaxseed, vitamin E, betaine and CLA were listed as candidates for
functional feed additives. It is expected that many advantages, such as improvement of
immunity and productivity of livestock, achievement of ideal proportion of w-3/w—6 fatty
acids, synergistic effect on livestock productivity and acquisition of new functionality, can
be achieved by feeding livestock. In this regard, the study was carried out to investigate
the effect of ALA and betaine on myoblast proliferation and differentiation 7/n vitro. As a
result, it 1s confirmed that there is a synergistic effect of ALA and betaine on muscle
development and muscle differentiation when treated together in vitro.

To produce functional eggs by supplementing laying hens with functional feed additives,
a-tocopherol, a subtype of vitamin E, was encapsulated into B-cyclodextrin carrier for
better delivery efficiency. And surfactant mixture system (two distinct types of surfactant,
Span 80 and Tween 80) was used to enhance solubility and control the release rate of the
loaded materials. Then feeding experiment with laying hens was conducted to determine
whether encapsulated a-tocopherol can enhance accumulation of a-tocopherol in egg yolks.
As a result, supplementation of encapsulated a-tocopherol enhanced content of a-tocopherol
in the yolks and there was no significant influence on yolk cholesterol level. It was
confirmed that w-3:0-6 fatty acids ratio was improved at an ideal ratio of 1:4 due to the
elevated content of w—3 fatty acids in egg yolks.

Effect of feeding of the environment-friendly functional feed additives developed by
Project T & @I on performance and characteristics of finishing pigs was Iinvestigated.
Such feeding exhibited improved omega fatty acids w—-3:w—6 balance less than a ratio of 1:4
and significantly increased the content of betaine in pork and processed pork products.
Also, it was proved that an increase in the number of intestinal beneficial bacteria and the
inhibition effect on the growth of pathogenic bacteria were observed in multi-species

probiotics—fed pig groups.



Cooperative Project 1: Development of animal-specific functional agricultural and marine
by-products as the feed additives. In this project, selection of candidates for functional feed
additives from agricultural and marine by-products and its evaluation was conducted.
Phytoncide, seaweed midrib, wasted garlic were selected for functional feed additives
candidates containing bio—active compounds and an each extract or the mixture of extracts
showed excellent antibacterial activity against various pathogenic bacteria, radical
scavenging activity and anti-inflammation effect.

Furthermore, animal trial in non-ruminant (laying hens, pigs) and ruminant (Holstein
dairy cows) animals was conducted in order to evaluate the effectiveness of these feed
additives on functionality and the safety of by-products as feed additives. By identifying
that these by-products did not affect the livestock performance and animal metabolism,
single or mixed feeding of by-products improves the livestock productivity and immune
responses, convincing of the potential of industrialization. Besides, it was identified that
feeding of agricultural and marine by-products enhanced the content of CLA and w-3 fatty
acids in egg and ALA and -3 fatty acids in milk from dairy cow, resulting in balanced o
-3/w-6 fatty acids ratio.

VI. Further Prospect

Multi-species probiotics developed in this study will be used as antibiotic alternatives to
meet the customer’s needs for the environment-friendly livestock products. Especially, the
patent-pending technology of probiotics coating formula for better protection & delivery
efficiency will be applied for the production of new probiotics.

Moreover, the patents and the know-how for the production of functional egg were
transferred to the involved company and they have launched functional egg products in the
market. Also, it is expected to produce betaine-enriched omega fatty acid-balanced pork
and processed products by transferring the patent to a company. Consequently, it is
anticipated to stimulate the consumption of non-preferred retail cut of porks.

Other knowhow developed in this project were transferred to a company and new feed
additives product for laying hens was launched in the market. We anticipate the more
commercialization and the reduction of the agricultural and marine by-product disposal

costs.
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|5z gtom, HIE E2 AALES UElE doly n¥8 ¢, A, AGES HEFT S
A5 ooyt A me Fsol vt dEAWEA W A7 APH L ATt (Amagase

2001; Essman, 1984; Wu$} Sheen, 2001). vl=9 FEAd# o= B ud allicine vs 5

7] Ao R v x4 o] fyE o A G490 allinased] 93] alline] a3 ¥ o] A4

H
(Fenelli &, 1993). Allicin< 1 ZHAI7F @5 A& Ast 235 7FA 3 o Al €3 <
%
ul

diE ZElzdHE 2 T8 AW 7S A7 (Simons 5, 1995), 57357 8t

S AN T= Ao BHuEAr}t (Effendy 5, 1997). Qureshi 5 (1983)& nls &
S SA Atz #H7FshH HMG-CoA reductase, cholesterol 7a-hydroxylase$} fatty acid
synthetase®] &4 #4417 &% LDL-cholesterolg 724 A]7] 31 HDL-cholesterolol & < &k
& FA gt stdth & 5 (1996)2> A ARl mtes Fojstd FHlzHE el A

st¥]ar 87 Aol ZrAadtia 9 om, Skan & (1992)2 SAlol 2%9] wlEs 2 H¢ &
T =

o o fo o Lo

ol

|
o
[N
>,
Y
v
K
P‘L

2
=
i
i)
i
i)
|r
X
ok
o
ox
N
rlr
=)
e
Y,
i

A=,

IombEdis adE AVIER e AAelH, mis Adele wie 43 vV =

polyphenols, flavonoid % &4tk v R & 3A4kst Aol o ¥l v ZAoE By

I Y (Nuria 5, 1999). Nuutila 5 (2002)2] 5] 9Jstd wlhs 529 F polyphenols?]

Steko] B4 7hf Ax ¥, HAS 7] E2F (radical scavenging activity)o] =2 H T}

158 = Hausdeh =3 Kim 5 (20092 viEs S343 71dS SA0 FAgde=z A%
B

s
o] wropxa, Aol AstE A AATIH, = XA LA

o =A@ o] Frtdvti R sy
A b gAuthe Aol olel @ fibt $etia wastdh

ek AbRel A AAEE A Folt oF A

y: o= dHA AUt (AL 5, 2006). st G dFE
A ol9ol i, AF T3 L B} 482 S kAol 4REe] Fiso] glon, of 53
e wn AFA, 29, A5A, 9844 R RFAZ 0§51 Jrkx P} (Cimanga 5,
2002; Baricevic &, 2001; ¢ &, 2001; ¥ 5, 2002). gk AthuF el = terpenoid Al A,

A Ak
phenoldl A& ©Bd % AdZFol= AMRo] IfHEHol Jom (F %, 2002), terpinolened}t
= s
=

= )

borneol i BF wHIE FX3Y ZHE2HE FAE EFE LS e Aoz dHA
ATH (Kim 5, 1986). w5 S0 2shd 2010 =W F27F F 3 Arde 4989 o=z
ol o]o] F WAlelH, 6720 F2o] 3to] A= om, AL FF & 3 dPo|ut 2 go
2 AREEM, 1 9Je] BAMES adE WEA L e Aot mekA 3 e ddow WA
Ha e A FAES G488 I BE AR Yo i A3 2 AR A7 A opy
2 37 2o wWEHES AAaAIE EHE AdS F US AR AlREH, A AAdE o
H A EFAE] FgfEo oA o] T (20072 A FAkEoA AF EHAS FEI F
T Aow A As W At FAb=e] U Abee AR 54, 9 Y adHE 2 3
W T FElzHE3 AGAE kel wxl= @kl tigk skt



El

3|

X

—_—

0

I
o
e

ox

¢

—

W

M
Ao

olgkE V19 EE EA
gdozrM FaAzt gloM A7 E= Ve

—

7€ A=

o
Py
<

file)

1
]

o

7o
&/
o4

wK

il

o
Hp

03

]

HEe Sa F

of wel 7ed 2El

HlApgol Z7he
ol

o
q AFold AF 1% 7]

)
—_

Foll

An
AN

o]

1

o

I 23k 7]

oF

1

1

o

o

-

. 7]

o]
Him
<
0

JJo

o

F A,

BAxHE 7lse W

[<]

ol FHHof glofol

=
o

FA 1 7]

o

B2} W

2

A A

L
.

TC

21

gt

=K

se ot

il
o
o
T

X0

Jo

0SS

A

4

o

X

alg
il

)

~
fite)

]

2

S
=

1 A3 FolA 2 HT

Z

2008
76,545
70,799
27,099
95,354

269,797

2007
72,231
63,235
24,309
90,112

249,886

2006
68,275
56,064
21,043
85,196

230,578

2005
64,957
50,058
18,841
79,505

213,361
EARTINEE

°©

HER LTI

=

st

Pz

2004
61,104
44,865
17,006
73,705
196,679
AR
<]

il

0]
o

4

: Nutrition Business Journal, NBJ's Global Supplement & Nutrition Industry Report (2010)

ANE
=7

U

(Natural&Organic Foods)
stAl o= H AJsto] s

Aol Bz &
(Dietary Supplements)

t el w2l a7)s
il

(Functional Foods)

KeR
=

[e}
(Natural&Organic Products)

S

3

1]

¥ 4. AA

il
)

fite)
Ge

n g

=

=

4717
— 21 —

=]

1

T
p 4

A7171 4]

Yol %



oA A

=

dd 2 CLA (conjugated

A,

ez 2nzt

PN
T

o

-

=

7FA A &

=

 tolefEe] 7]

R

7HA =

=]
g

=

H AR

1

[e)
linoleic acid) 9]

= 7}
O 7]

17030
2013 8¢

HE SNEBEEIINY

1=

kel
p il

_22_

Pig & Pork '3t=' 2013

Hole] vl g (ALAE 2014. 2. 7. 71A}; Pig & Pork ¢

13

A
R

1% 2011. 7. 20. 7]1Ah)

A& T

o o ol CR ey
P g - T = 3K o oX . &
TER w2 DREEEE BN
Njo wyoe o ~ o e X o G ww__n 25 = BIBEIS
do PN J ujr & 27 N ws P e5|s|e
o = ~ JLC o & s 3 ==
W o GO 5 B3 bl
S o= B B B SRR
o < oy H = T 2% =y MHz|i|g (I
R o Swlis JREECES X3
A b g cpilal BN g :
7 X io} ol W R E EESINE G| f
i Mo ¥ %o S P A 28 oF | 3|30 | diu
o) Mo Y Jo M o = oﬂ. = lwwr-;,.,_ 2 o+ %
oo M # R TS mEa, .
g = T = o L D
Lal.w froaal MM _Zrl nqu JH ,ﬂo;,._
R B g 4wk
Mo W N e 9
Hx APy = FB T g |38
O I S -
o o W e of =S = o < o = 8] 8
oﬁﬂﬂ.% U ﬂﬁb% 5| siz
N To =0 oY ol O =l &
o xo R 2|8
== T & W w5 e Wﬂo o § e Z|E|=g
- T A - ok MCE EESe
C 0 Mo W _ 0 o o z 2
5 ‘Ul i ._lr.” zrn o#e ..__o ;O.# i . mmmnw o] e
TEE S R = X g 2 sz oL e
TP R X CNE s % ° N 5
X o M T o . I I z ]
GO Lt T N e P © Rt [
Ay ﬂnE:u do Noo Tl oy g 2% "2 2| [4]=i8
T 1 o 10 g B i o Cl e Lo i
B E._O ol ‘N~l Orl T = mﬂ hi/g
b ) QL] P el = At dEs 1o o8| 3
el o N X o w0 T m HEosEde Tl | &
S o] o e o & s ¥ g S = [
Gl P Foog g N | SRS
T 5 ™ %w‘_ B OE %0 s %._ﬁ_ k T nE g a = mmm
X Iy o N ) ~ Jo - 1) Sl 3 Wﬁm ....m M
TR W TNk g M T = [Nls] 3 | 2
= & = X T XA T For ol A
A e S S T R A = =
IS i 3 o i ° N i 22
R No B AR o - T do M T % 5B
O - o

A

]

u
—

3

a3y 4,
3,



2 7|9 Ey

AT Aol w

2.

ZHA B 7 Aal T EAts

=]
L=

3 Ak

=
[}

O AA thA] a7

K

M

wK

Aok A A

RERS

1
T

Z

A

7}

Eg=

=L}
- s

w2
aal,
2ER

&

| WAE2|ccgBLF x5

E]
W
5
r
bl

®
L
=
i
i
-
m
E |
o

m
e

=3

A=
=
b

7Har 73

136%, MEtistn
TEz-7|

delHEYE BR sHsURLES WET

2-UY AR HIH Y

o
io

W

& HRAE (sHofa)
RHE 713 U o

saml,

Parteful Living!

j00 i<
r Klo
=0 fi
RO <}

o 1
<+

]

K
oju =

Kir

101 ®&r
< o
T o

2% 5 AF AL wE sgad 2o

_23_



A3E ATAHR BE qu] 47

= A AN Fxe 5sEd 31, 535 14, SCIv = 2%, 7Y 33,
SAE 3%, AHsk 61, SRAAA 230t ofe tiste] 53 415 E9sa SCIE =+ 2
AE AASAT. & AAE T8 NTd 4719 7ESs o7l o|dsti e 6318 ws
A=g AA R 5o Autatg S 2 AAlE Foto] WS it 7L olu] Aol 3
u =l “ewzh Wl s S [@EAE A E. 20149 11€]9 AEXE g AR A (8
2], 2015 1049) B AlAlE AAS E23bsle 6119 AEstE APsidn IE, A S

A

AL Sl 2079 FRAANE At o] 9o HSCIE =« 19 AA, st 87,
TAEA 1 S F7F s AFA A7 ‘A5 dFE A9 R 4328 A
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23 = 7I=s7/1E o

O ARFMA B WG E ABNE EQ Fn D Goh Aol O AzHs] Gl
29 W)kl menAY, 9 23 9 W e

A5 we 5o 71%e aTaA @b Aglels] Wl W Ao AT AE AW
ol Agsta g AFolm Fuh A YAFS Ao AFo]
1, #E dolAE AR AEHe e Aol TAH A

O =l AFEHZHAl A2 oF 2587 9] FE (2013 71&)olH, a9l Al7del thHl s sls o
°F 2%°] A7 Hles HAo R ofyel 2 AFRFHZRAl EofellA 53 9o &
g = 7bel] &k, 90l ol F- FE3] SUFeke FAIE Bola Utk Tos Alflskals Al
ST FEAA Ss1Edel 7HE st (sEFAAFASEI R, 2014).

O =W ALRHZIA 7149 4§, oA uto]l o, CTCulol e, Zulo] el A Uulo]Q Fo] AR
H7HA QAIE ol FL de AFAA e, A2 5o TdA] B9, THE Ve 2 AT
2 9d e 59 AAMEY NEFTY 70780%7FA 0 o2& Fad LEstg e, ot
A AT viEE AHHORE FUksta e FAE Btk o] F & dAe A
2L A AEe W AsAet FRAxE FAEC AdAE JETE A, ERAE N
walgon, T e o E 2 Jjusle] WAy =7 9

Aol Ag wE R AAAAE SAH O
=]

FAAES A= AES AL Tl A (o] FH, 2014).

O H Ty FAReplAE 20119 74 A FAE FAA] AR U MG FA olF, A%
of A Fd % AW AR Sle ARAS BEFAAGE AR oolA: Yoy IE
o] Witatn §8% AT} BED Agol)

O FAAE AN AR AFAL SFFEN KW Gsl o] myAgoln 4

o glofosith, Wuk ofuje} Aolglis @FEA 1 F47 obokskm, e pHE 714
2 o] Folx FUBFIN AESHn AT F ol FOoE AVIHES ehgslokshe A
o}

o] fAHol}F At £AL FEA

F\-N lo oL

2
o
2
e

O A Abgol W FA e wel AAe] Aol AlEd dAeln. dubHom A
QA AE JHdsteE AAES vWiE {1 = = J
Aol FAA wiEHo HAas wEbA Xyl wiEel wAsts Aoz B dA #F



A A AFAE ALeE HARE Aol 2w, o Aulele, CJ AL, ¥4
Ahol o&LRIE, W2 Y So| gom, ajAARE e uA, AwA, Bl uEAR 5
of gtk &Aooz of Hopol vig o We AFe ATl Basi

L

O FAAQ AF dE AW EW, Bacillus spp.g ©|&3] Al Ao dQlwd o, 4
mdlgl gaggol XRATT 55 JAEH, YA A Ao A = 2

L
= rﬁ
oN I
el

i

o At (Streptococcus thermophilus)S &2l =2, WAL =] 3
T 5 frEllarel] dUisk ASSA g9E JPATTT] wiod ATAEA AFEI

(3] www .koreabiotec.com).

O m3h T Fe) vdels & 5, HEvde s £ 5, SauvtEe e & 0T, FEE
Us & T s ol 8% AAl AARE 59 vAE AAe] B Dol A i+
= XFstal 7] wWiel 7tEE APtk nAd=sol AL 4 low, Wi d s
FEsta 7l wiel A mdel Al VeE EHEA Frh o2 e TeEe AR
AF ol S7HH L ool SAFES S/HAN7IE BAvE Sl AR 58] &9l Holdd
(9493 10-2013-0053454. 2013. thEwl= 58 %)

O Lw7}-3 A Wrto] FH-3F ofnlel -5 HTMT (high temperature micro time) 3 H O 2 A}
= L 7F-3: W 7F-6 A HAES o] A Hl&Ql 14 olyE xHI (T5FW
% 1004319060000. 2004. whstil=r 5351%) A% 2wl Milk plus -9 Yogurt Plus
Q2 3k 9-f 2ol oju] Zufol] AlghE o] FwE QT

o eIt AL #F AR A

O ol f, A, BoY BT AP RA of§d oub3 AWAS IR ES
WAE A A A Re] Fule] Saw 2o Hejdth ole@ 2ARES TPsE
MG FolGos nFEe orlh-3 Agatelt v Bxah AMae dFOR T

& E52 4ol sbssi

A% W e-Alel2REsEY T obulg
Fg olgstel, ot Aol TYE olFE A
O

& ANTles Fall eul7b-3ew b6 AL kel wle o] oA o 1:4 ool w]
& 7F euZbE s @zko] Aol AlFstE o] dvjE oA gt
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A2E e TN d%

O & APEHIMA AlF2 oF 12749 el FEE 7Aoo oF 51%° 4%

bl o B 2019d 0= oF 1739 9o FfEE YEYE AR o FH k. A
Al Aol 2010 oF 13 69wk 2o fRE 71zl Ado® BRuxEi glorn 20
o= 79 3WT g FEE <F 40w o] dgEa ot

msh frgel AA ARAZEA AF 85% o4& AN gom, ehAlol-HBY Ao
Agol AxHoz Age] FE AQT Qi FAolth o= A5 £F 4EI} K7

o] Frkel we Aow welt (o]Fd, 2014).

E ‘HE

B>

el AABRHIIA AFY EALS ofgdFE BHEAGY dWHEA ABEHo vk Ao
20103 o] oozl A7l HA 7]

T F LS 3t
<, 2014)
= 19729 7o R AFRHVMAC did 58 F9& AIFE o] % 20029 o] Holl= 7
g 55 2AdEFS Btk 2 o]Folk FEsHA 58 E Edeta Aok ¥ A5
v 53 9% =1 goy 2000 o] Fel FEe EUFS Hola vk (FHFAF
WEESA R Y, 2014).

FAA A FE 2609 Eefol o=l AWt oF 42% AFES Hola v v=9
=& FAA A e vEk 399 29 (20079 71)el ol=w, 2010del= v
2 s ARt AAH oz ARHIEE A AL
hAA e} AE7E A e B2 FAIE o] FoA L = Aol

O AA HAE A=ZH A A FEE 20119 192U, 20186 3xdd| o]E Ao
2 o a o, AT HFELS 6.7%7} =2
Market Research, 2013). A} 3

W et 3l

= of| =33l 2t} (Transparency
FAA ] AMS wA R QE] P AE AFEHIEA] Al Gl

b
N
N
=
ofo
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vitamin¥ (vitamin A, B group, C, E), fatty acid¥ [conjugated linoleic acid (CLA), <. H|

7}-3 A ukAF (DHA, EPA)], mineral& (Ca, Mg) & Ut
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w FEA F3ol Ao doAME ot AEFEE JHE olE 2 uE JtE
559 7)5AS HrlEd

vl 7154 AR A LA

O 2011 7|Fo 2 FEoFE ALdH Holo Al 2A|etE BE ALEHIbA H)&L 42.7%0|H,
ANA 5 AEHA7A AFe 20119 £ 1509 g2 2017do = 1959 g2 &7}

=)

Sungy

S

of AA Aol &

Midland Company 2} Cargill Inc.

Ao o Hnt ol At dFEo] 20129l A 2017d7HA] 3.8%% F A S v

oprJolef H 3t FotulE] v AA A o= AR HTEAI] AR o] A F =Tbel, o] 9]
s, Rk, Bk 5o vl A E 199 A5 F7Fg wep a1v] LM o] Sty
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HFS A5 k.

MAAQ T& AFRHMA 3| A R dUld@=29 DSM, ¥ Ajinomoto Co. Inc., ®lv}=
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=deo] BASF SE, "=re] Lextron Inc.,, Archer Daniels
ol Aok (=gt 2013).
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3% davidz-d U8 A 2

2 Ao M= FAA A B vAE ATA (FA, vpAE A 25, Ve A EA
3}3+E (alpha-linolenic acid, ALA; betaine; vitamin E; conjugated linoleic acid, CLA), 7]&
A FHFARAE (vhs, vy, JEAE)S olgste] X8 Ve AMRHMAE skt

-

sttt ATAF-FA A = A hA 5§ vds AdA HH AAAA AEs ST A
3t 5 BHHE 9 SAbe VS SRR, ARAFAAA = A2 e 28 AFRA
ZHAL A AAA RS S 7 AES 2 BAE e Fie A S SRE Alge
Aol M= Aydd A& 7 sHFFtes 283 Jad-48 AR A i 3 Bd
E 7l Sie Ade 532 Ay A¥sdn idE AARHVEAE ol &ste] vt
AR kol P ol Fal VlsA AYEd =40l S48 FHe 4W A5FI o] o
€3 TheS Ame st At sk As HxRE Ao st & Al oY)
A3t A AN IS ol Este] dAH R A Ve 4 S4E 2 beEe] A
g A e skl (2" 6).
15HA . fEd 7158 AARE7H 7HE
de|gded SUTMEME
1A 5
AL
24 A CHAl ) 4 ( 2U7E XSS 4
Hatn| S| (w3/ wb balance)
2 715 AR yoj&
.
QAP 2 THA| : AT 7h= MY + TEE-7I58-28 HuE S
s F= &
3CH - | FEE-TIsE-E4Y HEST 7S SHIE i o el
a9 6. AL dAE FIAAA

_32_



A1A ALAFFA: 3
AA ML %L AFs 4
0% AN
123 u e 4FAY 24 2 AN 3 HHg
7} EG MR BEAY 24 B9
ALARIA AFAANA 7] ABd ARA FRFFE 2Fde] BY AYE YRA 24
Mg 7k FFe A AzEe Ahsse 978 FIsar
(1) %3 VIR QA 24
JEE MAGYI 2 A}
= Wl s

5 5% MAE ATA FFY E4F Jdad
% 54 H] 1
“whol @ ALEH7HA Abel g
Pediococcus acidilactici Salmonella gallinarum AL F3)o i 24k
PA-GS1 EolHow gy A 53%
10-0937301-0000
i
el B e
Lactobacillus plantarum E. coli K99 T o wm M
LP-GS1 EolHor iy F3l 5355
10-1378673-0000
A58 A= de &8 ATCC &<

Saccharomyces boulardii

ax
£ 79
A B T3

Bacillus licheniformis 2w A7 i sl
T2
vhAl g 2~
Bacillus thuringiensis - _
s e 3 A&eA £ 5l AR 2 5A

(2) 55 vz AdA w5 HAuA AA

AEE WA F, ST A



(7}) Seed culture media
Akt 0 MRS (Lactobacilli MRS broth, Difco 288130)
- YPD (yeast extract, peptone, and dextrose broth, Difco 242820)

D At
@ &ax
@ v el 2 @ TSB (tryptic soy broth, Bacto 211825)
(b S WA (5 6)
X 6. oF WES AT BAuA =4
o Hl| %] z74 (g/L)
MRS Commercial MRS A&
Frabd CM-2 Corn steep-solid, 50; molasses, 50; yeast extract, 5, MnSQ,, 0.08; Sodium
-2m
citrate, 0.2, KoHPO,, 4, Tween 80, 1 ml; pH 7.0
2X YPD | Yeast extract, 20; Peptone, 20; Dextrose, 20
R YSML Corn steep-solid, 20; yeast extract, 10; peptone, 20; molasses, 30;
soluble-starch, 20; pH 6.0
BSM3-1 | Corn steep-solid, 17; molasses, 18.6; soluble-starch, 14; pH 7.0
Hhd B = ey | Com steep-liquid, 30 ml: molasses, 30; NaCl, 5 KH:POy, 05: MgSO:-7H:O,
0.5; CaCly-2H,0, 0.2; CaCOs, 1; pH 7.0
(3) AtA v A
2} 7} streaking -, B ¥F3Sht}.

] =H)

Z O
o

il
)
ofN
of
oL

b A
- 7 stockS s 1.5% agar plate©l

bt

o

3

sha1, et

2kt 0 MRS, 37 T, 48411t
: YPD, 30 C, 48A|%tF

H = &
T,

O A4t
@ 8=
@ wpA ez 0 TSA, 37 T, 24A1%F
ot 250 ml baffled flaskel 2t a3 23t brothE 40 ml¥ &+
1l shaking incubatore] 4] overnight culture}t}.
& Wirstal 218 F overnight #1% < 4 ml

) "HE 2 g
- 2 L baffled flaskell 400 ml A4+ v &5
(1%)S HE3 3L, 200 rpme 2 A A %o A shaking incubation % 3j 3t}



st 1 37 C, 24413

- 1 ml ¥igAS 6,000 rpm, 4% =<t A EF 3 PBS 1 mlE washing 23] # 33},
- PBSE 10 wj# 32X slo] agar platee] 1x107°, 1x10° 1x107 &A1} 100 ul =% 3 wj

3o},
- vy A FF A A 80 TollA] 307 473k}

E7ORAT AR A% A4uA 4%

F= 1l %) T (cfu/ml)
CM-2m 1.02 x 10°
L. plantarum (Lp)
MRS 2.25 x 10°
CM-2m 1.97 x 10°
P. acidilactici (Pa)
MRS 3.27 x 10°

- A3 Lp Akt CM s A el A, Pa f4ket> MRS wj Aol A =

£ 8 EFE AMS A HA4eA HAA

< AdFE HEth

#= Hl| %] T (cfu/ml)
2X YPD 83 x 10°
Saccharomyces boulardii (Sb)
YSM1 1.24 x 10°

- Ak Shate YSMI whAel A gatgel o $5start,

0 vads ANe 9% JAuA 43

o H| %] < (cfu/ml) F A (cfu/ml)

BSM3-1 3.3 x 10° 2.5 x 10

B. licheniformis T2
BSM9 1.78 x 10° 1.16 x 10°
BSM3-1 3.29 x 107 3.04 x 107

B. thuringiensis T3
BSM9 1.69 x 107 1.39 x 10’

- A3k T2, T3 F #F BT BSM3-1 WXl A #4e FA5 w5l

(4) mied Az Wy AT

Az F AEE0] 7ME =2 #3349 dxHs A8 Y
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b Sk

oF AR & pellete] FAI7F & @A 40%7 HEE
S , =18 % [DCW (dry cell weight) + H3&A (skim
milk/MSG)°] 30%7F =5 A5 Hrhetch [o: 100 ml @ 40% WCW (wet cell
weight)] = 714 ¢ DCW + g F3dA (1568 g skim milk + 0.32 g MSG) = 30 g/100 ml).
-80 ColA dulsd ¥, sA210x3 0}

v A E vl 4000 rpm, 4%

5
Hgdow Adgd. A% F

(W) 25

AR ) pellete 3%k, % A e 1/10 PBSE

TOH

A7) tale, =& zeolite®} 42 ¥, 37 ColA] overnight

Hj okl S 6000 rpm, 208 %
washing 213ttt & g

o 2

£ 10. 2% WFAE AxA77] A HF BIA AA

&5 734 A FT (cfu) AEL (%)
Talc b 0
Saccbar()fnyces Zeolite AbE 0
boulardii (Sb)
/Kg U] 701— 58 x log 70
ZFA By 2 AQu S Aestant
(th) mpa e~

HFAE 6,000 rpm, 202 &S HAEE F, pellets Fgeetal, & wiA ] 1/10 PBSE
washing 3 §F, H2& volumeo 2 PBSH TH=2 EHIT (T4 1/20 vol). wFH&

AL

2o £33 & [6 ml (T2) or 10 ml (T3) =+ + 10 ¢ 5 A|], spatula® 2 =33}
o] 50 CollAl overnight A Z3kc},
E 11 vl dx WEdS AZAF7] 9% AF 1P HAA
TF T Az AzF ZAE
7= e 55 7Y g T AZAAES
(cfu/ml) (cfu/g) (g) (%)
B. lickeniformis | Talc L5 % 100 8.3 x 10 10.11 >99
T2 Zeolite 74 x 10° 12.63 90
' thuringiensi Talc 0 - 0
B. thuringiensis 59 x 10
T3 Zeolite 3.8 x 10° 13.67 >99
- Az Toe RPAe) TR Aol AR FHFsh LA TIE talcE Aol



- Taleol A T2#3 @8] T3#o]l AdAow Adas 940 doprua 7t
(bH, B R 7 wolo3)e 241519 8
v wAe) wole} BAGle]l QR R4
9. ddeAs 49 ¢ & gl

B
o
By
e

£ 12. #8A EZ (5% in PBS)Y A ZA} (Test & = Bacillus T3)

SEEL ot SEE ool 3
0¥ 302
PBS (Cont) .87 7.86 - -
Talc purum 8.06 8.05 - At (ZAF AbERA)
Talc 10um 8.24 8.47 - ArE (A AFER)
Zeolite 9.99 10.32 - -
Kaolin 7.16 7.09 - AbE (A} AbERRD)
Skim milk 6.74 6.8 - ok 20%
Starch 7.46 7.46 -

39 7. ATA vAE Ax FIA AP A4 A 7 s5AS 34ete] 50 TelM dxF
850 = &
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Y. 53 WAE AEA AAEF A

B AR ATA AANES AWE] Aste] BW, FAE, WAHs #FE 4% e
e WA M Az F, Axge AF4E S4adh oF #re Ax2e £
sto] Bq AT YTA AAES ARHT NSE AG APLS o], NEARE G
#7149l ol Autol 615 EBaEL AR FHOE FRatel ABARE Azt

(1) Akt

- P. acidilactici 175 (6 L), L. plantarum 177 (6 L) ¥F5 HAuf =0 A vjste] zF 85 g¥
o] pellets G383ttt

- Z} oA FE3E 85 g 9] pelletS A5l A AESe] 40% cell suspension®] X Al
skt (7127 ml A5 e dE F FAVF 213 g)

g skim milk + 0.68 g MSG)E 7} ol H7}ste] 2 &3k}

|
w
=

lije]
1z
oft
2
w
g3
w
[\l

Hkz] 2 401 -80 T =A2WA a1 overnights ¢t on] %23k}

Y 9. FAT TAUXEY B4 A BY
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® 13 53 uAE AEA A4S A% /FAT WE

o+ B x| cfu/ml total culture vol. total cfu
CM72m 102 X 109 27 L 12
L. plantarum MRS 595 x 10° 57 L 3.36 x 10
. CM-2m 1.97 x 10° 27 L 13
P. acidilactici MRS 397 % 10° 57 L 141 x 10
X 14. B3 9 AE AyoA AAS 9 /AT 544
TF 23 A cfu/g DCW (g) total cfu AEE (%)
L. plantarum | 98% skim milk, 1.13 x 10% 69.5 7.85 x 10" 23.4
P. acidilactici 29 MSG 1.04 x 101 63.2 6.57 x 10% 46.6

(2) &%

9 L baffled flaskel YSMIMAE 400 ml 551 A29<S 2 )< 2e] 1/1002 HZac}
% 6709 flaskE 30 C, 200 rpm Z7 oA 483A1%F &<t & vttt} wjkellS Wol 500 ml
2 5% Fo 480 mle FEFw S 800 go v Ay E3¢5te] 37 ColA overnight 71 %3F

id

¥ 15 53 HAE AEA NS A 2R W&

o vj] X cfu/ml total culture vol. total cfu
Saccharomyces YSM1 54 x 10° 24 1 1.3 x 10?
boulardii

¥ 16. 53 HAE ATA AL A 5% A%

o5 3 A cfu/g DCW (g) total cfu AEE (%)
Saccharomyces n) 7 1.23 x 10° 831 1.02 x 10" 818
boulardii

(3) mhd e~

2 L baffled flaskol] BSM-3uA]Z 400 ml 53t HEUS &= A= 1/1002 H=E3
t} = 6709 flaskE 30 C, 200 rpm Z7oA] 7241 7F &b vjFst). sl S Rol 400 ml
2 %53 54 200 g9 FZ1AES 200 g9 zeolite$} 4o] 50 CollA overnight 7 %3}t
EASE 80 TN 107908 AT F AdeE A
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E17. 5% vAE ATA LS AT w2 s g

EAF
T Hj) =] cfu/ml total culture vol. total cfu
B. licheniformis T2 | BSM-3 47 x 10° 24 L 113 x 10"
B. thuringiensis T3 | BSM-3 1.27 x 10° 24 L 305 x 10"

X 18 5% PlA= A4 A4S A vl s A=

T 2y A cfu/g DCW (g) total cfu AEE (%)
B. licheniformis T2 | Zeolite 45 x 10° 253.7 1.14 x 10% 100
B. thuringiensis T3 | Zeolite | 1.48 x 10’ 259 383 x 10" 124

(4) 53 nAE A AAE YA

-9 AYEs ReE 5 AR A AAES Axzsdd (2" 10).

¥ 19. 53 vAE AEA =4 2 AAF AF

Zds AT _ Az a5
T T_(cfu/g) " S (2) (x 107/;)
L. plantarum 1.13 x 10" 40 113
2k
= P. acidilactici 1.04 x 10" 40 100
iR S. boulardii 1.23 x 10° 400 12.3
PR B. lichenitormis T2 45 x 10° 176 20
B. thuringiensis T3 1.5 x 10° 160
F23A (9 7) 3,184
= FA 4,000

WNATARd ARNTRARST BN

ARENN TEE AT
“:Ingllldl -1

HKE ASAER B0 YENZH
(BUR +MYH2 . Q)

a9 10. 5§ vdE ATA AAF
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2. B nAE ATAY AY &

AdAle] Aty Adasy AN S FFA77] f18 pH-sensitive hydroxypropyl
methylcellulose phthalate 55 (HPMCP 55)& o]-&3to] 391 Ad, etEd Ay (A% 3, 6,
10 KP)¢] HPMCPY EA4S ZAtsta, 7laollAY FoW Al Salmonella gallinarumol|
TS Ad FAHEQ genome shuffled Pediococcus acidilactici (GS1)& wA8ke] At A
B3 gt in vivo BAHS AATFoRA AEF Lo £ ATEA AFS ST

el

7}. HPMCP BEd Al 2 SA4ZA}

GS1 4kt HPMCP #9092 1119 %2 &3 3 3710 KPY A% (hardness)S

v A7 4 mmé BEAS AXsAT BHEH Ax A, AxSES F7HAA BHELD B

T7HINZ  Jor Are mE BEY AuA HE 5SS ZARIAT 1® 1144 9

=3 xﬂﬁﬂoﬂ/ﬂ D‘rx]ﬂ GS1°] 90% o]/d— AESE= S 3
[e)

e mm »i

o]

rO
o
R
o
=
uj
m{m
—_>d‘,

N
>

)

& o3

ot | 75‘
o}, L :Lﬁﬂj 1201]A19} 71;0] A% 10 KPA HPMCP &S pH 29 94 s A
(disintegration) ¥ #] &3 <A FE S Xt}

N RR
'
Nill
1

39 11 BEY Ax A &Fd e fadd BAESE
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0 min 15 min 30 min

60 min 120 min

29 12. Simulated gastric fluid (SGF)olA HPMCP &£ (10 KP)9 AJ7te] wE
FH #H3

1. HPMCP etEd o] GXd ABFA S in vitro EA FA+
(1) In vitro $17¢ @739 AwAl Hs &3

Edlo] &A% A & FAatE 17 13(A)A 9 o] FEL 2
z

1F:L

bl 721 pH 2004
Aol A= 19 13(B)

%

, mA%] AEgo] A, Hale] FrE EAS= $ =
o e} o] 90 ¥, BF APEE AT 12y HPMCP ElEdd 928 {4kt pH 2 874
W f el xFhE FHAAA BFE BHEEow EE A0 Yol FUMEFE HEgd
7} Eokvh 53] 10 KPol HPMCP ElEo] @A fabd2 9178 44 2417F =F 5o
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@ ==

Viability (%)

o 30 80 80 120
Time (min)

/M Free

(B)

Viability (%)

o 30 60 w0 120

Time (min)

a8 13. 93U 8744 HPMCP BEe GS1 2383, (A) Simulated gastric fluid
(SGF), pH 2 &7 Ae] At (B) $Ale] F7Fe SGF, pH 2 7oA 9] At
(2) In vitro 27 A9 HPMCP ElE82] AEo] & B3I A7F v

HPMCP E}E-2l9] pH-sensitivityE A5 9138l 427 87 (pH 7.2)9A EFE2 A xA] 9
B39 A7 A3 A a2y 14004 yER vlel o] 3 KPR Al 23 EFEE

m
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90 -

N\

60 4

; / v/ A
3 6 10
Hardness (KP)

a¥ 14. In vitro 2% 27 (pH 7.2)d14 HPMCP
BEEe Az 4o wE STHAL Hx

NN

Disintegration time (min)

A\

(3) HPMCP ©etE-doll 9A1" A in vitro W& EA

7F=59] A3t el E mimicste] in vitro 917 37 (simulated gastric fluid, SGF)¥} 4% 3k
7 (simulated intestinal fluid, SIF)ollA4 EFE o] ©x]d A Ao WHEANS &5 1
g 159} #o] SGFolA 1A17F Fet AwA7F BaEQa, SIFA 308 23 3 gE3e 7
Lo wel 20750%9] At A 7F HEEHA e, 5AIZE o] Fo= AL 100% =5 ok HPMCP
ElEde] A7t 2855 Ao wEo] =g A yERTh

1004 | —m—3 KP I _§
e 6KP B
A 10KP I _ I
a? 6,0_ ;.." I..'
b . é
. !
x f /
T 40 - f
& /
i
| &
20 - 1
)/
O -II T I | 1 1 1 I I T
0 30 60 90 120 150 180 210 240 270 300
Time (min)
SGF | SIF

1Y 15. SGF$ SIFe) A HPMCP &3 A#A $&&5 7
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A REgdes fJA4s 23, a9 1694 2ol SGF
Fom, SIFel A= 6A17F &<t FXH Aol AEEo]
o] =852 SGF9 SIFolA HEE37} =4 eyt

SGF, SIFell HPMCP E}& el 9]
oA AELS Azt wet 743t
=A Yebsoh B2 Az A9 ¢

100 4
: 3
80 - @ + @ *
P ' 'i"—i
g
2
w | sGF SIF
5 0
20 4 - 3 KP
®— G KP
4 10 KP|
0 T T T T T T
0 1 2 3 4 5 &

Time (h)

a9 16. SGF¢ SIFYlA HPMCP BEAS ATA ESEFH

. ATA 7 EX€¥ HPMCP gEd9 A34 AA

rabtol ®Al® HPMCP BF=2le] A% 7I3F &etel tdds H7kskr] el eEd=
Ao (4 T A2oM 242 67143 A 5, dA " ikt AEes

g

1709k o] A=A Al FAAG AR el AEEo ot 67443t |

7 =
Ag A, we AE] gEge] fabd BE 57t £5S st
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(A)

= 3KF
LR * 6 KP
&— 10 KP
: % ;
n L § %
] e 3
- I ‘ I
o
= .
B L
i 4
O
g
=
6
3 T T T T T
1 2 3 4 5
Time (month)
[a—3kp
4 *— G KP
&— 10 KP
|
R ! 1 :
2 S i
5 . -
s 3o
27 e
(5] i
n
§ -
5

T T T T T T
0 1 2 3 4 ] G
Time (maonth)

a9 17. BT A7 #A" HPMCP B3¢ AFA. (A) 6713 4 T YA A, (B) 671
A2 By Al HPMCP BbEdlo] A8 AaAe &8,

o

13

i

2. HPMCP B-E2 o X9 AF A in vivo A

HPMCP et=dol gAd A in vivo 12 & £
olgstol 1w 6 4 wjAste] HPMCP BF&3l 7 Fol A, &3y U AEs

A=
(1) HPMCP ©etE38 &% Ao sS4 27 Fo Ad A7

Alg - control (PBS) +, GS1 solution A2 7+, GSI-HPMCP E}E2l A2 F+A48%
3L, GS1 frabete 39 2x10° cfue] Fo= & 53] (0, 4, 24, 28, 4841%h) Fo&dt (29
18). 99 Aspdd | AFR FHAIES E9lA 57128, Aol Al 1307150+, Wogell A 244
rolm= | o]& i ate] mpA|t Fo] F 3AZF B 6AIF S SA9 29, &%, WS AE

stal W8-5& Pediococcus A A =] of| A vl ksle] 7 At U AEES S
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Administration 1' + : ¥ ¥ ,
I I §

Day 2 3
Sampling

2% 18. HPMCP B&Y &2 AT A §4 AT 749 A@ =A%

(2) 4+ Fof HPMCP Bt&3l &4 AAL] m vivo 12 &

s FAll 53] B Fol F, 3AZ 641 Foll S
atar Zt ashdd Wl GS1 FA Y] AdaE S5k 19 19
15, &7Fskeh WAl At A4 deEisk e, GS1
e=l Aol Askdd ol Al dadasol &

HPMCP EE2le] A
o =9, 2%, WL
o o] A+ Fol 3AI%H
solution # & -E.t} GSI1-
L ERSE T

T
Z o
o =
TN

(0]

(A) o4 | Control
B Solution
I Tablets

\fiable celis (CFU/m)

T I Control
( B) I Solution
1 | Tablets

Viable cells (CFU/mI)

i [X1] ol CE

29 19. HPMCP B2 X8 GS19 AT ®ol § 4 2388 W 475 (A) 7
A AT Fol 3AZ &, (B) 643 ¥ £ Asgd w9 W

UL up portion of small intestine, MI: middle portion of small intestine, DI: down portion of

(MS: muscular stomach,

small intestine, CE: cecum) <.

_47_



In vitro, in vivo 7A3<& E£3le] BYS wjo] HPMCP &3 Ad S u-$1 ey solution
Fejo] vlste] AFAY 23T U BE g AE g &8 : AT

A Qe Aoz FHAY. HPMCP B &8l Ad2 53] %o HiE FA40] e FAE
oly, f&f& woste FoAETE F=8&o2 A3 Aoz Azter,

3. T8 A% A4S T 53 VAE ATAY 274 AA

S 5 vAE AAe a3E BY] 9 AAF-IA S A ¥ 5=
AEA A S s Ad e 2 Ads 12H1TJ+21H = A5 Ad WEd A A3
ke

A2d A2AF-ZA A2 e EF AIRATIAIY HH A
AAA LS T AFE R HAE TS

HE AN
1. 714 AEANA FRed A4 ' SHEA
7k 7158 AR EIA FREZD g4
(D) 7154 A537H Fr=d dA47E

w FAE Fl Vs dERSFS Aier] A7 AARAEVHAC 28 R Ay EdSs
14

SEERICE R

o
i
rlo
N
N
o
e
o
ol
ol
N

ui

O ARATA AR B
A A A 4R
Hjshs anlRbe] AGF el 7]

() AR A BARAL ARFe] sk A FFS Aol 2uAte] AFFA

7lef sk Eolojo} Bk,

& 7=

(th AEE7t ADBHEAE AEe) Arse BB PBY T £52 Folof
o,
() ARHF BLFHEAES FARA AR ARl AWl FAF YA S0

o] AL Ero]ojof gt

(h ARAE BB BFHOR ASHAS ©W, FE AU A8 s} mu)
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(@) 7154 ARAH FREL A4

Aol A AR Ae@dded Ad7|Eed o Ve ARVl FREde Adste] ‘%
200l A A sk A

F 20. & AAE T AT 715 ARHA FEREDY 54 R JIHET

FrEd 2454 i EA o (BAA)Y
B3 o Ak, mmowpde] | e 7 EHFW Fo Wdd Wold 5sh@ bt | e 100009/kgo 2 A
- Ag‘: AFA 27 289 B0 | 58 upEEs 5 ATFA velxae EgdEE 7| Abbs, AR Wl 01%
= A = ATA ol KT, WSz 9 IY s A7k 109 /kg

e Extruded whole seed linseed®4 2w 7}-3 A4 | o 1600¢/kgoZ 7
kel ALA (alpha-linolenic acid)E 17% o4 & A AR W 2%
kL glo] ARl ezl XA FE f-A ol 9 "z oWt A
719 itk 18 fA

obm} A Fol Be 71T ot

AT S/ moud 9 ga=ga =
. o EmdE, GAs A | P AR Sest w7l e CTEOTTO T e 10% 9E 3200/kg
Vitamin B0 g ol dolslol ush g W B WAy |
58 = kAl ol A o7 FHbs
% XA ioni ZAFCEA ionine® % AR
o A Yo|A methionine, | ® 7}EAF%A] methionined WAAZ =42 W e Betaine-HCl & ¥)9]
) carnitine, creatine & | carnitine, creatine 5 44 % =7 7o, E4% o o =
Betaine 3 o _ d5E 15009 /kg 2.
o Aegy gd= | o, FdPEE, AUt A8 B A5tg, dF 2 P
= Tl
A s d2HE 5w A CoreTe
ol gl:dl Al ER 2 TR
° ?4 =94, =% N Betaineﬂ]— "537/]] ;_}0 *é ;g_ —i‘—ﬁ :é‘_fl]— 7]EH o 35, 001/kg, ‘H’
Al olTHdYdE % FEAMNe R 714 =
CLA = e cis-9, trans-11 @ LA
= 7lsAd Aeggd , " N = -, WERdem =
_ ~192 : 8] ukg o
. e cis-10, trans-12 : B Y& &/tho]ol E w e
VdutAe $3E%, A7), FFA wet Wl de & AL

4. 249 7154 AEHNA FRED 54

(D) 53 A= AeA

1o
et
0

A .l 1BE AvAle B A8l 20109 6€78 2013 6¥ 714
F AP FHFAAEFT VRO QAR HIIA AR HAE FI NTE AHR=EE
1 AFRAEZEE @A diA 58 mAdE A Qe 5=

A

-

HAE s, BR D AR 28k 3T 5 FE
2 7} v gmol Ad thdd FHel s AEAY A5 I
Aehe Hsta ok 24 #A4 el Re 54 % 3 sdEsks okeg 2o

=)

{0

rl

& olgstel FE, WA, FTAYel WA BARE FAT

AWt (Lactobacillus plantarum, Pediococcus acidilactici)

b &2 AFE ATAZ de ol§, wwd % U FIFY, AGAA BH

(Saccharomyces boulardii)
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(ch whae s §8 LoEas B, AREE M, GRS BAdl U@ Fira)

Hyug
w40 wheq 2| Of
HE S5 244D
&3 wag
BO1% woi |
- // A8 (lumen)
Bug _*-ﬂi?:.'_'.-" _' S8 &L 2|
%*._ [ AlE EE 7| J
|'
DB X} _.|q- et HEAl B~ ___l EcN ’g‘ua‘ HEHE
Bus Wi B0
\ I 1 .,-"
ABHEMES M eell N "“ﬂi"' oy S
N S N Een S

-

HEYE gt v KoY @Y HT

@% @ To4aE

29 20. FAA dA B3 WAYE ATA FE& EHE
(Blo] LALE A THA AHEE HFTR A, 2013)

(2) obrtE2

-~

7hH 2w 71-3, 2" 7F-6 A W4E (0-3, 06 fatty acid)

Ak 8wl Alxere] PR, AAA z2E] ATAl, AAY AuAd so=
GgHE Al G Aot FxH o o|F A f-Fol wet BxsA ity ¥5HA]
Wao s ik, dEFHeRes s= Aol AAPEA Fol REEA] HolE Fall A FH ok

= = , 29l RS mgEA e BT o

o} A

Abe] 4 AlET R T 7wl 9A|skeE WE ) (CHq) g (o7t ga)E
2 Uehhe olFAde] B WA fjA|sk=tel whel szl
+ ALA (alpha-linolenic acid), EPA (eicosapentaenoic acid),
DHA (docosahexaenoic acid) ¢ i, 2uW[7}-6 AWAike]l= LA (linoleic acid), GLA

(gamma-linolenic acid), AA (arachidonic acid) %5°] At (2™ 21).
L 7}-3 A AR Aol Bl ojd o] g ]E"']JJr ] mtroﬂ dro iz JAHE
Q- ZR3 A= Aol £, A=

< [e]
e N A SR I
d S H <
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Omega-3 fatty acids

o]
E] 3 3 1 B
g = == ALA (C18:3n3)
6 3 (-1)
. B AT N iy e EPA (C20:5n3)
s 5 8 1" 14 17 20
’ e e e e~ DHA (C22:6n3)

HO™ 1 . LA (C18:2n6)
[0
e~ ‘ GLA (C18:3n6)
H 1 6 9 12
— — o —— ! AA (C20:4n6)
H 1 5 8 11 14

a9 21 HEHY eHW7t-3 R LH7-6 AgAt

o

(1) &utel=AAk (alpha-linolenic acid, ALA)

dutE ke Su7k-3 AEY AWAte g IFEA Al F ot 183(n-3)E XdEF S
YER Y cis-9, 12, 15 o|T A4S 7HA = o 189 XWAitelth, 2 X olX|, ofuly] &
T ool v sl v (29 22).

gyl Edsby g Eeike Aedor Fad BExs AWk Ao A= A ol
gEdats wol 438 EPA, DHA Hui= ofg}y]=4ke] gAdo] ol Al Hr

B dsA Ado] ol EAks wilE Sto] A= FetE s A, AY

% 181 A2 WA FZ23 (IgA nephropathy) 5ol A

A
o [}
b aglov AAe wol AW fgeh, AU, WY, A 5

oX,
o 2
o
jules

o FUN

o
fr
—
5 4
10
12
N
)
o
ol
o
1
o
ol
ol
2
M
o

W/ - . : 1L.3
HO- 13 . W

1z

a9 22. €38 =d4 (ALA)Y 7%
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(th) 7F&olvtg4 (extruded linseed)

7 opntE AL T Aol @kl ofupH (linseed)E 7FEC] 7IEA S Eolal &
7} £0|3EE extrusion 7FE3F e HrbAlold (28 23). Zohn] oF 17%<] &
AP (ALA)S $hrshal glojA i ez Ad3 vgow &8 7hed en7t-

7

=2, Y 5FoA 4= Wl eul7h Atk #d fAd 23 s A

(A) (B)

Nutritional values

Crude protein | % | 19
Crude fat % 32,5
Crude fiber | % | es
Omega-3 ar 175

ag 23. 7tFotulEA A (A), 942 T§F (B)
(Nutex 85 Al ¥4 ¥, Dumoulin Co. Belgium)

(3) HlEFY] E (vitamin E)
(7}) vlElY E
HIEIY E& 9340 A X84 HElY e dF o7 3ty EFdEo|t) (1Y 24). H

H N8, A% ChRE, it 5), ErbE, 9,
719, mese, A, 7, 52 53 44 Fol ek

Au)
g
o]
)
8
s
i
Ho
it}
o
)
lo
fr
r

1>
il

e Ex 4% Sas weredel Al WEe Fu @9 wHe FAsh AR g
A e oAste] ALue] AEE AS: FH P, Fwm Bdolw, @
4T 0E ALEE, @ G4 2L 29 S ol volste] NPRAR oY L WY 7
go] B P Ao FeA Ak 499 ST MY E AFHAFE 15 mgow He

An9 A%, NP=s, 08, AEE, H/FEN, ABAE L 2K 4,
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(4) #WEFQ] (betaine)

(7} Wkl

81814 CHuNO, 9l obul:it (glycine) f=A= S14je] 44, okzhe] Walsh wure] glth
(29 25). GolFoh AR Fue Pel- GAshe betaineS AL F AH, ot Fz A
FAMEE AU BHBA Qe RESD gon FAFEE 940, Bol, A% Fe

Zgol MEY FH, 3714 5ol el dase] 9

(A) (B)

H3C

.0

®

H3C--N\)L
P

HaC”

Betaine hydrochloride Betaine (Trimethylglycine)

I3 25. Betaine-HC19] A4 (A), betained T+% (B)

(L) HlERQlS] 7%

HERQIS  diAMEE 5 FW (choline)®] AMstE AAFEE  FHUAMAIRA, U2
phosphatidyl choline (M3 2% &)} acetylcholine (A7 HdEEZ)2] A Ao|t}, HlEFQIS
A2 & mE71E 538k methyl donor=M AW e 2 /A A/ 2E thAbell A4 g
S s3I (1Y 26). WlEF1 9] o] 23 methylation 71 A& AW DNA, @ d XA Al &
B Aol e Fastth @, HERIS AZW ATl S Fol AEW FEES £

A

2

b
A3} ionic/osmotic stressE A sk osmolyte 7|5 3t}

Methylation Pathways
(DNA, proteins, lipids)

CH,
_ Phosphatidyl ]

Choline
Phosphatidil- >

Etanclamine  g.adenosyl-Met
N
1

CDP-Choline Dimethyl- Met > Tetrahydrofolate
‘[ glycine -
BIE
Homocystheme ~ CH,-Tetrahydrofolate <

l l

Acetylcholine Cysteine

S-adenosyl-
homocysteine

Glutathione

I3 26. 297 HEA 23 AW methylation pathway
(University of Florida, 2009)
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(th AF= A 7FA =4 o] el

v, mul, G4 S3to] EA AR A|Fd AARAIA/SFHAAR B
ANAsEa = A0tk A AlF A AulFa = wE

A st MATE A3k oW
ot AEUA &4, oA ol &E FA, S, 5, AEE

% 2
21 2 BAEA 279 BHoZ 9, Wy, FE, A F T FFoIA A§Fe] F7s
o}

a9 27. NS B $ dFd HEd ARHA AED

(5) CLA (conjugated linoleic acid)
7hH T2l =44t (CLA)

TAg =4 (conjugated linoleic acid, CLA) #=#AF (linoleic acid) %+

=
= QIS
(linolenic acid)¥ #2 AWito iy FAH= FHWAMIERZA BREEo] S7UY 50

Bol FfFrHol o, HaA FAd= AU er w2 wE2 A Aoy 2y
deHer AvE= 2o CLA= Zlsdtte]l F453 &3k (safflower o)yt o

(soybean oil)9} 22 A4 FAE 4852 &7 SEHuuksdd o0& gexoz MEs e Tt
At AFo]l FE olF AAAdAME T2 cisY, transl1-CLA (c9,t11-CLA =+ 9,11-CLA)
¢} trans10, cis12-CLA (t10,c12-CLA %=+ 10,12-CLA)®F 22 2%9] o] A A7t e A
Asta Aot HEditdt CLAE 25 18719 &49 2719 o5 43S B3 Wik (C18:2)
o=z gEditel T cis® (cis9, cisl2) olFA% Atoldl F/He ddARS AL U=
A3 & 911-CLASH 10,12-CLA2] Ao+ cis¥ ¥} transd o] T A7 Alolol 3 7je ©d
Ags 7HA I = Aol SAoltk (19 28).
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COOH

linoleic acid (18:2 n-6)

cis-9, trans-11 CLA

COOH

10

CLA

-
-

trans-10, cis-1

a9 28 d=di (LAF Tdg =44 (CLA)Y 72

(1) CLA® Aegad a3

A=Al (CLA)Ol AAel ]

1980 o) %

|

K
‘umo
B

!

=, AA7A

lill-o

21). 2008y 79 CLAE "= FDAEZRE 2 g&o =29 <kAd

a3} Bolv (&

GRAS (generally recognized as safe)® A

-
R

710l &

T2ZE, A& Mola, JF

# 21. CLA9 A#g84d 23

do ~ | No
o Nlo Mw
- s |
X0 ~
oF of | W o
WER P m n | B
™ | H_T o XO =~ ~. ﬂe < ‘D.o =r
RIET o 7| 47T
X RN
.m.ﬁ m_u.o 3
r X | ar
o = | W
olo
o oo * |
In R Nl= | W
do o8B u]L Nlo ~
70 iy BT
1—.—A-_l ;00 \mlL

4 7kA 71 ) & 5

54 23

=
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A7 A}

[}

oM &

1

2

o

)

=K

No

o
el
W

el
b
q

Ee

l:lo]— A
o] A

eu7F AHk

29

p=2

e

}

kel
pad

" 7k-6 A

o)

-

JAd S7H7F 71 E
o] &

ual X

27| (allergy)

o
=

)

-

} A3 slo) 7k
24

Fete Aoz yeyar

fo, BH 0 W3
A

Al

Ty

S

]
=

]

(eicosanoid)2t1l &&= A EA

2

=
K3

=

gHoN 7% uely

l

14 744 ol

2 H7}-3 A

Aol A M= AR

al

KX
R
N

F

o]

T Hol Jlen,

1

[e)
HOL/\

1

Fo) ol
7

Qs
KX
L

I:IO]— A
o

i 7hdE 7]

0

=

Fal @ W 7h-6 A

=
=
-

H} A

[e]
o] H]go] 1:1071:300. &

W 7F-3 A
w76 A

O

-

Hl&o] 1:4 olstd A7 AA 7ol

Avlel §4 979 AT 4

(2) H7F-3 / 2H7F-6 A

—

™
H
o
e
U

1
ﬂl
)

—

ol i
7]

3l Qw7F A
3}
¥ gl

[€)
J

QLY

HO1—/\
sH

B AEd ]

YA AJH A (synergy)

%/K

BB J}% AFRE oW 76 A
HlEbR E, CLA 2 Bl 59 7

AR A7t 719

(3) 7+

5
g

TR

[e)
WAES

s A

of & ®lEFSl T} 7+E methyl donor$}l 7]

ki3

}

e

4 A

p—

g 7]

2 79} (Fernandez-Figares

9

WERle) Ao 248l vl o

7 3ol 2

2008).

L=
O,

Ao

o] Fh5

S
I

fils)

oF
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2. 7157 AEAMA TR Adojg FEE AT AT

7b. ALASH WlElRlo] 7h5 2543 mA+ &3 HA

G ez s A Ak wErQlo] A4z gl e Al A= Gl daiA= et B
ATEC] ol FoA gkar, dF AR A5 vl A A RS w, S5 A9A
e Ad F vk A7 23E 2R stoh AN 734 v E s Akl
ALASH HERle] AU Al Zatel]l thair = oA 7kA] L] nvh7k gl7lel & d7E Fd F 7
A ol ks &5 Al vAlE AUA 23E gl 4RSS AFRAETHA TN

of o] &3t I o]o I A

ZAZE AAE7] Y8 mouse myoblast cell line?l
C2C12 cell& o] &3t jn vitro 23S s

st o,

o2

(1) ALA<} wlEFQlo] myoblaste] Sl v X+= G Nt in vitro 1A

C2C12 celle] =2 (Droliferation)‘ﬂ] ALAS} wlEglQlo] nX= A&FS HAS7] ¢135Fe] cell 5
o] Wislel FAo #oste FHA HH WHIE A EOLE} A, C2C12 cells ¢ v+ 2
T2 plated] seedingdlil, 24417 §, ALAS} #EFQIS Zh2E wjx]o] &3tslo] A28k, 4
AlIZE vl 3 cell & hemocytometeri ZAsEA T 29 2994 & 4 A5, ALA9 73—‘%
w5 A Al 20 pMe] oA RS diBjete] SASHA cell 7 i,
I JATh 40 M ALA ;qa;mﬂ;ﬂu 23]y cell 7F #HAastA=d o] AE Fal 20 M
oA ALAC 93 AAEH a3 ¥y Edvy o8 .

A5, wlErel o] F% FUbo| % cell FollE ofF-H W YERUA] 2okt

==

—|~

o])J
N
off

ol

C2C12 proliferation-ALA treatment C2C12 proliferation-Betaine treatment

T .

allsfvell)
v oo

Cell number @10%cellspwell)

Cell number (10

10umM 20uM 40uM omM smM 10mmM 20mM

29" 29. ALASH HigtQ 9] F=E Ao 9% C2C12 cell & W3}

Usoms ALASH HlERSlo] C2C12 celle] S2jol WA= A|A &35 A48t 98, cell
T St YEFS VA= Aom Fld 20 uMe] ALASE Zhzhe] el FE=E FAll A g
al FomA cell =7F o9l Wstsk= AE sttt 1d 300 yErd A3E Ay E,
ALA &5 AgAET ALASH HERle Al A2 dE o, cell +7F U5 S71edS AT
T AT 2® 29004 HEQl R o m = cell & WSt QS wXA AW Aol vl
3 ®oks wl, ALASH HlElS &7 AHestd AuA 237t S 498 & Ad
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C2C12 proliferation - ALA and Betaine treatment

Control ALA 20uM BET 20mM  ALA 20uM = BET ALA 20uM <+ BET ALA 20uM + BET
smv 10mM 20mM

Cell number (x10%ells/well)
= = ] (] [¥¥] W
(] (=] wn (=] w (=] (%]

(=]

Concentration

23 30. ALAS HENE A YRS o C2C12 cell & W3}

Cell 7o Wst7F FA2 A3 ojwgt whddo] d=AE AR e qRT-PCR= &3l
mRNA FFoll A T Fs Aynsn. 25X 43 Al #oste Ao® ¢33zl PCNA
(proliferating cell nuclear antigen), Fgfrl (fibroblast growth factor receptor)¥} 5 A¥7} &
3}sk w] =& Ho] F7}8E transcription factor$l MyoD13 Cdknla (p21)& A H. okt 19
314 AHE = o], PCNAS Fgfrlel 749, ALAS HERIS 717t AHElstss wol&
zkol7F Sl ey ALA 20 uM#F HIEFQ] 20 mMS sAlol A& of mRNA 2Ed o] 7t
stATh ol &3 mRNA FFdA % ALA®F WEFQlo] myoblast 2ol I&FS =ohe A S
gkelstAh. oy, MyoD13 Cdknla®l 749, WEFQ] &= Ao Avt =4 Yehva o
A5 Zol7t YEtUA] k=T, oo disiAe AP o] AE F
7] @Al Wil 7] @AM Tdo]l FrlsteE FAAES S EAE S
Aoz o et

W Control
3 mALA 20 UM

E Betaing 20 mM

I
in

B ALA + betaine (10 mM)

BALA + betaine (20 mM)

ra

EALA + betaine (40 mM)

Ili ' II‘ I iiﬁ i

Fgirl Myodl Cdknla

mRMNA expression level
-

normalized by GAPDH expression
=] =
w w

a9 31. ALAS #HErSl Ao 2 C2C12 cell 4 #d mRNA 23 %A #3}
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(2) ALA<} wlEFQlo] myoblaste] 3}l v X += G Nt in vitro A

C2C12 celle] 3} (differentiation)o] ALA<S} w®lE}Clo] njxl= S A& H7] 98]

C2C12 cell®] #3he} #dd FAAEe dd S S| B2ogrh. 4 C2C12 cells v+

£ TLE 2 platedl seedingdle] 24A17F ) confluent A EN7F HH E3Mjx 2 o X E w A S
s

ok wshAE el wEshaA 72413 St 27] ®ekE fEE §F, ALASH HERIS 747
T E FEau o] &3ste] cello]l Akl 24A]3F $o RNAE extractiondle] #3}o}
HE FHaEY] Hd S gRT-PCRS &3 mRNA FFolA gttt i =

= AIE E3 Al myotubeE F A3} ﬁOH ”Lﬁﬂ ol T7Fste FREW ARl Actn2 (actinin)
9} Cdh2 (n-Cadherin), <SA¥ #3} F% transcription factor?l Myf6 (MRF-4)¢} Myog
(myogenin), -5 A|X #3}o] #o]8l= membrane protein Igflr (insulin like growth factor 1
receptor)< AH B AT 29 32004 AT F 9%, C2C12 cell &3} TAlolA ALA<F #HE}
e A7 R AYds W, ALA H7 oA HuE a2 2d e #srt gl
Aot WER] Aol e dF FAAtel A Ao Wyt AT Actn2e] -, HIER]
5mM ol FxelA EF mRNA d=Fo] S7FskA i, Myfost Igflre] 4-%-, zh2h el
20 mM¥ 40 mMF-H dd o] F7tstAth olE Tl ALA @502+ C2C12 w3t 93
= WA A gARE HEQIS C2C12 &3l T4 A S it S Fskdd

® Contral mALA 10 uM ®ALA 20 uM ALA 40 uM
W Betaine 5SmM ® Betaine 10 mM  ® Betaine 20 mM M Betaine 40 mM

Actn2 Cdh2 Myf6 Myog Igfir

[
i w

A

et

rmRNA expression level
normalized by GAPDH expression
il
W

o=
wl

a9 32. ALASH gl Ao mE C2CI12 cell £3 #d FAAEY T3 ¥

o2, ALASH HlEklo]l C2C12 cell Z3tel vwA= AlUA 237 leAE dA s

5 AE Ay od WHer APy, £33 fiol dFE vA= dE
ALAZ =Wz 3 AEF F, RT—PCRE TU8 A mRNA FEoNA a2 2d G
sttt ALA @502+ #3F = ol iAW, HERle ALAE 74 A

ALAS] 3% ZF7be] whet 239 Bad fA4E] wdo] Frbskinh Ea 1y 32004 W)
dhel @R AE W BE T HANA YAL (G2 Myog), & A A
o Ee ALASH dEl e @A AsA H@ wde] F7}

o] T FHAAE (Myf6, Igflr)
st S UERE S (2" 33).
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M BET20+ALA20 W BET20 + ALA4O

W BET20mM  EBET20 + ALALO

B ALA 40uM

| Control

2.5

T U T L HFD TEUE Y TTE TR FE
™K H oo N ok ok N LM om N - o0 N X
Boww N R To.om o RETR D
— iz ok > 77_@”@.%41@.% - = o
A . WONT pEe wmg o Tw fFE R
- L, TP S - R B W - - T S . g
— o & pETTEPH TR g X _wg ¥
- O T KRS =R - e B )
B _ oo o0 = o oo W o5 N ® T gy %R
_ ~ 2T N ﬂ_ﬂ%%ﬁﬂwﬁ%frﬂﬂﬂ TR W o e
T OIT  m ogerwMENEREo. S aTin
— 9 SO ) o) % 0 o mo =
Mo o %O T ¢ = T ~ o I
- — zw = R i
™ ) £3 1@ o T 3 ol & M_0| ol @ "o 0y = ﬂﬂol L X0 N 5
— Wn =l T ,.lxw._ lw_ﬂ M_POI _.Eﬁ ' 3 ,.ux_u.u W_m mw UT.: MVFL H;l . 5 y ,ﬁ M_L 1&.‘_ =
- e _ X > - g o
- v " o %Emgoﬁe%ﬂ7%ﬂﬂﬂw w g ™ g R
o Y T ° I e O
T EE owm wRRTRiNT _bes TaliAaT
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~ - = = o X o — N
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= 24

Poorly absorbed through
ow

2) Poor absorption
enterocytes because

rate

H

AW AAA =

Easily degraded by low pH in stomach and
A: Campbell 5, 2005. ¢ 28L& FA3A AlE)

various digestive enzymes_throughout the

1) Diverse barriers in body
gastrointestinal tract
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4 4 Ag #4
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=3

(

a9 34. 7]

5oy,

S

s
=

Nro

o
olo
o

el

alr
=

71573 ARAETAE A

gho] W o= HER-Afo]

Staal, Go-EaHE
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=
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=
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g ~Edo] 7]
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S
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3
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ks
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ol

=
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=

olty. 1F
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71EE wel Al
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=

=

T

3} el Tween 80

)

-

s L e

A

PN
T4

A

]

J
g
-

1

e

-
X

2417t stirring <

SEXP
Fich whea

I<

=

St =}

=2 o] Aol A

24

3}A1 ¢l Span 803}

3

Y

0

A |

S}
=

ShA| 7}
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HAE =
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e 2 7 Qe Ao en AgAs LU PaE a8 5
2ot ek Aol FR Y AE 95 L URe A G2 AolselPond, S H
=

’

% 8

s W 0% SNy o \ S

-

/- K G L\ G
4'd Q\ Complexd Surfactants S o
) /:-, f-eyclodextrin :'E/ W % __,_
'.‘:' | Water-insoluble material ":_,_’_‘ia

S @ ﬁm e\

a9 35, T F3A 9 HE-Ao]Z22UAEYL 0|83 R-EITHE TFAY BT

(1) 34l =40 we du-Exnd ) We-Alo] S 2 AEr] EHA 0] HA & W3t

A A Az HAGol o] &EH= FIEHY] FIAEE IFA F3AYU Tween 803 LA
84 Q] Span 80°] 7H7t 52 &3tE o] o] &% Atk Tween 803 Span 80°] &3 H| & u}
g2} 38l HLB (hydrophile-lipophile balance)@te] W3}stAl ¥ a1, o] AL A= ¥ F A9
A&l dFS FA "ok 1 22¢ 2xeolsgte] Wy o R Azt GAAVE F3A v
wel ZHzb o3 @A &S Hol=XE HPLCE %3] w43 Aot} of7]A Folsk 4= 9l
| {34 Ede Ag FAE wg BEE (1796%)S &A= Aow Span
. _

o

= s} T
o] AUlHoR v (41.05%)S 21 4 AAT 28y &3
A

E

F 22. 7w3A 240 wE £HA Y A& WU

Tween 80 : Span 80 Encapsulation efficiency%
0:0 17.96
1:0 60.36
1:1 59.17
1:2 67.74
1:4 69.55
0:1 41.05
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(@) A AR A2 S

s
1o
X
a)
=
B
O,
fof
i)

Y,
o

hH AE 54 do-EadE/ME- Aol F R Y 2Ed 2HA Y AlF ] Aol HA

() AT e

gy 2R-EaHE dolg 24}
S 2 E Y usE 2A)
S WA 24 s 24

(th A5 24 AaA 6057 707 (A & 105, 7 A1)

(ZH) Ag@71zk AR 717 189 (2014, 10. T 2014 11.)

(vh Al Medistal adnto] syl ed 1<

X 23. A#A 7158 AAERHIMA AFFAE AA

5 5 1) 2)
R ALA &% | HEYE &% B-CD SoiA 22D | g aad
(g/M & kg) | (mg/AE kg) | (mg/AE kg)

=T 1.5 20 - - 10
T1 1.5 120 - - 10
T2 1.5 220 - - 10
T3 1.5 120 439 - 10
T4 15 220 878 - 10
T5 1.5 120 439 32 10
T6 1.5 220 878 64 10
bl 70

1) BEHRIE 32 7[EAR(ET)o T8H 20 mg/AtE kgd 7o 2 311, TITT62 A%, 7)o F712 H7kAl Fei= H)
EHVIES A7}

2) B-CD 7}, T3 9 T4e] 49, @& =84 &jpolw, ThHt Tew X{A Jui= Ax

3) 34l = Tween80 % Span802 1:2% &% 3ol o] &

4) N+ F 1057 (55 /cage x 2 cage x 7 AZTF = F 705)

(vh) A1 23

op-maA B o] BS4E WY U Ado] Wol Hi Ao YEpon, di-ra
Ag e ol 2z sed THAS G4 A4S, A-RAE 9= Folu ve B 7
ol Matel B FFe BE U AP 58S YWD £ 93 U 2asHEe gIe
gap-madA B FoFgol}t Felo] AFL WA = AL FAsrh

dop-mBA B E Aol F RN AEY EAAS FAF A9, ALA @5 Folu L3-ra
A e Aol 2 REAEY W B Fold watel ALAZ MRS o3 Aol Faol
b, B Ul 03 AWAte] FhR Q18 o-3e-6 AWAe] b &o] o] 4He FEow o
A7 14 pEoR AAHE AL Selsdn
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(A) (B)

504 i0
£,
g 9 I
— =
- £ .
3 < ¢ o : :
E £ - .
2 a i .
3 E -
2, z &
£ 2
= % s
5 ]
s e 4
- =
= =
8 g
&
8 z 1
E £
=
0 S °
, 3 a > XY oy £ ey £ e
& o & ) Ro & N
Week 32 & 4F & s oF oF
. = & &
—=—Contral —a— IE(1%) e HE(2%) WHRESED mie(LK) = - s &

—8—+WIRE+CD mix[2X) —=—+YRE-CO-5un 1x] —e—+yiE-CD-Sur2X)

a9 36 9% W €9-EIZANSA)H 2H2HEB) & Azt 34

(A) (B)
18 18,00
LB 1600
12 1400
12 1200
10 10,00
* Ed
o 800
05 500
i 400
- 200
an 0.00
[ 1 i 3 A ¢ 1 2 ! ¢
Week week
==x=--CON—0—T1 —8=T2 —0=T3 —4=T4 —0—T5 —8—TE ==X==CON —0—T1 —8—=T2 —0—T3 —#—T4 —0=T5 —a—TE
© D)

Si5 2000
18,00
L0 1600
400 1400
1200
2 10 3 1000
300

2.m
600
Lo 400
100

.00
0 1 2 3 4 0.0

Waek '] 1 1 3 4
-=%--CON —0—T1 —8—T2 —¢—T3 ——T4 —0—T5 ——TE --%--CON —0—T1 —8—T2 ——T3 ——T4 —0—T5 ——TH

298 37. 343 U A 24 W3 AA. (A) ALA, (B) omega-6 AHAF (C) omega-3 A WAL
A

d
omega-6/omega-3 A WAl H| &,
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3. T8 A% 485 T 7l AERHIAY 2 HA

54 ARATAe EBE Bo) S8 ALARETA S A v S
ok AE g 9 AR ALARSAe 52 A% 249 Wed @7 A3
A AL2ARTA T AFAY R A A e

A3A Al 12 ARAA T AFANY: B AT AL FE &
3 uAE AEA L 75 AEFAAY 53 AA

A FA ] FAA A BG AR ATA P A2 A

o] A=lgd =4d 19 2
Wb B AR TMA L] a3kE dokry] 8 HHES B8 FEATAEL FYSsT
L AEEH
WAE EGE 2HE0E T AR B2 23R 158 dEg A
7b A A SEude AvAl 28 383 =5 At
W 2u7F 36 AAt itE 4 =5 ALt
o AgEd B4 1dh 71 £% A

2. A GAA
IR HISE ASNE (ADFR)

(1) A1E71ZE vl =8k A 27049 (2014, 7. 14, - 9. 4)

47023 (~80 kg) 6702 (~110 kg)

HIS2] (271E)

o

L

£
N

s

t il il
H=z=d H=5d H=s5d
P ES] ol HoapH
B A AR A

a9 38. 1x HSE AFYAE 2 AEAFH A
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(2) TS @olAHte] & FEIALA AatE AR GAuFF) HS= 4L E 695
(AT F 13-145F, 5A18 )

(3)

>,
o
o
B>
N
=
fo
A
of
ol
e
-

Td (TH dea FEHEH ALY 283-1)

4) NFEA: 7154 AAsHMA "ot 2A

B) AlET viA] (F 249 19 39 #Fx)

(7h) Wz (Control): 71 ¥-AL®E (1.58% olwtE2 0.6% WEMN E 7}

(W) AlgT 1 (Test 1): 71EAE + 01% 5 vAE AT A

(th) AT 2 (Test 2): 7]¥ A5 + 0.5% betaine

(2h) A&+ 3 (Test 3): 71EALR + 05% CLA
| | EALR

(v}) A& 4 (Test 4): 7 + 05% betaine + 0.5% CLA

E 24. 1A v K& AIGAE AA

: : 27 5 -
}‘]zg?' 7(15]7]'Xﬂ AEEF %) 'l_'}l: H]—]—-’-
Control - - 13
= A15)

Test 1 B3l n A2 A A 0.1 14 ofrlF A 1.58%,

3 Vitamin E¥ 0.6%
Test 2 Betaine 0.5 14 _

(@A )
)

Test 3 CLA 05 14 7155 )
Test 4 Betaine + CLA 05 + 05 14

D wE A7k A7b (%) puritys @ dA @ 74 Ak AE T 7159
2) B3 n A& AFA: “10° cfu/kg. 3) Betaine: “98% Betain-HCL 4) CLA: ~50% CLA (conjugated linoleic acid).
5) OPUH;-/QZ 17.4% ALA (alpha-linolenic acid)&-f. 6) Vitamin E: 710% Vit E

Test 1(C-8)

Test 3(C-9)
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W 23 HSE A E (dRbsR)

(D) A d71zE 2 W)

Ho

(2)

(3)

4)

)

= =

S E 419 T1475F AT 58 EE 689 ol

st & 2704 (2015, 5. 15. - 7. 23)

o T =
I ==

(7h W=+ (Control): 7] 2AFR (0.6% HIEFHIE 7}

(Wh) A&+ 1 (Test 1):

(th A&+ 2 (Test 2):

Z1EALE + 01% 53 vAE ATA + 05% betaine +
2.5% olwlEA Nutex85

NBAR + 0.1% E3 vlYE AFA + 05% betaine +
5% oFnkE4A Nutex85

E 25 vl E 23 dutER AAEAD AA

> % ;'(-]7].%:1) =
= = <
AT 471 AEZEF %) T
Control - - 35
& nAE ATA 0.1%%
Test 1 Betaine 0.5% 52
ofnlE 2 Nutex85 2.5%
3 v AE AT A 0.1%
Test 2 Betaine 0.5% 49
ofnlE A Nutex85 5%
1) EE HUMA 9 A7 (%)E purityES elskA] e ZF A AFE == 7)F=9.
2) 3 mAE AaA: ~10° cfu/kg. 3) Betaine: ~98% Betain-HCI.
4) olulEA Nutex85: ~17.4% ALA (alpha-linolenic acid)@r
o} 3x H S = AMYAIE (A8F3)
(1) A& ~71zF @ 2015. 9. 17. - 10. 20.
(2) FAIS v = 579 ® 38F (BAIEH): 33Y wol =
(3) A4 ojAuto]le FFH AFFH (T5H Feo FFHEH Aty 283-1)
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4) ANEEA 715 AR o717 @5l tid a3 A4

for

5) A A

(7} W& (Control): 71 AR (0.6% HIEFHIE 71

(h) AT 1 (Test 1) 712AMR + 01% AEF5FE

(th A& 2 (Test 2): 71 EALRE + 0.1% B3 vAE QYA

(2} Alg+ 3 (Test 3): 71 EALR + 25% ovnkE24 + 05% betaine
(P AlET 4 (Test 4): 7]E2AFRE + 5% ofupgA + 0.5% betaine

® 26. vl 5 E 33 ALFAE AA

A7+ 30

A1y AH7HA AR5 ZF T 7] &t
%)

Control - - 13
Test 1 AEFEHE (A1E52A) 0.1 12
Test 2 53 nAdE A 0.1 12 HEFIE 0.69%
Test 3 o}w} %41 /Betaine 2.5%,/0.5% 13 (10% <13)
Test 4 o}n}£ 2l /Betaine 59%/0.5% 12

1) BE A7 A9 A7 (%)L purityS gl sA & ZF AU AE S 71FY
2) B3 u e A ~10° cfu/kg. 3) Betaine: “98% Betain-HCl
4) olulE2 Nutex85: ~17.4% ALA (alpha-linolenic acid)$H+

3. AE%H
NS E QAgE B4
(1) &2

(7}h) AF=F= BD Vacutainer™ PrecisionGlide™ multiple sample needle (21G % 1.57)
BD Vacutainer® Holder
BD Vacutainer K2 EDTA 54 mg (REF 36785, 3 ml) - 724
SST™ I Advance (REF 367953, 85 ml) — AJa}sHtA]
Sodium fluaride potassium oxalate 10 mg/8 mg (REF 36792, 4 ml)
- glucoseEA
(Lh A A RA7TE Ba) NKE A% (FRel was wAste] ARTY LA 5
e EE R T2
=

%, AEL ofo]autio] nysle] o F @l

(th A



(2) 442

(7F) SST II Advance gel tube®} NaF tubeE 3,000 rpm, 4 CollA] 10% &<k 94
(W) A=AS new 1.5 ml tubedl %74 -80 Coll B #A3Hc}

1=

(3) A7

XA 7}A shakergs &3 33| shaking$+t}.

(7}) EDTA tubeE 54
(MELET SCHLOESING Laboratoires,

(1) MS9-5H Automatic hematology analyzer

France)E& &3] @F+&E4& AAs)
(th) zt EA & U3t Ay xFAXE Bl sty AdrtE gtele] WeE SA4%

[XHE =]

Needle Holder Vacutainer
(216) _tube

[HS= HEA 23]

Sl

Lkl L LEH

[HSE HE5H]

I 40. HISE BA4H L AF2H

g, 484A B EARA F ARTFR HmEA
() H%E AYFAE D AE5H
Oh AFEH  ARANE APew 4F 857 280 AH AFL SFa)

A9 WeEs vygor dgFA TS At

(b QgEA
(th 2409 8% 2o A4 MSE AF24 F @ oy Aol wuy ¥AZ
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2) =A4H =5

(7B 105 kgeld MAE &3t Al w2l 91 w2k A5 F1E5HA
(=T F21 g2, Test 11 H=SEH, Test 20 S5, Test 31 F=HA], Test 4:
=44

T
k1
Ay
oX,
)
I«
X
Hye
[-'>'
o
Sy
ol
rl
o
N
M\
=2
10
2,
%
ol
it
N
Ho
ol
o
ol
X
%
-
N,
i

(3) TAEH

Oh FRE S E Ay ALY e AdE = v S 93] SPSS v21
program (SPSS Inc., Chicago, IL, USA)¢] dHtMHy Ry (GLM)S o] &3sto] oA
HAAS AA g

() AdTE =

}j] A

=]
RL |

9a0® sl Ha H7 (LSD) EA AWl l3) Aele Ans
o

ok

&l

9. H&E B9 A g% 23

(D At =5 34

O 20 Col €8 =55 ZA Hoj 243 54 7Ax3%)
@ AAA L glass tube 3L FE =5 03 g& FHs TFF 0.7 ml €=
@ C13:07} methanol 1:100 H]& % 499] sample tubeo] 100 pl %=t}

@ 10N KOH 700 pl ¥ i1, methanol 5.3 ml ¥+

® 1AI17F 308 &9k 55 C A9 water batholl Yo WA 71t} 20 3 HH vortexing
< A g

® 24N H,SO, 580 pl ¥ 1A1ZF 304 &9 55 C A% water bathol] Ho] HE-SAIZITH
204 3 HA vortexingS A A 3}

@ 3 ml hexanes H7F3t & 5% &

® 3,000 rpm, 20 ColA 1083 ¥4 &gt

© FFAS GC vialoll F&=t).

& AN,

2
<
o
=
o
.
5
OQ
filo

2 A% 7171x=4
— Column : BR-2560 ( ID 0.25nm x length 100m )
- Oven temp : 140 C for 5 min

Ramp to 240 C at 4 C/min and hold for 28 min
- Injector temp : 260 C
- Detector temp : 260 C
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- Split ratio : 1/30

(1) 7154 & (betaine, homocysteine) F+3% 34
b =5, 7MES

DO 5 441x% =5 03 g + DW. 0.7 ml/7F&5 1 g2 ZA Ao 15 ml tubed ¥+

@ 50 mM KH,PO, 4 ml (pH4.6) H7} & 2% =5 vortexing/7}3 S homogenization
@ 4 ml ACN ¥ il vortexingS 2 A gk},

@ dLolA 208 FeF Fil, 571t} vortexingS A A] g

® Centrifuge (2 ml tube, 14,000 rpm, 5 min)

® Filtration (0.2 ym) (24 Al 74#] -20 C 23#)

rol

() 24

@ A 300 plell D.W. 700 ul& #+&

@ 50 mM KH.PO, 1 ml (pH4.6) 7} & vortexing S 2 A gt}
@ ACN 1 ml ¥ 3 vortexingsS 2 A] gt}

@ gl A 20+ F<F FaL, 5wkt vortexingS A Al gk}

® Centrifuge (2 ml tube, 14,000 rpm, 10 min, 2%)

® Filtration (0.2 ym) (&4 A] 744 -20 C B3)

(2) Ag 717124

(7} Homocysteine
- Column : AQUITY UPLC BEH C18 column, 50 mm x 2.1 mm, 1.7 ym
- Column temp. : 30 C
- Flow rate : 0.4 ml/min
- Injection vol. : 1 pul
- Mobile phase : A. D.W. (0.2% formic acid),
B. MeOH (0.2% formic acid)
- Isocratic (3 min), A:B (97%:3%)

(1}) Betaine
- Column @ AQUITY UPLC BEH HILIC column, 100 mm x 2.1 mm, 1.7 pm
- Column temp. : 30 C
- Flow rate : 0.4 ml/min

- Injection vol. : 1 ul
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- Mobile phase : A. 0.1%6 formic acid in 15 mM ammonium formate (pH3.5),
B. 0.196 formic acid in acetonitrile
- Gradient (8 min) : 0.073.5min (12.5% A), 3.574.5min (20% A), and 4.6 8min (12.5% A)

gl AR 4gH 24

o BB U AR Aolst AT WA ohIe FETH BAZ olF: o]
O oAgEe] BEF 47 FEY O 2 A9 Pe T A Assol A% wEHw
gtk ol meh B TN B vAE EAL Folsk MK E] F) v gwe] R of

ek S FEAE AVET] et HSE BW 0 vAE 245 AAE

A AlE 71O R 47, 8F ol Al@Trtrt 729l ¥ 5 AMES AFHS] -20 Toll Bt
‘3}91‘3} [lumina MiSeq A]Z=®#l& ©] &3} sequencingdl”] 9sle] W MZo A AA DNA
E FE3AY. F=3 DNAoA bacterial genomic DNARHS &3l sequencing 3-9l
bacterial identificationS 3} bacteria 16S ribosomal RNA %1 #F2] V4 regione PCR3}¢]
STEAZY. A7|9Es &5t PCR 235 &lste] PCRo] Atz Fal=HAS F2Ueksl
t}. Z} PCR productsE AMZvltl double-strand DNAZS A #sle] M Znic}
poolingS Z8&ttt. 21 & DNA libraryE 753Fal Illumina MiSeq® 2 sequencing
gt} Bioinformatics tools ©]83}¢] sequencing Z¥E #A3lal o] & T8 5 7
A B 7 AARHIIAIY Fort vlS=e] AW nAE #F Wstel] ojw e 3k
Aol el A gkt

° o 2L

©
o
o

>

o ox o

1
s oﬁa
fr ooz o

N
H
HE
E
=
t
%2
[Us]
)
-
x
1%
M

165 rRNA S =

Library 1=

Sequencing
(Illumina MiSeq)

Quality control
& Assembly

ojd= «& H| e

H
L |

El

-

a9 41 3 MRE 2 BY 8=



hoHSE SARE 24

IARH NEE AFAG AAG) we AT TS 5FF O 3W (13 20144 T
9149, 270 20144 89 119, 33 20144 99 39) AP or] wgEe] AR A
A el A AAAY FEE B 98 0T ABITRA/E FAYRS BAsA

= =
E 27l Ash ol AWAVER 2 Fol BN el Btw EEAAE ARG ov o
E nigo R &k (Ha-RFHAp) I A (Hi+EFAHA)S Fote] Hx A E AHAH Y
oF vt AMBA7E ZF AR FgEAAE HA R GAHLANA A "ot
2] gkkon o= AEEA AR HIIAIY HA ] AAAYS AdstA X AL FAsd
¥ 27. A5EFEAN7] (MS9-5H)E o] &3 H &= Y E BA A7 (1x AHLFA )
0F (7€149) 47 (8€119) 8F (9€3%) A !
2AgE @9 i 2 BF | . -
%'& Xﬁﬂ- %ﬁ Xai]- S@'& Xﬁﬂ- 0]"\5_} /g'\l'
Wite Boold Cell | 105/ul | 12.83 470 15.03 305 17.28 202 11 2
Lvmshoeyt % | 5655 2050 | 63.22 624 62.82 6.65 35 75
ymphocyte 10%/ul | 7.22 313 9.44 139 10.79 247 38 17
iy . % |79 319 1121 1.98 841 133 0 10
onocyte 10%/ul | 1.03 057 1.69 0.46 144 041 0 1
Neutrophil | 9% | 19.10 8.17 24.10 503 2750 6.13 20 70
/Granulocytes | 10%/ul | 2.70 1.71 3.66 1.16 4.82 1.85 2 15
Eosinoghil % | 072 0.42 063 0.43 053 0.22 0 15
osinopi 10%/ul | 0.09 0.07 0.10 0.07 0.10 0.04 0 15
Basonhil % | 247 1.36 0.35 0.06 021 0.08 0 3
asopiu 10%/ul | 0.31 0.17 0.06 0.05 0.02 0.04 0 05
Red Blood Cell | 10%ul | 553 2.06 6.44 0.43 6.67 043 5 7
M 1
can corpusciiat | 5059 1913|5941 302 | 6090 283 52 62
volume
Hematocrit % | 3203 12.01 38.20 245 4055 2.66 36 43
Mean C 1
can Lorpuseniar) o | 1586 5.99 18.16 0.92 16.90 0.75 17 24
Hemoglobin
Mean Corpuscular
Hemoglobin | g/dl | 27.32 1046 | 3058 0.96 2776 0.71 29 34
Concentration
Hemoglobin | g/dl | 10.01 3.80 11.68 0.80 11.26 0.70 9 13
Thrombocyt
TOmbOCYE | 1031 | 22263 | 9673 | 30488 | 8541 | 30420 | 7092 | 200 | 500
(Platelets)

'Adapted, with permission, in part of from Latimer K. S. Mahaffey E. A. and Prasse K. W., Duncan and Prasser’s Veterinary Laboratory

Medicine: Clinical Pathology, 4" ed., Wiley-Blackwell, 2003. Reference ranges vary between laboratories. Using value supplied by the laboratory

that is routinely used is recommended.
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=9 AEE AFAAES vasty] A8 AN Asd FATs SAR A
2 A7 FAFES AT 1-33F S AAGAI RN FAE B2 dISAFS A AET
e ARAETIAIY AUkl wE oA Abolzb vebubA] eXdth whebA 2 A o A
NS 7154 AFEHTA 9 Abgo] vl &= AAAR] S AdeA] w¥e Adom Aud
T AR 23 AFFA A T1 Ao A iz T2 el vlal] d@dFA o] e
BES BAed, 23 Al ks Jae Ao sy 5S4 & w/HE &
A= st Estar FH el gl Az ATl T1 AFTE AAE o veEd 4
2 ®Holtt

E 28 H§E AF3A44 (12 AHFAE: 56¢ F)

Control T1 T2 T3 T4
FAFTF (F) 13 14 14 14 14
AAAS (kg) 73.50 74.00 73.17 7217 72.83
472 AF (kg) 94.67 96.50 96.17 96.00 93.83
234 = (kg) 110.17 111.67 113.17 114.83 110.50
ZA%F (kg) 36.67 37.67 40.00 42.67 37.67
ADG(kg/d) 0.71 0.73 0.78 0.84 0.74

Control: 7]#ALE (0.5% o}vhfr, 06% HIEFWI E 71, Tl 7[&2AIS + 01% 53 "= ATA, T2 71245 + 0.5% Betaine,
T3 712AFE + 05% CLA, T4 7| 2ALE + 0.5% Betaine + 0.5% CLA.

£ 29 "5 AF8H QA AHFAH: 589 F)

Control T1 T2
FTAFF (F) 46 52 49
MAIAF (kg) 71.59 55.3 65.5
E3A%5 (kg) 120.37 93.7 109.1
FAZF (kg) 48.78 38.4 43.6
ADG(kg/d) 0.841 0.662 0.758

Control: 7]¥At& (0.1% E3 vl AE AFAl, 05% Betaine 371, Test 1: 7] EAFRE + 25% olulF2l ) Test 2: 7| AR + 5% o}

e

% 30. vl 43483 B AHFAH: 33d Fo1)

Control T2 T3 T4
FTAFTF (F) 13 12 13 12
AAAZF (kg) 84.7 84.3 84.5 84.8
34 % (kg) 109.15 107.58 107.38 111.42
A% (kg) 24.46 23.33 22.92 26.67
ADG(kg/d) 0.741 0.707 0.695 0.808

Control: 7] ¥Al& (0.6% HIEFE #H7b), T2: 7|¥EALE + 01% &3 vAE A, T3 7|EALR + 25% ofvlE4 + 05%
Betaine, T4: 7]¥ALE + 5% olvlE4 + 0.5% Betaine
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o BSE 293 A =4
(1) 12 (%) &= AFYAE
b AE 7 =5 0 ALASF CLA St v

AE AR w7t =5 Wl A el oW g dIdFS mA=A GobrR 7] ffdte]
o G QA Aol A AmjE = E5 [ohbr()]S Tlete]l A A £4 % & A3
S Hlaskdt (11 42). =5 AAEY F90 A5 A9 =5 [ehaOIRyd AT (ofvbr
At T el 158%)0M ALA gaFe] 2w Ax w7 YEwer wAdsRe (doe, sive)
M= ALA &Fo] ozt F7bshe AFdFE B olE Fd =5 W A FE AE
te 4 R9dA ALA 8% 2718 duAE JRARd olmtEae] F74 A7t 2
gtk d3s 245 UM

A+ =5 W CLA %S 438 43, CLAE 05% 37he Test 39F Test 4014 =
5 EE F99 CLAFFe] v Az &l v& 458 Frlsts AS gdsiid (29

o >
-+ o

ol

a) =] B2 b) Hez|TE
2.0 20
LE o T 15 T
& =
=
®10 | - o T £ 10 T .,
I T ;
05 05
0.0 0.0

e =25 =4 wrta sict2| Tgsg  CON i 2 T T

OFORR(-)
=AEER =CON =Tl =Tz mT3 mT4
ofoES) mEPES wEY =S4 wgcke] mIoe]

a9 42, AYTE &8 W ALA (a-linolenic acid) &% vl (1x AF%AE). CON: 7| EALE
(o}m}E24 158% &), T1: B3 u|ABE A A, T2 betaine, T3: CLA, T4: betaine+CLA.

0.35

030 |
025 | T
0.20 |
015 |
010 | T

0.05 | e

0.00

AuEsg CON T1 T2 T3 T4

S=S

o8 ()
RAAY NS NS4 ene a0l

19 43. Y T2 =S Y CLA (conjugated linoleic acid) 35 v (1x AFLA@). CON: 7]
HALRE (o}mpEA 158% ), T1: B35 nAE A A, T2 betaine, T3: CLA, T4: betaine+CLA.
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&l

() Agd =5 W ezt At BlE A

H 5= As W 7148 249 H7F =5 il vz Apate] ddel Al 43S Ay
7] 9t A =5 Ul 0-6/0-3 ABA HE&S AT A A S, A9 =5
[o}nbg-(-)]Kt} olula= Algzakol 158%WHE H71e Al oA o-6/0-3 A WA B Lo

o] AaFAE Bt AAAeR 74 AYT-=5
3

3} 0
2.5-350] #AAsIT. 4, FA HAS Fel (AF], EX])odAM = A Y
7] 5
306 AWA4F v o] LI0AERE F4AES SRASIA T

sl ol
O]' Py ‘4
a) £ Hyg by Hz| P&
20 20
a5 : g x =
= G z
2 b " g & ) T
'; w b - | Ak '; 10 1
Py &
3 5 8 5
0 0
uE =2 = gt itz xesg  CON T 12 3 4
) o{OHR()
BAEEE ECON mTL 572 m73 =BT4
0pokRL) BEEY §24 sS4 sucE mso

a9 44. AYFE 5 W 2W7-6/-3 X F4F vl& vln (12 AFFAIE). CON: 7] EAk s (o}
nhE A 158% BHr), T1: B3 mAE AA, T2: betaine, T3: CLA, T4: betaine+CLA.

(¢

E 24 ANE A7 Folgel met v SE AGAPE @ A3, ES
e A RHUAR CLAL EFA 450 F7se 2 st adn £5
0306 W&ol FRAYAW ATEEA (4e]sho] EDEA ehol HKE 23 ALFA Fol A

= obul B S 25%9 5% F7k Askaksin.

(2) 22 (A )33 (FFH) HlSF= AFEA]

i)

b A7 =5 Wl emzh AgAak-6/-3 HE A (L 45)

AFALE S A7 ERE 58Y Bt 5o A, 955 T AEAY Wt AAE HlE (06w
-3) Wzl A 227101 e, 25% otnbEd ATt (Test DellA= 7.27:1, 5% ofnpE4d
AT (Test 2)o1M = 4312 HAEAT. AAARE 68Y w0 A, 25% ofvtdd A2+
(Test DollA = 651019, 5% ofvkgd A2+ (Test 2)oll A= 39:1=2 784 5 A

AEF T T4 45, 584 ol A, 2H7E At HlE (0-6i0-3)2 tZETolA 32.7:19]
Ao 25% ofutFd A (Test DellA+= 10.2:1, 5% olvnbEA A2+ (Test 2)olA+=
7418 JRAEAT. AlFAIEE 689 wol Al 25% ofubE A AT (Test DellA = 11.31,
5% oA A (Test 2)ollA = 7.1:12 7= Ao

AEAEES &7 7o A, dES Wl Lnzh Al v mA= G Lol £ skl
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==

34 H] = AAEARS Atk AFAREE 33U @YlE sils A, dES T A

=

o] o wZAEAE Bl S (0-60-3)> tET- 22.2:1914 25% ofnbEA AT (Test 1)l A
11311, 5% olrkgA AT (Test 2)ollA 6.1:12 7pAE AT T3 A5S T $A 9 2H7HA
WAE v & (0-6w-3)> T 34.0:10014 25% ofvtF4d A2+ (Test Dol A 14.8:1, 5% o}n}

T AT (Test 2)el4 85:1% A=A (£ 32).

a) 5Ee b) E%|
40 40
=1k} =8
32,68 i E£5
=2f =8
20 | 0 f
2271 @
2
= -
£ 9
220 | 220
2 2
@ 3
2 11.25
10.15
10 127 w5 10 | 7.41 7.07
2
43 336
0

CON Testl Test2 CON Test1 Test?

I 45. A1E =8 (AL, X)) W7t AHA 8] & (0-6/0w-3) (23 AF%A ). Control: 7]
A g (01% B3 vAE AFA, 05% Betaine 3 7}), Test 10 7| AR + 25% ofnpE2A Test 2 7]
A}E + 5% ofulEA. 13 =5 589 F9o, 23 =5 689 Fo.

®

(3) 7F&S U Sulzl 2wt e 2

(W) 75 (A4, 3 AlAlE Az

D Test 2 AT A< AL ¢ @ 1. v[S= 22 AMGAIE AE: 68Y 5o =53 AW
2. MSE 37 AFFAE A 339 Fo] Eg 3 A

xTest 2 Al - B3 nAE A A/0.5% betaine/5% ©FFE4 (Nutex85) 3Hr

@ 2AA HF Az A EAAYS FARRE Test2 SAIA 9 3 A=

@ MW F=A8): TA =S 73.35%/A 9 16.29%/10.36% 7 EFE-A) &

@ BAA 2R FA =5 56.79%/A W 21.19%/22.02% 7] EFF-A 5
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(th 7he= (A4, #@) Wl eu7p Aat vls

/\]3“}2—% 8d Fod dinFom JhESAE Ax Al B BF w7 vE (o
ol A 16.23:10]A 21, Test 2 o] 4%, 3.631% NAHJATE A4 B¢

= Rk i/\]?ﬂfﬂ 8%, 16311914 Test 2 &A1 A2 45, 3.81% /A H AT (27 46).
A RS @7 Fo A, 55 Wl LHrh Al vjEel A= e Lot # sk
3AF Hls = AFFAI DS AT ARAAE S 3393 @] Fod dEso® TheSAlE Al
Ak Fol A 20.1:101A et Test 2 319

Z Al e A4S evilzE ARk HE (0-6i0-3)2
A, 5.21%2 AAAEAT. 2AA ] A= At AR 9] A, 20310014 Test 2 A 9
4, 5.1z R EAY (FF 32).

£ 31. 68Y¥ 59 71¥%9 LA RAE (0-6/0-3) 24 HE TF QA ALEAR)

NZ 4 dut AA A Test2 A A A gt 3 Test2 3
1 16.23 3.82 17.70 3.65
2 14.86 3.81 17.01 3.60
3 16.98 3.88 16.88 3.62
4 17.18 3.78 13.71 3.61
5 3.73 15.86 3.67
HEtEFHIR} 16.31+£1.05 3.81+0.05 16.23+1.56 3.63+£0.03
© AN Fe AES AAAPE F 74 Ae] G0 BT A9,
* Test 20 opntE4 5% H7H+
40
Q=S
BARES
30
2
'g 20 | 16.23 §iai
5
3
10 [
3.8
n 1

iE]

4 A%

a9 46. 68U 54 7tEF9 Lu AR (0-6/0-3) 24 H & TF QA AHEAR)
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F 32. HFE 27, 33 AFANE =5 R e 59 2H7t-6/-3 Hl &

(_g:‘;ri) Test 1 (2.5% obob= ) Test 2 (5% ohulEA)
339 | 58 | 339 | 58a | 68¥ | 338 | 58 | 68Y
A 310 | 327 | 148 | 102 113 | 85 7.4 71
HAE | 2o | 23 | 113 73 65 6.1 43 3.9
3 201 | 162 52 | 3.63
ZAA | 203 | 163 5.1 3.8
fHSE 23} A A - 589, 68Y E% AE
* WS 33 Alg AE - 33d =5 S

(4) Bl FoAd euzt AgAt Ble A

o
Ho
ftlo
N
N
et
o
:10
to
2
)
B

TPHor AR W 5% ofntEA H7ke 9dESy Ages vt
Wb HE (0-60-3)& A4 Foha g8z 410032 NS
b ¥ ofmlF A o] FolFo] Eold4E gl Fodgt
AN VEe R, vt Xlwu H & (0-6:0-3)S 41 ©]&
wosteiol str) JhESe] S 5% FoEFE 689 Ho Al
2 Gojx7] witd 7tES 7lz 5% olutEA e 29 Foi7) vl

N2 %0
v 32
5l
St =
=

Ho
lo
to
=
N
N
o%

A
O
(
==
>

&oNE o A

[V
>
B
=
x
td
Sl
w
o0
—

o

o
N
ok
S,
lo
it
%
ro,
io)

qBg £

M
Qg:z“
o

2. 7154

wih

(D 12 (FF%) H5= AL S

Ats U 10% 959 vlElYl EE 0.6% Ast9S 45, =5 Ul vt E gFo] A9
Ego vle] 49 F71EFl o, 0.5% betaine # & 7-¢1 T29F T4oA =5 U betaine 3ol
betaine WA 2]l H|3to] 37Hu) FFskA T (L7 47).

a) £ U HIETIE BY b) X2/ T2 betaine g @
3.5 0.35

30 030 TT
]

25 025

20 r 020 r

ugse
ma/a

15 F 015

Lo r

05 -

0.0

COon T T2 T3 T4
HIE}RIE(-) H|EFRIE(+)
HEES BEES BE24 mS4 sucE e

a3 47. AYFE 5 U 715 A EA (M EYE, betaine) &% HlX (1x AF¥AI ). CON:
71 EALE (ofmbEAl 158% &), T1: B3 nAE YA, T2 betaine, T3: CLA, T4: betaine+CLA.
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NG RS Folse A%, NEAR gulste]l RE A TAM AL 919 carnitine
Fol gttt FAE UEer ARae Ae T B 2 Ao nolA
eyl (29 48)

a) =8 B8 by Hz|F+E

Ax7ar sa = a1}z oz CON T1 T2 T3 T4

HCON 71 ET2 ET3 EHTA EAHA o4 gTul gOHE| mEOE

Y 48. A TE =5 U carnitine $F v (12 AFYA F). CON: 7| EALE (ofn}EA 1.58% 3
), Tl: B¢ mAE AA|, T2: betaine, T3: CLA, T4: betaine+CLA.

S
)
)
~
ot
oy
™
B
3%
Y
m
ol
o
=
Ho

EAGAY (AR )

H 5= AF= W 05% betaines H7tate] 689 v 49, A Wl betaine FHeFo] thx+
] sle] 124.95 pg/gol A 467.68 ng/g (Test 1), 41542 ng/g (Test 2)o.&2 °F 337378 7}
AT (19 49).

600

467.7
415.4
500

a/q
2

200 r 125.0

100

n i 1
CON T1 T2

¥ 49. HYFE =5 (FA) U betaine FF (23 ALFA ).
Control: 7]¥Al&E (01% =% vAE ATA|, 05% Betaine H7}),
Test 1: 7| EALS + 25% o}vlF4, Test 20 7| EALR + 5% olv}FAl.
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() vl5= 33k AFGAIE (339 Ho)

HS= Al W 05% betaines #71ste] 339 &<t 5948 4 54 U betaine & H
97.1 ug/gol A 427.1 pg/go & °F 448 Z718t9 o, 2 U betaine IS 78.6 pg/gol A
3251 pg/go 2 tjzx+ o] oF 41v) F7tetd T (19 50).

400

325.1

350 r

78.6

CON T
ad¥ 50. 33¢ 49 ¥, 5 W betaine T§F (33 ALFAFH)

(3) 22k (W ARAT)-34 (FF7R) HIHE A OFE5A1FE)
(7h w5

Hl 5= A5 Wl 05% betaines #7Fshe] 68Y
A% betaine $F=F2 Ank 3dlo A 94.28 ug/go|
31} STkt AAA Y] A= gk AAA] 9
-, 185.09 ng/go.= oF 284 7kt (19 51).

3 AT GoT NBEAE AF A, #Bo
A9, 290.21 pg/go= °F
65.95 ng/goll Al Test 2 &AA9 7

E 33. 68Y¢ 39 7tEFS AAF W betaine FF A A3} 23 AFFAH)

A (F )
7HE & FH] BELR T8
=T A&
& 94.28 290.21 32.71 0.000
&A1 65.95 185.09 19.92 0.000
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350
mOfj=+

290.2

= Z(ugig)

| LA

2% 51. 684 ¥ 7FES W betaine &F (23 ALFAIF)

(W) vlS= 33 AFEAIE (339 Ho)
D 7}&%5 W betaine $H&F

AdALEE @7 5o A, 7S W betaine 3
3 S &I} 0.5% betaine©] 2
FAF Az A, ¥ 4-F betaine 3o

8, 2415 pg/go = of 28] F7kskdtt. AaAlA e =
ANA Test 2 &AIA ] A5, 2343 ng/go = oF 27w F7ketdet (1
350

A

300

250

200

ug/e

150

100

50

= £ A|%|

a9 52. 33¢ §9 7+¥5 Wl betaine FF (3 AL¥A )
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@ 23 W 7IsAd =4 I

HelE ol 7] $18te] &4 Ul betaine ¥% 2 homocysteine (Hd @A A3 wpA F sk}
shaks BEAe k. @3 Wl betaine ¥ thRFollA 188 pg/miol o, Aol A 79.7n
g/mlz2 < 429 Z7}stith. @34 W homocysteine 3H#E-S thZ oA 183 ng/mlo] oY
A ol A 14.8 ng/ml= °F 19% A sHA T (19 53).

0.5% betaine©] E3stH Alg Al E 3347 @] Fo] A, HS=E A W 7154 B4
=

a) Betaine b} Homocysteine
a0
79.7 0
80 - 20
70 T 70
60 [ 60
E 50 ’—_= 50
& &
= a0 = 40
30 r 30
18.8 183
20 r 20 | 148
N . ) J -
0 . 0 '
=3 HalF o= Hal#

a9 53. 3394 §o &, A W betaine®} homocysteine 3% (33} AFLYAE)

@) MKE FAND 7154 B GF G A

Betaines 05% w02 H7tste] 548 45, 334 govwos2: =K U betaine 3o
4uf o]} F7tsti o, 68U wol Al, @I AAIA Ol betaine FHEFo] Zbzb oF 3w, oF 2.8v 5
7Verd o, 33 Fojvto 2w Ayt LA Ao betaine &#o] zhzt oF 24, °oF 2.78) F7}elsdc).
L3k betaines 05% o= H7lst] g9 49, 33€ 39 F, @4 U] betaine 3ol
4240 F7vebar, AdE A Askal7 o <l homocysteine©] 19% 7+ &)t}

ot Y FAE ¥ =4
(1) Phylum <
=3 WA= AdAl # 71 =4S Fols)
& T dobrr] flske] A wAdE LS
datairh. 07kl = Be Aol A A HERle

1}
o ol Test 1% 05% CLA F9o7<l Test 304 thx+ "413] Proteobacteriaﬂ 9] %
2 9o =55 eyt (19 54). Proteobacteriazx WU =
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Salmonella spp., Vibrio spp. 5°] %% phylumo 2 &3 wAE A A7t 7314
HAwS JASE 297 dv Aoz HATh

0, 4 Fxboll 5 wAE AdA G972 Test 1olA4 diz=+ utli¥] Firmicutes’} %
Bacteroidetes7} 2k ot} 8F2fo Test 1914 Firmicutes”t 5 7}8lal Bacteroidetes7} 7F4 3
= 9SS Yerdith Firmicutest A% 5719}, Bacteroidetest A% 4 #¢d Aty o
T AR7t v EAstH, o] & FE 53 vAE AwAe Fo7t G vAE Hd S
Fol Hl &=L FAd A4 dFS = F s Aoz Bl

Rl

-

(A) (B)

Phylum_Pig_0 weeks Phylum_Pig_4 weeks

o 100
o T
RO R
mCEhers
fow W Sprochaatey o
e
B Fibrobacteresy .
R * (¥ .9 e cmiutotia
B Flusemieralaa
m Tanaticutes
W e rucnmeerobia e
e = W Protocheterii
W Tenstioutis
ETamarules
At u Prcanabactedis R~
= Doctercide e
® Firmicufes
A EL m Actinobarteria
B Cyanabacteia
_ w Furyancharati
0% W Bactomidetes 7%
B Euwgarchaeota
1% TR
s %
11 n Iy 4

HC

©) (D)

Phylum_Plg_8 weeks

100
5 k_ Bacteria: p_ Proteobacteria
B0 a a a
]
nd . Othans I I 1 1 1
@
W Vet amicnahia
B i
B Terwncutes
S0 S haees -
W PRl g
aom, « Firrmicutes =
® Cyanpbactotla L
Eo]
W Hartensdetes ©
L R ———
pron W Euryarghas ots B E
iy
-4 =g = o
i T T T T T
Conral  Tean Test2 Tosl Teste
e
N[ ] ”w 3 T4

Group

o
o

Abundanc (%)

L

29 54. ¥ T phylum FEAAY vAE = 24 (1Z ALFA Q).
(A) 052}, (B) 453}, (C) 8%}, (D) 852 A&+ Proteobacteria® ] &

(2) Genus

o2 genus T4 HSE AW MAE LS 2AAT 5T vAAE AEAE
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T3 Test 194 Lactobacillus®t Pediococcus?t 072l = tix27 tH] v =35 YEyl
o, 8Fatell= ET e 2 FEs UEWUY (29 55). ol EH9 mAdE A &
o7b vlSE=o A vAE g FS T Fog fAo]l AudA Frkete A=

Eow} A AAEE Ty uLe A, XY IR ATAS T 1Y RATE
=

Helt}
(A) (B)
Lactobacillus Pediococcus
[ 1 7 D0,
a BKE =
| §
g 5, (0 = Td' = .
z T T I 5
€ 10.00% I T 3 E 3.00% i |
= = 2.00% i
5004
| I I - I l
000 OO0
IS a s B ks 0 whs ks B wks
mNC mT] i =mT{

Bacillus

o
0.07%
z
0.00%
o . .
0,005

a4 wks

mNC mT]

Y 55 B3 mAE YA FA 2 genus FFAAY FY FF #H3l (13 AF%EA ).
(A) Lactobacillus, (B) Pediococcus, (C) Bacillus.

A4d A1dEHA: A

7h 714 SRSFARAAES 4 HleE ¥

“whol ©ALEH7HA APIE, “HR ISR B R st 4etEE Awd)
Jue Fa 7] FAE AT Y e 2o

o
Ho
oX.

~
Rl
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(D 3t 73 (FEAE)

al]
o
0 | 1%
T _-
X
T ||
G5 | | | e
o
&3
W
el
umo
Jlo
~
B - el
® < |
oy
5 Bl|B|w|~
R
B we |
ﬂ_rﬂ ﬂl ;Qn_ X ZT1
T | o] | om | T | T
o | <A | T | o | o
=0
21N g oy | ofp
Bl oo | | R | R
|| T | < | <
o |3 | | %o | e
B R T| K

A 2otele] AR )

A
b (

S

=
=

A7FA (0.002 ~ 0.008%/kg feed)

o 9]

=

71 AdPATolA v E=A

H ]

5

R

34). wkA 7]

-
it

-
it

Az AL/MdR A

s

FA T

T

(2) v

i
T
!
B
o

<

-

A

o g

¥ 35.

oy
Mo
%0
=

X

"K

SCHRCHARS .

T R K|35 | B8 | B

o

W

—_

oy ~

=0 =K

of < .

= |5 gl

ol — o

< =<0 T | mmro

X = 0

= 70 Bl Wl

B ||| [l

‘—O ‘aa ‘_ﬂ_.o_.E ,mE O#O \Nﬂ

:.i " . = m,u.‘_ Br

o =K W'

o ™| % o BB

0 | ok |

| =" ||

= |l i

H i w2 | B

\UHl UM EO ‘I—_/| 3”1_ O_E

~| H ) —_

< ofy B | =) o

3| ROB | A2 X

E2 |0 |~

NSy <

RO | oF | od | B | BT | N

TolT || E | B on

71 AgPAFA A v (2%/kg feed) S

Bl

]

7}

35). mEA 7 FdE ATE

s (€

A A]

St

0

f

98

TR
ojo

S|
&

A o]

(3) vh=

Ay AT

&

£ 36. Hvts FEq9s &8

ol

Mo

0 | 15

-
X
w ||
| | 1 | 5

Hr

i [

" i <

& .MW_ R | N
PR
;0.._ ‘I,” N

B |~

UE” ‘_Ir‘_JVI ;OL %AE
T | od | o | T
= Ne | or | on
Pl do | | n
|||
oF | BT | TR | 00
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7HAl (0.002%/kg feed)S AHebAl SWolele] AR U

=]
i=i

71E AgAFelA nfsdgo] FEE

36). WA 7 P

YA
it

Fa T (

3|

(1) 2t =

3}

o 3, A% £ Ax #A

AE

a9 56. 3t 73 F

& Qe r ol

B

=
=

228744

°|

A9 0.

=
=

&tol 2 AT

&

(@ MeRAE (1e)%7), 1)

7] (A)¢ 1499 (B)Y 3

H71 <%

S

=3}

A

=
=

71 [229 57(A)]sk v+ [29 57(B)]
L ome A A7 7E 274l FFEol 7] Wil

Mol e

%

=

5|
pul

ro}
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(3) vhE AR (v, vk )

29 58 Hutsgel (A% At (B) 4

S71g1e] Akt hRrhE A BulE I g vhsdgel: v AW 2 shgE Aow 9]

AwE = Ak (27 58(A)]F e [19 58B)E ALE3H7] $18ke] o] &8ttt ¥ 4
© #A7HE e }H“EIE 3104710‘3?1 P e 2st FEor Fhste YeEH (-80
C) %, #4445 Fsto v B (Ants, b)) FEAS 474 Ak

BoATE FRFATAE (g 73 v, Akl A B FEE FEES QY] AN F
<7 THHe A&t (29 59)
(A) (B)
o 'Lq* Mature of Sieam
(?’3} nl.ﬁ ]—ZL ‘Elli?‘] 'F) #nd Od vapours
I Steam passes ré Mol wales
= bk oy : et of
171 = = : "" Condenser
TR0y - et
| * . CONDENSER
RETORT . ) -
(0~20C) ;! e
e | e . /Um SEPARATOR
T Stoam in
(2, 44 o9 ®a)) o el Hrton
| top of Separator Separaton
CE
A

5
(60°C, 100mHg)

U odd 2

rft

39 59. &5715FHEY 4 (A), €9 (B) B 3t 734 FAE FE24Q JEAE 24 (O
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igAs (st 73, w9, vt
oS A A olgtv|olaFE Ed

—_

el

vy
file)

pari
fIfe)

o
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o

=

—_
fite)

el

Qo] wel 100 4]

59(A)].

gl

24 Az 2AAME

[©)

o
o 9 —

155

g2 35718 &9

<)

o

o

el
il

o =w [29 59B)], AE7}

1
o

—_
fi%e)

el

Has

Fefel A 7hE

o] ojzl & AFE (o

o)
AA -

=K

kil

=
=

v
fife)

—_
fite)
e

Fao [Z29 59(C)].
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1
B

5] £ 3]

299 wolazYE Az B

h=s

@ FEA

==
=

o1 A 471wl 7F
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ol
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3 A xTAHE
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() 5RFARNE 2229 4G5 & B9

ﬁE’&U Mixing Process by High Speed Mixer

AAZY
(2&9N)

i

v

=529 ne
(rerekd)

rtelAzfEste APstE 74 sEFATAE G 73 vg, dvks) FEAE o] 88kl
E3E AEHMAR o] hed Bl 2 A AxFAvEs F9sAn (1Y 61)

2. 7k AR 29 ol &4 HU}
7t &3 Bdd 5old 39 XA (in vitro)
2 AFE A HA, F FHd HLEH vAE (E coli K85 E. coli K99 Salmonella
=

enteritidis)o| Al & H A AL 29 o] & JlF
e gt sk

e
e g
12
o
o%
=
fols
_E
il

N

\

o

(0]

frt
N
AN
>,

SHFARAAE FE29 [F97)dd @ s AT]S 2 Al AREsEAT (19 62). St
g =4S 98 A T3 FEE (JEXE, phytoncide), 19 =7] (seaweed midrib)e} 7] < 7
(seaweed sporopyll) ¥ ¥vl= (wasted garlic)¥} vl=¥2] (garlic root)2] F&U N 742
¥ 0.45 um bottle top filter (Corning, USA)Z o33t & o dS HA| AFo] ALET
ATH A7l 22 b A Bt Aol A A E&SHA A A SR T

_
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% :'lgf: q OjE7| FEY oY FEY opgea) mEol
' e e ) B =

19 62. TEHFARAAE FE2Y AE AA

YFAHtArE FEoe] e 2AE flstel AA FAE {3 A &, AA, 87 R
]
o

V| A5 3% (Escherichia coli K99, E. coli K88, Salmonella enteritidis)< 1733} T}

@ Agar diffusion assay

N
&
T
£
X

=3 B vAEY g sEHFARAE FEH FvadE HS5e] flete] 59
agar diffusion assay "WHS o] 83 th. Agar diffusion assay WH< v o] 783t
t}. Bottom agar (MRSa)E WA #53to] &3 $ top agar (TSB + 0.7% agarose)& A %3}
of B A 10° (K99, K88, SP), 102 (SE, ST, SG)S ¥ 3L bottom agar ¢l 53}
Z3th £33 plate 350 wellE cork bore® %1 HAE FENS 40 pl 53 & 37
T, overnight B3t} vl F clear zone®] A F W, plates 2= 73}al clear zoneg A<
T2t Al AT A= A E7H-), 156 mmET FL-(+), 15725 mm(++), 26735 mm(+++), 35
mmith F(++++) o2 FAS AT

) A 29 2 a

D JEA=Y G w3}

)
fo

¥ 37. 5FE 39 P AE HE AEANES T EHE

Antibacterial activity of phytoncide
E. coli 99 S. Enteritidis

+ +

UGrowth inhibition size of clear zone; —. not detected; +, smaller than 15mm; ++ 15725mm; +++, 26735mm; ++++, large than

35mm.
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.1&0

o
S B9t} (data not shown).
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=

g e}
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;OO

278 o] (wasted garlic)

S WirE 045 um bottle top filter (Corning, USA)= o] 3}

p
=

2 7

- =

Bt} (data not shown).
oo

(wasted garlic) =49 749 3714
+3| 1]
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¥ 38 53d HAdA YAE A FEHFAFAE F5 FFAY I /=
Pathogen . } e s
E. coli K99 E. coli K88 S. Enteritidis
Sample
HEA = v o - - -
o EA = A . ; -
5 v o+ 5] o} 5 - ; .

5 £ 2] = 3 v] o + 3] v} - - -

Growth inhibition size of clear zone; -. not detected; +, smaller than 15mm; ++, 15 25mm; +++, 26°35mm; ++++, large than
35mm.

FYRARE FEoe] Girde] Ao vl Uekth G 39). 98 WitelAt
HNEA=+HutE EF AlRdA FHES Ron, JES WAt dMe JEX=+H 0t
S, AnAnls B3 Aol Fide Uehdth A 7 SRR AE FE9S &
ot Aol BUA Pl A=l e o] vERubA] ¥kt

AatAete] &3 A SAHES 98] IEAE (phytoncide), #IH Y (wasted seaweed),

L=y (Wasted garhc)# FEAdN Z4zbS dHord 045 pm bottle top filter (Corning, USA)®
of gk & 111 BEHIE E33ste] o] &ttt Y] &S A At AdH A A& A A
Al sttt J\]E—t— THFAE FE 95 olE 74 FEJ9 EHE FE Aoon, FTHS
AHERAE FE gxl JEAE Auks, JrdoR i AT (F 3F), EFAAE I
EXE+Hu Y, FEX =+ nbs, Hrd+duts, FEX S nfErndoR FEX (F 7

@ A Az

T AEetul A AEd SFE 37HA e ArAlE 2 AP ol &Y. d =
10 ul/ml brothel ¥ 37 ColA 240 rpme & wj¥atgdom (EX: 30 C), F2k+e 109744
< 5 brothz 3]Aste] Abgshadtt. 2 widAZte] S 4 C WHale] ez Basile
STl 7 o] stes AAds] WS § L] EEvE EgekdTh meFe At Al
d&sto]l 4 Toll B $ Abgstdien, 24 Ao & gz b= 2o
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£ 39. 53 AAA WF=A

N R T HEds WY ER HFo+ WG HAgEx JFEF

5 P
(MRS) (x>10"g) A+ (YPD) (x>10"/g) Azt (TSB) (x>10"/g)

) LP-GS1 50 20

=58 SB-796 10 24 BS-T4 10 32
PA-GS4 100 16
PA-GS4 100 16

F=8 SB-796 10 24 BS-T4 10 32
LP-GS1 10 20

oA g DATGSI 100 16 sp-706 10 24 BS-T4 10 32
LP-GS1 10 20

@ Agar well diffusion assay

S5 994 nARd Ug FPSARAE FEoe] FwEHE AZe] dske TEH
agar well diffusion assay ¥ ©]&3tth Agar well diffusion assay W< o]y <
=g
) 28 2%

40, T2 ATAY THFARAE FE5 05 == EFAY uwujge wE 3 HAAZAZ Ut
Probiotics PA-GS1 PA-GS4 LP-GS1 SB796 BS-T4
Sample (fr4He) (FrAte) (frAtT) (2%) (vt 3 &)
HEA - - - : .
v - : - - ;
v} 5 : - - . :
Y EXE+7u + + - ++ +
Y EX =+t + + + ++ +
v o+ 3 o} - : : . )
HEXNE+7 0 A +H v = + + + ++ +
Growth inhibition size of clear zone; —. not detected, +, smaller than 15mm; ++, 15725mm; +++, 26 35mm; ++++, large than
35mm.

FTHFAAAE FEA AdA A e U A go]l vErEtE (E 40). Ak F
PA-GS19 PA-GS4lAE SEAE ks, SEA= Y, A 744 EF Amdd e
Haow, LP-GSlelA+« JEXE=+nts, Al 74 £ AlsdA dddEs BEAth 3%
(SB-796)°l A& m oS ALgt e SFEodA Avds Bgon, e~ (BS-T4 A=
BE ARdA AdEs Btk gsAg i &3 Al Aol gk Airge] =2 FoR 1
itk mebd BPSRAE FEe Andon AFAR o g¥E wFo tele A
S Hola o ArAe] TFAA FrheE B AFoAE nHEHA &g7I= AT

w o AFoA e Ao A AT Ao vluste] B oo 7 FRFARAE FEY
& 2% fu BYA AR g F# Bl AuAe] MAA E£F Ao et o)x
A AFe] AHgE FAEY FEHS 2 AT A8 FE9Y FE2EH (F57IsFH)
ot o= Hs FHAAHE /AT AoR A uts AR gl FEAxEFAG 9
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e A B9 e s
A EHE Bolx &k} AW 7t FE
of AwtAlel digk HdHEHRE How, 53 &R (SB796)

(4) FHFARAE FEHY AE =S, st 2 FASEI A (n vitro)

7 EYSARAE FE0 7Y A A% 1 @It A6 rA £ e 2
HE YeEpW oY, AdA+9] Ba (Song &, 2001; Emily &, 2007; Cox &, 2010; Antonio %,

2001; Ganesan &, 2008; Qing &, 2006; Hiroaki &, 2009)° w=W A2 Fafo] A A<
EabEel Wu g vk (53, vhize] A9) ool BPFARAE FEole] AL Y& (593
FU3 2 FAT DB ZPFORA H AR olf AEAE FAsuA sk

7hH AqAE £ Uy

O AE =9
ME AEES HAxmA) 2 itstadr 48 s 3 73 58 (3 EX =, phytoncide),

2k
19%7] (seaweed m1dr1b)9P n o7 (seaweed sporopyll) ¥ #Hwls (wasted garlic)¥ w}&8
(garlic root)d] F&YN Z+ZS Hwd 045 pum bottle top filter (Corning)® o] 3} 3¢
, AAE FA Aol A AT X AEE AF AldE o] 93 ods DMEM
2 3Aste] AbEstal, Fastad S4 Alde PBSE S| A ste] A&t A7
S

=
2 b e AEel A A&skAl A A ek

o 4 1 =

BN

@ Al aEn) <k

oo AlE3 SEAEE & FAAYAZEFH] MAC-T AXE AE &L MTT)
Ao o] &3} A%+ DMEM, 10% FBS, 1% penicillin/streptomycin, insulin (5 ug/ml),
gentamycin (50 ug/ml), hydrocortisone (1 pg/mhE #7138 v A S A3}

==

@ Cell viability by MTT assay

96-well plates] MAC-T AZE 5 x 10°/wellZ HF
Ee Alzajd 100 plE Azl §F 24417 v T 72 well F 10 ul MTT £94&
t}. CO, HjeF7]olA 3A17F w9k ¥ isopropanolS 200 ul ﬁﬁlé‘}cﬂ AE AEs LA A
B33 =7 (spectrophotometer)ES ©]-&3F] 570 nmell A o}
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@ Anti-oxidant by ABTS assay

ABTS (2,2’ -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)) 7.2 mM3¥} potassium
persulfate 2.6 mM< A2 dAolA 24A17F &<k db-$A1A ABTS cation(+)S A7l & 9]
fAS 734 nmolAd FFE= Fto] 0.7-0.8°] HEE PBSE XA A AFE3FA T 96-well plate
of A% ABTS+ &< 190 plell A= 10 pls H7bste] A, ehaelA 107 &<k w12
T FHT S 734 nmolA SAHsAY ET2ZA L-ascorbic acidE AF£3F% 2™ blank
zx = & A&t 4" FHEE ol&3ste 1-(OD blank - OD sample)/OD
2 radical 2~H T8

(® Anti-inflammation by Western blot analysis

96-well plated] MAC-T AEZE 5 x 10%/well2 F=3 T A8 == LPS (0, 1 and 25ug)
5 X AEmgd 100 uls Ag F 24A1%F st o] 5 7 Al5E RIPA-buffer
136 containing 50 mM Tris (pH 8.0), 150 mM NaCl, 19 Triton X-100, 0.5% sodium 137
deoxycholate, 0.1% SDS, and a protease inhibitor mixture (2 pg/mL aprotinin, 10 pg/mL
138 leupeptin, 1 pg/mL pepstatin A, 1 mM PMSF, 5 mM EDTA, 1 mM EGTA, 10 mM
sodium 139 fluoride and 1 mM sodium orthovanadate)Z cell lyse A1 ¥ Bradford reagent
2 B3 dvA FxE EX89th. Protein samples (30 pg per treatment)2 10%
SDS-PAGEE o]&3le] £z & YEzAzzx @Bl o]sAZth 5% non-fat milk
buffer® &% Al $ 12k A (1:4,00005 H7Fste] vigstart. midd ARHJAS AFH 5
22} 84 (1:4,0000% #718te] o]= ECL detection reagentsS %3 7FA3F Al At}

BA S5 24 dojd HZAHEL meanstSDOE Ed 8911, JMP 5.0 software package
(SAS Institute Inc., Cary, NC, USA)°] student’s t 4 2 Tukey HSD testZ o] &3to] F

Iw B vwaEite] 5% FaolA woAd AAdS 44 A

(h A3 A4z

@O MTT assay

7V AMRSte 2 7 sdeRANE FEAY PHAAHITE flste] MTT Ag& 38t
Atk 2t FEFARANE FEEAA HAvts, v, vYgEr] 2 v9gq FEEL 493
sl NS 1:10, 1:20, 1:40, 1:80, 1:160, 1:320% AJEwjekbe] FuH|sle] A FAMI A E

(MAC-T)ol #H7kskar 24412k wigatgich. wEA =9 9ol 1:100, 1:200, 1:400, 1:800,
1:1600, 1:32002.2 3] 3te] MTT Al &ol AF&3}3it).
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£ 41. MTT 49l & sdFARAE FE399 SAHH7)

MTT cell viability (% of control)

Dilution ratio

1:10 1:20 1:40 1:80 1:160 1:320
Wasted garlic 72.2+16.3" 82.0+£3.0°7 84.848.9" 86.415.17 95.5£4.0 109.2£7.9
Garlic root 3.4+0.6" 1.0£1.5" 59.5£6.5" 94.4+3.8 97.7£8.7 96.3+2.8
Seaweed midrib 90.2+4.4" 93.4+8.0" 88.4+3.3 92.8+11.5 97.4%4.1 96.6£11.5"
Seaweed sporopyll 46.3+3.3"  75.7+10.1"  84.4+45" 95.9+4.7 101.2+7.7 116175
1:100 1:200 1:400 1:800 1:1600 1:3200
Phytoncide . .
0" 8.614.4" T7.7£6.7° 84.4+1.8" 84.945.3 101.0£5.1

Each values are expressed as mean+¥SD(n=3). *vs. control(vehicle alone; P<0.05, by turkey test)

A G wEEARAbE FE AXAEHE Friesh Az ggiez 7% =
WalRe W 1 AdE ® 4139 2k Avks FEAL 1320 M AHE, vt

ot |
0,

o
b —
T3 vgakel E4o] gk Ao
‘IQF

Al A EEo x

SHFARAAE F299 23S T3 EdAAY A EA4 E AxAEE/
MTT WS o]&ste] Hristddrt. tAl 79 F#dFARAE S3{AAE 99,
1:80, 1:160, 1:320, 1:640, 1:1,280, 1;25602.2 A ZujFe] sl 3ste] A2 (MAC-T)ol| #7}3}
L 24N ZE i Feksith AEAEE S AEaFAvte g I iz Bl gl
(FEA =G E7 et )] A9 Al 7HA] FAREe] &3] upEbA] MEAYEE
ko] 7F Aot 101,280 =+ 1:25609] 3| Mg EoA] tix+3 2 AEHS Ho &
v Ae® wudn, 532 (FEX=Hutsgolm &)Y S

1:2:13 1:1:2 E3m) 9] 1:2560 3|2 Ao A AZE Q. = : ),
1:1, 2219 EgHlell A 1:1,280 o] e] s|A oA th+ Hv= 1 o] &S HolH,

=
BN
-1
K
UM
flo
i
o o —

=5 1:2
o] A-fol= 164058 dxT 7o AEHS Bt 54 (A=A=mI9E7])e 45 11
of EgHlAlA 1:640 AR dxz=7 oo AEHS HErAT. 535 (FAvtsdrdelm|

A7 A, 213 1:20] SRl A 1:160 34 e x4 o
oh. webA] BEAA el g vl gl mEk okgke] Xpolzh QAN oA &
A EFAANE 28 T B AFAES dFdFEAA S8 &

.

=)

32 o

]_

ol
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@ ABTS @ 2A% (F4tsts) H7t
7} FHFAANE FEN Y JESALE St diE AN S "M fls 9
8 A3 A7E JNeR olF 7 FUFARAE FZd 9 ol HgAAe
(ABTS)E #7bskith. Fabalse e vehle 32 5 dd2 27452 37t
7} 7o
100
" g g0
3 2
= E 60
§ 8
TE gl
o
0 e
E % 20 |
"

Each values

Agan NEAC

=
acid (1 mg/ml)+= 91.7% 9]

Ascorbic acid

oEXE

19 63. JEXNE=Y HEH 2A% H7}

are expressed as meanstSD(n=3). *ascorbic acid(P<0.05, by student’s t-test)

o

B2 549%9 gu#E A7es
gud 7S HERAT (2" 63).

=
T

40 |
*

0| &+

ABTS cation radical
scavenging activity (%)

o=

0gE7| Ascorbic acid

a9 64. " 97 R W9gE7]Y ¥ E ~2AF B}

Each values are expressed as means*SD(n=3). *vs. ascorbic acid(P<0.05, by turkey test)

1]

/‘\l_
i (

J_?]_
t}

=<l
ad

¥ 12

E} 64).

"7 9] e

A & <

AeL 18%°lH, A=Y= 91.1%2] 2ty
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100

60 |

a0 F

ABTS cation radical
scavenging activity (%)

Ob= & 40| Opsteg| Ascorbic acid

a9 65 dvts 2 vt e &A% 3t

Each values are expressed as means*SD(n=3). *vs. ascorbic acid(P<0.05, by turkey test)

nsB1AEQl Hnts FEA G AATL 61.9%0lH mls¥E] FEAL 87.1%9 Y
A 2AsSs HEHS (L9 65).
AAHo g nAdZ7] dAo A5 91.1%° #FYZd A2ASE YEFWRITE o]+= ascorbic acid

=% FEoE FEHFAAE T MY SskdT (2" 64). mhE R

Qoo A9 87.1%¢ o)A ul S0 dHuks FZ9 (61.9%), o

EX= (549%), MG FE9 (18%)9) #=A= o o] ksl (1 63-69).
o

= 5

ez, gy AATSs 483 BdAAY SdAREAES Brskdt (£ 42). 4% w9
FAEAE S AEAE MY9EY], vt B Huts FEAS OGS ER E3ts & 4
of % gHele] ABTS #ld £7%% ZFdksivh BgAAL ¥, 11160, 1:320, 1640,
1:1280 A Aoz wiEo oA A2A%S =2Asgon, URTOE ascorbic acid 1.0

mg/ml, 0.1 mg/ml, 0.01 mg/ml& A}-&3F T}
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R 42. TEHFARAE FE 5FA 9 @02 £2AF H}

ABTS radical scavenging activity (%)

ratio dilution ratio Ascorbic acid (mg/ml)

Undiluted
1:160 1:320 1:640 1:1280 1.0 0.1 0.01

L1l 89.3+1.2°¢  122+15*"  11.7#23*% 10808 105£3.7%% 955+0.7° 54.4+50" 10.3+13.3

Combination 1

phytoncide: 2:1:1  885+1.7°¢  81+3.1% 9.1+3.6%8 5.0+9.2%8 6.7+5.248 955+0.7° 544+50% 10.3+13.3°
seaweed
midrib: 1:2:1 90.4+1.1°¢  11.6+22*F  6.1+7.0*B 7.0£10.0*8  3.7+7.1%B 955+0.7° 544+50° 10.3+13.3d
garlic root
55.7+5.1™ B s 10.2£13.0% B X _ 4
L2 g 7.6+10.4* 12.3+5.1% B 12.60.7% 95.5+0.7°  54.4%5.0 10.3+13.3¢
84.2+11.3° __ BC AB A =0
IEIH I, 5.5+2.8% 2.5+9.6% 0.4+1.0* 0 95.5+0.7° 54.4+£5.0° 10.3+13.3*
Combination 2
phytoncide: 2:1:1  87.3¢4.2°F  7.9+59%C 9.0+4.6%B 0.425.084 0 955+0.7° 54.4+50° 10.3+13.3"
wasted garlic:
69.1x4.7> . b .
seaweed r2r 0 0 0 0 95.5+0.7°  54.4%5.0 10.3+13.3°
midrib
84.5+0.8% . - b
L2, 0 0 0 0 95.5+0.7°  54.4%+5.0 10.3+13.3
66.8+13.8" _
111 0 0 0 0 955+0.7°  54.4+5.0° 10.3+13.3"

LAB

Combination 3
phytoncide: 2:1 832452 0 0 0 0 955+0.7¢ 544450 10.3+13.3"

wasted garlic

49.3+7.0> A X . .
1:2 A 0 0 0 0.05+3.6%"  955+0.7°  54.4+5.0 10.3+£13.3°
92.4+1.8% DA 12.5£4.0°"  14.3£7.9" 28.7£21.3" B _
- 11 2.6%6.0°" } 95.5+0.7 54.4+5.0° 10.3+13.3"
Combination 4 A A A cA
phytoncide: 91.9+0.8% 17.3+1.9"> 16.7£13.8* 13.7+8.3" o hA d
2:1 A B oA A 24589 95.5+0.7 54.4+5.0°  10.3+13.3
seaweed ‘ > ‘
s dri 93.1+0.4% 21.5+17.2%
midrib 2 164520°0  236:31%4 144478*% 95507 544:50°  103+133°
94.8+0.1¢ A A A aA b .
111 A 3.7+0.5% 10.2£8.3**  6.7+12.0**  5.4+3.4 95.5+0.7° 54.4%5.0 10.3+13.3°
Combination 5
.. 94.8+0.1¢ A A A A ‘ )
wasted garlic:  2:1 A 10.0£9.1**  6.7+6.6* 6.8+6.7* 2.9+0.9* 95.5+0.7°  54.4+5.0 10.3+£13.3°
seaweed
midrib 94.80.1 12.3+13.2%

12 39164 5685 162230 955:0.7° 5444500  10.3+13.3°

Each values are expressed as means+SD(n=3). *Pvalues different among diluted group in a row are significantly
different(P<0.05, by turkey test). #PCvalues different among mixture rate in a column are significantly different(P<0.05,

by turkey test).

god 2750 B BEAAE 23] (FEA=m ISy msie) Bk (FEX =Y
=71), =¢5 (HAvtsFE 4w )e Al FFEA AR e i =3 o
(1:1,280 3]4jH]& 0.0l mg/mlst M8k AY & 5] ks ddE& Y
ER AT, Zh7bel B AAl = b il viEs st Sud A7es Frrsklh ok

; ( B

:’
1 =3
9, e HNFEANE G002 £A%C] A EES BB By
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08

06

04

COX-2/GAPDH ratio

02

]

LPS - 1 - 1 - 1 (ug/ml)

0% 155120 0] 12560

a9 66. HW g FEH Cox-2 @ B7}

MAC-T AMxe] #HAn s 1:512038 1:2560 H]E&=Z DMEM mediumeol| 343t 6A17F 8] %
LPS (1 pg/mDE 12A17F A glsle] Cox-29F @l a de A =Z Western blotS ©]-83}¢]
Ast A3 An Gy LPSZ fF% ¥ MAC-T9 Cox-2 a2 5o =19 LPS AHg 3 u

T wlatske] B FErh vHA YEs

BN e ol

15
.2
"&' 12 |
5
0 o9 |
o
<
(U]
~ 06 |
o
S
v} 03 |
0
LPS < 1 % 1 - 1 (ug/ml)

Obs 15120 o= 1/2560

a9 67. Hvts FE99 Cox-2 Ed B7}

LPSE %= ¥ MAC-TY Cox-2 @32 #Hnts 34 (1:5120) A2lelx= &8s, LPS
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bt
lo
4 &

=2

e
ol
4%
w12

ol L
o, of
-
o
2
s

(1:2,560) ¢ ﬂﬂoﬂ‘: % stil LPSE A& gt

Holz gkt

b
=
o 2, T i b
=
o
8 1F a a
5 a
2 a a
0
wm®d =8 = cox
o 85 G5 S n 00 e @ 88 c,rDH

0 1 25 0 1 25 0 1 25 LPS (ug/mL)

0 0.02 0.04 Phytoncide (% v/v)

a9 68. JEXE=9 Cox-2 &d H7}

LPSE w502 AHEg AMEoA= COX-29 Hd=Fe] AA F
(0.02%, 0.04%) 5 & A2t Axor= 1 T Fo] LPS Aels® &4z A3t

2

S o9t

I

[a]

o

<

9

=~

o

b

(o]

(%)
COX-2
GAPDH

LPS - 1 - - 1 1 (pg/ml)

L H L H

a9 69. TEFAFAE FE EFA (JEAE, Huts, Hv9)Y wE5E Cox-2 &4 H7L
L, low dilution rate (1:2,560); H, high dilution rate (1:5,120).

FHFARAE 7} FE Ao BFgAA (YEAZ, dAuls 2 Hu9)o] dEsAYs T 9
EXH o7 Cox2 Hdo] #arsts 235 Ho, thx49 Hluste] 2 HdAdEs =& A
o2 Yestth LPSE A MAC-T AM2olA & Cox-2 ¥do] ALY tx+9 vlustd

kel X

e agel He wko] oFEHow FAiaHoAE Aow vehwth A
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ol
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E

To-
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X

mjJ
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il

Aoz verytth 33, ABTS #Hy
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il
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oq, dAuts L B
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EERE

ki3
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=3
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=

Western blot

)oll 4]

a4 57

W Cox-29] =

Ry
fn 5N

Al

’

A wtk

‘_Ir“ﬂ
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=

1
T

=
=

v}

1]
LPS® F%% MAC-T A

(JEA=, v

=2 s
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-
X

F& 3 7HA = A

= A

o 7}

7]

=
=

in vitro A7+

SERS

=

H] b (

=1
=

oo mE W (4

ket

ZA}

§-_]__

7h AAdA O o

o A= 505 % o] Hy-Line Brown AFgHA

5
j=

A
471 ATl 5

=

5

e}
=3

AR on Al

)

—
fIfe)

i)

il

bol e

3] gt fAs

W AFdFESHIYY
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o

o
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ﬂ/u

)
oy
&

2ol &
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2,740

Fo]  thAfell | A
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i
A

7 (60%) 2 SFTEd (40%)S dAnER &3 & FAN uRE o=
S B A AFHY ol FE A= 29 (crude protein) 11.26%,
Z AW (crude fat) 874%, %74+ (crude fiber) 4.78%, %3]% (crude ash) 4.50%% T4l ¥ o]
A

E 43. 712A R =4

Ingredients %
Yellow corn 53.40
Wheat 5.00
Beef tallow 0.80
DDGS(USA) 10.77
Corn gluten 2.35
Soybean meal 8.95
Canola meal 2.38
Rape seedmeal 4.00
Lysine—sulfate 0.28
Methionine 0.08
Tryptophan 0.10
Limestone 10.82
MDCP(18/21) 0.50
Salt 0.20
Sodium bicarbonate 0.10
Min. mixturel) 0.11
Vit. Mixture2) 0.10
Choline chloride 0.05
Total 100.0
Calculated values
ME, kcal/kg 2,740
Crude protein, % 16.00
Crude fat, % 4.24
Crude fiber, % 3.52
Crude ash, % 13.89
Ca, % 4.20
Available P, % 0.68
Lys 0.79
Met + Cvs, % 0.66
Threonine 0.60

ME : metabolic energy

® A@F A

NRPE TR} d2Te JEAS srd 3744, vdRw dnps 229 % 6704 A
Folnl, NEA S Hrpse Qg P Al BYste] Azsech Mol A9 v Az
4 F 78 MR AEe Busetel xR AARAY. A F2e v 3
AL ARR BAR FEEPEY] HolA B Aot olg¥A Rago) AFuA F
A7 HE v md £ ARAQoE Hiso] ofF o g AP AAsdrt
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@
=
BN
-1
+

FFA 0.2%
T1 : 2T + 1% IJE=X= H7FA 0.2% (0.002%/kg feed)
: H7FA 0.2% (0.004%/kg feed)
HA7HAl 0.2% (0.008%/kg feed)
2% (0.002%/kg feed)

T4 : HETF + 1% dHvps FE59 0
' o B 2% (2%/kg feed)

D A4
ARAAGFS WF v Feld F ol AL Al AR AAVIHEL 9
©F 240 ARe £ stel ANt UF, e @ Ades 2T

28U 7 Fo] 3 AEA AAY wing veinCZHEE HAS AH st xdE A
874 tube (BD Vacutainer CAT)E AFg&35le] A8 2% 4 Tof E%ﬂr A1 E217] (3,000 rpm,
205, 4 T)E o]&sle] dHREYE A 5, -70 C deep—freezerd] H#A3FAT. MPT
(metabolic profile test) HAF Al, @7d<S 7FA 3L blood analyzer (Toshiba acute biochemical

analyzer) & o] 83} 7+ o x5 BA5Y )

m {4
rlo

® B #%

o\

1 3}

A AR Fo §F 45 4 A2 1074 Addste] 5o
Basle] T4 =4 ZF 50 ml tubeo] Tol EA71x -80 Tol H#As9]c}.
2 107107 74A A st #54E =467 98 F Mgl s total plate agar (Difeo,
BD science, USA)E E. coli°l+= MacConkey agar (Difco, BD science, USA)Z, lactic acid
bacteria®l = MRS agar (Difco, BD science, USA)E A}-&3le] =24351¢ S 37 C incubator

o A 24A17F ¥l F= colonyTE A AT

2 AHEL meanstSEMCO 2 ®d 31, 239 ZAifo] o3l
&3oto] raw datas EWlE JEA=9 HIMF HFSLS Tukey
eN

2= JMP 5 oy
H Huls FEEY 193 de] §3 = student's t A4

HSD #A& o83t
5% oM 2l
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(2) A% A3t
(b A AR 2

Al Ul I EAE (T1-T3), dlvks 29 (T4) 2 v EZ (TH) H7F w7t A= AHA
(feed intake), A5 && (feed efficiency), & AAHAd (egg production) 2 Z 2 (spleen, liver)
o AdlA Tl m A= FaFel dial] EA1g A¥ (data not shown), AFE AHHZFS A7
1 ES 126 ¢7130 go & 7} APt FAX SR FoAQl Aol= YERFA Fgkth Abgh
2> T3 A% S57H3F T4 B%s7bolA wodo= =4 veut (P<0.05). d¢5& T4
27%S 7oA fFeldoz =4 dveEhgor (P<0.05), A& AA Algd 7ho #2904
zZhol = wE HA Fokrh W, v he] AR SRHE dixTtet A ggbell 94 Aol
= HolA gkt

() g5 drkts £4 (MPT)

2847 AbEAl Als W I EXE= (T1-T3), divis F594 (T4) 2 #9EL (TH) A I
T HoJ3k A3} (data not shown), YEX = (T1-T3) A= hxT9F vluste] T3 28+
°] NEFA <3 (66% 4= dEA=9 Fko ojEde=m st ZiE B
(P<0.05). T4 #2]4"%= NEFA (68% #ta)ollA thzx~- tiu] 7HAashs Bela (P<0.05). TS5 A
g% gixT oiv] NEFA7F 61% 7Faske]l (P<0.05), FAtsE F55 w9l A, 384o=
NEFA~7} @7] Ao g zhastdt e dF dAMES —5—%‘1 Apol & Ho]A| %—?9}‘3}.

- U= S’Jr HILO}C'% Tr«lXq 2}01 oA ekokth thA] 2, Akt

Y
FYFAPAE FEA Mg AR Qo] RS nolFE 2

fil
%
o

(th A 5 Ws}

2847 M EXE (T1-T3), dvkg F59 (T4) 2 vdEL (THE F93 AaAe 4%
U&= AVHAIT =, ot 2 fAakare] F WstE ZAFAT (19 70). ARkAIT =
T3¢} T4oll A thx+ <c> gy fFe]H oz zolE B ow (P<0.05), Wdds+= T1, T2, T3
x%a?oﬂﬁ C rﬂﬂl FolH oz F7b Frastrt ( T‘f’r = T34 gz v
9= dubA et gt
i%ﬂ o] Ao M=

¢

=
T7} 7‘% %&ﬁ?ﬂ Z7bete A o] yEpykon Ir-]]u]-le—— =
At 7 FAas

ok w2 A2 TRl A

&3 e
3. (2

g 74

51 ]
LFERURA] okt
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(A)

Plate Count Agar Plate Count Agar
25.00 A 25.00
T
20.00 AB 20.00 1
E AB -
:E 15.00 a é‘ 15.00 it
= 10.00 = 1000
= 500 ™ 500
0.00 0.00
c Tl T2 T3 C T4
(B) (C)
Mac Conkey MRS Agar
25.00 200.00
A
s 2000 = 150.00
= - B 2 AB
E 15.00 B B B E T
2 10.00 =
= 500 = 50.00
0.00 0.00
C Tl 2 3 C T1 T2 T3

a9 70. ¥EE Y EAE (T1-T3) EE Huts FE£9 (T4 A wE AFA 9% Y F
(A), diZd7 (B) ¥ F47F (OY #F Ws H7}

Values are expressed as means + SEM (n = 10). *Bys. control(p<0.05 by Tukey HSD),

#vs. control(p<0.05 by Student’s t-test). C: control, T1: phytoncide(0.002%/feed), T2: phytoncide(0.004%/feed), T3:
phytoncide(0.008%/feed). T4: wasted garlic extract(0.002%/feed).

AAo g HMFEERl AtdAd FHEFARAE (FEAE, Hulbs) FEAS AL
AgdRes W, yEX= Hrle= Wt A (egg production) 571, €% NEFA ZH4&, 3 4
NGt (E. coli) 72 R 2kt (Lactobacillus) <79l A5 YERHL dvls 59 A
© W AMA (egg production) T7F @5 (egg weight) 57 NEFA #a 2 & #59 4
4 Iub Bk =3 AEAe] g% y-GTP
S

F}E Hgo wdE T Agl= NEFAY #4 &
FA e WERT vuste] YEAE dHuls FEA 2 ndREE Hqu Fo] Fom {9
],

ol & HolA LU

1‘2

U 228 A5l dEd sEFARAEY 59 A E
(1) B3 (FE=A5), dvg 9 Adrts FE9 95 Ho 23

hH A5 R U

O AddA

) TA T= R ADEL

T 74T AT F2E] AT T F 20FE AR 1, 22 A7l gEA =9} Hnbs
F=9 v adE AAs e, =3 F 40FE AR 3z #Av e FE Fo] aE
AAET 7 FAA A7 b =2 Ay AR, S vl 71550 AFEA S
= Aadista BEAFEY (S5 S5 A
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@ 7%= AR 2 AR R T7EA ]

Ao Abg® AlRE TMR, d9d%x H3AEE NRC Q00DAMEZES  2r3=7u
AsetEE Folatga, AtgwEE dAFxdEn AIFESY93 FAHd oAt
gt om, Atz ol et IS E 449 Zrh 7 JEX =S Ants FEHS FAr|gdd
FEEEMALRS AAS o83t v (60%) 2 STFEE 0% S dA4v &R £ F
BAl w4 9 Axsd ¥% A AFH. ol FIA= =9 (crude

protein) 11.26%, ZA " (crude fat) 8.74%, - (crude fiber) 4.78%, %3]+ (crude ash)
450%= 4= Aok ZF 10% w=9 H7MA (FEA= F Huls FENDE 0.16%
Z|zA R st HEFTE 0.016%7F HEE gostgor gz 22 o FIAE
A7F wolstint. #n e FEAS FIASE A &

| &3 TMR At Az A H7tske] 7%
AHE kg F HAEEE 0016%7 H=E Folstgih

N

B 4. 712ARY 24

Ttem Diets
Concentration Roughage TMR
DM, % 88.72 92.36 62.46
Crude protein, % 19.6 5.62 9.61
Ether extract, % 475 1.44 3.71
Crude fiber, % 8.54 39.34 15.68
Crude ash, % 8.46 511 4.86
NDF?, % 25.66 72.96 29.52
ADF?, % 11.1 43.6 18.08
Ca, % 1.27 0.17 0.52
P, % 0.64 0.14 0.27
ME, kcal/kg 3948 4743 2876

UDM: Dry matter, ?NDF: Neutral detergent fiber, YADF: Acid detergent fiber

& AET 8

F 1459 AT E2E A T F 205 (4, 22 FAANEE F% B % 349
kg/d (12F), 30.3 kg/d (231), S5 [BHF AAE 25 1519 (120, 1205 (27H)], Ak}
24 27 (1220)] 58 ndshe] A4l 1054 F 2502 Yol 1, 23 F9A18S AA s
Ao, 3z FAAEL F 40FE FF FE¥ F% 354 kg/d), AT FHdT AAE T
133.6), Hlf7] (Ht vlfA; 120), 2F= o ARE 24)5 aElste]l AP 2074 1
FOoE Yol AAEdnh 12 AN ES tx2T9 JEXE (0.016%/kg feed) HEF=E
o] 30U Feo, 23 FAEL 2T dArnks FE (0.016%/kg feed) A2 T2 LFo
2447 FoAXNFHS AAEPT 32 FAXNFHLS et Hne FE9 (0.016%/kg feed) o=
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E AR SRS 19 28 (94 44 B OF AR s OF AR PUT F
e AF Sgor, 14 FAY GIEAL)S 109 1A 23 FAAD (Ants FE2)
2 129 HACE, 3% FoINE (AW FENE 109 AACE FAF F AT AFFL
Azt

A=) S Al Fg U ol ALREE HoJslal 3A o] AW F AL AAWS &
a dHs AHI} T AFES HM2 (VetScan HM2 Hematology System)Z o] 83to] CBC
ZA} a7

(complete blood cell) AAIS Fa3FATLE. T3 33 FoAdLe dF A3t 55
sl € FrRE A& (16, 3,000 rpm) § IF & #Este] ELISA #4489 S

kst (TAC, GSH, albumin, TBARS)#H A X E #A 8t} o8 dF WIAAYE X E
zA138k7] 918 dd™ FEo| hypertonic solutiong F7Fste] A TS A AAZ]

70% Percoll solution® o]-&3sle] W12 Readrt 288 WA TE tryphan blue® cell
counting ¥, AZ & M= (10° cells/80 pl) & anti-bovine CD4, CD8, 2 CD25 antibodiesZ
10 ul #7138t flow cytometryS 53] % cytotoxic T A X2 EXE ZAFSA

B4 55 53M dojd AHEL meanstSEMOZ ¥d 3, A3 Azfo] o3t % Al A
2= JMP 5.0 Z2338 o] &3l9 raw dataE EUZ student's t HAS o]&35t] 5% &5
NA FIAHS Fa FAAZE AASALL

b ol 713 9k 712AER kg T 0.016% YV E=AE, Avks B2 AvS Ao whE bR
WstE E 45-47°] YERd T
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E 45 AR Wi HEXE HTM wE E28Q ALY fEFHES

Period cV T(phytoncide)
day Milk yield, kg Milk yield, kg
0 34.6£0.75 35.1£1.87
10 34.0+1.00 35.9+1.60
20 34.4+0.85 35.3+1.37
30 34.0+1.11 33.3+1.52
0-10(AVG) 34.5+0.88 35.4+1.57
11-20(AVG) 34.1+0.86 34.4+1.29
21-30(AVG) 33.3£1.11 34.3+1.49
1-30(AVG) 33.9£0.90 34.7£1.42

Values are expressed as meanstSEM(n=10).

UC: control, T: phytoncide(0.016%/kg feed)

® 46. AR Wl dAvts FE9 At WE E2EQ ALY FEFHES

Period cV T(garlic)
day Milk yield, kg Milk yield, kg

0 30.7+2.25 29.9+£2.05

12 30.2£2.34 30.7+£1.81

24 30.0£2.19 29.4+2 01

0-12(AVGQG) 30.5£2.02 30.0£1.81

13-24(AVG) 30.6x2.27 30.6%1.97

1-24(AVG) 30.5%£2,10 30.3£1.86

Values are expressed as meanstSEM(n=10).

DC: control, T: wasted garlic extract(0.016%/kg feed).

ARESE AT AT FH ol vhehtA @gtom {5t 4
o A3 F5 A, C= 23%, T ﬂﬂ?l‘c °F 1.7%9]

_E
ol

Aol wheh abgF gavh BASHA Hd, T
Avte R weby Avks FEe A7b Folv )
Ao oA & Aoz dohd)
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T(seaweed)
Milk yield, kg
35.5+1.57
36.7+1.38
39.7+1.41
31.7+1.18
36.4+0.45
34.5+0.49
32.3+0.43
34.7+£0.27

Cl)

Milk yield, kg
35.3+1.57
36.4+1.51
30.1+1.33
31.3+1.32
36.3+0.51
34.4+0.49
31.6+0.45
34.2+0.29

20).

UC: control, T: wasted seaweed extract(0.016%/kg feed).

Period
day

10

20

30
0-10(AVG)
11-20(AVG)
21-30(AVGQ)
1-30(AVG)

Values are expressed as meanstSEM(n
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E 21} E Ocontrol
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Values are expressed as means+*SEM(n=20).

DC: control, T: wasted seaweed extract(0.016%/kg feed)

*p <0.05, by student’s t-test, control vs seaweed extract(0.016%/kg feed) at 30 d

Abbreviations: TAC, total antioxidant capacity; GSH, glutathione; TBARS, Thiobarbituric Acid Reactive Substances.
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48 AR U HuYg FEG Al mE F2EQ A4 FF AIAXE X & W

Items cV T(seaweed)

CD4 subpopulation

CD4+CD25- 39.3£0.69 38.8£0.67
CD4+CD25+ 17.5£1.09 24.0£1.93>
CD4-CD25+ 8.5%+0.14 8.7+0.14

CD8 subpopulation

CD8+CD25- 42.3+0.69 44.8+0.41
CD8+CD25+ 16.4+1.25 15.6+£1.69
CD8-CD25+ 7.4+0.07 6.8+0.10

Values are expressed as means+SEM(n=20).
DC: control, T: wasted seaweed extract(0.016%/kg feed)
Pp < 0.05 by student’s t-test, control vs seaweed extract(0.016%/kg feed) at 30 d
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49 AR U FESARAE FF A (JEAE, A0y R Huts FE9) Hobd ©BE &

Period cP T
days Milk yield(kg/head) Milk yield(kg/head)
0 37.9+1.85 37.0+£1.81
10 37.4+1.77 38.6+x1.56
20 37.0+£1.72 39.6+1.67
30 37.7x1.74 40.0+1.68
40 37.1+£1.67 37.4£1.63
1-10(AVG) 38.3+0.55 38.6+£0.53
11-20(AVG) 36.8+0.63 39.5+0.52%*
21-30(AVGQG) 37.4+0.54 39.3£0.52*
31-40(AVGQ) 37.210.53 38.6+£0.48
1-40(AVG) 37.4+0.28 39.4+0.25%

Values are expressed as meanstSEM(n=20).

UC: control, T: mixture of phytoncide, garlic, and seaweed extracts(1:1:1, v/v; 0.016%/kg feed).
#p <0.05 by student’s t-test, control vs mixture at 40 d

@ 249 A
4047 2

o

Z]
S

G Fae Al Wl BAA (9 EXE, Hebs, vy FE599) Hrbe g2 vas)
of WMYEL (WBC) 3 a4 (168 vs 116)5 A3t g4+ (RBC), 3E==W
(hemoglobin), 3WFE A3 (hematocrit), B A& G824 (MCV), B Hd 45 (MCH) 2

BuAdTdALsE (MCHO O obFdd GaFs 4 Itk

3

(

Q@ dF Ftst 7F

O

4
iy
o

Oy 72004 Hi= owpel o]tz AlEVRAIY (0)H AlE TR (40d)e dF
TBARS TEE vl Al 2st~Ed s A] HAS= TBARS 371 S71H4
FAA Aol M= AARAID HE] Fo4 AolE HolA| Gt o= HAA A= ub

Fo=ol o] AstiEd X i 27 e A = AoR AlREU
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TAC in serum (pM)
o8 88 8 B

GSH In senmm (pM)
-3 238Ek8

Day 0 Day 40 Day 0 Day

S

g

0 control

5

&

Albumin(g/d)

TBARS In semum (M)

T i
O control
B treat
40

i
Day 0 Day 40 Day O D

a9 72. AR W TEHSARAE FE2 A AEAE, Hug R Hups FEY)
HA7vl WE TXES A2 EF FAE FF W

Values are expressed as meanszSEM(n=20).

ay 40

UC: control, T: mixture of phytoncide, garlic, and seaweed extracts(1:1:1, v/v; 0.016%/kg feed)

#p <0.05 by student’s t-test, zero vs 40 d in a control group.

Abbreviations: TAC, total antioxidant capacity; GSH, glutathione; TBARS, Thiobarbituric Acid Reactive
Substances.

¥ 50. A5 W TEFARAE FF B34 (JAEAE, #H9 g 2 Huts FE9) HJUtd BE &
2Bl A4 F HIAE EX & ¥
Items cV T
CD4 subpopulation
CD4+CD25- 31.5+0.88 24.5+1.41%>
CD4+CD25+ 13.4£1.07 14.7+0.74
CD4-CD25+ 1.6+0.24 2.9+0.39
CD8 subpopulation
CD8+CD25- 19.9+£0.48 24.5+1.43*
CD8+CD25+ 6.8+0.80 7.7+0.77
CD8-CD25+ 1.2+0.41 2.5+0.67

Values are expressed as meanstSEM(n=20).
DC: control, T: mixture of phytoncide, garlic, and seaweed extracts(1:1:1, v/v; 0.016%/kg feed)
PP < 0.05 by student’s t-test, control vs mixture at 40 d.

AW FRd g

<)

AATe BXE 24 @ A% gxT ou T ATelN W%
CD4+CD25- helper T M¥X X & 74 (P<0.05 % CD8+CD25- Alx=4d T AX X8 &
7} (P<0.05)7F FERstTh. Helper T Aol 7tao] mgr Waa ol 42 wel 7%

= oMET 54 2ad B2 helper T AES Bal fEHA 2o

A W
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= [e1 Xe)
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Aoz Abzdrh A,
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HAE = volg]x A AlEZE Y 5 de AAE AEY FFY S AEsA T A
O FRxTF HEAA ATl Fold FUrR o FHdel i ol £xE Alw
UeEbst ded o whees (E2ER] A9 did SdAA A AsaEd s 24
o] wetel g WoleS 7H WAE ¥ FrtE Qg WS s UEwoH,
oldl Ay, "My =d/FUeH2 SAER] A5 A FA/Sd AdHE dew
At

o el FAE o] &3 JEAE, Huts % AW EFH (1:1:1) =] o3 H3A 9
A e AN S 59, 95 HdT a9 AsAEd A (TBARS)S =4, 3 d 9
RS £ 29E Bo] @AY Hus g HUHR Qs 7heAdol =t Aol 4
= At

o HSEd g 71 sESARAEY 39 49 ¥

FR1W gt FEew Za w9 Aol MKES grew FAFNIRLE 3
Z B34 Glnks, dAve]) A7 Fo G348 2ASAT. 4 FAAAYL B B ARE
A% MANAT AEADL @olAutole AT (%GBT FEAWAA AN AT
AR Agdsta A9EEaA0E F40 AGd Ao FArEe BT
EALFEF Aol AR,

@ APRATA ]

Aol AHSE 7I2AR S 2L Saeh oiFE 80.90%, HIEHRIE (100,000 TU/kg) 0.09%,
Lys 0656%, Met 0.243%, % DE (kcal’kg) 3361% NRC (2001) AF¥xEEol F7Aut
FIsteE Fostdn. FEIERHeR dojd Hnisd HAndEr] FE9 (I
AV e in vitro 2@ A37E P 29 11 BEHE 36l olE HEAAE
7| Z2AME kg B 0.008%°] HFTEETE H =S Al xs Sl

@ AT A

F 257 HSE GER)E ez AL A AT (Fe AT 845kg)es aL# 5o
HxT (135F)ek HdA AT (125F)2 vl 33Ut godds AAlssl

EE
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A 58 E8A dojd HAAHEL meanstSEMCO 2 3 3, A3 Aufo] sk % Al A
2= JMP 50 Z213S 0|83} raw dataE EUZ student's t FAES o]l 5% FF
oNA FoAdS Fa BAAZE AASA

4a

A (vt R AN FE2H) Fole BE HSE A

¥ 51 AR W TEFARIE F3
344 24

cV T
Body weight, kg/head
0d 84.7+8.07 84.3+6.85
33 d 109.2+7.79 111.1+10.01
BW gain, kg/head 24.5+8.20 26.8+6.35
ADG?, kg/d 0.741+0.2485 0.813+0.1925
Gain rate”, % - 9.70

Values are expressed as meanszSEM(n=12-13).

UC: control, T: mixture of garlic, and seaweed extracts(1:1, v/v; 0.008%/kg feed)
YADG, average daily gain

C Gain rate (%) = {(26.8 - 24.5)/24.5) x 100

ALE kg F 0.008% E3HAl (A, Hvls)E 33U3F v =
= YWEYA skout tix+t tiH] SA" (BW gain)e] S7bek=
T A9 FAHEF (ADG) X = iz v F7eles A4S yErdt of

ol

4. FHEFARAAE F90 B2 FAEY F2 A

7F 71578 sRFARAAES Fo7F Ad FH v 9%
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and Supphes Ltd., York, England), 7}
£ =ty FARoRE uAANZ F g¥s vhete] g4 H = #=3he 4Es SA4ssd dH
AE =4 5 dwo] =olZ ALSle] WE S tiuld Haugh unit X2 a3t (QCM+,
Technical Services and Supplies Ltd., York, England). Wzt 57= A T4 7k =d
S AHASY F SEA (digimatic micrometer) S ©] &3t A At W& AL Roche egg
volk color fan¥ tz3gt ME=x FX]3} o}

(h ARG 71E A=

AN
o

A9 6% ADL 77t FAS 15 ol mpshEA 7M, 14, 214 AT 207

A ddste] ¢35 (@) d¥iEo]l (mm)E FAstel A 7| o9 #+3 (Haugh unit)<

& WEste =25 7 % Folch method (Folch &, 1957)
61 Gas Chromatography (HP 6890 series GC System)E& ©|

FAME Mix STANDARD (Sigma-Aldrich/478385-U)oll 2]t X4k shaF #2413} -3,
& 2 F8 At s FAsA

() BAEA

A 58 E84 dojd AAHEL meanstSEMOZ %3, AF ZAule] i3k FA A
2= JMP 50 Z23S o]83l9] raw dataE EWE student's t #H A Tukey HSD #HA
S o] &3t 5% FolA FAdE T FAAYE HAAEAT

(2 NE Az
b A b 2
Aol Wg SEAS (TI-T3), Avks F2 (T4) 2 wGRD (T5) A7 Foizt vz

4= (eggshell strength), %2571 (eggshell thickness), %24 (eggshell color), &34 (yolk
color) ¥ % 4% (Haugh unit)9] Wsle] &3t AT F24& Yeldl= Ao v X &= gk
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st 292 ¥ 520 JeEhATh 1 Ay A HaFel A B gw, Gz A, Wdzhale] s
obFd ol A= uEbubA @skuh dEA el A T2, T3, TS A2 olA ]

Hoonw (P<0.05), YEAE HIgso] Eold4sE 39 f4Y xol7t gloy, ikl
% = A5 B 5 AAdY (P<0.05).

R 52. 4 EFEE A/ AREL WA= 9F

Items cV T1 T2 T3 T4 T5
Eggshell color, unit 27.0+0.79 2774022  27.2+0.25 27.3+0.28 2744020  26.6+0.46
Yolk color, ] ) ]
9.0+0.05>  9.2+0.04°  9.4+0.07° 9.4+0.06° 9.2+0.08  10.1+0.16%

Roche yolk color fan
Eggshell strength, kg/cm? 2.92+0.05  2.85+0.058 2.75+0.061 2.81+0.100 2.88+0.080  2.98+0.090

Eggshell thickness, 0.0lmm  39.8+0.16 ~ 40.3+0.10  39.7#0.15 39.8£0.34 39.6+0.22 39.6+0.44

Haugh unit 90.7+0.75  93.3£0.87  92.8+0.63 92.9£0.77 90.3+0.54 90.0+0.82

Values are expressed as means*SEM(n=10).

abys. control(p<0.05 by Tukey test),

UC: control, T1: phytoncide(0.002%/feed), T2: phytoncide(0.004%/feed), T3: phytoncide(0.008%/feed).
T4: wasted garlic extract(0.002%/feed), T5: seaweed powder(2%/feed).

() A 713 whg Aol AdE #4

o] BmEAoIY AR SO A Wi vdS UEhl= Haugh unite Abek 5 )50

S Azko]l AFgte] wel Zadt JEAE (T1-T3), dAvts F29 (T4 2 vgE

T (T5) H7F F7F 4477 Haugh unitell of® &S v x=xo] s & 5301 vieh

Atk 21 By F TI, T3, T4elA Fol4 ztel& detWflen], Ba Al Haugh unito] 7§/ %
=5

¥ 53 AB32E ¥ATY AR A7) BE Ade AME BA

Items cV Tl T2 T3 T4 T5
Haugh unit 90.9+158  922+1.36  928+1.20 924%1.43 89.1+1.66 90.9+1.13
Changes in haugh unit with storage time.

7 days 7994205  80.2+1.13  79.8+1.24  766x178 76.3+1.24 76.6+2.41
14 days 76.1+191  722+121  73.0+1.67 754163 739+223 727+2.10
21 days 62.6£1.56° 72.1+1.37% 66.1+1.90°¢ 69.1+1.20*" 67.1+1.73* 63.0£1.99

Values are expressed as meanstSEM(n=10)
abys. control(p<0.05 by Tukey test).
DC: control, T1: phytoncide(0.002%/feed), T2: phytoncide(0.004%/feed), T3: phytoncide(0.008%/feed).

T4: wasted garlic extract(0.002%/feed), T5: seaweed powder(2%/feed).
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(ch) W o) APAE e 24

E 54 HEFEE HUA e 3F W AL FF EY

(5% of toia Tatey acid) = i o2 e T4 15
C14:0(Myristic) 0.46+0.029" 0.37+0.014° 0.34+0.014° 0.42+0.017° 0.42+0.010  0.36+0.0198"
C14:1(Myristoleic) 0.10+0.010  0.07+0.005™ 0.06+0.004° 0.09+0.005* 0.10+0.008 0.07+0.006"
C15:0(Pentadecanoic) 0.07+0.006 0.07+0.002 0.06+0.002 0.07+0.007 0.08+0.006 0.06+0.002
C16:0(Palmitic) 26.76+0.426  26.66+0.252 25.82+0.176 26.32+0.123  26.96x0282  27.14+0.543
C16:1(Palmitoleic) 2.62+0.083" 2.51£0.093" 2.58+0.160" 3.210.052° 3.05+0.229 2.69+0.182"
C17:0(Heptadecanoic) 0.16+0.006 0.16£0.012 0.16+0.009 0.16+0.009 0.16+0.015 0.14+0.017
C17:1(cis-10-Heptadec) 0.12+0.007 0.12+0.007 0.11+0.005 0.13+0.008 0.13+0.003 0.11£0.008
C18:0(Stearic) 9.68+0.262 10.530.265 10.500.280 10.32+0.375 9.43+0.285 10.56+0.384
C18:1n9t(Elaidic) 0.19+0.004* 0.15+0.008" 0.16+0.007* 0.17+0.006" 0.18+0.008 0.15+0.007"
TVA(Trans vaccenic acid) 0.07£0.007*  0.06+0.006" 0.05+0.002° 0.06+0.006 0.07+0.005 0.06£0.004
C18:1n9¢(Oleic) 38.23+0.319"  39.65+0.558"  41.12+0.694™  40.06+0.984®  38.13x0517  39.04+0.808
C18:2n6¢(Linoleic) 162620252  14.09£0.479"  1341+0.717°  13.2520266"  1591x0615  13.15+0.6248
C18:3n6(y-Linolenic) 0.14£0.012 0.12+0.004 0.10+0.005 0.10+0.011 0.11+0.002° 0.09+0.008"
€20:1n9 0.10+0.001° 0.09+0.003" 0.10£0.006™  0.10+£0.003* 0.10+0.004 0.08+0.004"

C18:3n3(a-Linolenic) 0.32+0.016" 0.31+0.017" 0.35+0.008"  0.39+0.005" 0.35+0.020 0.29+0.020
cis-9, trans-11-CLA 0.06£0.003 0.06+0.002 0.06+0.001 0.06+0.003 0.07+0.003 0.06+0.004
trans-10, cis-12-CLA 0.04£0.001° 0.05£0.003" 0.05£0.002° 0.0620.005 0.06£0.003" 0.060.005"
C20:2 0.17+0.007 0.17+0.013 0.15+0.012 0.16+0.004 0.18+0.008 0.16£0.008
C22:0(Behenic) 0.10+0.005 0.09+0.010 0.09+0.004 0.11%0.006 0.09+0.006 0.120.012
€20:3n6 0.24+0.009*°  021£0.013®  0.18+0.004 0.18+0.001° 0.20+0.007* 0.22+0.018
C20:4n6(Arachidonic) 3.21%0.114 3.49+0.178 3.54+0.174 3.47+0.238 3.24+0.235 3.88+0.219"

EPA 0.05+0.002 0.05+0.003 0.05+0.002 0.05+0.004 0.05+0.004 0.06+0.006

DHA 0.85£0.020°  0.94%0.056™  0.96+0.049° 1.05+0.054° 0.94+0.071 1.42+0.105
Total % 100 100 100 100 100 100
CLA 0.10+0.003" 0.10£0.005" 0.10+0.002° 0.12+0.007* 0.13+0.004* 0.12+0.009"
-3 1.23£0.025°  1.30+0.050®  1.36+0.054" 1.49%0.056° 1.3420.060 1.78+0.100°
-6 19.85£0.199°  17.90+0.475®°  17.24+0.671°  17.00£0.458"°  19.4620.721  17.35+0.605"
0—-6/0-3 1624£0.319"  13.84+0.441°  12.71£0.390"  11.44+0.228°  14.67+0685  9.96+0.676"

Values are expressed as meanstSEM(n=30).
abeys. 2T (p < 0.05 by Tukey HSD)
UC: control, T1: phytoncide(0.002%/feed), T2: phytoncide(0.004%/feed), T3: phytoncide(0.008%/feed)

T4: wasted garlic extract(0.002%/feed), T5: seaweed powder(2%/feed).

SEAE W £F (TI-T)H dobs 229 2 Mg Arte] B2 Ag i o A%
A greel Ylg Awbs E 5del Uhehilith 7154 AMArel CLAS] here] T34 iz ol
Ha oMoz B uehon], o3 AWake] # e T3 thxTol we) felHow

=4 Wskth (P<0.05). ©l+= o-3 AWAF & DHA 3hefo] izl Hla F71stsl7] wo|
-6 A|ake] A T29k T3elA ol wla) fFojxom gaFe] vof Hom (P<0.05), ©]
= 06 AW C18:2n6cet C20:3n69] o] vrolxl7] wEel Aow dAehdtt mepa] o
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ZFrol mls]l T1, T2, T34 o-6w-3 APk H]&o] fFoAoz vt Ais Yepdot
(P<0.05).

T3k 754 Aol CLAS ghaFo] T4 Tholl A =% tix-d vl& Fogdoez =4

wom (P<0.05), Tho A9 -3 Aite] ghako] tizFto) nls) foAos =4 Uepho
H (P<0.05), ol w-3 AW4F 5 DHAS &&Fo] aA F7FsA 7] witolth w6 AWike]l 4
Q- T HlE] fo]F o g dEko] vrolx on (P<0.05), °]& w-6 AHAkel C18:3n6 ¢ 3
o] vrol A7) Wi Ao #FaHth wekaA dizFol B3 0-6:0-3 AEAE v &o] ]
Hoz vre AxE e (P<0.05).

AAom, FUAFATAE GEAS, Ank, Mduw) F29 Ae A9 GARE,
HAEA, G GEel o g3k glout, JEASS e AT 9 o He
Fol wold4E Bl AdAAE AL B & AU ole@ duks avuAel AW B
£ A2 Aow Amsol Ak ®=# AW Vel WAL vehli A% Haugh units
219 B¥ ¥ YEAS 2 Ak 729 AT B4 §4 HUh F, o5 JEA =9
Al FEe Wb Fod el Ao nEgoly AdEs} AAE Aew ARH
o},

A g O Fe A Gl wskel Qo] mE A TM tETl ws /%54 A%

g 53 MEASH nRne o
-3 AWA¥el DHASl @3¢ FAA73 43 1 0-60-3 AWAe] v&e AHAIE 5 7
v APl TAH AANYS AFHAT
. 7154 FAFARARE Felk ¢4 FL ML 9F
M) AT FEAS), A 2L Avks FE @5 Fo] @
ORER T
DEEEIERS
12 (FEAE; 0.016%/kg feed)= 0¥, 10¥, 204, 30dlA, 2z (HArts F=4;

o

0.016%/kg feed)= 09, 12¢, 24, 32 FAAE (HAv S F=; 0.016%/kg feed)> 0¥
10, 204, 30¥9 24, 2% 33 F= poolingdte] HEA<F SHA 50 ml tubeo] M=%
3lo] 4 ColA ®#3t & MilkoScan (MilkoScan™ Ftl; Foss Inc., Eden Prairie, MN) 2. &
2
E

>~ [

AE [FA(milk fat), F9¥ (milk protein), ¥A 118 (solid—not-fat, SNF), ||
(somatic cells), & A2 d A 3tk (milk urea nitrogen, MUN)] % HE}-3}o] = 2 A]-H-E ¢ o]

(beta-hydroxibutylate, BHB)S 243} it}
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A £ oI FdEA s s A

0L JEAE (T)E v 3 249 FAAES 4 ¢ 23, dx7¢9 vluste] FA%
(milk fat), F¥9 (milk protein), A 228 (solid—not-fat), M| ¥ < (somatic cells), &2
Bl 24 3% (milk urea nitrogen) X HWE}-3lo] EEA|-FE o] E (beta-hydroxibutylate)l A
2ol 7F A th 3 (lactose)d {5 oAl &= (acetone)J TFA = Rz Haste] FojH o

2 Z7lete Ax%E Hg oy (P<0.05), ol X+ AANY | &3 Hede=z IEAE
o] go= Ao A Wl A dFE FA -“E Ao 2 FAEt} (data not shown).
o FARES BXN Aydx x4 v us)

2497ke] HArks FE9) (T) A7k Fol @
[e)

(SHPS

o

o FAY (milk fat), +4 (lactose), &A4H AL 3 (milk urea nitrogen) % ofAl=
o

(acetone) A5 zkol7F gl AlFMAIY (0¥€)e] =T A (crude protein)@} F A28
(solid—not—fat) = 2% =}ol7} gloy ols x| A7t Ald F5d (24Y)o d=x=+
y] F94 zkolE Holx|uk (P<0.05), FXI¥sgFe AdlAdo=z v e A FFS HY

. &4, fr e lé” F=d AT AAE (somatic cells) 5 A1@ NA L= 94
A u

JH oz 1 T;q 7} z;ﬁ: m@ff—- 1Y u} (P<005) SHA ek, o]

3097ke] AP dFE (T) A7 Fold Anel FHES BAS A%E 24 A 5o
A Feg foH AolE wolx ek
@ A 24

SEAS (T) A7k Felol W §3 AWt g3 o %H@ﬂ 7154 A2kl CLAS)

gEFol el vl FelHor w4 yEwoen (P<O

rlr o (ol

v go] fFojdeoz e Avs Yt (P<0.05). 0] o-3 AWt T EPAS o] &
7vakd7l MEolth 06 AARe] A tixzAtol wle| FhEFo] wrol Moy FoAQl Aol=
At B Ao A}EI HEA=o GaARol HEdEs odb AFdAd 94 xfol= B

o fr

21 H|
ol okg] Al

o] gFol A A AR om, nfEo] F
AHoz ALrE F3 TEHFARAE (FEAE, Hu9 9 dAusFEd) FE29 d=
A7 Fodv= dEz 9 vudte] FAW (milk fat), 9 (milk protein), A i1¥E
(solid—not—fat), AA*E 4 (somatic cells), &AEf A A & (milk urea nitrogen)s 4%
v 3A S PAA FRoH, FoAE Hole FAE JA A4S W &FstEE 1
A= 9 oups BAES] Fo= g4 Al Wsld aA o
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SHAIRE M EAE HI Hols e Ve A CLAS] &3 o3 AWat 5 EPAC] &
F& TN, o2 Sl fF 0-6w-3 AW HlES AXAA TITAH FFALe] TE
T AR A Ths S sl

A A (fqu]t: ﬁ]“}b 2 oHud FE599; 1:10, v/v; 0016%/kg feed) Az Hofol w

] , 40el] 24, 2% X% /E poolingste] EEAC &7 50 ml
tubeoll A =3l 4 Coﬂ B3 & MikoScanl 2 FAE [FA% (milk fat), 9% (milk
protein), FA & (SNF, solid—not-fat), A 3E 4 (somatic cells), LA d 4 gz (MUN,

milk urea nitrogen)] % HE}-3lo]=ZA-FE g o]E (BHB, beta-hydroxibutylate)S ¥#4]3}

[ox]
AN

il
(@)
e,
—_
(@)
mO
DD
e

w
O

@ AgAr &4

Ad Z85 A 2H, 23 F=H3 = poolingdte] HEA S &4 50 ml tubeo] A= s}k
o] 4 Co| E#3 % Folch method (Folch %5, 1957)Z o]&3lo] A WAtS 3538921, Gas
Chromatography (HP 6890 series GC  System)E ©]&3te] FAME Mix STANDARD
(Sigma-Aldrich/47835-U)ell ]t A4t sheF &4 3 0-3, 0-6 AW v& 9 F9o 2t
S A s

N
=
o
o
il oo
o
g
—
Q
=
o
3
QJ
ﬂl
L
=
HU
28
b=
o
@
3

A7 =z
W (milk fat), 9 (actose), & A& A Stk (milk urea nitrogen) % oFA&E

]
(acetone) T & EE T4 Hd oA Fo4 zkolE Holx] gkt

404 71e] 71 2AEE kg B 0.016% EHFAA H7F 5o 4] RS 4

ot
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400 BFAA (T) H7F Folol M #5 AW Fol e FYLY A =T o)
) % 7% AL CLAY TR WRE 017 Yo, ALA R 217139 G2
Z7kshe Ao Uehgth (P<005). o BEAA Ff ARH/A FoldE Bty thET
ALl w8 AL Gl ol AelE ol A Bk

ABRHOR A2E BH FYSALAR GEAS, Vg @ svks FE) 2E99

g owoeE dx7 di¥ % AW (milk fat) o‘jr”“ (milk protein),

=

=]
omatic cells), & A& A 3% (milk urea nitrogen)s 4

H]

(solid—not—fat), A AIXE 4 (s o
AA GFE vAA G o= ‘/PE]r CobgEl HEAA A woe gz div] FF 7
%/Ké X]HO]-/‘\J- CLA 61:}‘%]: —zo‘;ﬂé‘_ E-O] ] L'o‘}\)\_o]/]— ALA 1;'—4 w—3 X]tﬂ-/\]- 6]-& "}I:%% _%_9];91
o2 FXAIE Aoz YERTh

. 7154 FEFARAAEY FA7F =59 FZ X ITF
(1) A3 Wi

b At 24

Ald T854d (33Y)d F-FARAE 5 534 (dAvts, AvY) o3 SAZEYH $4
(pork leg)et AFA 4 (pork belly)S MZ#3to] 4 CH IS 5 Folch method (Folch %, 1957)

= o] &3t AWALS FE351 oW, Gas Chromatography (HP 6390 series GC System)Z ©|
43Fe] FAME Mix STANDARD (Sigma-Aldrich/47885-U)ell 2]3t ©-3, w-6 AWk gk &
A v &S AT

A 55 B Aoz AAEL meantSEMOE 3 sl9al, A8 Axto] thsk =44
2= JMP 50 Z238S o] &3l raw datas EWE student's t S o] &3] 5% 5
oNA FoAe Fi TAAZE AT

S
ket
o,

>,
1o

3391t AtE kg @ 0.008% H3FA Fo] HlSF=] ¥4
B4 A E S 20, R A Ha
FA o obee, MRE FA AP G Wt 9
A AGTAA 7 4TS mPom, ot w63 kel ol Fel4 FAE e
(P<0.05).
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E 55 AHE Ul TEFAREAE EFA (Futs 2 A9 FE29) FJt BE =59 ARAS T F
4
Fatty acids (%) cb T p-value

Pork leg
C18:26(linoleic acid, LA) 19.69 22.88 0.37
C18:36(gamma-linolenic acid, GLA) 0.19 0.17 0.53
C18:33(alpha-linolenic acid (ALA)) 0.47 0.40 0.11
C20:36(Dihomogamma-linolenic acid) 0.64 1.04 0.07
C20:46(arachidonic acid, AA) 5.50 6.84 0.34
C20:53(Eicosapentaenoic acid, EPA) 0.22 0.23 0.90
C22:63(Docosahexaenoic acid, DHA) 0.15 0.13 0.71
o-3 0.84 0.76 0.47
o6 26.01 30.93 0.33
0—6/w-3 31.04 40.77= 0.004

Pork belly
C18:26(linoleic acid, LA) 10.41 7.37 0.15
C18&:36(gamma-linolenic acid, GLA) 0.07 0.04 0.13
C18:33(alpha-linolenic acid (ALA)) 0.47 0.28 0.09
C20:36(Dihomogamma-linolenic acid) 0.18 0.18 0.97
C20:46(arachidonic acid, AA) 0.93 0.90 0.90
C20:53(Eicosapentaenoic acid, EPA) 0.04 0.03 0.22
(C22:63(Docosahexaenoic acid, DHA) 0.05 0.03 0.07
®-3 0.56 0.34 0.08
0-6 11.59 8.49 0.18
0—6/0-3 20.54 25.11 0.16

Values are expressed as means(n=3-5).

“p<0.05 by Student’s t-test, control vs. mixture.

DC: control, T: mixture of garlic, and seaweed(0.008%/feed)
olgor B IgAE T3l ATH 72 T Foay @ FAEY FHo vAE A+ 4

I} Qokel ¥ 563 T
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A A Vol.
A ikai . = scr
=i g=X% | (No.| 9
4= A% | WAAA| FEAR TR
Sang-Kee
Kang,
Yun-Jeong
Heo, Do-Woon
Influence of flaxseed oil . |Shin, Tae-Eun .
. . Yun-Jaie Onlin
on fecal microbiota, egg Jun-Yeon| Choi Park, Geon Current o
2015 quality and fatty acid ’ Goo Han, Microbiolog .| =9 | SCI
S g Lee |Eun Bae ] . Publi
composition of egg yolks Kim Gwi-Deuk Jin, N4 <h
in laying hens Ho-Bin Lee,
Eojin Jung,
Hee Sung
Kim, Yerim
Na
Jae-Sung Lee,
Phytoncide extracted from Har'Chon Lee, Journal of
pinecone decreases Ml(.:hael ¢, Microbiolog
2015 |LPS-induced inflammatory Sukyung |Sung Gu) Petriello, .Bae y and 25(9)| = ui SCI(
. i Kang Han Yong Kim, ) E)
responses in bovine Biotechnolog
mamm epithelial cells Jeong=Tae Do,
ary €p Dae-Seog Lim, y
Hong-Gu Lee
Jintaek Im,
Effects of dietary Seon-Ku Kim, .
fermented [F/ammulina Youn-Chil International
. ) Sang-Bu |Hong-Gu ) Journal of [13(11 H]SC
2014 | velutipes mycelium on Kim, = 9]
m Lee Lee . Poultry ) I
performance and egg Min-Jeung .
o . ] Science
quality in laying hens Kim,
Jae-Seung Lee
o. g2y

(1) Yunjeong Heo et al., 2014. Development of encapsulation system by dual strategy using
B-cyclodextrin and surfactant-mixture to enhance stability and bioavailability of
functional feed additives. Proceedings of 2014 Annual Congress of Korean Society of

Animal Sciences and Technology, Kangwon, Korea, p. 35.
(2) Junyeong Lee et al., 2014. Manipulating n-3 fatty acids composition of chicken eggs
with flaxseed oil. Proceedings of 2014 Annual Congress of Korean Society of Animal

Sciences and Technology, Kangwon, Korea, p. 228.

(3) Min-Jung Kim et al., 2014. Effects of dietary phytoncide on productive performance and

intestinal microflora in laying hens. Proceedings of 2014 Annual Congress of Korean
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Society of Animal Sciences and Technology, Kangwon, Korea, p. 244.

(4) Jae-Sung Lee et al, 2014. Effect of dietary natural resource by-product on growth
traits, immune responses and productivity of Hy-line brown chickens. 16th Congress of

Asian Australasian Animal Production, Yogyakarta, Indonesia.

(5) 4547 9], 2015. Phytoncide decreases LPS-induced inflammatory responses in bovine
mammary epithelial cells, §+=2] % 3}38}3] = A s3] FAF W5

(6) sk 9], 2015. Effects of phytoncide in LPS-induced inflammatory responses in bovine
mammary epithelial cells, =& &2 53] e s] Axofstu, A&

(7) ANA 2] 2015. Effect of dietary phytoncide extracted from discarded Korean pine
(pinus koraiensis) nut cone as feed additive in dairy cow, ¥+=r5 22} 3}st3] s3],
A=ofsha, Mg

(8) Junyeong Lee et al., 2015. Effects of flaxseed oil on eggs and fecal microbiota in laying
hens. Proceedings of 2015 Annual Congress of Korean Society of Animal Sciences and

Technology, Seoul, Korea, p. 33.

2. 7leAH

(1) w3hs: Smlzh Ak E AT 7%,

) oh-EAE 2 Wg-AfeFRYAED LA olrhf i olrbEde Taeh A}
SR 24 = (2014, B = 10-2014-0117692).

+ (1, 29 1$2 ¥ OABAERL AAS @olsAvtFA s Eold $E. (2014
11. 1. A8571<%5 1,000%4, BA7€s &9 1%).

Ag A=A 7HAl (2015.

(3) w=&t9: AYF FAE FEAS o B
8 &9 1%)

6. 24. BV =9 7lsold &5, A

(4) =8k B Aag AREUS V]

= o A= H7HAl (2015. 12. 4.
Bdsutol e Zleold &5, AF 7I€F 50099, AR <

= o) 2%)

(1) 2014. 3. 14. sifutol A 574 “Hud s o] &3 g4 % 7h=8 754 Abs e

(2) 2014. 7. 18. SAE nl=2 de]7] A3 AlAF A FEZAw “SAF A5l g SukE o] ¢

L
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(3) 2015. 1. 15. SAbE wiz del7] A3 A2xk 471F3] 2 A FEA =,

% esst 74
(4) 2015. 6. 26. == A=Y
(5) 2015. 11. 5.
(6) 2015. 11. 5.

vk A g

(D Qui7F Bz G2 @A dEAE st ¢85 (2014, 11)
F

- 0-30-6 AHLA H L& 14

i
3

@)
L O]

Sag7t 34 eog7t B
Ol 124 Y

I o
L QUDHE |

'ﬂ\ i.\ /N IQ

a9 73 vt dhx g A #RAF

(2) YE=AE i AFRFEZHA (FFE5E). @YE s AlEsE g5 (2015 .10.)

=
e EAE 09§ AREAA

& -

R DIEAI=

I9 74 M EAE FH AR FEEY AF
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(), @ 7= A7 Fol8& A ved # AR 5 vdE AdEA AAE Az

¢}
- B AE dmm, AW B OH 20904 M AR 85 A0 87 H 72904 1 4R
E
- AFRAME ATEA:

(A)

P S T

(kg A= 'fi__i.qm

g 75. (A) BEIE oA, B) AEHI 3¢y ATA

(5), (6) WIErQ! 73t ew7F M j 8l SAIX] AJAIFE
- U 7F-3/-6 AL Bl 14, HERQD $HEF JWbAE oiu] oF 3wl

(A)
- MEY: 15.07,28
“§ W09
~ SRR 2R
(B)

a9 76. (A) WY #, (B) 7+ £AIA
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A A EA
(1) ATAF-3}A

(2) A2A -7

(3) A1 -&A

of. FHAA

al

mrun0 IO

=z, 7] et

< AA>

- 2015 ¥=rFEAd 3} 3]

- 19 (dgstm SAYEY, 2015 2. vHAL e

- 2% (M=

ALeg A

Sy S53 M2y gze

. A Akets)

>

725, 2014. 11.)

A (SBS A&7 A, 2014. 11.)
A, ekl 114, 2014. 11.)
¢l 134, 2014. 11.)

HENE '+HY S 207 2L FF YA Y

44 EHiSHL)! MYMEO $52 YD Y WA 2E 2HY
52 SUsE UM S 20j7} WA T WA
lYICtT 39 WL

g3 ,

TEHY SR 207 wHA T A 7|E o
300 (150 TOE|E M7t WA PZHE IE
ZtH L 20% EOAE 712 Q1 489800 HSH =
HUE SHSHE WAIR =5 T 11YNHR| T
EICh M2 EE08|x 2 HM RS0 207}
A T2 +FHUS St AL

(HEH52 2015.11.3)

[}
e

Y 77. LWy HEA 27 THIPA RERE

Junyeong Lee et al., 2015. Effects of flaxseed oil on eggs and fecal microbiota in laying

hens. OCI5001.
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H 6 AFNEIPIM =Tt sfutstr|sdE
A1 dFAE FAHAA g AYFgrieHE
1. AT A #4 AgPsrie AR

7h 2338 A9R eSS wole AJHA dIFATAA

A7 A8&e & F de 98 F7tA dEH = A probiotics® wol Eael 3lo]
A g FQ3 4ot I FEES wole o nEA Ves S8 AFE ol A
P 9l HZ | St X191 Journal of Functional Foods®| 3x ¥ =i-o|+ probiotic
(L. casen¥ L.v|7}-3 A HAF (tuna oil)= single whey protein isolate (WPI) - gum Arabic

b SW7k-3 A Akl Aksk kA e V1= MRSl vE =dves A vk

BWPI-P-0A microcapsules

OWPI-P0n0GA microcapsules

-
[

et

Viabiliey {log clu'ml or beg efulg)
-

Lbigarid Spravdred  Freese dried
microcapsales microcapsules microcapsules

I 79. L. caseid viability7} tuna oild] €3] 7138l &3 (Eratte 5, 2015)

g e
i

.J;_-j:"‘T"\.\__ ® WPI-GA complex concervate matrix
oA B

,lr. IS |: 431

p Lunaoil droplets

29 80. WPI-GAS} L. casei, tuna oile] £33 wlo]ja2 2P &9 =24 (Eratte 5, 2015)

Aggregation® oil dropletS WPI-GA S¢A7F AAHA L. caser7} Akl 93 ~Eg A=
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FH RIWA Hof viabilityZ7F 57 4 A=, lipid matrixE ©]&3t 5 7o AFA
S TVHAATE A= £ o AR IR AvA 2 7sAA AEES JEEe dHel 8=
T Stk

AA

U ARE o]&% AHEA A7

o2 7}A| probiotics T oA yeastE AMg3ste] A Aol AAAZAS == AF7F 20169
Journal of Applied Animal Nutrition A'd°l 2745 A}t o] Ao A= yeaste] strainz 3f
el Saccharomcyes cerevisiaeZ 1277 52 1 x 10° cfu/day T2 A8 H7lste]
st S35 HUbs A

Milk parameter Control Yea-Sacc® P value
Milk production (kg/d) 35.9% 36.7° 0.003
Energy corrected milk" (kg/d) 34.3° 35.7° <0.0001
Fat (g/kg) 39.8° 38.7° 0.0002
Protein (g/kg) 325° 32.8° 0.009
Logse somatic cell count 1.95° 1.79% 0.0001
Lactose (g/kg) 49.8% 50.6° <0.0001
Urea (mg/l) 0.248° 0.239% 0.004
Fat total (g/day) 1401 1400 0.916
Protein total (g/d) 11532 1189° 0.001
Cow weight (kg) 662° 6567 0.08
Body condition score 2.18° 2122 0.09
Average daily gain 330 300 0.64

*ECM corrected for 4% fat and 3.4% protein according to the equation:
ECM (4% fat, 3.4% protein) = Milk x (0.124% fat + 0.073% CP + 0.256)
Means in rows not sharing a superscript differ significantly (P < 0.05)

¥ 81. Yeast probiotics 97} @49 #%F, 5 Ad vX= A3
(Tristant$} Moran, 2015)

Yeast probioticsE& =gt &A9 9 Uz HlE A& 3 7 sF 0.8 kgol +HE
o Aists Aow Uegom) o= 306Y -+ AAEFSRE 3PS o wjg 2 o]9s Tt
Aot & Aoz osddc

freF Rk ofye}, 7o deArx & Welbrh dvk W] A A 3 7 aFol 36
gol T7FalaL, 849 2 009 mge] FHAaste] $f9 Ho] EHsESs & F U

o) W3t FFAHoR FIHY AAA oS FuiAH =, ME B FS 4% =313,
T Aakel ded A oS 4% HaAFH oW, T wolds 14% F7HAE AL
2 oA
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Equivalent tonnes of CO, per year Control Yea-Sacc® Variation

Enteric methane 471 451 —4.2%
Manure management 412 398 —3.4%
Mineral fertilisers 488 489 0.3%
Machinery 250 249 —02%
Other 150 152 0.9%
TOTAL 1,771 1,739 —1.8%
Other parametersfinputs
Labour (hours/yr) 10,609 10,350 —2.4%
Number of people fed according the energetic needs (n) 5,871 5,933 1.1%
Fossil energy consumption (100 MJ/yr) 8,487 8,394 —1.1%
Number of dairy cows 119 114 —4.2%
Milk production (limited by quota) x 1000 litres/yr 1,188.76 1,188.76 0.0%
Economic margin (0.16€ /cow/day for Yea-Sacc) €/year 123,715 125,443 1.4%
19 82. Yeast probiotics 97t A@E7te] AA #F 4F
(Tristant®} Moran, 2015)
o 5 MAE ATEA FAY 7S AF A R A9 S 2
AAl= 7159 AtmolgE 53, 4457 523 gEo 715 A7 S 2 Awo gigh
A Fdel BEH oS AYa dow, JeAAFA B s dado mE A=
g FAA Fol A7 AAAA R Gk Qs & Al Al gk dae] =of
Aw glth AEA Fold] mE s1Ee) Azishd. Wty 54 wste] ARWAE SFEE
o) A #E WSEIE AL P s H5hd dys) gwre o FojA 1 it
20113 Journal of The Chemical Society Of Pakistan®] 3% ¥ Lutfullah 59 o w=
W S A A (Protexin™, Hilton Pharmait)E Fo3l9 S 4% SA9 HAE0] 514
= AS ey 538 o Aol Al FoARd SAY AFE, &2 AE crypt
cell?] 52]% (crypt cell proliferation, CCP)7Fe] A##AE == x A=A AE4

o7 Protexin™& AlE 10 kg F 1.0g 505 H71E 18X AR A HZFo] ZFred e
W, o golezt AA Folol ue gl wEe] AHew sl A4S Arel 23 %3
B Aoz AW o= Al Folo] wel U] #Eo] Wate] Ayl fermentation 37 0]
ZAEH CCPE F7HA7Ia o1 A3 §A9] AdEo] S7hs Aox Helt.

Table-3: Mean weekly feed consumption of chicks

fed various doses of probiotic (Protexin).
Groups with doses of Protexin g/ 10 kg feeds

Feed
Group-A Group-B Group-C Group-D
Consumed (g) {_0.[;) (O.SI; (1'[% (1;))
Week 1 1357+ 14° 1384+ 19" 1367 +19" 1334+20°
Week 2 3266 +27° 3276 + 17" 3246 +22" 3299+ 11°
Week 3 3000+£10° 30174£28" 3075+£47" 3075+47°
Week 4 8144 + 12 8057+10* 8121+25™ 8052 +70°
Week 5 10450 +32° 10495+ 12° 12492 +50° 10327 +36°

a9 83 ATA goFd wE SA4 Holgly AlE AFY HF
(Lutfullah <, 2011)
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Table-4: Mean weekly live body weight (g) of chicks

fed various doses of probiotic (Protexin).

Groups with doses of Protexin g/ 10 kg feeds
Group-A Group-B Group-C Group-D

Body Weight
(2)

(0.0) (0.5) (1.0) (1.5)
Initial Weight 447 +10° 443 +£10° 446+ 10° 443+ 10"
Week 1 1284 +46" 1308+ 70" 1325+30" 1282+27°
Week 2 3000+£10"  3017+428" 3075+47" 30751477

Week 3 5712+25%  6100+40® 6125+85"  5387+24°
Week 4 10650 £29™ 11275 +28" 10650+23" 10225+29°
Week 5 13625 +49° 14350+ 50" 14650+ 23° 13120+ 48°

I9 84. ATA FAF wE FA Hotgd AT WA
(Lutfullah &, 2011)

walk obyel 20129 7] 289 Naseem %o WEW broiler chicksell A+ A (Protexin™,
Hilton Pharmaiilt) H7} AR & Fodste] A9 4% £ 23 2 715 AW #HA Foo o
gt immunomodulation &#7F &S I8ttt 3504 H ] SAE 50 74 7T AFLE U
o] zZtzt AtA 58 "9 A A (cyclophosphamide)E ALE 9} A o3t Ax}, AHAZS A
3 gl o FAE AR LTS (1938, 1.959)S Kol ¥ =2 AFTS YeElAT At
AZF Ads Pl wA = FIFs dotrry] fs A vl w9 IBDV (infectious
bursal diseases virus)ol|l gt A G7IE FAHAE Ay, 36Y Ao Alm 1 BF 27 50 g,
150 go] AAAE Fog 1FNIA HMlT 8322 FoHoR =2 AU HEHAT

Table 3 - Geometric mean Titer (GMT) using indirect heamagglutination
inhibition (IHA) antibody titer against IBDV in different treatments.

IHA Antibody Titers against IBDV per Treatment Group

ey P50-C3 P50 P150-C3 P150 c3 ContV Cont NV
7 782 79?3 e 782 79? 79* 79*
14 60 59= 42+ 52* 453 37* 52*
21 137 L 1945 1474 1282 239¢ T
28 g4+ 181* 97+ 147® 45= 1198 20¢
35 162 832® 194< 941k 1112 6751 F 7 &
42 56+ 160¢ 34 1475 69° 84 18+
49 128* 181*® I3° 5§ Jhe 82° 97°¢ 124

P 50 C3 = Group fed 50 g probictics/ton of feed & 3 mg cyclophosphamide/bird

P50 = Group fed 50 g probictics/ton of feed

P 150 C3 = Group received 150 g probiotics/ton of feed & 3 mg cyclophosphamide/bird

P150 = Group received 150 g probiotics/ton of feed

C3 = Group treated with cyclophosphamide at 3 mg/bird

Cont V = non-treated group

Cont NV = Non-treated and non-vaccinated group

Each value indicates the IHA GMT of the five samples repeated three times.

a,b,c,d Any two means carrying the same superscript are not significantly different from each other.

a9 85 At Al AdA 2 1Y JAA F9 2FF AV}
(Lutfullah <, 2011)
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ol & Ais T, k5ol AHAE AtRS @ wold g vhS ARAdARE T
R AAGE Zaet Eigoi ZhsAde] i deEe wo] A9 AWl el Woles

¥ 57. ProtexinTM®] +4 A% (Lutfullah 5, 2011)
A &F: PROTEXIN™

AF2H:
@O ¥}7) 2% Hilton Pharmaijit oA & A
(20 Multi-Strain probiotics A&

Table 1 - Composition of Protexin™, Hilton
Pharmaceuticals, Private, Limited-Pakistan.

Sr No Composition (100 Gm) Concentration

1 Lactobacillus plantarum 1.89 x 10 " cfuf kg

2 Lactobacillus delbrueckii subsp. 3.09 x 10" cfu’kg
Bulgaricus

3 Lactobacillus acidophilus 309 x 10 10 10 cfukg

4 Lactobacillus rhamnosus 3:09 x 10™ cfikg

5 Bifidobacterium bifidum 300 % 10 cfukg

B Streptococcus salivarius subsp. 6.15 x 10" cfukg
Thermophilus

7 Enterococcus faecium 885 x 10" cfukg

B Aspergillus oryza 798 x 10" cfukg

9 Candida pintolopesi 7.98 x 10°cfukg

2. 714 AEgA E4 #8 d9gH3rie R
7v 7154 AR 249 Aol

7154 A EdS SAE o], SHANOEA AFIIEA Y F =5
st deEFso] Atk FE SAAE 24242 A5 Ul Aoy fAReE Hd
d HERHl =& AR q5 T o 32 % o] o}

A Livestock Science®] AAH =A== W9 HE =9 (rumen protected choline, RPC)
= :Loqﬁ“’i’ﬁ TI‘X]B]— W e 7F-3 XA vl &S =9 A37F AAEAT. 973 x1gE o]
Ao A= wo e OF (115 g/cow/d) durAlS 5o ¥ 1% (CON)o=E 1
ol wid %%*ﬁ’&%’ﬁﬂr As AHAZ, s AsHd A4

>
o

(body condition score, BCS)E
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Qs E 3, 6 9FAe] F 28 $F AFDL st KA, f9¥, axdL (BUN), A
£ % A D

0.7 1
, 0.6 4
-
=
[
£ 0.5
= e 0,000
= 0.4 -
o I
2 0.3 A
e ;
=
= (024
E
N
0.1 4
0.0 ™
COMN RPC
Supplementation
Supplementation” SEM"  Laenation stage SEM™  Trt p-Value"
coN RPC Middle  Late P LS Txls5 Pals
DML, ¢ (kgld) 2164 23413 024 - - - 054 < 00000 - - .
BW, Y (i) 7036 703.3 303 7032 7038 168 092 002 0.9¢) 076 012
BCS” 186 280 006 281 285 006 OES 00001 0.50 0.004 082
Milk yield (kgid)
Milk yietd 36,72 62T 169 W06 3548 176 081 « L0001 001 072 077
1.5% FCM 16,76 708 1.40 4181 nN 158 060 00000 00001 a7 0%0
ECM 6.1 3630 136 Lk 3242 153 075 = 000t = 000010 L1 ¥4 Dhs
Ak composition
Fat (%) 163 153 nog 357 370 o 0e7? [T 0.3t 045 0.3s
Fat (kghd) ] (o ] ons (5] 107 nos o9 < OB = 00001 046 037
Prodein (%) 106 303 004 303 306 004 004 <0000 0335 0632 0006
Progein (kghd) .10 1.0 00 115 1m [T 0,33 == 00 = (D01 087 oM
Lactose (%) 474 472 noG 478 468 006 006 <0000 o007 URE] 005
Lactose (kgfd) 177 174 nog L85 166 0M 022 <0000 0001 ) 016
Ured nitrogen” {mgfil) 154 161 031 15.9 1546 031 005 <0000 040 062 003
SCC © bog transformed 470 4E3 s 472 480 (AR ] 007 065 053 099
3.5% FOM{DMI [ke/kz) 159 166 006 L83 142 ooy oo <0000 <0001 007 ]
ECMDMI (kglkg) 1.57 162 0.06 L77 142 007 002 «<00001 00001 ot 078

g 86. W39 3 971 €5 9 Lo VX 9
(Pineda$}t Cardoso, 2015)

o] Wi RPCE T&7] 913 AREst Wil Zady &3 ou7F Aiks o835t Z” 3}

2oz Hol Ay Ay I U 2 vEE =32 A4 | 24 T3 W I
FH W3= MUFA® s PUFAE =3t+= A3 ALA (alpha linolenic  acid),
eicosapentaenoic, docosapentaenoic, docosahexaenoic acid®}t & Q. u|7}-3 A whake] H]S-9)
ZolHth= Aeolth 53y o] Agel A, fFRFely FA Sol A "oAAH AFEIHAIL
ol &= v F7]9F $7]9 AES ol&g Aol FAES VA E FdUsAZE 7 3
= HAgFow &80 B c}.

1

6‘

<
<
T

s

Summations
De Nova 2208 2124 037 22.33 2054 053 0.001 0001 0.004 048 0.20
Preformed 4512 4741 058 4527 4651 073 00004 0.0071 0001 084 0.005
Mixed (both) 3265 3184 031 3244 3205 037 = 0.0001 0.01 028 058 013
X SFA 6668 6536 053 57.03 65.00 061 = 0.0001 0.93 0002 057 034
X MUFA dis 2444 2513 044 2389 2568 051 0.004 017 0.002 037 0.34
T PUFA cis 3356 3524 0.07 3443 3447 009 < 0.0001 014 076 017 o1

Y 87. vrE9 $3] Foo WE WA x4 9 W3 (Pineda$t Cardoso, 2015)
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Y. 71548 AgEAd
] 7] 93 ks Zxo A
01 Atk E3] 2015 =" A ot

o
& 3

ug 7l AEer Wk ol A% &
s

)
= A7E AFT AR g s Fol A= A7t e x1 &
Ha o
20153 Journal of Functional Foodd AlA¥E =i-olA = chamomile extract®] 4kst =
SAA &35 A9stal 9ttt Chamomile extracte] 7-$ free radical scavenging activity S
Z7MA1 7132, lipid peroxidationS =Y o= a3l 35 Ho|W | bacteria®t fungiol 3|
A EHE AR Dol WA
w0
300 A +
E; 250 | 4
T;: 200 :]E. :;j a I a
2 150 | g 064
-'E ‘,: 0.5 1 b a a
o = I I
S 100 § :J:: . ¢ Zuw L: j th o
50 - _ ’—T E 0.2 - b b ﬁ«H € I;J B el
, - : v m B EEE N »
DPPH scavenging Reducing power f-carotene bleaching TBARS inhibition Rl A ¥ & § _0\\ o &
activity inhibition i \\\\‘L ‘[i‘m N \\\a‘l"‘ ; \4_.\‘\\ \\\‘L d .“\“\'\
A C}\\\\L k‘d&\\- F ni\ \\\9 o * \L\\ \-\‘\\\
o % O o & ¢ o Je
a W § o L o
o W LA B
23 88. chamomile extracte] g4ts 9 A &3 (A) O chamomile extract,

standard trolox, (B) W standard

ampicillin (Caleja %, 2015)

chamomile extract, standard streptomycin, [

FESeE L2 chamomile extract®] 4%, H7F Aol feed A FE713 T3t =T+
dolth, oldl FHES S w F2 A7 Ay Edo #H 4 A& Aottt &
chamomiles 2% &yetx, ksl 3219 compoundE & AR H7F g E4S &4
g QS Aot
o AIEAHEZ (FA vitamin E)Y 387t F9F L AdAY A4

ANMA R o] gy Uy EFVELS 43 all-rac-alpha-tocopherol® ©o]Fo]# o,
alpha tocopherol (vitamin E)& & & o] A Y= d2tslss gio] A3k A o] 28 Bl ofy
g} 7EoAE A adE Qs FoEn e A Ed T syolth 2012939 9

213 obd @ (European Food Safety Authority)ol s A =20 W3t 34 vitamin E¢
ARl gk b B gsel tisl 9iES Al7IstSlil, FEEDAP (panel on additives and
products or substances used in animal feed)o] I ttolAx A ZFHFAA Atz IAsA=
o]-§= 1 U+ A alpha tocopherolel tiste] d SFFERE ofg} A&n|xlel 3HA ] WX =
HHAdE Hrre T
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=
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B °© bb Biotechnology
A= A A} Yueming Dersjant-Li et al. Kang Zhou. et al.
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Effects of probiotics and application | Purification of Bacteriocin produced
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e response of broiler chickens to an |isolated from fermented cow milk of
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. . International journal of food and
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SFEAN Poultry Science fermentation technology
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Vst e gt °c" BN ‘gqf—)rL CoeE
Effects of Novel Feed Ingredients . Y cq
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GLOBAL FEED ADDITIVES MARKET REVENUE, BY PRODUCTS,
2009 - 2016 ($MILLION)

CAGR %@
Product 2010 .
(2011-2016)
308

Antibiz IPJL,; m-u iﬁiﬁ.ﬂ w.ﬂ .
LT L0800 15360 1590  1,6650 157
Amino Adds A 39731 42114 5.250.0 4.51

Feed Enzymes 4420 5825 5657 7400 2 a7@
1,150.0 1,2075 1,610.0 2.02
34655 34044 42148 382
15,000.0 ' 158000 18,7950 3.60

Hl Z7}he} H]X}J J-E"e‘%%‘oﬂ gk A
AFEth (Market and Market, 2009).
AN7EA FABA A FE7F AFR A A 2
o2 FAA AE 54 R TE EXE nE 18H Aloll lo] AA (EEA) A
o] 20109 7] 1,600 el A 20173 79 3,000 g fRE dA b & rES] of
Aol 20106 -2017A%E o= = oF 2019 AE Bl lS o, 408 7trko] 3%
F¥lth (BCC Research, 2012).
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