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Effect of Feeding Plum and Red Ginseng Marc on Vital Reaction in Broiler Stress
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ABSTRACT This study was conducted to test the efficacy of plum (Prunus mume) and red ginseng (Panax ginseng C.A
Meyer) marc as stress inhibitors under heat stress and lipopolysaccharide (LPS) challenge in broilers by investigating their
effects on blood biochemical parameters, immunoglobulin concentration and splenic cytokine mRNA expressions. A total of
one hundred ninety-two 1-d-old male broiler chicks (Ross 308) were divided into 2 stress conditions (heat and LPS) experi-
ments. Each experiment was divided into 4 treatment groups with 8 replicates of 3 birds in each group. NC (negative control,
no immune substances), PC (positive control, 25 ppm S-glucan), PM (1% plum marc) and RGM (3% red ginseng marc)
treatments were administered with respective substance through water supplementation. During heat stress, The Ca/Mg ratio
in PM and RGM was significantly decreased in comparison with that of NC (P<0.05). The immunoglobulin M was signifi-
cantly lower in PM than in NC (P<0.05). Expression patterns of splenic cytokine mRNAs (IL-1, IL-2 and IL-6) were similar
over the treatment. Expression rates of IL-1 and IL-2 in PM were significantly decreased in comparison with NC. Also, ex-
pression rates of IL-1, IL-2 and IL-6 were significantly lower in RGM than in NC (P<0.05). In conclusion, the dietary supple-
mentation of plum and red ginseng marc improved coping ability to heat stress by preventing Ca/Mg ratio increment and by
inhibiting inflammatory response in broiler chicks. However, it is necessary to determine optimal dietary level of red ginseng
marc for improving growth performances in broiler chickens. These results suggest the possibility that plum and red ginseng
marc could be used as the stress inhibitor under heat stress and inflammatory response in broiler chicks.

(Key words : plum, red ginseng, heat stress, LPS, immune)
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Table 1. Chemical and amino acid compositions of plum and
red ginseng marc

Chemical Plum marc Red ginseng marc
composition (%) (%)
Moisture 17.22 8.04
Crude protein 3.99 15.28
Crude fat 0.78 1.69
Crude fiber 18.99 19.06
Crude ash 1.06 1.96
Amino acids
Cysteine 0.08 0.28
Methionine 0.03 0.29
Aspartic acid 0.69 1.78
Threonine 0.11 0.80
Serine 0.15 0.59
Glutamic acid 0.53 1.77
Glycine 0.15 0.58
Alanine 0.14 0.80
Valine 0.13 0.65
Isoleucine 0.09 0.58
Leucine 0.19 1.42
Tyrosine 0.13 0.68
Phenylalanine 0.23 1.23
Lysine 0.35 0.48
Histidine 0.19 0.43
Arginine 0.29 0.58
Proline 0.16 0.64
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Table 2. Metabolizable energy values of plum and red ginseng
marc in broiler chickens (dry matter basis)
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Table 3. Formula and chemical compositions of experimental
diets in starter period* (0~3 weeks)

NC PC PM RGM

Ingredients (%)

Comn 49.25 4925 4870 47.50
Soybean meal 31.00 31.00 29.70 28.20
Corn gluten meal 8.20 8.20 9.30 9.95
Wheat bran 3.50 3.49 3.25 3.30
Soybean oil 3.70 3.70 3.70 3.70
Limestone 1.30 1.30 1.30 1.30
Tricalcium phosphate 1.70 1.70 1.70 1.70
Salt 0.45 0.45 0.45 0.45
DL-Methionine 0.30 0.30 0.30 0.30
Lysin-HC1 0.10 0.10 0.10 0.10

Vitamin-mineral mixture” 050 050  0.50  0.50

Calculated value

ME (kcal/kg) 3051 3,051 3,051 3,051
Crude protein (%) 23.02 2302 2309 23.03
Methionine (%) 056 056 056 056
Lysine (%) 120 120 117 113
Ca (%) 101 101 101 102
Available P (%) 045 045 044 044

Chemical composition TMEY
------ keal/g ------

Plum marc 2.48

Red gingeng marc 1.65

YTME, True metabolizable energy.

YVitamin-mineral mixture provided following nutrients per kg of
diet: vitamin A, 15,000 IU; vitamin Ds, 1,500 IU; vitamin E, 20.0
mg; vitamin Kj, 0.70 mg; vitamin By, 0.02 mg; niacin, 22.5
mg; thiamin, 5.0 mg; folic acid, 0.70 mg; pyridoxin, 1.3 mg;
riboflavin, 5 mg; pantothenic acid, 25 mg; choline chloride, 175
mg; Mn, 60 mg; Zn, 45 mg; 1, 1.25 mg; Cu, 10.0 mg; Fe,
72mg; Co, 2.5 mg.

NG, Negative control; PC, Positive contral; PM, Plum marc;
RGM, Red ginseng marc.
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Table 4. Formula and chemical compositions of experimental

5ol % FA $AREe] AEd

diets in finisher period” (3~5 weeks)
NC PC PM  RGM
Ingredients (%)
Corn 59.15  59.14 59.10 58.05
Soybean meal 21.00 21.00 20.80 20.80
Corn gluten meal 8.00 8.00 8.30 8.30
Wheat bran 4.00 4.00 2.95 2.00
Soybean oil 3.50 3.50 3.50 3.50
Limestone 1.30 1.30 1.30 1.30
Tricalcium phosphate 1.70 1.70 1.70 1.70
Salt 0.45 0.45 0.45 0.45
DL-Methionine 0.30 0.30 0.30 0.30
Lysin-HCl 0.10 0.10 0.10 0.10
Vitamin-mineral mixture” ~ 0.50 050 0.50  0.50
Calculated value

ME (kcal/kg) 3,150 3,150 3,150 3,150
Crude protein (%) 1932 1932 1930 19.38
Methionine (%) 0.51 0.51 0.51 0.51
Lysine (%) 0.94 0.94 0.93 0.93
Ca (%) 0.98 0.98 0.98 1.00
Available P (%) 0.43 0.43 0.43 0.42

YVitamin-mineral mixture provided following nutrients per kg of
diet: vitamin A, 15,000 IU; vitamin Ds, 1,500 IU; vitamin E, 20.0
mg; vitamin K3, 0.70 mg; vitamin By, 0.02 mg; niacin, 22.5 mg;
thiamin, 5.0 mg; folic acid, 0.70 mg; pyridoxin, 1.3 mg; ribo-
flavin, Smg; pantothenic acid, 25 mg; choline chloride, 175 mg;
Mn, 60 mg; Zn, 45 mg; I, 1.25 mg; Cu, 10.0 mg; Fe, 72 mg; Co,
2.5 mg.

"NC, Negative control; PC, Positive contral; PM, Plum marc;
RGM, Red ginseng marc.
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Table 5. Primer information for expression analysis of cytokines. [ -actin expression was used as an expression control

Primer sequence

PCR conditions

Gene' Cycle Size
(5' — 39 Temp (C) Time (min) Y
94 5:00
(Forward) 94 0:30
CCCCCGTGCTGTGTTCCCATCTATCG ’
64 0:45
B -Actin 30 248 bp
72 30:00
(Reverse) 7 7:00
GGGTGCTCCTCAGGGGCTACTCTCAG ’
4 0
94 5:00
(Forward) 94 0:30
TGATCTTTGCTGCCAAACAG
. 64 0:45
iNOS 32 30 bp
72 30:00
(Reverse) 7 7:00
GCTGTTCCAAACACGGAAAT
4 [ee)
94 5:00
(Forward) 4 0:30
ATGGCGTTCGTTCCCGACCTGGACGTGCTG ’
64 0:45
IL-18 30 795 bp
72 30:00
(Reverse) 7 7:00
ACTTAGCTTGTAGGTGGCGATGTTGACCTG ’
4 [ee]
94 5:00
(Forward) 94 0:30
GGGTCTAAATCACACCGGAAG
64 0:45
IL-2 31 233 bp
72 30:00
(Reverse) 7 7-00
GAGCATACAGTGGTCCCAGAA
4 0
94 5:00
(Forward) )
CTCCTCGCCAATCTGAAGTC 94 0:30
64 0:45
IL-6 30 164 bp
72 30:00
(Reverse) .
GGATTGTGCCCGAACTAAAA 72 7:00
4 [e)

* INOS, inducible nitric oxide synthase; IL, interleukin.

9] acid/guanidium/phenol/chloroform*(TRizol® reagent, In-
vitrogen™, USA)S AMg-ale] B %2] © 2 KE| total RNA
2 FE3}9len, 333} total RNAE Maxime RT PreMix
Kit(iNtRon, Korea)E ©]-8-3l%] complementary DNA(cDNA)
2 et 9 42 Ea) Polxl cDNAE Accupower”
HotStart PCR-PreMix(Bioneer, Korea)E AM8-3}° inducible
nitric oxide synthase(iNOS), interleukin-1(IL-1), interleukin-2
(IL-2) ¥ interleukin-6(IL-6) mRNA®Y| th&t primer?} S-actin

mRNA®|| 3} primerE AH&-31] Touch down PCRES &3l
DNAE 333131 1.7% agarose gel(Takara, Japan)©llA] Z17]
AES 38U TE B-actin, iINOS, IL-1, IL-2 2 IL-62] pri-
mer sequence$} PCR Z71-2 Table 69 YERNITE DNA
marker2} H71%9%F & DNA bandE H]125}o] target gened
< Q13 T, image analyzer(Bio-capt ver. 99.4, Vilber Lou-
mat, France)E AH8-3}0] B-actin®] DNA band®] OD(optical
density)Zt=} iNOS, IL-1, IL-2 2 IL-62] OD#S =431
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Table 6. Effects of dietary plum and red ginseng marc on growth performance in broiler chickens*

Normal temperature

High temperature

Item SEM
NC PC PM RGM NC PC PM RGM

Initial BW (g/bird) 447" 44.6 44.6 44.6 447 44.6 44.6 44.6 0.01
Final BW (g/bird) 2,293 2,269 2,284 2,146 1,868 1,854 1,944 1,854 32.01
BW gain (g/bird) 2,248* 2,204° 2,239* 2,101* 1,823° 1,809° 1,900° 1,809° 32.02
Feed intake (g/bird) 3,726 3,699 3,636" 3,575 3,151° 3,162° 3,269° 3,205° 39.10
Feed/gain 1.66™ 1.66™ 1.63° 1.70® 1.75% 1.76" 1.73% 1.78 0.01

*NC, Negative control; PC, Positive contral; PM, Plum marc; RGM, Red ginseng marc.

"LSMSE, **Means with the different superscripts differ significantly (P<0.05).
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Table 70 VFERARATE 32 #| 2% AST, ALT, choleste-
rol®] F=7} #7}—5}0194134 Mg94 sl whe} CaMge] B
Fo] 718l ThP<0.05). 9 Ul AST9} ALT -2 tiAt
el g =4 Fof ot 7* g Az ] £ e
(Lumeij, 1997), M2 Alg 93 H7HAe] 54 oARE
Adsl] f1sk AR= o] &2 F UrhDiaz, 2003). WEbA a1
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Table 7. Effects of ambient temperature on blood biochemical

parameters” in broiler chicks

Item Normal temperature High temperature
Cholesterol (mg/dL) 12543.7°® 14543.7°
Triglyceride (mg/dL) 46.4+1.9 41.6+1.9
BUN (mg/dL) 4.0+0.3 3.8+0.3
AST (U/L) 255+7.4° 2774£7.5°
ALT (U/L) 1.6+0.5° 4.8+0.5
Total protein (g/dL) 3.1£0.1 3.3+0.1
Mg (mg/dL) 2.640.1° 2.2+0.1°
Ca (mg/dL) 9.2+0.4 10.2+0.4
Ca/Mg ratio 3.6+0.2° 5.6+0.2°

YBUN, Blood urea nitrogen; AST, Aspartate aminotransferase; ALT,
Alanine aminotransferase.

"LSM=SE.

**Means with the different superscripts differ significantly (P<0.05).
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Table 82 L2 Sl Azl o Astel 245
ERSATE o8] A& 5 Ca, Mg % Ca/Mg Y] &l A 2]+
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(P<0.05). &% Ca¥} Mge] T2 Ald# Ay 7o I
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(Altura and Altura, 1981; Corica et al., 1994; Gums, 1987).
E3F Ca/Mg B &2 cholesterol F=9 Fo] FAAAE 7}
A, AE#ES| F83 AxZ &84 vt B
% B} 9lti(Swaminathan et al., 2011).

w2 E1l 4 7179] cholesterol =% 147 mg/dLE 2]%91
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T-HT} CaMg H S-S S 7481 (P<0.05) cholesterol 4~
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2. ek 2zollA| LPS Ztgdol| Cist e 2tg

1) & Immunoglobulin &£

dntr o g 5%01]/\1 lipopolysaccharide(LPS) FPe A
H W w(FA7] 13)E F=8tKKlasing, 1998). LPS

Aelol] thet A W w8 WslkE =lskr] 915t immu-
noglobulin ¥3}= Table 9o YERNQITE LPS HE A3} &

Table 9. Serum immunoglobulin level before and two hours after
LPS challenging in broiler chicks under normal tem-

perature*
Item Before (0 h) After (2 h)
IgA (mg/mL) 0.39+0.04" 0.41+0.04
IgG (mg/mL) 1.6120.21 2.08+0.21
IgM (mg/mL) 0.39+0.03° 0.76+0.03°
"LSM=SE.

**Means with the different superscripts differ significantly (P<0.05).

Table 8. Effects of dietary plum and red ginseng marc on blood biochemical parameters” in broiler chickens under high temperature*

Item NC PC PM RGM
Cholesterol (mg/dL) 161£10.6™ 136+9.5 14749.5 14549.5
Triglyceride (mg/dL) 38+7.5 37+6.8 42+6.8 43+6.8
BUN (mg/dL) 53412 2.8+1.0 3.6£1.0 3.0+1.0
AST (U/L) 242430.1 279+26.9 298+26.9 278426.9
ALT (U/L) 6.8£1.4 4.4+12 6.8+1.2 6.0+1.2
Total protein (g/dL) 3.440.2 3.0+0.2 3.1£0.2 3.440.2
Mg (mg/dL) 1.240.1° 2.0+0.1° 2.1£0.1° 1.740.1°
Ca (mg/dL) 11.1£0.7* 11.5+0.7* 11.1£0.7* 8.240.7°
Ca/Mg ratio 6.6+0.4° 5.7+0.3% 5.4+0.3° 4.8+0.3°

YBUN, Blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
NG, Negative control; PC, Positive contral;, PM, Plum marc; RGM, Red ginseng marc.
“LSM=SE, ** Means with the different superscripts differ significantly (P<0.05).
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Table 10. Effects of dietary Plum and Red ginseng marc on
serum immunoglobulin level in broiler chicks two
hour after LPS challenging*

Item NC PC PM RGM

IgA (mg/mL) 0.48+0.07 0.42+0.07
IgG (mg/mL) 2.81+0.46
IgM (mg/mL) 0.87+0.05° 0.75£0.05® 0.61£0.05° 0.810.05"

0.35+£0.07  0.37+0.07

1.63+0.46  1.94£0.46 1.92+0.46

*NC, Negative Control; PC, Positive Contral; PM, Plum Marc;
RGM, Red Ginseng Marc.

“LSM+SE.

**Means with the different superscripts differ significantly (P<0.05).

5ol % FA $AREe] AEd

2

o tgk 7 YAR-Eol mAe IF

NC

PC PM RGM

B-

actin 248 bp —

iINOS 230 bp —

IL-18 795 bp —

IL-2 233 bp —

IL6 164 bp —

Fig. 1. Effects of plum and red ginseng marc on splenic cyto-
kine mRNA expression in broiler chickens. cDNAs were
amplified using primers specific for interleukin (IL)-14,
IL-2, TIL-6, inducible nitric oxide synthase (iNOS) and /3
-actin. The sizes of the respective PCR fragments are
indicated by arrows.

Table 11. Effects of dietary Plum and Red ginseng marc on
splenic cytokine mRNA expression in broiler chicks
two hour after LPS challenging*

Item NC PC PM RGM
Cytokine/ 3 -actin ratio
iNOS™  100£1.9™%  103+1.7°  99+1.9®  9542.1°
IL-1 100+1.3° 98+1.3*  84+13°  68+1.5°
IL-2 100+3.2° 96+4.1*  79+32°  70+4.1°
IL-6 10045.3 86453 ° 84454  65+£5.9°

NG, Negative control; PC, Positive contral; PM, Plum marc;
RGM, Red ginseng marc.
"iNOS, inducible nitric oxide synthase; IL, interleukin.

A

LSM+SE.
**Means with the different superscripts differ significantly (P<0.05).

HH(Givalois et al., 1994; Ottaway et al., 1998). Leshchinsky
and Klasing(2003)2 SAI9A] LPS 4 3 1~3A13HA)] IL-1
B ol Frlela, L2+ Ao|7} itk Haskied),
= Ao A Zaha) mfdu-e LPSell thgh IL-1 st
ofyg} IL-2 LA/A] JAlshe oz btk

Vitamin E 5] 2+& A= NFxB 344 22 o
AAA RDSA Atel ETRRIS] EA& 27| =8l (Grim-
ble, 1994; Sen and Packer, 1996), S-4tula} wjAlu} oJA] A}
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