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Effect of dietary non-toxic sulfur on
physiological response, litter
performance, blood profiles and
milk composition in lactating sows

Hongjun Kim, Cheonsoo Kim, Xinghao Jin, Haewon Shin
and Yoo Yong Kim’

Department of Agricultural Biotechnology, College of Agricultural Life Science, Seoul National
University, Seoul 08826, Korea

Abstract

This experiment was conducted to evaluate the effects of dietary non-toxic sulfur (NTS)
on physiological response, litter performance, blood profiles and milk composition in
lactating sows. A total of 40 multiparous lactating sows (Yorkshire x Landrace) with
similar body weight, backfat thickness (BF) and parity were allotted to 4 treatments and
10 replicates in a completely randomized design. The experimental treatments were as
follows: 1) Control: corn-SBM based diet, 2) NTS0.1: basal diet + NTS 0.1%, 3) NTS0.2:
basal diet + NTS 0.2%, 4) NTS0.4: basal diet + NTS 0.4%. In physiological response
of lactating sows, there was no significant difference among treatments. In blood
profiles, linear response of increasing dietary NTS levels were observed for the IL-1 of
14" day of lactation (p = 0.03). Litter weight and average daily gain of piglets decreased
linearly with increasing dietary NTS levels (p < 0.05). Consequently, there was a negative
effect on litter performance with increasing NTS levels. However, as inclusion of dietary
NTS in lactating diet had positive influences on immune response of lactating sows,
mortality of piglets was considered to improve.

Keywords: Non-toxic sulfur (NTS), Litter performance, Milk composition, Piglets, Lactating
Sows
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Aok 529 BAY2Q Sa(H), AA0), AN, FEEN) 5 1459 92
S WS AHEhL i AR B gokolth AAVM 2 e Sl dhat &
2 A 0 B2 9 A48, BHI 283 AT, Lol 37o), Holels) TS B
3 A8 5ol Bieo] olek. Telth $BL ARe] AhHoE Sofy AL 4] Zet
of YR8 S Aol ekalolch WA ol e HHE ATE o4 ohx

:”.:n&

8 &2 methyl sulfonyl methane(MSM)o]2t E8+= =
Bl A0 B9 §IHISEA F4, 341 2 35400, 52 4
o 0 95 o ZATT B1F % Se FAAAE A%

@24 Qa0 g ez 254 Y99 Ad L Ao

1B TR, 2o 9 GEe TS BER S4HE0N }_aa% A A
£ opysiul[3], 75 Aol ASRFS IS 1 AT §80] YA EF,
Azl FRElol Ui Ao AR A% ANFORN 50 §FE AUt FeiA

ATHS].

S0 0.2%9] Ao]¢8E FofstH gAol EorAH, HAREC] HAEUTL AT (6],
Lo A Ao]F% 0.03%2] Fo& J7|of|A Epda) 3ok 24 ofefo] ST E UL ot
ATH7). 3L, AR ALzl Aol 0.1% $Eo2 Fof Al AlRe] ALk, dilo] K
Zro] PN, dAFES FAE MASIATHS]. 123 AlSRe] REA B 7o
= FoMA F42 FESHA AT fek 2ol SA, A=A T ThadE A= W ASRR
2 A7pste W, 4844, S8 3 AR Fo] AAse Ao YEREARE FEoA A
2 W ASRREE 7180 1ol 23 o] it A2 ARt ARol] ol Eie
A Y ASRRY AkeEe]l 2REE APl 2444, WY # A4S 24
UAE dFe A1 Ast] U

Hir
el

IHE Ol HfEH
< od
AMEE U AfetA(experimental animal and housing environment)

A9 SRS S4w0] A olsrdolA AAstion, 29 WS (Yorkshire x
Landrace) F1 ZE(Ha A5 264.3 + 4.05 kg) 4055 FAI5t0], 448, 105HE, qrE 154
A7 O X} (completely randomized design, CRD)C.2 8|50 AA|5IATE EHEEL Q]
A1 109%0] RS AEE BAHETES] Yol 25 « 18 ', 0] 05 mE ol53jo] A
= THoloH, A EYAbe] 2&9t S| &) Wit As LLeA|o)gA| o oJ5te] A
oz xUHYL. EY, B4 F 5U $U ERRES] ARARS ANH0E FUTo] 9,

59 FRel BAUEC o i AT, BE AEES B2 5030] 92 °
HYE A2 SR AAE olFoH, AEAQ gleptosil(Sogeval, Laval, France)< 150 mg#
13 ZApstelct

H¥ Al=(experimental diet)

£ AY9 Aot ZE AR W AS3%(non-toxic sulfur, NTS) H7HpgEol whet 1)
Control, 2) NTS0.1; Basal diet + NTS 0.1%, 3) NTS0.2; Basal diet + NTS 0.2%, 4) NTS0.4;
Basal diet + NTS 0.4%2 WA AYAlREE S48t 959 7] 2ALR (corn-soybean
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meal basal}& 7¥FO.2 PRSI0, Z1ek obu|i A, ulebel 2 FBE 27% Ed NRC[10]
o RT4EW PAL £ FEOR FEAAOM, YPAEY U5 L A4H 2HS Table
10 A,

#M|gdHsKbody condition)

0] 4ol visks Yobiiv) Sislo] R F 24402 oo} § 149, 2195 AF, Py
Aol o] SA FA 2 ARAFEE %@ﬂi’iq SAT e 257 $747](Lean-meter,
Renco, Minneapolis, MN, USA)E o|-&5}0], P, FE@IA Y 5F & FEO] Bzl 230
A 65 mm Eojd F-2)9] FHoIM F4 E]M‘jr.

Table 1. The formulas and chemical composition of lactation diet

Lactation diet
ltem
Control NTS0.1 NTS0.2 NTS0.4

Ingredient (%)
Corn 69.56 69.44 69.31 69.06
Wheat 5.00 5.01 5.01 5.02
SBM-48 14.26 14.30 14.35 14.44
Palm kernel meal 5.00 5.01 5.01 5.02
Tallow 1.61 1.67 1.74 1.87
Limestone 1.13 1.13 1.13 1.13
MDCP 1.84 1.84 1.85 1.85
DL-Methionine (99%) 0.04 0.04 0.04 0.04
L-Lysine HCL (50%) 0.68 0.68 0.68 0.68
Threonine (98.5%) 0.18 0.18 0.18 0.18
Vitamin premix” 0.10 0.10 0.10 0.10
Mineral premix? 0.10 0.10 0.10 0.10
Choline chloride—-50 0.10 0.10 0.10 0.10
Salt 0.40 0.40 0.40 0.40
NTSY 0.00 0.10 0.20 0.40
Sum 100.00 100.00 100.00 100.00

Chemical composition”
ME (kcal/kg) 3,300.00 3,300.00 3,300.00 3,300.00
CP (%) 13.43 13.43 13.43 13.43
Lysine (%) 0.96 0.96 0.96 0.96
Methionine (%) 0.26 0.26 0.26 0.26
Ca (%) 0.76 0.76 0.76 0.76
Total P (%) 0.65 0.65 0.65 0.65

YProvided per kg of diet: vitamin A, 12,000 1U; vitamin Ds, 2,400 IU; vitamin E, 132 IU; vitamin K, 1.5 mg; biotin, 0.60 mg;
folacin, 3.9 mg: niacin, 30 mg; calcium pantothenic acid, 36 mg: thiamin, 3 mg: vitamin Bs, 3 mg: vitamin Bi, 45 ug.
YProvided per kg of diet: Se, 0.3 mg; I, 0.3 mg; Mn, 49 mg; Cu, 288 mg; Fe, 281 mg; Zn, 84.7 mg; Co, 0.3 mg.
INTS (non-toxic sulfur): Narabio, Korea.

“Calculated value.

MDCP, monodicalcium phosphate; ME, metabolizable energy: CP, crude protein.
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HAIMX (reproductive performance)
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&loll MAk(blood profile)

=0 gHe Bal A5 O 149 21 2o 9o, fFH HL serum tubeo]
IS 3,024xg, 4C HHIZ 158 B9 YAEH(Eppendorf centrifuge 5810R, Hamburg,
Germany)E AL, micro tube HH-EG70] JS5US &2|5t] 20T Hat & &AH
WA A IGF-1, TgA, IgM, TL-1 ¥ GHS HAsH9c}.

=9ME(milk composition)

24 9 Efc 25 5 24X2F o], - 149, 21U A oxytocin 0.5 IU/mLE 3 FA
ot & AFsteH, a8E =fe 2009 ¥Eae] 24T w7tA] Eastalt xﬂﬂo}raﬂ_
SEte FAAFAFL0A F HF- o] ieAK(methionine, cysteine) &415HATH

E7 EXM(statistical analysis)

A2 SAS[11]9] YA F R (GLM)Z °]&sto] +HE A=l bt fo4 dH=
AABHAL, p < 00590 B FAR7E U= ALE, p < 00191 B A= FAA7 e AL
Z 150, 0.05 < p < 010 B BFe] e ALE 7HEolGi. E3L Alm W A5+
3ol 2 H7tE o] th3t linear—quadratic responseE £415}7] 5] orthogonal polynomial

contrastsS A A5}

of
L
qm

=k

u]
28 2 I3

ERDEQ HF, SXLUFH Het ¥ AEdFZH(body weight, backfat thickness, and
daily feed intake in sow)

ZHHE AR W ASFRY J7kede] ZREEY A5, SATFA 2 AARAFT 1
A& Y= Table 20 WEH AT AMFAE A}, &5F 2447 o], 1 14U H 2194 9]
EREEY AT, SATFA L AARPF TN At 7 12941 Aol 7F UEhA] ekttt
FAFC R R2A7F ZR7IZE AR AFEe] 7MY &1L, NTS0.2 Aol 7Y W2 Ae
AT 4= AU 4771 Z{IIE F EREE AR A7 A4S ZREEY AlS
4L A FAE #8240 dFS vAA Y= Alr AlrE: sHARE Al A F oA =
Y At NTS0.29] Al F]eo] 29} vlwste] 2808 AY F& A0=E Yelg
7] Q2o A=/ ZREE AR J7IRIH AlRAdF Tl F840 9= vd ZeE
Atz ot

EHRE ARHHATS =2 ABAA, AFEE E =F P42 Sl B2 dgL2E 8
AR AR R SFEE dYLEE FFA7] FESHH12]. /7] 59t ARAFEC] &
a5 Aol 29 At 2] =79 PAE sl ARgE|ofoF stEE BLsHA AlFo]
Aaskal o2 Qlsto] thg ARAY] WAlT I E EA7F AT 4= Qo] Y AAYY AA
[13,14], F2[15], 22 wizta(16], A4l& A4[15] 59 -11”101 At whebA St
HAS feiMe ZR7I7] 2E29 ARAFES 7Rt Eoiof Stthal HskRinH17].
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HQXHE MZEME(litter performance)
Zi= AR W AS2Y A7eede] ZRAREY] /840l nlAle = Table 30] LER

A
At A2, ol H 5T oAl SolA ATl 7ol ]l Aol7h vEhA] 3%k

Table 2. Effects of dietary NTS supplementation in lactation diet on physiological response of sows

o Treatments” e p-value
Control NTSO0.1 NTS0.2 NTS0.4 Lin. Quad.
Body weight (kg)
24 h postpartum 264.55 265.38 267.96 267.15 5.365 0.80 0.89
14" day of lactation 265.01 266.18 257.51 261.90 5.882 0.66 0.77
21" day of lactation 262.75 262.00 258.03 257.85 6.222 0.66 0.93
Changes (21-0 d) -1.80 -3.38 -9.93 -9.30 2124 0.14 0.64
Backfat thickness (mm)
24 h postpartum 21.58 20.83 26.16 24.00 0.959 0.14 0.47
14" day of lactation 21.41 20.66 23.66 22.16 1.006 0.57 0.73
21% day of lactation 19.50 17.66 23.25 22.25 1.109 0.17 0.89
Changes (21-0 d) -2.08 -3.17 -2.91 -1.75 0.479 0.71 0.30
ADFI (kg) 6.69 6.49 599 6.40 0.258 0.61 0.52

"reatment: Con, corn-soybean meal (SBM) based diet; T1, corn-soybean meal based diet with 0.1% of NTS (non-toxic sulfur); T2, corn-soybean meal based diet with 0.2%
of NTS; T3, corn—soybean meal based diet with 0.4% of NTS.
Lin., linear; Quad., quadratic.

Table 3. Effects of dietary NTS supplementation in lactation diet on litter performance

Treatments” p-value
ltem SEM
Control NTS0.1 NTS0.2 NTS0.4 Lin. Quad.
No. of piglets
After cross—fostering? 12.00 11.83 11.66 11.66 0.103 0.26 0.62
14" day of lactation 11.16 11.00 10.83 11.16 0.127 0.92 0.24
21*" day of lactation 11.16 11.00 10.66 10.83 0.146 0.22 0.37
Litter weight (kg)
After cross-fostering 14.72 16.84 14.77 16.83 0.608 0.40 0.69
14" day of lactation 45.46 46.81 44.66 41.97 1.327 0.34 0.59
21% day of lactation 64.76 64.34 62.04 57.20 1.587 0.1 0.60
Litter weight gain 50.00 48.50 47.26 40.36 1.349 0.01 0.34
Piglets weight (kg)
After cross—fostering 1.22 1.34 1.26 1.43 0.498 0.27 0.75
14" day of lactation 4.06 4.26 4.11 3.75 0.112 0.26 0.28
21*" day of lactation 5.80 5.86 5.81 5.28 0.138 0.14 0.28
Piglets weight gain 4.58 4.52 4.55 3.84 0.121 0.01 0.08

"Mreatment: Con, corn-soybean meal (SBM) based diet; T1, corn-soybean meal based diet with 0.1% of NTS (non-toxic sulfur); T2, corn-soybean meal based diet with 0.2%
of NTS; T3, corn—soybean meal based diet with 0.4% of NTS.

Ifter cross-fostering day within 24 h postpartum.

Lin., linear; Quad., quadratic.
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AEC] YA FEolA HT7iel Bg SAF @ AE SAge] =P Fzol
F74gol wet A0 FAsATHp < 005). £ ABHE EguEe] AzHAZ] Yol
ASRS WIAE W Epo] vs) S Mo Fashs A0z ekt Hebd, 26
£ AR ) ASGES W BE) ArAHee] Aasigy] i) AEC BYSHE
% A€ B UAT A02 42ET 24 AEE £ 0ES| BT ERAA I

Fe, mAA7)o] REY ARAHTO] oW £5 A0l S8kl AE 44 Ho
o e Ak IeiA Lou1s), EREES ALAHT AT ST FEE ol
o8 Hoh, ARES] AR YY) thet S Fol7h WAystel HARES] S
e w3 oz Awrk

FEHOR, GE AR Y ASRGL A1, REY ARHAFES F2AA £ 4
gl grastel AE AAH) $HA FFL v, NTS0.4 A2l 77} BhE )75
HEHE W 2] PRHAC] BHH oS wA Ao Amsr,

N mlm

o8 M. d

S~

o=9| g MArk(blood profiles of sow)

D= Ag Y A58 drkeso] el dd Y IGF-1, IgA, IgM, IL-1 ¥ 45250
ol vX= FFS Table 40 YEHASQITE Zf 14Ul Bi= serum U] TL-19] oA
AR Aol 7k LrEhA|Rh(linear, p < 0.05) w9+ 2F 2 XH 21970 K= serum W IGF-1,
IgA, IgM, IL-1 ¥ G229 oA [22Ql Zpol7} YehtA] kgt

A o= Alm W AolF2 H7P7t FAS R At aNE IRRttal B SkgIeH19].
AT Aol T, Q2lol4 Aol 03% H7Hs B IL2 W IL-6 558 Z7HIZ0
[20]. TL-2 9 TL-6= B =, T M:rl 9 A AR ol TgA, IgM E 1gGo A4k
Ap=ote] Houkgof Fofetth21]. & Ao Atm W Al5Re] A7kpEol S7Htel wet
1= serum W IL-1 geFo] AP o2 F7ksts Ao YeEPE O H(linear, p = 0.03), NTS0.4
AT IL-1 ggo] AlY &2 AAL A= W A5/ 7ol o3t Ants Atedh
A et 9 RS S8 IL-1 9 IL-6 5 HYo] Tojsh= 49 o] oto] |
A HoAgy Hdd 280 g mzItH22]. o= Qlste] BE= Ate Y Al=732 A7t
D A, B 9 A=Y 95 9 AYRREol S84 A 7Y 4 ATl AFREH
2 AR, AR W AlSREe JA7te BEY IL-19 3RS S7HA A5 2 Woekgol

Q HIHES ST =N AR A 2 2 =RE °F

=9 ME(milk composition)

2]0]-58F2 Z}Aof|A] cysteineT} methionine?] & FFHOoZ Z AHA 23], EH= At
2 ) AR Bl B2 ES 0 F B2 oleledt B0l B AYATA 25
gt AH o] 9t EF7] BE ARO| methionineS 7191 W =8 3 methionine
2 cysteine FFZ NAAA =F FES FHAZATH24]. B3, AJA=0] G955 H st
}_—_ﬁol 7H/ﬂ5]0-h:]-

2E A5 W ASHY] kg0l B4 U F B okt Tl IR FFE Table
50 Uetigieh. A2, 24 1448 =F 5 cysteine E ZHF 21UY =F 5 methionine®]
ol A2+t 792191 Apol7F Urekgtth(linear, p < 0.05). SHAIRL, & Ao = Al=Rf3=
O A7kl r Foloils o, AR A7IstA &2 di27olld 78 =2 &

ok

1X¢]
'IT
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Table 4. Effects of dietary NTS supplementation in lactation diet on blood profiles and immune response

Treatments” p-value
ltem SEM
Control NTS0.1 NTS0.2 NTS0.4 Lin. Quad.

IGF-1 (ng/mL)

24 h postpartum 27.43 - - -

14" day of lactation 31.67 36.12 14.65 11.51 4.986 0.14 0.63

21% day of lactation 29.46 10.73 10.27 9.35 3.460 0.10 0.18
IgA (mg/mL)

24 h postpartum 1.04 - - -

14" day of lactation 1.15 0.98 0.82 1.03 0.071 0.54 0.22

21*" day of lactation 1.27 1.25 0.77 1.02 0.088 0.13 0.27
IgM (mg/mL)

24 h postpartum 1.86 - - -

14" day of lactation 1.24 1.34 1.75 1.49 0.096 0.18 0.22

21%" day of lactation 1.25 1.38 1.23 1.48 0.097 0.60 0.74
IL=1 (pg/mL)

24 h postpartum 116.22 - - -

14™ day of lactation 70.90 130.39 85.14 188.05 20.709 0.03 0.36

21% day of lactation 103.99 124.94 58.03 139.45 15.690 0.79 0.20
GH (ng/mL)

24 h postpartum 66.78 - - -

14" day of lactation 31.77 16.17 7.31 16.35 3.814 0.23 0.15

21*" day of lactation 25.04 12.44 6.94 6.67 3.717 0.08 0.42

"reatment: Con, corn-soybean meal (SBM) based diet; T1, corn-soybean meal based diet with 0.1% of NTS (non-toxic sulfur); T2, corn-soybean meal based diet with 0.2%
of NTS; T3, corn—soybean meal based diet with 0.4% of NTS.
Lin., linear; Quad., quadratic.

Table 5. Effects of dietary NTS supplementation in lactation diet on amino acid composition in milk

Treatments” p-value
ltem SEM
Control NTS0.1 NTS0.2 NTS0.4 Lin. Quad.

Cysteine (mg/kg)

Colostrum 62.07 - - -

14" day of lactation 64.14 48.51 50.88 51.19 2.000 0.02 0.02

21" day of lactation 43.89 52.06 54.40 34.35 2.196 0.48 0.13
Methionine (mg/kg)

Colostrum 56.61 - - -

14" day of lactation 51.67 38.87 37.61 49.06 3.644 0.89 0.14

21% day of lactation 65.28 43.94 34.35 40.45 5.071 0.03 0.06

"Mreatment: Con, corn-soybean meal (SBM) based diet; T1, corn-soybean meal based diet with 0.1% of NTS (non-toxic sulfur); T2, corn-soybean meal based diet with 0.2%
of NTS; T3, corn—soybean meal based diet with 0.4% of NTS.
Lin., linear; Quad., quadratic.
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ofu|lcAl A E HYl oW, t279} Hlwete] HE Alm W A=/ 7K Ao
F 14870l =7 F R oysteine S YEPHTE EIL, tR27Q} Blwste] RE AlR W
A=7S A7RE Aol X4 21980] =F § W2 methionine S UERHT: Uyt
Ao g ARAHFFO] £ BES WE Y RERD 2§ W § g2 olvA E g
AAkstH[25], AlRAFFO] BESET BE2 T BaE Bulsty] Yo AUl &&= o]
M= YIAE Eofetth2e]. Tt 2 AYolAE Al W Als72e] H7te ZREEY AL
BEAFES AaAA, =7 Wl T T ofuliAte] dhge AR ACE AlRH

ER=

2 Q7L EGE AR | ASRPY heko] BES AGW, o4, A, 44
# 240 0 G FHe) 5 2BH

2 4923, ZRRE AR AS3FE AES 0 ZEY ARHAFe] SH o=
FAT A0 ehty, AZYAF FhE AEY FAY $3HA FFL v AoE
AR SR, AR ) AR H7He 119 §%S ZAA 95 2 Aol 33
ol GFL 0)A BE AW AGYES TGN APJENA olgste] AAES 1E
& e Ao Azdh
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