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Effects of Dietary Supplementation of Codonopsis pilosula Extract
Powder on the Productivity and Immunity in Sows and Piglets
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Sa, Soo-Jin‘Hong, Joon—KiHur, Tai-Young-Park, Jun—Cheol-Kim, Young—Hwa

The Codonopsis pilosula is traditional oriental herb associated with immune-modul-
atory functions and has anti-inflammatory properties and antioxidative activity. The
present study was conducted to investigate the effects of dietary supplementation
of Codonopsis pilosula extract powder (CEP) on the immunity and productivity in
sows and piglets. A total of 20 pregnant sows were randomly assigned to two
dietary treatments, which was given a corn-soybean meal diet with 0% and 0.5%
CEP from 40 days prepartum to weaning (25 days postpartum). The immune system
of piglets was expected to build up, because the feeding of CEP might increase
the colostrum contents in sows. We also predicted that the growth performance of
piglets also could be increased by some compensation effects due to the increased
immunity of piglets. In results, immunities of sows and piglets as well as growth
performance of piglets were not affected by the supplementation of CEP. The
correlation between the colostrum and the serum on the IgG contents tended to have
a positive correlation, although there was no significant (coefficient, 0.435; P=0.102).
This result suggests that the supplementation of CEP may increase IgG contents in
sows and piglets and contribute to improve immunity of piglets. In conclusion, it
is thought that the physiologically active substances of CEP did not influence to
the immune synergic effects in vivo of sows. Thus, the metabolic and action
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mechanism of the physiologically active substances of CEP should be explored to
evaluate the availability of CEP as a feed additive for the immunomodulator.
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Table 1. Ingredients and chemical composition of the experimental diets

Items Content Items Content
Ingredients, % Chemical composition

Corn 70.10 Dry Matter, % 86.65
Soybean Meal 19.75 Crude Protein, % 14.50
Wheat Bran 2.00 Crude Fat, % 5.08
Soybean oil 2.50 Crude Fiber, % 3.44
Molasses 1.40 Crude Ash, % 4.70
Limestone 0.80 Calcium, % 0.85
Calcium Phosphate 1.40 Phosphorus, % 0.60
Salt 0.30 Total lysine, % 0.92
Lysine 0.28 Total methionine+Cysteine, % 0.49
Hairagase 0.20 Digestible energy, kcal/kg 3,400
Mix-vitamin+mineral” 0.69
Antibiotic 0.08
Calcium carbonate or calcium carbonate+CE” 0.50
Total 100

" Supplied per kg diet : Vit A 5,000,000IU, Vit D 1,000,000IU, Vit E 1,000mg, Vit B, 150mg, Vit B,
300mg, Vit Bj; 1,500mg, Niacin amide 1,500mg, DL-calcium phatothenate 1,000mg, Folic acid 200mg,
Vit H 10mg, Choline chloride 2,000mg, Mn 3,800mg, Zn 1,500mg, Fe 4000mg, Cu 500mg, I 250mg, Co
100mg, Mg 200mg

? CE, Codonopsis pilosuala extracts
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Aol AFEE F FAES YAEE 2072 g9k Aol 22 1054w A5t

SoF 71EAQ At = AP sE 5A 3w 7]l oA sk AA
UH(National Institute of Animal Science, Animal Care Committee of Korea). U21=2 A&
A GEREAA 40 A)HE ErbelA 1026744 2124 T2 A B = L=kl A ZHAE
= AR, Bub o 10415 E = Abs P A0l Aladlo] ZhFold] EhatR &
A ARFEAT AlRF s ARVRAINE SRt 193174 Z4zhe] AldAL RS dY
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T H A
2 T & 135, 9, 59, A, AR 3RS fAE AHs 4] 7] (Delta
Inst., Drachten, Netherlands)E ©]-8-3}o] S43}512™, &N 1 glucose, total cholesterol, total
protein, triglyceride, blood urea nitrogen(BUN)®] &%=t AbsAY$}el 41 7](Hitachi 7180,

Tokyo, Japan)E ©]-&3lo] &A1&}3it).

4) =39t U U IgGet cytokines &4

Zf 2 dA ) 1gGe] S Al Porcine IgG ELISA Kit(E101-104, Bethyl Lab., USA)
= ARESLY] kit2] procedured] ]3] microplate reader® =733} T}

Z19F @Y U cytokines(interleukin (IL)-6, IL-1[3, tumor necrosis factor(TNF)-a, interferon
(IFN)-y)2] 5%+ R&D systems(USA)AFS] Quantikine kit(IL-6, P6000B; IL-1(3, PLBOO0B;
TNF-a, PTA00; IFN-y, PIF00)E ©]|83}o] Kit7} A|-&3}= procedure®] 2|3l microplate

reader® =743t}

BoAg Azte] 54 B4 BAREA T2 SPSS(17.0)2 08314 student’s r-testS
Feste] Hat 1H] ol ds AU 1gG Tl gk 2f79F B P, A= FH
Atole] 333 A= SPSS(17.0)2] correlation procedureS ©]-8-3Fo] H4=% /337447 (Pearson

correlation coefficient)S =43}% ).
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Table 2. Effects of dietary supplementation of Codonopsis pilosula extract powder on

colostrum component in sows

Control Treatment
% SEM P value
Total solid content 259 24.8 0.56 0.314
Milk protein 18.5 18.0 0.68 0.696
Lactose 2.69 2.89 0.87 0.104
Milk fat 5.81 4.94 0.33 0.164
Free fatty acid 6.09 5.37 0.40 0.385
Data are means
2. dNEEY
Table 3914 = R= Bl Z=e] o f Astet Ao 23E vetidloh =9 d
ol ) Aystel AE sk EE A3 5 (glucose, total cholesterol, total protein, triglyceride,
and BUN)oll thalA] REAFFE2T H7bolol o3t 3k YehbA ettt ey, A=
ol A glucose, total cholesterol, BUN®] & % $teFo] djz=7-¢} 2 g]5- Alolol| Zpo]7} gl A
Tk total protein¥} triglyceride®] 32 THlFEEE Fojo 9ste] fFodoz s

A0 2 UEFHTHP<0.05).

Table 3. Effects of dietary supplementation of Codonopsis pilosula extract powder on

serum chemical composition in sows and piglets

Control Treatment SEM P value
Sows
Glucose, mg/dL 75.7 82.9 3.59 0.330
Total cholesterol, mg/dL 53.9 54.0 2.62 0.985
Total protein, g/dL 7.09 7.34 0.16 0.458
Triglyceride, mg/dL 18.1 15.8 242 0.647
BUN, mg/dL" 10.8 9.50 0.51 0.192
Piglets
Glucose, mg/dL 127 121 242 0.204
Total cholesterol, mg/dL 140 134 6.49 0.653
Total protein, g/dL 5.79 5.37 0.09 0.014
Triglyceride, mg/dL 114 73 8.65 0.017
BUN, mg/dL" 8.11 7.45 0.51 0.534

Data are means

Y BUN; blood urea nitrogen
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3. ek 2 W 1gG o 3 A

IgGe] = % I ] FFS Table 40 YEPHATE 27 59 1gG 32 thxT-0l A4
93.8mg/mL3} o.M, A 2] A = 90.7mgmIth 2= FH ] 1gG 2 t29F AT
oA Z+7; 24 Tmg/mle} 27.2mg/mlS) 0., A= N ] $HeFe 12.4mg/mle} 15.6mg/ml= L
e}, vhaEEEE Folddl oF fol Al adbe A E A skt

Table 4. Effects of dietary supplementation of Codonopsis pilosula extract powder on the
IgG contents in colostrum and serum

Control Treatment
SEM P value
--- mg/mL ---

Colostrum 93.8 90.7 8.9 0.868
Sow’s serum 24.7 27.2 2.0 0.548
Piglet’s serum 12.4 15.6 1.4 0.248

Data are means
(A) Colostrum vs. Sow's serum (B) Colostrum vs. Piglet's serum
= Correlation coefficient =0.362 Correlation coefficient = 0.435
50+ - 40 A 5
. P=0.140 3 P=0.105
= o =
g 2
5t o* 2 30 -
E - o
= = =
Z 20 - e " 2 - - *
3 ° 0 " - . - “e
2w & 210
k;’f 10 * ] ISR - g
& .20
v [=w
{.:' T T T 1 () T T T 1
0 40 30 120 160 0 40 30 120 160
Colostrum IgG (mg/mL) Colostrum IgG (mg/mL)

Fig. 1. Correlations between IgG contents in colostrum and in serum of sow (A) and piglet
(B). The filled diamonds and the empty diamonds showed control and treatment
group, respectively. The x— and y—axis showed the IgG concentration in colostrum
and serum, respectively. P values are significant level of correlations between
colostrum measurement and each serum measurements.

o) 2Areh doff Atoldl] 1gG wkol tE AuAGE 0362= Fo| JHuAE e

o oluf2] P valuer 0.1400.% FolA2 AAEA FUth B=E 279 A= o A}
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olo] AT T 04355 Fo] AHBAE vEblon, o] P valuet 0.102% 24
]l zFeliz o ARt 2o} A= @O Abolol Fo] FHATE M= B e

(Figure 1).

=

Z % g9 Y cytokines %

ZAreF oA IL-6, IL-1B, TNF-a, IFN-y9] FE& ZA3 A3}E Table 59 YER
Aok 2 2 A Yl A cytokinesoll et RHFEEE Fo a7 e 9T
= 9] IFNwv e sxe AEHS olste sz veht 540 B7Fsalith

Table 5. Effects of dietary supplementation of Codonopsis pilosula extract powder on the

cytokine concentrations in colostrum and serum

Control Treatment
SEM P value
--- pg/mL ---
Sow colostrum
IL-6 447 57.1 13.2 0.652
IL-103 72.6 96.1 18.3 0.537
TNF-a 6.1 20.9 5.4 0.181
[FN-y 181.1 136.1 28.8 0.451
Sow serum
IL-6 28.2 233 22 0.280
IL-103 42 9.6 42 0.541
TNF-a 30.1 374 4.9 0.474
IFN-y 29.2 31.2 10.7 0.930
Piglet serum
IL-6 4.1 32 0.49 0.380
IL-13 10.0 7.0 1.52 0.340
TNF-a 73.6 65.6 5.24 0.453
IFN-vy n.d.? n.d. - -

Data are means

Y n.d.: non-detectable
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=

HE= Al dlEzTheh Aol A 2 122579 11672 Yebsk e, o] 42l 3¢
ol JABHA FUrh A= Al AT 7oA 1.36kgheado] o™, A 2] F-ol A=
1.44kg/head It} o] Al(25¥ ) AT txToF A FollA 212}t 6.58kg/head?t 6.60kg/
head2 YA AF} o] Al A2 wtFERT Fold e §o4<2 o= YEA
gokth webA, dGSAF w3 T 2F Abolol]l Afole A E A FkTHTable 6).

Table 6. Effects of dietary supplementation of Codonopsis pilosula extract powder on the

sow reproductive and piglet growth performance

Item" Control Treatment SEM P value

Litter size, No. 12.2 11.6 0.46 0.527

Piglet body weight, kg

Birth 1.36 1.44 0.06 0.503
Weaning(25day) 6.58 6.60 0.19 0.950
Piglet BW gain, kg 5.22 5.17 0.18 0.888
Piglet ADG, kg/day 0.21 0.21 0.01 0.888

Data are means

Y BW: body weight; ADG: average daily gain

N.o =

2 AT Aol oatd, vhkEEE T dAlE AR U goe Wed X H A=
il S8 A8 Faks WAA e Ao® YRtk vt tid Wl Ve B
& AFAE oJEl vhksk AnEo] HarE il vk Yongxu 5(2008)] Aol A WS
2HYH d¢ FEUHoRE 53 &do tid WS in vitrooll A =AM A, At
FE54] 717} concanavalin A(Con A) =2 lipopolysaccharide(LPS) % - %=3F ¢ 2]
TS A8 Aoz Bl T3k Wang 5(1996)2] Aol A% in vitroZ7! &}l
Al Con AZ WHES FE315S v, Wil3E829 X2l splenocytes?] SAHHSS 9|
= Zo® ®Busgrh 1 11/} ATl WHEFEEES STE S8l nhg-2ol 477
T8t 3lS wW= Con ASF L }%% 3 SARESS gAlE = AR YEhgTh T3
o] 5 AT FoE &3t ‘3}}1\:}'—‘71“%%%% mh--22of A 853+ 71835 W= mitogen A}
ol tigk Wgnkg-o] A o2 e 21 oR2 Basltt



432 AN -0 - Qe AR o - AR E27] - SEl el 4 s

T g A EAdEALS T2 polyphenol compounds® A o] AT} flavonoids®t -
polyphenol i+ in vivooll A= &4 93t 7l 28 5o 2 Ea% 7] wliEol in vitrool
HAd A& 750l ¢F vEhE 4-9-7F Btk(Calani 5, 2012). B=38H RHbo] FAJE
stu= &elzl stigmasterol> WY A zpgo] dE A QloJA] THE] in vivo A g ol A

o

Mt o o >

HAZZ g5 Hol=H 7|9d Aoz AZEHJAE=H(Nes 5, 1975), stigmasterolS &

AF o A= hrAERe] s Bals= Ao w 45 thGabay %, 2010). kA Wit
] in vitro A NAM = AHF} G55 Holuh, & Aol e =241 A9 7oA A=
ANE Holx| H3l3al, 1 o]F T b= stigmasterolt 72 wh U A& EH o]
= AUl ZaEA7] diLor AdHnt

A= do ] A o] s 2 ) 3 o AHaAE T Ao R o

#] A tH(Markowska-Daniel 5, 2010). S H
o orolo] wE EabE YRR kAN B 2 U 1gG 3
& Aolof| ko] AhakaHAl(correlation, 0.435; P=0.105)% 714 7o
S AeAs B we el oA e A= g A7 A 2sdEolleng, 2
o]

pul T =
459 AT 139 olWe] @ F 16 Tl QoIME § B ARWAZ 48 Aoz

2ttt
T erEel e FE A B AlEde Wy S a e oyt 1
ADZS AAS s Aoz HaEal Bryoma laciniosa & AFoll A F=8] W ALEH &
= O = Patel &

(2012)2] AG-olA R aiw
o 738} = Myrciaria dubia 5
A% 2 glucosed] FE=7F FrolHo R
Aol A Bs g A oA AYste]
A WSkl e edgkon), Ao
treatment, respectively) 2 F/ ]2 (114 an
TSR A7t s felHom Fasts AdE UEATHP<0.05). & Aol A
= Ay =24 dolads FEskA FUAANE flok e Ads wFEE o] 1A
g Aldl 3440 FFES 1E F e TFsAAE AARSEA, olddl tig F7HE Q1 AT
7} 4o Aow AlgHT)

Proinﬂammatory cytokines% oy} o B-A=o o&] HWES JhA] A] HAAEEZH-
B FH|Eo] 7k WA xe] FEE ddste EARA, WA=l gle i
el A dA gt —’F%O] A€t} Leonard 5-(2011)°] Aol A BH, W x%

Aot 3 Thate] év‘f‘oi OLE%X flavonoids$} anthocyanins=

o HRHR R Holll wofsidls W dF A
Fashe Ao 2 YERTH(Nascimento 5, 2013).
—5‘9] %“E% 5"—/\}?1 Ao = o] o iy

M 2(5.79 and 5.37g/dL in control and

o

=

73mg/dL in control and treatment, respectively)+-
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A A B Fe] S7kskl e Lpse] A5S ThekA B A-olle i wel et
& Afole] 1 Az 2o Wk Il i AolA = Leonard 5(2011)2] A2
ol A AlAbsER, AA7IZE E ot ANk ARG sholl A o) gelol] o]k Aol glglern
2, 279 AT Aloldl] ztol7} gl Ao = AR E U Cytokinese] &% W3l tgh
AT ex vito FECA FASRIAE Fojste] T WSS FHshs F7HAR A97h

STUY BE AR 141 7ol 7 B D A= QlojA] g H ) Ay
o 1 A8k} 20572] FI %V\J%(Landrace x Yorkshire)
F0.5% A7F 7

ox ri

do

i
ki

o2 oox o Ko 2 o
N
%:O

2,
=2
o2
o
o
=
>
B e = g rr 1 o W ezl

ol w < 71dskglth & AT Aol A

AhEE e @7}2"4# R g Aol QoA W=y ALk 2

Ao E Ve 2 Wl 1gG T A= A U] 1gG 5 Atel o] AadAl= fro
Ol A= EUAINE, ko] ATl (correlation coefficient, 0.435 P=0.102)5 UERHS], ZF
A ] e A=l o] 28 AEFE MH F des AAKeET o] o] AR EH,
A 7S 7 MAFEE T A 42 A BEY AA Yl FEd
A5 GIE YeplA @ Ao Algdth b, AASAAER A= AFE W vl
AFEEEY ol & JheAS WUt flEiAde, wabEEEE W el B4 AA
W A HIAYSY AE71dS HES 87t gle 3o R wvdrn

[E=EAHEY 12013, 7. 28, =EFAYD 12013, 8. 12, HFE=EH5Y 12013, 8. 19]
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