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Abstract The experiment aimed to study the enrichment and distribution of selenium in Sanhuang Chicken
supplemented with different types and doses of selenium-containing supplements to provide a reference for
the development of selenium-enriched meat. Determination of total selenium in the tissues of Sanhuang
Chickens by inductively coupled plasma mass spectrometry with microwave digestion, which was fed with
sodium selenite, selenium-enriched cardamine violifolia, and selenium-enriched yeast. After ultrasound
assisted enzymatic extraction in a 55 ‘C water bath,ZORBAX SB Aq C18 chromatography column was used
for separation. Four selenium species in muscle and liver, selenate Se ( V[ ), selenocysteine ( SeCys) .,
methylselenocysteine (MeSeCys), and selenomethionine (SeMet), were analyzed and quantified by inductively
coupled plasma mass spectrometry coupled with high-performance liquid chromatography (HPLC-ICP/MS) with
10 mmol/L sodium citrate45 mmol/L sodium hexane sulfonate (containing 1% methanol,pH=4.0) used
as mobile phase. The analysis results showed that the selenium content in the muscles and organs of the
three groups was highest in the selenium-enriched yeast group. In chicken breast and thigh muscles, the
main selenium species was SeMet, while in the liver, SeCys was the primary selenium form. Furthermore,
tissues from the group fed with selenium-enriched yeast exhibited a significantly higher content of SeMet
compared to the other groups. The research findings indicate that the type of selenium supplement added
has an impact on the selenium enrichment in Sanhuang Chicken tissues. Feeding with selenium-enriched

yeast significantly increases the selenium content in livers and muscles, particularly the content of

SeMet. This information can serve as a reference for the feeding of selenium-enriched broilers.
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1 #RI5F*®

1.1 HmkiR

SHEG AL TR E 57 51
BRI AL B A SR AT R, BRI 24 HAK
HHR L kg 240 = XS /NG, BEAL ST 3 A, B
8 H . = Ao B A TG R A 2 ] R R R
BECLLAITE 0. 3 mg/kg, SS-0. 3) 5 5256 — 4H , IV i iR
4 0.3 mg/kg+ & il 2 M K38 0.5 mg/kg (LA
i 0. 8 mg/kg, SS+ CV-0. 8) ; 521 — £ , WV filf 2 4
0.3 mg/kg+ & MEELE 0. 3 mg/kg+ & fili 4% M- K
# 0.2 mg/kg (LIt 0.8 mg/kg, SS+ CV + SY-
0. 8) .43t K SS-0. 3,SS+CV-0. 8 £ Fil SS+SY +
CV-0. 8 41,4 d i i ] J5 1a M 28 d. M MR&5 IR, 45
KRG R 25 12 h, FREAG IR E ., 455050 4 B L
PEHL 6 H =8RG, HEAT SR L R I A I A A s B S
U IE B R B LA L CR 2 40 g 245D W H B
I N O ERE T — 20 CARAE
1.2 HFE5EKF

1260 775 3800 AH (A 35 A S 7700x 7Y A JEoR A 45
BRI (£ [ Agilent 23 7)) L2 348 ZORBAX
SB-Ag C18(250 mmX4. 6 mm,5 pm, 3 [E Agilent 24
w)) Milliplus 1Q7015 #8 4li /K b ¥ £ 45 (22 [E Millipore
8 ED I A R SR B RO (R
-FEH 220 w5 A PO VAL CT OB Z AR YR
B BR2s 5] O AL (32 E Beckman 23y &])

B4l K (L BH % 18. 2 MQ » cm, H 8 4l 7K 4k 3
RS %), WS R (HNO, , % [ Merk 23 &) M 48 2%
ali, 3o AL & CHL O) ¥ 25 48 A b 2430500 B2
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2D, HEE(HPLC ¢, 56 [§ Sigma 28 W) 2 K (I
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B LA AC 2 e BR (=95 % . W & e kA FD
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N HPLC-ICP/MS il % il B &, DL % 5
& ZORBAX SB-Aq C18(250 mm X 4. 6 mm,5 pm)
R ATAE, L 10 mmol/L A28 R & 5 mmol/L O k¢
WA (A 1% L, pH = 4. 0) Jy 3 3 Al . 25 B v
JBt N 0.8 mL/min, #EAE G Ry 20 pL, FBTiE &
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B[R] S A
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2.1 FHEZFHBEERREES

ST R B 2 M L DR 0~ 300 g/ L, DU A AT
T2 L AEIEH l 0~100 pg/L, A0 R %y
KT 0.999, L6 PE R bF . MHLIRERFREER N 1.0 g,
FERRFR 25 mL, Bl A HBR 0. 005 mg/kg. &
MRy 0.015 mg/keg; HHLME MR 1.5 g,
FTASRBGR A 10 mL i PO b Al 8 2500 5 K PR
9 0.33~1.67 pg/kg.
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Xif b v i 22 (RSD)<<5 %

SR A UEAR 1) J53 7% 50 5 () EAf M, A7 T s
Yy NIST 1577 ¢ 25 JF v i 5 200 2 {8 (2. 034 £
0.007) mg/kg, 5 ¥r #E{H (2. 031 +0.045) mg/kg
FEAR—3,RSD /N 5% . R 2R,

Wi B A UE B HE W /N & LERM © BC210a,
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0 A T K,
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o] WA [i) 71) 0 R 24 78055 i e 7 551 1) X6 20 2 v i
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0. 238 mg/ kg, SEH6G 2 14 X Jhi ) 1R ) 1) ik (A
N RSEFE B A AT AR e & A ™ 5 ) (GH/T
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B 43 N E SR i A 0. 313 mg/kg DA
b ARG E R B T R T LA, R /MR A
I LN e e 1 R 7 S D O R T SN S TR
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T LA 8 H B AT REA AR JL A - D FFREAE AR 15
TRE VR PR A S W ORI R 2 B HE S A
AN 2) Wl AR A SR PR AR T AR R B, S
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75.0%~78. 9% M . X 5 JUNIPER 47 #f 5%
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W1 Fr R o B3 B U R IR A1, = 2H 2 T) H: Al
BEYHEAELRE2ZE R (P<0.05), £ Bonferroin #47
P L35 & B0 SS+ SY + CV-0. 8 41 5 H At 1 41 ]
AEAE L % 22 % (P<<0.05),SS-0. 3 H 5 SS+CV-0. 8
HEAFEAE B3 2% F (P>>0.05), HAE AR N 1Y &
BE 7 AN FE SN PP S ) S e, = 45 R TPl
L SS+SY+CV-0. 8 2H & &, Al M b & w5 %h
T PR XA 25 A 2L Pl A B S A
[v) A5 4 oo I 400 AT T R B o X A ) A 2R
B A ROR B AL X 5 JUNIPER 20820
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Table 1 Distribution of selenium content in tissues and organs of
Sanhuang fed different selenium supplements(n=26) /(mg - kg™')
Tissue SS-0. 3 SS+CV-0. 8 SS+SY+CV-0. 8 F P

Breast 0.11040. 02" 0.110+0.01" 0.24540. 04 74. 667 <0. 001
Leg 0.13340.02" 0.136+0. 02" 0.23840.03" 52. 987 <20. 001

Kidney 0.635+0.07 0.66440.07 0.765+0.15 2.697 0.10
Liver 0.58440.11" 0.5754+0. 07" 0. 876=+0.07% 25.567 <0. 001
Heart 0.376+0.03" 0. 354+0. 04" 0.52340.07% 19. 021 <0.001

Spleen 0.677%0.06 0.636=+0.05 0.75240.13 2. 676 0. 10
Pancreas 0.29740. 04 0.370+0. 03" 0.70740.13% 43.942 <20. 001
Gastroenterology 0.31340.03" 0.338+0.02" 0.462=40. 05° 36. 407 <0. 001
Adenogastric 0.33540.03" 0.39240.03b 0.53740.01* 84. 835 <0. 001

Intestine 0.519+0. 06" 0.487+0.07" 0.67340.13% 7.035 0. 007

Whole blood 0.26340.03 0.24540. 04 0.29340. 04 2.712 0.101

Note: P<C0. 05 indicated significant difference,different letter marks on the same line indicate significant differences between the two groups.
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2.2.2 Y4545 LR A S

R T A R E 4l At 21 20 % R M oG
P, B H SPSS27. 0 #£ 17 Pearson A 3¢ 43 A1 » AR %L
P LR 2. A4 5 Wos 4 i 5 0 R R L E 2
e AR SC (P<C0.01) . 4 1L 5 X 1) P, o0 O | JBR
% B AL FEAE B AH O (P<C0.05), X —45

SR kA AE B S AR A 3K A AR R B L S I VR TG
a0 T |V R B A e R B
BFMEI AR . Ul WA iR AR ox 3h A 4 il
5 R AT W I T A — E LA A A% 2 2R
i 5 5 O AR — TR A A P A 4R I i
HEf T

F2 ARAREAZHNHCE2MER M 10 MNEAABFEBRXEINER

Table 2 Results of correlation analysis between whole blood of chickens fed different

selenium supplements and 10 other tissues and organs

Tissue Breast Leg

Kidney Liver Heart

Pancreatic ~ Spleen Intestine Adenogastric Gastroenterology

Whole blood 0. 636 0. 408" 0. 370 0.574*

0.519"

0.613" 0.768" 0.322 0. 468 0. 546"

Note: **indicated very significant correlation (P<Z0.01), * indicated significant correlation (P<Z0. 05).

2.3 ARAREWAZTFNBEAARERBEES
2.3, 1 X i PR NG R PR A0 2

EERGIRTIE /oI R TR NG NSRS 7 S D2 N i o
105 5 s T K o R s B — 2 1 B 1 75 ™A B Al
FESY . 5 ICHLE AR B, A8 HLAG A 9 R B e, 7
YNNG ADR i AR NP W L () I DR TR v =
MR T =X A7 76 19 A LA e T G 280k #5 1 1Y E 37 AL
JOE- o R I T A 7 R O A A i Ah A T R
KRS B A LA .

SR FH A ST R RIS TR 285 43 T D7 1 % = 20 X8 il v R
B AR AR [ Se( V1) ].SeCys,MeSeCys FlI SeMet Py fif
TR A5 HEAT A A A o 5 2R S s X M A R )
A F 2 SeMet, A [A] 4] MEAL A LA SeMet &
R [A] L, SS-0. 3 4138 g A1 iR A SeMet (1) & 4t 43 5]
A (0.02740.001) mg/kg Fl1(0. 02740. 004) mg/kg,
SSHCV-0. 8 £H 4 (0. 03240. 005) mg/kg F1(0. 030E
0.002) mg/kg, SS+ SY + CV-0. 8 41 JH (0. 107 +
0.007) mg/kg F1(0. 12540. 015) mg/kg, & fifi fiz £k
1Y SeMet & 802 3% = T 53 A4 (P<C0. 05) , 48
T 4L 186 i 234 %6 ~296 % .316 %6 ~362% . LA
WA SeCys FlI/b i MeSeCys, Akt TLHLAN .

B 1 R T G [R) o 28 35 G b 7 7500 ] M 5 RS 1)
HORI R 25 00 43 A A5 0 o 28 AN [R) o 28 5 A b 7 751 ]
Ji o X e PR XS R A A AR AR B S 22k SeMet,
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2349004 by ik 6620, i T AL AL 3020, 3X 5
ZHAO ZED AE S I G Pz B8 b B3 f5 0 1A o 45 3 1Y
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Figure 1

SS+SY+CV-0.8

Percentage of each selenium form in the three
groups of chicken breasts and legs(a. Chicken breasts;
b. Chicken legs; Unknown represents the

sum of unknown selenium forms).
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/L& MeSeCys, Ho A & fifl 57 £ 45 M 20 1% SeMet & =
BEBTHIWH., SS0.3 HWF SeCys 1 & &

Sh1(0.112+0.013) mg/kg, SS+CV-0. 8 #H Jy (0. 101 £+
0.011) mg/kg, SS+ SY + CV-0. 8 4 H (0. 112 +
0.013) mg/kg, 5 HLAKK A 53%0.51 %0 .34 %0 ELKZ
LK 2, SSHSY+CV-0. 8 fil 41X iF rf SeMet ()
PR (0.116 0. 014) mg/kg, di bR 35%, i 2 5
T AL, 10 LA BT G Rk S 5 A b 78 700 38 i AL
Hr SeMet 19 [A] i L34 fn 7 38 iF SeMet,

100 - m Unknown
SeMet
m MeSeCys
m SeCys
mm Se( VI

10% 35%

80 |-

Se speciation percentage/%

S55-0.3

B2 =ABFEESWmESLL
(Unknown KR KRR ZF0)

Figure 2 Percentage of each selenium form in the

SS+CV-0.8 SS+SY+CV-0.8

three groups of chicken liver( Unknown represents the

sum of unknown selenium forms).
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