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ABSTRACT This study evaluated the effects of dietary supplementation with ginseng cultivation by-products on productive
performance, egg quality, blood characteristics, immune responses, and stress indicators in laying hens exposed to high ambient
temperature. A total of 120 Hy-Line Brown laying hens (32 weeks old) were randomly assigned to four dietary treatments for
6 weeks: a control diet (CON), a diet supplemented with 0.5% ginseng berry (GB), a diet supplemented with 0.5% ginseng leaf
and stem (GLS), and a diet containing 0.5% GB and 0.5% GLS (GB + GLS). Hens were fed 120 g of feed per day with free
access to water and were exposed to an ambient temperature of 28 —30T with 80—90% relative humidity for 6 h daily. Egg
production and egg weight were recorded throughout the experiment, and egg quality was evaluated at 2-week intervals. At the
end of the trial, blood samples were collected from eight hens per treatment. Dietary supplementation with ginseng by-products
did not significantly affect egg production, egg weight, egg quality traits, yolk fatty acid composition, or hematological and serum
biochemical parameters (P>0.05). Serum IgG concentrations were not different among treatments, whereas IgA and IgM differed
among groups (P<0.05). Serum corticosterone concentrations tended to be lower in ginseng-supplemented groups than in the
control group. These results indicate that ginseng by-products do not adversely affect productive performance or egg quality in

laying hens under high ambient temperature, while limited changes were observed in certain immune parameters.
(Key words: ginseng berry, ginseng by-product, laying hen, performance, egg quality, heat stress)
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Table 1. Ingredients and nutrient composition of basal diet

Item Content (%)
Ingredients
Com 54.15
Soybean meal, CP 44% 25.0
Rapeseed meal 2.0
DDGS 5.0
Wheat bran 2.0
Molasses 0.5
Tallow 0.5
Sodium chloride 0.2
Dicalcium phosphate 0.7
Limestone 9.7
Mineral premix’ 0.1
Vitamin premix’ 0.15
Total 100.00
Nutrient composition, calculated
Metabolizable energy (kcal/kg) 2,750
Crude protein (%) 14.2
Calcium (%) 4.5
Auvailable phosphorus (%) 0.34
Lysine (%) 0.75

' Provided per kg of diet: Fe (FeSO,-7H,0), 40 mg; Cu (CuSOy:
H,0), 8 mg; Zn (ZnSO4H,0), 60 mg; Mn (MnSO,4-H,0), 90 mg;
Mg (MgO) as 1,500 mg.

2 Provided per kg of diet: vitamin A (vitamin A acetate), 12,500 IU;
vitamin Ds, 2,500 IU; vitamin E (DL-a-tocopheryl acetate), 20 IU;
vitamin Ks, 2 mg; vitamin B,, 2 mg; vitamin B,, 5 mg; vitamin B,
3 mg; vitamin By, 18 pg; calcium pantothenate, 8 mg; folic acid,
1 mg; biotin, 50 pg; niacin, 24 mg.
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Table 2. Effect of dietary supplementation of ginseng by-products on egg production in laying hens under heat stress condition

Parameters Treatments SEM? P-value
CON GB GLS GB + GLS
Egg production (%)
Week 1 80.00 81.90 81.43 85.24 6.45 0.947
Week 2 82.38 88.57 89.52 89.52 371 0.500
Week 3 87.14 85.24 91.90 92.86 3.32 0.360
Week 4 90.00 92.38 90.43 94.29 3.10 0.758
Week 5 90.00 91.91 92.38 93.33 1.70 0.589
Week 6 90.00 93.33 89.78 91.11 2.08 0.358
Overall (1~6 weeks) 86.59 88.89 89.24 91.06 1.54 0.309
Egg weight (g)
Week 1 58.91 59.19 58.59 58.21 1.31 0.956
Week 2 60.80 60.84 62.25 58.74 1.53 0.487
Week 3 61.44 60.82 61.98 59.55 1.23 0.569
Week 4 61.61 61.08 62.01 59.71 1.25 0.605
Week 5 61.83 62.26 62.57 59.48 1.05 0.226
Week 6 62.32 62.35 63.45 60.58 1.65 0.624
Overall (1~6 weeks) 61.14 61.09 61.82 59.50 1.15 0.529

' CON, basal diet; GB, basal diet + ginseng berry 0.5%; GLS, basal diet + ginseng leaves and stems 0.5%; GB + GLS, basal diet + ginseng

berry 0.5% + ginseng leaves and stems 0.5%.
2 SEM, pooled standard error of mean.
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Table 3. Effect of dietary supplementation of ginseng by-products on eggshell breaking strength, eggshell thickness, yolk color and

Haugh unit in laying hens under heat stress condition

Treatments’

Parameters SEM? P-value
CON GB GLS GB + GLS
Eggshell strength (N)
Week 2 40.61 41.85 43.73 41.61 2.121 0.772
Week 4 44.12 4223 43.86 44.30 1.653 0.805
Week 6 44.54 42.46 44.13 44.39 0.996 0.468
Eggshell thickness (um)
Week 2 3.53 3.58 3.61 3.55 0.095 0.932
Week 4 3.83 3.65 3.79 3.72 0.054 0.157
Week 6 3.63 3.60 3.67 3.73 0.031 0.055
Yolk color
Week 2 6.20 6.30 6.27 6.63 0.232 0.581
Week 4 6.57 6.23 6.37 6.37 0.260 0.839
Week 6 5.60 5.83 6.67 6.13 0.428 0.384
Haugh unit
Week 2 95.10 94.59 94.80 92.90 1.148 0.159
Week 4 95.44 95.32 95.98 92.82 1.162 0.291
Week 6 95.31 95.76 95.67 93.26 1.400 0.177

! CON, basal diet; GB, basal diet + ginseng berry 0.5%; GLS, basal diet

berry 0.5% + ginseng leaves and stems 0.5%.
2 SEM, pooled standard error of mean.
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Table 4. Effect of dietary supplementation of ginseng by-products on fatty acids composition of yolk in laying hens under heat stress condition

Treatments' >
Parameters SEM P-value
CON GB GLS GB + GLS
Mpyristic acid (C14:0) 0.37 0.41 0.40 0.41 0.013 0.156
Palmitic acid (C16:0) 26.01 27.13 26.58 27.13 0.514 0.409
Palmitoleic acid (C16:In7) 4.07 4.03 421 4.58 0.265 0.486
Stearic acid (C18:0) 8.65 8.96 8.60 8.35 0.185 0.214
Oleic acid (C18:1n9) 44.41 44.03 44.64 44.04 0.577 0.844
Linoleic acid (C18:2n6) 13.23 12.39 12.50 12.49 0.617 0.758
y-Linoleic acid (C18:3n6) 0.12 0.11 0.11 0.11 0.009 0.642
Linolenic acid (C18:3n3) 0.22 0.19 0.20 0.21 0.012 0.685
Eicosenoic acid (C20:1n9) 0.36 0.37 0.38 0.37 0.015 0.587
Arachidonic acid (C20:4n6) 1.92 1.81 1.81 1.74 0.101 0.665
Docosatetraenoic acid (C22:4n6) 0.19 0.18 0.17 0.18 0.011 0.534
Docosahexaenoic acid (C22:6n3) 0.45 0.38 0.39 0.39 0.022 0.215
Total 100.00 100.00 100.00 100.00

Total saturated fatty acids 35.03 36.50 35.58 35.89 0.022 0.225
Total unsaturated fatty acids 64.97 63.50 64.42 64.11 0.457 0.225
MUFA 48.84 4843 49.23 48.98 0.601 0.817

PUFA 16.13 15.07 15.19 15.12 0.716 0.697

Total n3 0.64 0.57 0.59 0.59 0.022 0.086

Total n6 15.47 14.50 14.59 14.53 0.802 0.733

n6/n3 23.38 25.23 24.58 24.39 0.812 0.491

' CON, Basal diet; GB, Basal diet + Ginseng berry 0.5%; GLS, Basal diet + Ginseng leaves and stems 0.5%; GB + GLS, Basal diet

+ Ginseng berry 0.5% + Ginseng leaves and stems 0.5%.
2 SEM, pooled standard error of mean.
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Table 5. Effect of dietary supplementation of ginseng by-products on erythrocyte and leukocytes profile in laying hens under heat stress condition

Parameters’ Treatments’ SEM? P-value
CON GB GLS GB + GLS
Erythrocyte
RBC (K/uL) 2.11 1.94 2.17 2.16 0.07 0.118
HGB (g/uL) 6.80 6.34 7.07 7.05 0.23 0.062
HCT (%) 28.70 26.71 29.96 29.83 0.96 0.071
MCV (fL) 125.81 125.30 127.51 126.14 2.18 0.893
MCH (g/dL) 29.79 29.65 30.11 29.84 0.56 0.912
MCHC (g/dL) 23.68 23.69 23.61 23.64 0.27 0.998
PLT (K/uL) 61.00 84.50 56.00 58.13 1241 0.421
RDW-CV (%) 9.65 9.56 9.41 9.30 0.24 0.418
Leukocytes
WBC (K/uL) 28.63 36.61 30.92 36.50 2.94 0.083

' CON, basal diet; GB, basal diet + ginseng berry 0.5%; GLS, basal diet + ginseng leaves and stems 0.5%; GB + GLS, basal diet + ginseng

berry 0.5% + ginseng leaves and stems 0.5%.
2 SEM, pooled standard error of mean.

3 RBC, red blood cell count; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; PLT, platelets; RDW-CV, red cell distribution width-coefficient of variation; WBC,

white blood cell count.

Aoz dedx AtHHassan et al., 2023). £3] heat stress =
Aol e NPT 4 wsh) WY B 39| Wge] Hud
vk Qo olgfgt Wste] = ue wFo] HEet A&
71ZY, a3 Aol AelA A Sl wet thEA JEebrE
< A TtH(Hassan et al., 2023; Kim et al., 2024). ¥ o=
RE gdghA A FoA ATt 3F F9AQ1 Aoz} veht
Al gskon, BE SAgto] 3 HE el fA=E AT
wrba] QI Ale) FakEe] Als Wl H7t gole a2 3
ZZANME 2t o] AEd g (hematological homeo-
stasis)ol] FAQ F&S XA e Aoz FAdtET)
5. €l dslst MF

A Abs W ?/1‘:1 H”H
7 AsietA gEe

—

k=] A7E Fofel WPE 4
£ Table 69 UeEbAITE &
total protein(TP), albumm(ALB), total bilirubin(T.BIL), glu-
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aspartate aminotransferase(AST), alanine aminotransferase
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THP>0.05).

P2 T ZA(TP)T albumine FF e 2 A oA}
= Hld 3l X Fo|m, BUNY creatinine A1 753 #

e ALz 9 3
713 A &

T3 ASTO ALTE 7F 7152 9
A AEZA TF 22 ] Egolu AL ¥
slo) wet % w7 }mﬁL I 9t £ AgellA] olE A%
7F A= 7& Fro] A2l ztolE JERA] ekskths A1 14t
Al Fabze] A7t Foirth akekAle] 7181 diAL A <k
A7 715l FAEAR QS RIAA] FokaS onlgith
2l 7158 A QG R FAMEE e
2 Atz A7 A9 8% AF Ul dEe nA s
Aol Ba¥ Hl Qlt} Kim(2014)S SA Alzdl] AR
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Table 6. Effect of dietary supplementation of ginseng by-products on serum biochemical characteristics in laying hens under heat stress condition

s Treatments' 2
Parameters SEM P-value
CON GB GLS GB + GLS

TP (g/dL) 4.56 4.50 4.70 4.36 0.19 0.683
ALB (g/dL) 1.70 1.71 1.85 1.78 0.07 0.473
T.BIL (mg/dL) 0.143 0.151 0.145 0.153 0.007 0.690
GLU (mg/dL) 195.81 198.92 197.31 184.61 12.70 0.893
BUN (mg/dL) 1.00 0.95 1.04 1.00 0.06 0.622
CREAT (mg/dL) 0.093 0.093 0.098 0.100 0.006 0.332
AST (U/L) 184.72 171.31 168.12 173.06 7.51 0.458
ALT (U/L) 7.26 6.61 5.90 5.10 0.55 0.094
CHOL (mg/dL) 126.57 91.48 114.24 100.15 14.90 0.478
TG (mg/dL) 785.37 705.30 769.35 733.84 57.42 0.769

' CON, basal diet; GB, basal diet + ginseng berry 0.5%; GLS, basal diet + ginseng leaves and stems 0.5%; GB + GLS, basal diet + ginseng

berry 0.5% + ginseng leaves and stems 0.5%.
2 SEM, pooled standard error of mean.

3 TP, total protein; ALB, albumin; T.BIL, total bilirubin; GLU, glucose; BUN, blood urea nitrogen, CREAT, creatinine; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; CHOL, cholesterol; TG, triglycerides.
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Table 7. Effect of dietary supplementation of ginseng by-products on serum immunoglobulin and corticosterone level in laying hens

under heat stress condition

Treatments'

Parameters SEM? P-value
CON GB GLS GB + GLS

IgG (ug/ml) 30.80 19.95 19.91 23.03 12.67 0.631

IgA (ug/ml) 176.75* 166.89° 162.69° 156.65° 481 0.030

IgM (pg/ml) 69.16™ 69.27° 45.10° 95.69° 9.06 0.018

Corticosterone (ng/mL) 24.07 11.70 11.80 10.50 3.93 0.103

*» Values with different superscript within the same row significantly differ (P<0.05).
' CON, basal diet; GB, basal diet + ginseng berry 0.5%; GLS, basal diet + ginseng leaves and stems 0.5%; GB + GLS, basal diet + ginseng

berry 0.5% + ginseng leaves and stems 0.5%.
2 SEM, pooled standard error of mean.
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