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SUMMARY
(4 E2otR)

1. Title
Development of immune-enhanced animal feed supplement and identification of

bio—active substances using porcine placenta

IT. Objective and Market Demand
1. Objective
The final objective of this study is to develop animal feed supplement using porcine
placenta and to industrialize this product through the development of mass extract

protocol, in vivo and in vitro efficacy test, and piglet challenge test.

2. Market demand

® Since animal epidemic is increased, the death rate of piglet has been rapidly
inclined, and its economic loss reached to over 700 billion won.

® Development of immune-enhanced supplement for piglet has been required to save
such economic loss.

® Placenta has been known as a powerful anti-aging and development—promoting
factor, however most of the porcine placeta are abandoned in pig farm.

® Identification and extraction of efficient materials to enhance immunity of piglet
from porcine placenta will help to develop immune-enhanced feed supplement for
piglet

® In addition, development and industrialization of porcine placenta extracts as an

immune-ehancer may facilitate for production of non-antibiotics fresh pork

IMl. Research Scope
® Identification and characterization of efficient materials of porcine placenta.
® Development of an effective extraction method of porcine placenta.
® Identification of immune-enhanced effects of porcine placenta extracts in in witro
cultured immune cells and laboratory animal model.
Development of trial products of porcine placenta extracts to apply to piglet
Identification of immune-enhanced effects of trial products on piglet model

® Technology transfer and industrialization



IV. Results

® Establishment of the effective extraction method: 80 C/30 min in water

® Identification of immune-enhancing activity of porcine placenta extracts in in vitro
cultured macrophage cells

® [Efficacy verification of placental extracts in enhancement of body weight, white
blood cell number, activation rate of T and B lymphocytes, phagocytic cells, IgG,
and serum level of cytokine by feeding placenta extracts to mice
Development of trial product containing porcine placenta extracts
Efficacy identification of placental extracts in immune-enhancing activity like as
increase of body weight, WBC number in blood, and the activation of lymphocyte
and phagocytic cells in piglet

® Verification of placental extracts in increase of blood IgG, IL-183, and IFN-y

concentrations in piglet serum feed with placental extracts

V. Research Outcomes and Further Applications
® 3 patents were obtained from these results
® ‘Technology transfer will be processed between this research group and Korea

Industry LTD.
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¥ 2. Autoclaved Placentas Al €3 ZF FE2E9 XSS

2 3Ed 4%

Al washingdt ¥ i
lacenta) & A}F-&3te] 9ol A

AHE 9] YieldS-

ro
povs

(Autoclaved Placenta) ¥}
ﬂ#%ﬂm,“*%%%

23} 3o A Ko
36 T A% E =2 yield
o=

’

}\)\

3-5% 2l o] Bt

Extraction method Sample (g) Extraction Extraction Sample
(designation) et fdry wielght {g) ratio (%) conc.mgfml)

T (Auto-4) 25105 0.190 380 200
37T (Auto-37) 25105 01381 360 200
B0 (Auto-60) 25105 0.210 420 200
807 (Auto-80) 25105 0.240 460 200
Homogenization (Auto-Total) 2505 0.240 4810 200
MNaOH hydrolysis (Auto-MNaCH) 2505 100
Boiling (Auto-Peptide) 25105 0.180 380 200
ChloroforTA:LJtrag:eTfil):Ii)e)(traction 5010 0.054 54 07
Fhenol extraction (Auto-ECPF) 2010 0.03 3 0.1
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¥ 3. Raw Placentas Al &3 7 FE2E9 HFF &

Extraction methad Sample (Q) Extraction Extraction Sample

(Cesignation) wiet fdry weight (g) ratio (%) conc.(mafml)

A% (Rawi-d) 25105 0.230 46.0 200

ATC (Raw-37) 25005 0249 498 200

B0 (Raw-B0) 25105 0219 438 200

80 (Raw-80) 25105 0.200 40.0 200

Homogenization (Raw-Total) 250105 0.270 4.0 200

MaOH hydrolysis (Raw-MNaOH) 2505 100

Boilling (Raw-Peptide) 25005 0270 54.0 200

ChloroforTR:aﬁ_eTiélljextraction 5010 00454 484 06

Fhenol extraction (Raw-ECPF) 010 0.03 3 0.1

[e}
Bolingslo] %3 Raw-Peptide %%, Raw Placentas 80°Coll A

3l Raw-80 F%%&, Raw Placenta® NaOH=Z F %3+ Raw-NaOH FEEo t)slo] ofw]

AFAasol Holwr Raw Placentas
3
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| Retention Tima

{Raw-NaOH ==
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57.163

120 4 E&i 120

I % § § y-m % 100
" ; : Y8 @ ; g

| g

i g 3 g e

3 g2 _® % g8 g 2 ;
2 g StogSa| 2 82,8 9 3 3
IR R q s\ 83 che [ 3 3 1
* % o i) T - -
a8 2. ZFEE9] olwpx=AMHEA] Histograms
£ 4. FEEY otntxit =4
o}m] :=AF Raw-Peptide F&& Raw-80 F&& Raw-NaOH F&E

Alanine 7.278 7.499 8.424
Leucine 6.156 5.733 5.441
Arginine 5.008 4.812 0.216
Serine 4.977 4.749 2.720
Threonine 4.496 4.705 0.965
Lysine 4.375 4.660 7.532
Valine 4.052 4.326 3.658
Phenylalanine 3.753 4.375 2.053
Isoleucine 3.565 3.626 1.280
Histidine 3.259 3.529 1.142
Tyrosine 2.589 2.055 1.131
Methionine 2.337 2.165 0.394
Cystein 1.466 1.838 0.721
Proline 0.810 1.139 0.332
Glycine - 8.569 13.062
Glutamic acid - - 8.169
Aspartic acid - - 6.690
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A2 macrophage A EFC JTTAAIAEE AFg3dte] WA A o] osix ABA

#9159 Nitric Oxide(NO)®] Aol W A& 7 Bi3E2e] 538 ma A=,

7} NO A4 EHE %4
Wz, 2 dEz W9 F7AQ Lipopolysaccharide (LPS) % Interferon-gamma
(IFN-y)<& AF-&-3t] o] Mgt o3 g HESIAUT (10-13). W
SHAE @5 52 Hste] TS NOZF A H] vjYFFol A% Nitrites
Sodium NitriteS ®FZZZ 39 Griess reagent= AR&3te] A&ttt NO9 A
3} Sodium Nitrite?] FZAFolol] 1r=0.99942] Correlationo] A ¥ o] o] o] Fo]z| i

DHe Bo FA(LH 3).

—
~J
J
WS
>
—

=
el

120

100 -

80

R=0.9994
60 - y Adj Rsqgr = 0.9987

NO, (i)

40 -

20 -

0 0.1 0.2 03 04 05

Abs. (OD at 540 nm)

2% 3. Griess Reagente] 9%+ Nitrite®] A

o]213t Correlatione Hl® o2 LPS (1 pg/ml) % IFN-y (100 U/mDE @& =
Waksto] Ao Aeds, ZAIA NOo| BAEZFS #4138 A3, LPSH=A el o3
ol et NO<| B7dol S7FE A RE, IFN-y@=of o si= NO9 o3t gL a3
HA Fokth (2 4). 3+, AWM AEH EH H = IFN-yok LPSS W esto
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2. Reactive Oxygen Species (ROS)¢] Ao ok Raw-80 2 Raw-Peptide
HxEE9 394 AE
A7} o 2] Z7FA] pathogenell o3 A=, ZFALAS AA7] flste] Ao W
Alz=®lo] ZEetA &=, 2159 shUE macrophage AXE7F 313 ROSS dFe=z A
d3ke] pathogens Fole AF7IE AMRHIL A= Aol 2 delAd Uvk (14-15). whet
A, B AR A = olg SH AFrAdelA HgEAdst sHo] Hold HwFEE<
Raw-80 ¥ Raw-Peptide fraction®] macrophage A2 J774A 1A E A ROS2] A A o

A7 d=AE EA s

7F. ROS Ao th3ak Raw-80 ¥ Raw-Peptide®] &3}
ROS?] AAS Z7FA7]+=Ae] & &4 A Lipopolysaccharide (LPS)¢} < &4 3}
o] &2 Interferon-gamma (IFN-y) % Raw-80 % Raw-PeptideS J774A.1A) 39l
A skl ROSe A ZFS FACSCalibur® #2438ttt (2¢ 9). LPS (100 ng/ml) %
IFN-y (10 U/mD& &5 58 WEste] Az Aejg 23 LPSY5A o] ofs] 9
st ROSe] AAdel S7FE AARE, IEN-y&50l osf = ROSe] #olg 442 a4

A okt d 9).

§1 2 =
z] LPS z] IFN g LPS+IFN
o L)

20
L

ks My
T o YT e T T o T T T
10 w! qf 10! 102 107 104 100 10’ 102 10° 104
FL1H FL1H
= = =1
] + i i &= 5
2] IFN+Raw=20 2] IFN + Raw-Peptide 2] IFN + Raw-NaOH
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19 9. Effects of Raw—-80 and Raw-Peptide extracts on the ROS production

@9, IFN-y¢t LPSS Witste] Aed A3 LPSS 9502 Hed =9 ROS
7t AAEE AezRol IFN-yE ROS A4de 93¢ v« 2t 47s Jehh

i
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A9k IFN-y2} Raw-80 2 Raw-Peptides WA 23 A3 F23 ROS AA
o] #&AFA oY, Negative control® AFE¥ Raw-NaOHol A+ ROS7}F Aol AA L

JA Ges BES F AJH (2H 10).
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ROS detection (FOLD)
n
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e
R —
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S
L&)

LPS (100 ng/ml)
IFN+y (10 Ulml)
IFN-y +LP$

IFN-y + Raw-80
IFN-y + Raw-Peptide
IFN-y + Raw-NaOH

1% 10. Quantitation of ROS production

3. Cyclooxygenase I & I1¢9] ¥&do] thd+ Raw-80 ¥ Raw-Peptide HI¥IFE=

lo
l.‘o[r
_"L_l‘

ASHES-S 243L7] $13 Non-Steroidal Anri-Inflammatory Drug (NSAID)9] %%
ol Aol COX+E prostaglandin®] Aol #oIst= E4 2, Ao d=wkexdd
oA Fagk 9IAE Mt Aok (16-17). wekA], AA7F pathogenol] o3& FHH o 24
st AsHbEel  Slold WHggAst o] Hold HRIFEESQ Raw-80 H
Raw-Peptide fraction®] &¥}E EA 3ttt LPS, Raw-80, Raw-Peptide2 W5 T2
oz JUTI4A 1AM AHE st COX I & 9] &S Northern Blotoz #2493
LPS+= COX II¢] wds FostAl 7 #H oy, Raw-80 2 Raw-Peptidedr52 -
A ddol] FEFE m XA gokom, LPSete] WA s L LPSH=of <fgh
of fFofst JTFS okt (28 11). o]Ae Ay EHE Raw-80 % Raw-Peptide

= AW dStsds dFe AR €= Aoz BEEA.
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19 11. Effects of Raw-80 and Raw-Peptide placental extract
on the expression of COX-1 & II

A34d HA HRFE=Y FoE& 24
EAQ HAA T Staphviococcus aureus®t Pseudomonas aeruginosas A&

3te] Disk-Diffusion® ol ]3] macrophage & J774A. 1A ¥ 2] WS 43147

2 Raw-Peptide Fractions AF-&3to] 28-S #4138 A3, 5714 ¥l 55 2%

TS HolA esktt (11“% 12). 2e4o= Ao =211 ejntel A Fafid Aol
FrtE S Ad At 22 e £FH A FES AT AT

Raw-
Control ~ NaGH

£

Raw- Raw-80
Peptide

Raw-
Peptide

Staphylococcus aureus Pseudomonas aeruginosa

1% 12. Anti—microbial effects of Raw-80 and Raw-Peptide Fraction
derived from porcine placenta

_33_



A44d HA HAFEFEY AEEAH 2 AXEAHI 24

1. S A HHFEE AXSAHEY
8% macrophage & J774A 143> 2] WSS &A3tA 71 Raw-80 % Raw-Peptide?]
MEEA mAE= Jks ol 1z MTT 2 LDH Release Assays S35kt

(18-19).

7}, J774A.1 M ES] Viabilityol o3 Raw-80¢ &}
Raw-80¢ #=& WIFZ4a¥97F = 05 7 1.0 mg/mle] &5 7|+2
2 JTTAA 1A Eo| A8l ste] 4827 vigFo] MTT 2 LDH release assay® #2413 Z
¥, 05 7 1.0 mg/mle] sEAAE & FFS WAA FRoH, 1 mg/ml oY F=
M Fe] AESAS et (29 13 A). 83, Interferon¥2] WA el 2 &
T LDH®O el mAl= & iFEE d5Ad A A3dE YEgd ey
(" 13 B), MTT assayld«= #Folst/ d&F& mAaL e Aoz BIQo, o=
Interferon©] 2fi= Ao E71S] EAo] MEESE FEste EHAE ofutx MEESRE
A FAAA ol oa] et A4delgta AFsET. webA, 1 mg/mlolste] sRE ARE

atol Aol WaHS SAAE & AUV WEel AESHL TAV HA FE Aew

fr
e
i
o
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A B
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= 150 | - 200 ¢
% i
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L 2 100 |
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= e
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IFN-¥ (10 Uiml)

a9 13. Effects of Raw—80 on the cell viability
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L}, Cell Viabilityoll tf$+ Raw-Peptide®] &3}
Raw-Peptide?d] =5 WIAFZa747 d+= 05-1.0 mg/mle] = 7|02 ¢
O 2 JUTAA 1A X A7 ske] 48413+ uj %k—?— | MTT % LDH release assay® 2]
g A3 05-1.0 mg/mle] sEoAE 2 FFS WAA ¥R, 5 mg/ml FEAANA =
oFte]l MESAS YERNATH(ZE 14 A). 38, Interferone] WA Elo] o=
LDH®| el mlx= Jae HQuraEE d5Age fAe 235 Jetdiley (2
d 14 B), MTT assaydl A& T34 9&<S A & ASRE HGo oF%E 9
o] Raw-80%} %] Interferon®] MEE3} dgoz gt FAAX 9& vepd d4
ol Atm ¥}l Raw-Peptide’} Raw-80 Fraction HUtt®E M XEFAol o= o=
AT AdE VeI

A B
250 250 T
g 200 g 200 t
@ @
= 150 g 150
e &
T 100 I 100 |
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5 60 | | 60
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Raw-8 (mg/ml)
+
IFMN-%{10 Wiml)

Raw-Peptide (mg/ml)

1% 14. Effects of Raw—80 on the cell viability

2. In vivooll A9 EHYt FE2E9 WIAAE A3 =8 HU}

In vitrool A o] MRS F37F in vivodl M= YElY=AE g 8t7] ¢lste]
, AdE At A wEA "HgAEe 243t
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0.D.at 550 nm

0.D.at 550 nm

Raw-80 ElWt F=E25 7z} =¥ =2 Balb/c AF | 357+ Fo] & FHZ spleendl

4] splenocyte st B WY Mxe E4d78S Hubskg o (20). obF AX A
= e}
==

= A&
SHA] @22 AF < HE =& =9l &1f(Vehicle)E # &3+ (negative control)¥}

HAWHES FEdtes U2 ovalbumine A& $F T (positive control) &2 A7 slo] 2
& Jdgstdnt BNk FE=5 54T A olA AHAT splenocytee]l B AlxE 243
EZQ LPSE v#Ed¥= A 39S W, 7] A8 vehicle 7o H&| 5243 B AlxE
437 YElst e ovalbuming AR 7tk A Ao B Ao 43 TS
HAFAHZE 15). LPSe skel wE W= AA YvepuA 207 5 pg/mle]
oA Mg & BAVF Yyt o= HWE FEE wRo WE JtE E9= 39
ARE EjEE FEEo] FAE AAstEY 8T 9FS = B AEE 437 =
719 & @ttt AS AAFEA T

12 LPS Stimulation (2.5 pg/mi)

127 LPS Stimulation (7.5 pg/mi)

o o Q T
o 2 2 2 =4 Y D ~

Control
Yehicle

<] 2
= o
c =
o @
0 P

Raw-80 Placental Extract {jg) Raw-80 Placental Extract (ug)

Ovalbumin
Ovalbumin

a3 15. Effects of Raw-80 placental extract on the activation of B lymphocytes

U T-AxX &Ad59 H7t
Raw-80 Ef¥F F&ES Balb/c AF o 373 Fo T 7z FHE  spleenol A
T

_7_":
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¥ 6. Mineral and Vitamine contents from Placental Extract

Mineral & Vitamines Raw-Peptide =& Raw-80 =&
sodium (ppm) 8600 10300
potassium (ppm) 7500 8200
phosphorus(ppm) 1600 2800
calcium(ppm) 1050 2250
iron(ppm) 750 1000
magnesium (ppm) 350 400
zinc(ppm) 20 40
copper(ppm) 28 42
maganese(ppm) 0.8 1.1
vitaminE(ug/g) 2.0 4.3
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29 32. Effects of placental extract on the secretion of immunoglobulin



(3) Immunoglobulin(Ig) E
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(1) Interleukin-10 (IL-10)
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mice serum.  P<0.01.
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(2) Interleukin—6(IL-6)
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13 35. Effects of placental extract on the secretion of IL-6 in mice
serum. ' P<0.01.

(3) Interleukin—1 beta(IL-18)
AW cytokine & IL-1B8+ WHEZA S A5 cytokinelZA oF At 59 74
o7 HEe wWodwtel EZo)m mdl WA X2 macrophage, monocyte, lymphocyte
(@)

oo Ak Bl AY dsE Aer dHA dn (25). H FEes W
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13 36. Effects of placental extract on the secretion of IL-1 beta in
mice serum.  P<0.01.

(4) Interferon gamma (IFN-y)

_l

AW cytokine T interferon-y©&= W98 S HE7F 5= cytokine ©24 WY H
°f T7hE™ IFN-ye A% F7ksHA #v (26). We7lso] &Adste A F7hshe
[FN-y9o] &< HiWF FE=55 AF o vodSw ZE& HiFESE AgdtodA FA4 LS
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=] Yelus gl Aot wekA ovalbuming AE S FF IFN-yo
o] HAst A AL B Aol oy A9yt J&gs] AYPH EEHASE @
lica=s
18
EE 4 day
. 7 day
16 b= 14day
e 21day
14 |-
E
g 10 b= - _
lx [
= 8
6 b=
4 —
2 |
0]

control vehicle 10mg 20mg 50mg 75mg oval

I3 37. Effects of placental extract on the secretion of IFN-gamma

in mice serum. “P<0.01.

(5) Tumor necrosis factor alpha (TNF-a)

AW cytokine % tumor necrosis factor alpha (TNF-a)& Al
A 7] &=

F A7)
skal A=

TNF-a

= H| &

= E
T
OE <>E1-

= [e)
& AdS

2 4]

A3 J Al

y

ATH (27-28). EuF

o] controle] H]F EAHoZ
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1Y 38. Effects of placental extract on the secretion of TNF-alpha in

mice serum.  P<0.01.

(su/Bd) 0-4NL

A= AN Aok Heba

No

pa—

0
xT

N

ol

NRAE AR AAES

o
%9

o] 7} 0%, 0,1%, 0.3%, 0.5%7} 3+
— 57 —

F%

I8

=]
gl

el

AL A ol A



A7A AA AR F2ERY An ¥4 AL

1. B3t FEE9 AR H7FA HAA gr

. AE ANE

o F mﬂﬂ Amol AAARA BEEEe] EuE dolns] 8 ol A%
A7) AEEFA) 20001 & 7 50ute A ahe] e BReTh ahe] e HuE
==5 FH7FekA L%% controli*, EIWF FEES 0.1%, 0.3%, 05% #7ist -2 A3},
353 & 2HAYHE 7). HFEE

AAFEA o g AES AASe] HAES S
2 control woAlA AF 157 1vtg] 9] HALE 7|53 o] BE ol A S|
F= doiuA] &tk mebA Bk FEEo] il 2= AlRo| HUlEOE AL 22

Ae BAAANA G e 2L e 9

)
013

>~

rl

<E 7> B FEE HIbel WE A= HAF

ALE 152k 2=} 372k
Control(0%) 1 0 0
BRt=E% 0.1% A7t 0 0 0
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skelstr] 9ls HRFEES
DNA HA=+E lysis buffero] £33k F Porcine reproductive and respiratory
syndorome(PRRS) virus®} Circovirus®] primerE A2tk & PCR W o=z s Hfo|
29 EA %= geslsdtt. PRRS9 Circoviruse #HE8 primers 58 fJAA T2
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<#E 8> Primer sets of PRRS and Circovirus

Virus Primer Size
F: 5"~ ATAACAACGGCAAGCAG-3’
PRRS - - 297bp
R: 5'-CAGTGTAACTTATCCTCCCA-3
F: 5-ACCAGCGCACTTCGCAG-3 887h
) ) R: 5-TAATCCTCCGATAGAGAGC-3 P
Circovirus
F: 5-TGAGTACCTTGTTGGAGAGC-3 469D
R: 5-TAATCCTCCGATAGAGAGC-3 P
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1939. Detection of Pcirocovirus and PRRS virus by

polymerase chain reaction
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< (F)agardel s Az AAE EHRtEEE H7HAL

23 40. Prototype of placental extracts containing feeds
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I AL=2+0.1%
At Z2+0.3%

. AF2+0.5%

50

rate of digestion (%)

stomach small intestine large intestine

a9 42. Digestion rate of different concentration of
placental extract containing feeds
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Wk 2555 25T, 4T, -20C, -70C ¢ thdst 2xoa] 1, 2, 3 /149 =<k Ras
S dAFY AR E LB mediaol A & 18A1ZF wigstel AEE Ay s&E UV
~HEZYHE o]&sto] A AT, &4 Ay -70TCAA Bagt 259 A X7}
7 Ae Ao yeRal, -20CoA oF 25%S YERNATH Y 43). AR 4T} 2
5CAA B eiitaE5E9 49 Ml Lgo] Ba7|7tel Hldste] dFste Aoz
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25T 4°C -20 C 70 C

Storage conditions

a9 43. Contamination rate of placental extracts
of long-term storage
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ahA] @82 control el HlE} of 273kg A= FAlFel © Write S B 7 AdYeH F
ARORE o8 2718 BoFU(LY 4), WS AZsA 2 A= AL §ow
kol & = Atk 05% F7btS hxd ®Bu A7 23 AQa, 0.1%E ey A
20 .
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S5
E’ 10
=

control 0.1% 0.3% 0.5%
Placental extracts

I8 44. Changes of body weight by the feeding of different
concentration of placental extracts. " P<0.01.
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Placental extracts

19 45. Number of white blood cell in piglet fed with

placental extracts
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Placental extracts Placental extracts

19 46. Changes of Eosinophil and Basophil composition in white blood cells of piglets
feeded with placental extracts. " P<0.01.
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Placental extracts Placental extracts

138 47. Changes of Neutrophil and Monocyte composition in white blood cells of
piglets feeded with placental extracts. " P<0.01.
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5. AAES A= AW HYFd #d @i A &4 77

7}. Immunoglobulin (Ig)G

TEEE YR FEES RS AAES A e Fos Ax AIzte]

100

. 0 week
1 week
2 week
N 3 week

IgG concetration (mg/ml)

control 0.1% 0.3% 0.5%

Placenta Extract

Y 49. Effects of Trial product on the secretion of
immunoglobulin G in pig serum. “*P<0.01.

t}. Interleukin—1 beta(IL-13)

A cytokine = IL-1B+= WAl AS5#H cytokinelZH & Alit 59 THo
2 HEo Woto] Edolw w3l YA EQ macrophage, monocyte, lymphocyte <

Arretsd dolaAY 2dstes Aom g8 v vgd vl FEaes dE Al

AES AFEAANA o & F D ol IL-1B9] =& ST A3 0.1%004 =

It
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Placenta Extract
a9 50. Effects of Trial product on the secretion of
interlukin—-1 beta in pig serum. **P<0.01.
t}. Interferon gamma (IFN-y)
Eﬂo]

AW cytokine & interferon-y+= WAH T4 HE7F ¥+ cytokine S.24 WS
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1 ek
2 wigek
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IFN-y (pg/ml)

control 0.1% 0.3% 0.5%
Placenta Extract

19 51. Effects of Trial product on the secretion of interferon

gamma in pig serum. “**P<0.01.
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a9 52. Effects of Trial product on the immunoglobulin E in pig
serum.  P<0.01.
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39 53. Number of white blood cell in piglet fed with
placental extracts
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3% 54. Number of Eosinophil in piglet fed with placental

extracts
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. &9 7 ¥ (Basophil)

Basophil (%)

. & ¥ ¥ 5+ (Neutrophil)

Neutrophil (%)
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9 55. Number of Basophil in piglet fed with placental
extracts
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393 56. Number of Neutrophil in piglet fed with

placental extracts
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19 57. Number of Monocyte in piglet fed with placental extracts
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19 58. Effects of Trial product on the secretion of

interlukin-1 beta in pig serum.
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o 714, X = a set of all goods other than animal diseases

Max U(X, D; S)

a set of socioeconomic and demographic characteristics

animal diseases
PX, PD = prices of X and D
I = income
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