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Effects of Dietary Organic Sulfur on Performance, Egg Quality and
Cell-mediated Immune Response of Laying Hens
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ABSTRACT This study aimed to evaluate the dietary effect of organic sulfur (OS) supplementation on performance, egg
quality and serum constituents in laying hens. A total of 360 Lohmann brown laying hens at the age of 31 weeks were
distributed into four treatments having five replicates of 18 hens each until 54 weeks. The hens were fed four levels (0.0,
0.1, 0.2 and 0.4%) of OS with basal diet. The number of eggs was investigated daily, and egg quality was confirmed every
8 weeks. Sulfur content in eggs, interleukin 2 (IL-2), T help cells (CD4+) and cytotoxicity cells (CD8+) were measured at
the termination of the experiment. The result of the study showed that egg production tended to increase with 0.4% OS in
diet after 39 weeks of age and, there was a significant effect (P<0.05) from 47 to 54 weeks of age. Egg quality traits of
albumen height and haugh unit increased significantly (P<0.05) owing to the addition of OS to the diet. The polyunsaturated
fatty acids in yolk were gradually increased while saturated fatty acids were decreased with increasing levels in OS (P<0.05).
Total sulfur concentration in the eggs increased significantly (P<0.05) in treatments fed OS. Moreover, albumin, AST and
HDL cholesterol levels in serum improved significantly (P<0.05) owing to the addition of OS. The IL-2 concentration and
the ratio of CD4+ and CD8+ in blood were generally higher (P<0.05) at 0.4% OS. Therefore, it can be recommended that
supplementary OS diet affected the performance, egg quality and stimulated immune response in laying hens.

(Key words: egg quality, immune response, laying hens, organic sulfur, performance)
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Table 1. Basal diet composition

Ingredients (%) 31~40 weeks 41~54 weeks
Com 65.14 66.08
Soybean meal 17.93 21.13
Corn gluten meal 5.78 1.74
Limestone 9.42 9.44
Calcium phosphate 0.92 0.87
Salt 0.38 0.37
L-lysine 0.07 -
DL-methionine 0.03 0.04
Vitamin premix' 0.18 0.18
Mineral premix’ 0.15 0.15
Total 100

Chemical composition

ME (kcal/kg) 2,800 2,750
CP (%) 17 16
Lysine (%) 0.78 0.74
Methionine (%) 0.34 0.32
Calcium (%) 3.80 3.80
Avail. phosphorus (%) 0.32 0.32

! Contains per kg: vit. A, 5,500 IU; vit D; 1, 100 ICU; vit E, 11
mg; vit By, 0.0066 mg; vit K;, 1.1 mg; riboflavin, 4.4 mg;
pantothenic acid, 11 mg (calcium pantothenate: 1.96 mg); cho-
line, 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; I, 0.46 mg; Mn, 120
mg; Zn, 100 mg.
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o] AlFs AT 3 0.5 goll methanol¥} benzen?)]
4:1 €9 2 acetyl chlorideE 200 uL® X 7}5ke] 100CE 1
A7t Fok WHSAIZ T 718 0.2 6% potassium carbonate
I} hexanes 2 mLA 718k aL, 9A4E2](3,000 rpm, 4T,
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Analyser, Thermo Scientitic, Konelab 20, Finland)E ©]-&-3}
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6) HIZ IL-2 mRNA, EH L |L-2 CHHE 31 Az
o HYs E4

H7} IL-2 mRNAE AMFE R T8 F 2259 559 4
AN B AHF ot AE Z4ze] AlEol Table 2%
o] IL-2 primerS A|Z3le] RT-PCRE #Ask3ich w3
o) Ribo-Ex(USA)Z #7}sl] mRNAZS £2]g & qPCR RT
kit(ReverTra Ace, Japan)E ©|-83l] cDNAES 3315
2}7y 22)9] cDNA®] primerE ¥H3-A|7 Real time PCR(AB
applied bio system, CA, USA)E ©]-83}4] chicken GAPDH
o} IL-25 &% 35}aL, o] & A4kste] Relative Quantification
RQ)F= ALY, EF IL-2 @A Alkdd F8
T 559 AtdANA AE AFH ] A BT &
IL-2 ELISA7]E(My Bio Source, MBS2508525, USA)<] 3
g ZREZ wet FAETE Y i AlEA HgEA
= 98l AelFE 979 o)A Ficoll HE ©]-8-3kd
PBMC(peripheral blood mononuclear cel)E 2|3} 1L
(Brunetti et al., 1995), Al|ZA WA EQ CD3+, CD4+ ¥
CD8+E #4319t} CD4++= FITC-conjugated mouse anti-

Table 2. Primer used for the quantitative real-time PCR

Cytokines Primer sequence
Forward 5’-GCTAATGACTACAGCTTAT
L2 GGAGCA-3’

Reverse 5’-TGGGTCTCAGTTGGTGTGTAGAG-3’

chicken CD4-+(abcom, Massachusetts, USA), CD3++= phy-
coerythrin-congugated mouse anti-chicken CD3+(abcom, Ma-
ssachusetts, USA) 2 CD8+% Cy5-congugated mouse anti-
chicken CD8+(abcom, Massachusetts, USA)S ©|-&3}%] 1L, &
2]El PBMCE dEg F 1 x 10° cell/tubedl] Fo} 4TelA

3087 WESAIZ T o] F BAe FA ZEA(BD Accuri C6,

k-3
MI, USA)S AH8-38ta, ZHzte] A= FSC/SSCOllA %= 3E
Astart.

3. EAIXzZ]

dlo]El= SAS(Statistical Analysis System, 9.2 Version,
Cary, NC, 2002)2] GLM(general linear model) procedure<
ol &35k 1, A2t & Duncan(1955)9] ths7 % W

< B3t 005 FEoE BAA AolE FHSISITH

She AEe BlomH, 47~5457 9] 0.4% wol 7oA Akek
£ 88.85%2A T2l 85.72%¢l Hla| A A =A
YERATHP<0.05). AFEAAF T dge AFREd A 73t
< AT 1F BAA A7t gllen, 1Y A Ats
STEE F942 Atk SAlCA 1713 02% FHAAl
A =A4E&o] S/ AT 3199 A% (Shin et al., 2013;
Jiao et al., 2017), 35~40F% 2] AtetAl] f713-5 0.1% =
Al Ahg, WS 2 ARS8 TE vAe JEg gt
(Park et al., 2010). F=&F 29~40FH ol = 5713 0.15% T
2 Aehgol Adee S BAAIN Al 2l oA
2 9t Y tHKim et al, 2013). ©]#3 Hue= & A
o] 31~385% AteHAlol A e Axtel x| etPA| T 4F
Theo] HAH o2 A= Al7]ol &dls 39~5457 ol A



100 o T RIS s Fgor) A A, AREE B AZA Hged niAe 9%

Table 3. Effect of dietary organic sulfur on performance in laying hens

Organic sulfur (%) Egg production (%) Feed intake (g)

Egg weight (g)

Daily egg mass (g) Feed conversion

31 to 38 weeks

0 94.13 112.58 62.28 58.61 1.922
0.1 93.95 112.80 62.13 58.38 1.935
0.2 94.31 112.30 62.19 58.64 1.916
0.4 95.67 111.52 61.39 58.72 1.900

SEM 0.50 0.30 0.15 0.29 0.012
P-value 0.63 0.48 0.13 0.98 0.790

39 to 46 weeks

0 90.61 112.92 63.07 57.16 1.976
0.1 90.83 114.13 63.05 57.28 1.996
0.2 91.67 112.65 63.00 57.76 1.951
0.4 93.52 113.00 62.48 5843 1.934

SEM 0.45 0.43 0.18 0.28 0.012
P-value 0.08 0.67 0.66 0.38 0.300

47 to 54 weeks

0 85.72° 102.64 60.69 52.03 1.974
0.1 86.55 104.74 61.26 53.03 1.976
0.2 87.57% 102.90 60.98 53.42 1.928
0.4 88.85" 102.28 60.63 53.88 1.900

SEM 0.41 0.51 0.21 0.33 0.012
P-value 0.02 0.34 0.73 0.23 0.060

*» Value with the different letters in the row are significantly different at 5% level.
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Table 4. Effect of dietary organic sulfur on egg quality in laying hens

Organic sulfur (%) Albumen height (mm) Haugh unit Shell strength (kg/cm?) Shell thickness (mm)
38 weeks
0 9.36" 95.66" 4.12 0.378
0.1 9.96" 97.83® 4.81 0.374
0.2 10.02° 98.44° 437 0.375
0.4 10.08" 98.76" 4.57 0.376
SEM 0.09 0.42 0.10 0.003
P-value 0.02 0.03 0.08 0.960
46 weeks
0 8.80° 92.58" 4.19 0.352
0.1 9.30" 95.07* 4.16 0.352
0.2 9.31* 95.21° 3.90 0.345
0.4 9.41° 95.84" 4.01 0.362
SEM 0.08 0.41 0.07 0.003
P-value 0.04 0.03 0.45 0.130
54 weeks
0 8.76° 91.55 4.02 0.336
0.1 10.09* 98.79" 434 0.351
0.2 9.79% 97.14* 4.31 0.353
0.4 9.73% 96.74* 4.22 0.343
SEM 0.12 0.61 0.10 0.003
P-value <0.01 <0.01 0.64 0.170

*® Value with the different letters in the row are significantly different at 5% level.

Al f718 FAA] T-FH 2 b3
slo] B AAvie} Ak f
il 2o HATidRe] F4

g A2 < A4
2017), 2FekAl =

< Table 59 YJERAITE Algke] FEATARS oleic acid
(C18:1 n-9), palmitic acid(C16:0), linoleic acid(C18:2 n-6) =
stearic acid(C18:0) =& gafo] 7+Adle A go|AT) 42
F A o] Aol A linoleic acid(C18:2 n-6)= 0.4% &
o TH(15.04%) N A THET(10.92%) ¢} vl mate] ARt =
7F8k9 3(P<0.05), ©l¢ll we} B WAHPUFA) &%
= 0.4% Fol Tl 17.84%% hE2T21 13.91%E T} 9
Ao g2 FHEJATHP<0.05). 5457 AFeA] Alghol| A thz+
o] H]3}e] palmitic acid= 713 0.4% FolFNA Felst
Al 7H~3F ¥ linoleic acidE 713 0.2 o] A+ Fof F-ol| A
FolatA Z718FthP<0.05). T B 31 WA MUFA)-
45.16~46.18%= A 2] 1+ Afol= fIAA T, ThEE23HA]
HHAHPUFA) S 0.4% 591 7H(17.67%) 914 T Z7+(14.95%) ]l
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Table 5. Effect of dietary organic sulfur on yolk fatty acids (%) of laying hens

Orgm(i;)s‘ﬂﬁ“ C14:0 C16:0 367)1 C18:0 %89)1 ?;86)2 383)3 fjog)l 206;‘ 223)6 MUFA! PUFA? UFA®  SFA*
42 weeks
0 043 2647 342 963 4583 1092° 012 032 266 021 4957 1391 6347 3653
0.1 046 2706 395 876 4511 1148 012 035 251 021 4942 1431 6373 3627
0.2 041 2623 369 935 4353 1335° 012 035 278 022 4755 1647° 6402 3598
0.4 042 2589 356 863 4329 1504 012 037 246 023 4722 17.84" 6506 34.94
SEM 001 026 018 020 041 056 001 001 012 001 046 057 031 031
Pvalue 063 049 078 026 008 002 099 034 08 094 014 003 030 030
54 weeks
0 047 27.84° 430 1058 41.50 1142° 0.3 036 316 024 4615 1495 61.11° 3889
0.1 047 2747° 417 1006 4159 11.94* 018 020 342 028 4618 1582° 62.00° 38.00%
0.2 0.50 2698° 367 10.17 41.84 1299° 014 035 310 025 4587 1648° 6235 37.65°
0.4 047 2649° 360 1021 4123 1423 011 033 308 027 4516 17.67° 6283 37.17°
SEM 001 018 015 010 018 030 00l 002 011 002 023 032 019 019
Pvalue 073 004 026 032 071 <001 032 035 069 08 036 001 001 00l

"7 Value with the different letters in the row are significantly different at 5% level.
! Monounsaturated fatty acid: C16:1+C18:1+C20:1, * Polyunsaturated fatty acid: C18:2+C18:3+C20:4-+C22:6,
MUFA+PUFA, * Saturated fatty acid: C14:0+C16:0+C18:0.

Hjate] AA e ZUE ATHP<0.05). ©]o wa} BxslA] 031 -

3 Unsaturated fatty acid:

WAHUFA)S #7189 goiad vldste] F7ketala 03 - " . 2 T
(P<0.05), EZFAWAHSFA)S FHAE ATHP<0.05). E3E3} 029 -

Ak AET A o, W ok A7 AE A& 028 -

Z 83 A|HAEO 2(Li et al, 2()15) Hwang et al.(2017)< - 027 - b

718 o7t 28 7hESe] @Y v EXsA S 0.6

AR F7HAA q;u 71-“—** = Wit sk, 025 1

Shin et al.(2013)9] AN T SAo 5A-& slet 2le] 024 1

F8e] 0.2% wAAA AlS W Z3pR 4] oF 0.6% A 0 ' ' '

gu Basdd. B ArdAE §7]% o% o wet v
W 2xshae] Zvlsh EaA e 7

o] 0.1 0.2 0.4

Fig. 1. Effect of dietary organic sulfur on sulfur concentration
in egg. *® Value with the different letters in the row are sig-

ol APAT Avpe} dAsIA o, }‘\l' M]H pizd nificantly different at 5% level. X-axis: organic sulfur addition
3lo] Fol= A ) BExsiAuit g8 =3 o=z level in basal diet (0, 0.1, 0.2 and 0.4%); Y-axis: sulfur
Aok concentration (%) in egg.
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7hE5olA & o] S/ ATHHwang et al., 2017). Bk
Utterback et al.(2005)2 2FeHAol] FEH 2] Foi= AT
& o|g)o] golat, o] Al FHI} TIPS £
tha Hasigieh o)} frAketAl AbdAl el {718k b
AL AT W o|g < B3l & o] HEFH =4 vt
wornwg, o] AstE 7leA AFPe] 7t Aew
Helrh

A

F7138ke] Foirt AbgAl d3 GRR, AST, 25322,
il A, 9 2HE 9 HDLEH 2H = A=
FaE Table 6] JEMIATE 257 sHaAe] 47Tl
718 Fod oAl 1.84~1.93 g/dLZ 272 1.64 g/dLe}
Hlmate] fo)& o2 F718l a1(P<0.05), S4FE oAM=
715 ol A S7keke A de] ERl=ATh ASTE #71
Z JodTFollA wlf- sl en 539, 02% ° wHT
oAl thETol Blste] folshAl AstlTHP<0.05). 25
FoAE 7189 Hrlpdd wE EA4 Aol I9A
W 427l SA e dlHe {7)8 FolFellA] 553~
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4 g/dLE 2] 4.71 g/dLol| H]sle] BA 2 o= jo]
5 Hom(P<0.05), 545l 2ARE Aol AT
b Zfel= Ik S8} *Eﬂ 2HE2 AT 3 A
°]7F SASAI Y, HDLE#| 28 &2 04% Hof 7oA =T
o] Bt 4.7 mg/dL =7 UrEP , ATt 3t BAIA
2ol & HATHP<0.05). AST= Ho] 442 whdste A&
B2A, 2HAY] FAYDS Adshe Aol AR ARE
Sy} v A JTKSo et al.,
2009). A4}, A ASTHA= 155.44~182.15 IU/L
B2A Sl SR fr1ke] Aok wet dA
SHAl ] ATHP<0.05). ol2gt Zat= SAll 7718 0.2%
994 3 ASTE /A8t tie Eil(Jiao et al., 2017)%}
frAbeh Ao g, 17199 Hrkgole AolAelA Absst
AHAI] 7 tiAREGof fof gt kS WA B o= AL
55Tl HDL Z@ 28 &2 7159 a4 7l &
A HEEA, SACdA F2e] FoAR AA Fe2HES
2ol 7k AAAIRE, HDL 28| 2~H &2 31.28% S7}8tith=
H.31(Shin et al., 2013)= & A2z} Az,

[e)
X
o Fole AteAe] 3 e e Sola, 3 Al

1:;

751?1 AST }\]—Z_\_.Q.é ?‘f /\

Table 6. Effect of dietary organic sulfur on blood composition in laying hens

Organic sulfur ALB! AST? Glucose Protein TG CHOL* HDL?
(%) (g/dL) (IU/L) (mg/dL) (z/dL) (mg/dL) (mg/dL) (mg/dL)
42 weeks
0 1.64° 182.15° 239.91 471° 1,367.33 124.12 4.08
0.1 1.93 172.24% 244.99 5.64° 1,554.78 127.42 6.45°
0.2 1.84° 162.77° 241.44 5.53 1,444.43 126.83 7.55°
0.4 1.90" 167.10° 254.39 5.54° 1,488.85 131.01 7.64°
SEM 0.04 2.69 323 0.13 66.45 4.80 0.48
P-value 0.01 0.04 0.42 0.01 0.82 0.97 0.01
54 weeks
0 1.92 173.89 271.69 5.92 1,824.67 158.07 6.49°
0.1 2.07 164.91° 270.72 6.27 2,189.10 157.96 9.27%
0.2 2.14 164.96" 275.07 6.28 2,074.62 152.13 10.00*
0.4 2.12 155.44° 269.40 6.50 2,144.91 161.17 12.33*
SEM 0.03 2.20 245 0.12 119.45 5.26 0.67
P-value 0.08 0.02 0.89 0.31 0.74 0.95 0.01

* Value with the different letters in the row are significantly different at 5% level.

' Albumin, 2 Aspartate amino transferase,

3 Triglycerides, * Cholesterol, *> High density lipoprotein cholesterol.
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Fig. 2. Effect of dietary organic sulfur on IL-2 mRNA in
spleen of laying hens. "¢ Value with the different letters in the
row are significantly different at 5% level. X-axis: organic

sulfur addition level in basal diet (0, 0.1, 0.2 and 0.4%);
Y-axis: IL-2 mRNA level in spleen.
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Fig. 3. Effect of dietary organic sulfur on IL-2 in blood of
laying hens. * Value with the different letters in the row are
significantly different at 5% level. X-axis: organic sulfur
addition level in basal diet (0, 0.1, 0.2 and 0.4%); Y-axis: IL-2
level in blood.
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Table 7. Effect of dietary organic sulfur on CD4+ and CD8+
in blood of laying hens

CD4+ and CD8+ defined subset (%) of

Organic sulfur CD3+ PBMC

(7o) CD3+  CD4+  CD8+ CD4+

(%) (%) (%) /CD8+

0 16.93 43.03 2774 1.58°

0.1 1669  47.04 2643 1.95%

0.2 14.92 54.13° 24.54 223°

0.4 17.24 60.34°  22.60 2.70°
SEM 0.97 1.31 0.93 0.09
P-value 0.85 <0.01 0.23 <0.01

¥7¢ Value with the different letters in the row are significantly
different at 5% level. PBMC: Peripheral blood mononuclear
cell, CD3+: T cell, CD4+: T help cell, CD8+: Cytotoxicity cell.
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Fig. 4. Representative photograph of dietary organic sulfur (0, 0.1, 0.2 and 0.4%) effects on percentage of T-lymphocyte CD3+, CD4+
and CD8+ using Flow cytometry. Distribution of CD3+ in the blood (CD3+: M2 level of A, C, E, G). Distribution to percentage
of CD4+ and CD8+ of CD3+ in the control group (CD4+: Q2-LR level of B, D, F, H; CD8+: Q2-UL level of B, D, F, H). CD4+
fluorescently stained the FITC. CD8+ and CD3+ stained in the Cy5 and PE respectively. FITC: fluorescein isothiocyanate, PE:

phycoerythrin, Cy5: cyanineS5.
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