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ABSTRACT An experiment was conducted to investigate the effect of fermented garlic solution (FGS) on the performance,
egg quality and blood profiles of laying hens in the finishing period. In total, 432 Lohmann Brown hens aged 79 weeks were
equally distributed into four dietary treatments with six replicate. Hens were fed the basal diet containing 2,750 kcal’kg of
ME and 16% of CP, which was supplemented with either 0% (control), 0.05%, 0.10% and 0.20% FGS from 79 to 83 weeks
old. Laying performance, egg quality, yolk fatty acids and serum characteristics were analyzed at the end of experiment. Egg
production and feed conversion was numerically improved in FGS supplementation treatments compared to those in the
control, but were not statistically different. The albumen height and Haugh unit showed significant increase (P<0.05) in the
FGS supplementation groups. The concentration of saturated fatty acid decreased in the yolks of birds fed FGS (P<0.01),
whereas the unsaturated fatty acid (UFA) and mono-UFA contents were significantly higher (P<0.01) in those treatments than
in the control. Significantly lower natural fat and cholesterol in serum were observed in birds fed the 0.20% FGS
supplementation diet (P<0.01). However, the high-density lipoprotein (HDL) cholesterol increased in both the 0.10% and
0.20% FGS supplementation groups. In addition, interleukin-2 mRNA and CD4+/CD8+ level in serum which were cellular
immunity indicators showed statistical differences (P<0.01) among treatments and a higher concentration in the 0.10% and
0.20% FGS groups than in the control. Thus, it can be concluded that dietary supplementation of FGS improved egg quality

and stimulated immune response in mature laying hens.
(Key words: fermented garlic solution, performance, egg quality, blood composition, laying hens)
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Table 1. Basal diet composition

Ingredient %

Corn 55.40
Wheat HRW 3.29
Wheat bran 10.79
Soybean meal 19.37
Limestone 9.43
Calcium phosphate 1.12
Salt 0.30
DL-Methionine 0.10
Vitamin premix' 0.10
Mineral premix’ 0.10

Total 100

Chemical composition

ME (kcal/kg) 2,750
CP (%) 16.00
Lysine (%) 0.80
Methionine (%) 0.36
Calcium (%) 4.00
Auvailable phosphorus (%) 0.30

! Contains per kg: vit. A, 5,500 IU; vit. D; 1,100 ICU; vit. E, 11
mg; vit. By, 0.0066 mg; vit. K3, 1.1 mg; riboflavin, 4.4 mg;
pantothenic acid, 11 mg (calcium pantothenate: 1.96 mg);
choline, 190.96 mg; folic acid, 0.55 mg; pyridoxine, 2.2 mg;
biotin, 0.11 mg; thiamine, 2.2 mg; ethoxyquin, 125 mg.

2 Contains per kg: Cu, 10 mg; Fe, 60 mg; 1, 0.46 mg; Mn, 120
mg; Zn, 100 mg.
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Table 2. Primer used for the quantitative real-time PCR

Cytokines

Primer sequence

5’-GCTAATGACTACAGCTTATGGAGC
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1L-2

Reverse

A3

5’-TGGGTCTCAGTTGGTGTGTAGAG-3’
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Table 3. Effects of dietary fermented garlic solution on the performance of laying hens
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FGS (%) Egg production (%) Feed intake (g) Egg weight (g) Feed conversion
0 74.92 111.62 66.02 2.261
0.05 75.25 110.99 65.80 2.253
0.10 74.93 110.64 65.51 2.259
0.20 76.04 110.93 65.32 2.238
SEM 0.74 0.21 0.24 0.021
P-value 0.95 0.42 0.76 0.98

FGS: fermented garlic solution.
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(C20:4, n-6) % Eicosapentaenoic acid(C20:5, n-3)& wps4t
F Fol et tizTzte] BAA 2lo] 7} °ia>i_0£_i A
U EEAE A7t fe4do] gtk T BE A
WAk = E A 0.10%9F 0.20%01 41 64.51%9} 64.33%=
2T 61.12% 5} S71HATHP<0.05). Ao et al.(2010)%}
Hossain et al.(2016)9] AFHA] WlFALE U] HErlsEge
T2 & U Palmitic acid(C16:0)%} Stearic acid(C18:0)7}
Zraglo] Eapx|Wte] 7HAdkal, Oleic acid(C18:1, n-9)<t
Linoleic acid(C18:2, n-6)°] Z7}ste] & EX3}x|ukake] =
IR dlalel & @7 FAE ATE 2L, ol
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Table 4. Effects of dietary fermented garlic solution on the egg quality of laying hens

FGS (%) Albumen height (mm) Haugh unit Shell strength (kg/cm?) Shell thickness (mm)
0 7.64° 85.89° 2.87 0.354
0.05 7.90® 86.97° 3.13 0.349
0.10 8.15° 88.27% 3.03 0.348
0.20 8.33 89.78" 3.08 0.356
SEM 0.09 0.47 0.09 0.003
P-value 0.03 0.02 0.76 0.82

b Value with the different letters in the row are

significantly different at 5% level. FGS: fermented garlic solution.
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Table 5. Effect of dietary fermented garlic solution on yolk fatty acids (%) of laying hens
fos 0 cleo creo cigo sea CG1 CIST G0N OB QSO0 CS
0 034 2678 117 3885 259 4339 030 4628 1434 0.13 0.16 0.21 1484  61.12°
0.05 033 2650° 115* 3835 277 4440° 030 4747° 1361 014 015 021 1411 61.58°
0.10 037 2572 937° 3546° 3.00 4608 030 4938 1465 013 016 019 1514 64.51°
0.20 0.38 2539 9.83° 3560° 266 46.70° 032 49.67° 1417 014 016 019 1466 64.33

SEM 0.01 0.17 0.25 0.38 0.09 0.38
P-value 053 0.01 0.01 0.01 0.42 0.01

0.01 0.40 023  0.01 0.01 0.01 0.24 0.38
0.83 0.01 047 0.71 0.85 0.19 0.50 0.01

*» Value with the different letters in the row are significantly different at 5% level. MUFA: mono unsaturated fatty acid; PUFA: poly
unsaturated fatty acid; UFA: unsaturated fatty acid; SFA: saturated fatty acid.

HHE Ao Alsdh EXSAILE AEH Ak
Wk, Mot A7 AlE AT T Ao r 2Hg-a)
EU(Li et al., 2015), ¥ AFolA ulsdadS 0.10% H 7}t
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sk o] Foiz) akgAle] % 4T, AST, ALT,
FAA, 29 2~HZ, HDL Z¥ 28-S, IL-2 mRNA 2
CD4+/CDg+°ll M2 93-S Table 60 YeERAAT &
G AST 2 ALTE 2277t 2pe]7} giAA T 24
A wisd g Folegd] wep Aoz 7haste]
0.20% o TollA tiZ=7] Hl&ll 1,116.17 mg/dL FRATHP<
0.05). ZE=HE2 0.20% F 7ol A 146.65 mg/dLE t
Z7-9] 196.22 mg/dLET} AAsHA 7HAE A 01 (P<0.05),

HDL-Z wE2Ed 0.10%2F 0.20% wogTolA] 2591
mg/dL2} 20.50 mg/dLE HZTF 9.61 mg/dLE Tt TR
713 tH(P<0.05). Hossain et al.(2016)2 AFebA] wll ghA}
Bl rRETERT 04% TR F9 Al 4 3484
B3} gZE| ] £ ol ks 1~8% FE] #
oz g F|zEE AAELRS JdFE IS s

th= E3(Qureshi et al., 1983)9t%= FAFSISITE X3 Kon-
jufca et al.(1997)2] AFNME 3% o2 v S F
o] Alell gre] ZH|2HE EAo] 40% Ao, ¥
F718+E20 allicine PhHE] TR AHA
A sl Al A FEz~ElE S JAISHtHMah-
moud et al., 2010). 3, IL-2 mRNA®} CD4+/CD8+H]&2
Axd W9se] AxF2 g9 i IL-2 mRNAE 0.10%<}
0.20% woFolA izl Hlal of 3uj= AA A 7t
BFATHP<0.01). B3+ CD4+/CD8+2] H]& %= 0.10%%}F 0.20%
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Table 6. Effect of dietary fermented garlic solution on blood composition in laying hens

lzgs (/;/];13) (ﬁjs/{) (ﬁJL/E) (mlg/lzlL) (g;odt) ( n}llg]/) dLL , L2 mRNA  CD4+/CDS
0 2.41 144.53 4.78 2,192.92* 196.22° 9.61° 1.10° 127°
0.05 2.35 14331 426 1,813.44® 178.73% 12.94° 2.17° 1.62°
0.10 2.70 134.61 5.51 1,328.66™ 154.77™ 25.91° 3.30° 2.94°
0.20 2.49 126.42 477 1,076.75° 146.65° 20.50° 2,94 2.54°
SEM 0.11 3.35 0.41 138.19 6.28 235 0.26 0.20
P-value 0.75 0.19 0.79 0.01 0.01 0.04 <0.01 <0.01

¢ Value with the different letters in the row are significantly different at 5% level. FGS: fermented garlic solution, ALB: albumin, AST:
aspartate amino transferase, ALT: alanine amino transaminase, NF: neutral fat, CHOL: cholesterol, HDL: high density lipoprotein
cholesterol. IL-2: interleukin 2, CD4+: T help cell, CD8+: cytotoxic cell.
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