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Research progress of reference substance for steroid
hormone in food matrix
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Abstract: This review summarized the technical route and
development process of matrix reference materials in China, and
the current research progress of steroid hormone matrix reference
materials were also introduced. The problems existing in the
development and production of matrix reference materials in
China and the future development are prospectsed.
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Technical route of preparation of matrix

Figure 1

reference material

BEoss #2023 F 1 B | RSN

0 B AR 0 4 Ok T i S IR B A B 4 RAE
2 R E) H AR T Rl B BT Y A L R R % R H bR 2y
W 5 TE S A W A DY AEAE 3 A S I OO, DL 2 S R
T W ) T3 Ry 8] s AN o 4 il 1) 24 0 2205 U sl W UL PR AT R 43
PRI ZH 2, 7 3h i A N AR 9 25 3 — JB sk TN IUE N B L 5
EAL/ bk
1.3.2 FERARUED) B0 A SRR Ul W BT ) A R
F O (I R A 4 36 0 R (L 1 o kL B FE 2 %5 1 B bR
90 J5 R B 04 R S J DA T e E A A MR . BT
R 22 FE A T 00 T 45 5 B R o 4 JRORE B0 A A AR K
PRl 1M 5 24 22 1 BA M JRURE 38 40 T W L 4 H IR A DL AR TIE
2t AR v LR SR R B X AT L AN O BRI B A A
W IR (AR S P, T AR R H AR 4 5 b SR ETRE R G K
gy IR R R A S, 2 B SRR R R TR R
AR TR JF R AR 48 AP M MR B L A8 40 355 T
TSR U K 22 TR 50 5 8 P A € 7 RO 32 A 7
1.3.3 ¥ HA R EY R EEZ —.
G AR B A HE R B S0 . 3 A0 PR A 56 2 X 4y A R
PR P O R AE (DR R 5l e A R R
FE R RE AN S BN R R A ST R, R LR
FEA AN E— M 10 e 10 AL E, A PERFE %
J5 R PR R O 22 40 Wik oAt Ty B 4 ST B 0E 1 — 3L
PRS0 05 W2 0R S0 L R B A A IR 2 A A I
209 F MR B Bl R Tk L U A (R A R
Boxh 5 i v VR AT L A 1Y OB IE B R il A5 T2
DA B il 25 N B3I RE F7 7T R R B e b o 0 I 1 2 S 4
1.3.4 RUEMERE AR 0E MR I8 bR vk W) 5 TE B E (4 B ]
V) o R 35 25 T R R R 7E R A S L DY 1 g
ST, ﬁﬁ%@%%mﬁwk%%m@ﬁﬁ@%ﬁkﬁ
T . AR T PR AR AR 0 1143 i 4% 18 T 32 S 100 I A
%ﬁ%ﬁ%%%@g&wbka%ﬁﬁu&ﬂE%w
M) 5 300 e R T s E A E B o ) 5 OE S PR R M R
T3 S A T LA o A 0 R T O R L AR R AR
P RO o A TE A o 0 5 14 e 300 e R e A T — it 5 2
1~2 A KB EE Ml 24~36 M H I 5~6 4
A ) A AT AR T R R b R R DL R A R
%AHH@WEM$%@FEWWD%@%ﬁ%Em%
B 35 0 2 A A 26 O 2 AR A AN [ 24 5 R R B Y B Ak
JEHEATHGSE o b 1 T A B i TR AR v R A A R O
MR BL28 HE PR SR S PR R T LA R 5 A o ) R Y R AT
L 48 2 b o 0 5P RS
1.3.5 JEfH AR4E JJF 10052005 bi#EY) 5 H FH A &
SE S S B X 5 b v T R 6 — A~ 2 A
W FE Al AR A B R R A O T 09 R O
Y5  PERF ST 56 B HL 35 51 ¥ 45 & B R G ATk AT B, B A
5 % AR DR AR T o R L RS [ vk



F&M | Vol.39, No.1

B R A5 S L T T 3 R vk B B A gk
AT 3EHE 5 1 1 DA 09 S A B o7 76 o (B I 2 1 T R AT,

FRE T 0 o 7 1 A 4 - B — 9000 5 R A — Sk
W 5 B — S92 4 = R A T RN B 2 A S [R] 2 1 2k
S5 L EM £ K LR E M — Fh 5 £ R LOIE A
B A J7 0k G VR A T 7 3k 18 B — b
e |
1.3.6  AHfE BV AR EY) BT R AS B E BE SORR I 4 A
W78 B PO R B0 o 45 SR A TR B . TEAREA R
F oh 0 e o R e AN R A B ) PR OR B E B AR E PER
B8 B GEAE R E B 3 WA ™). R (E A OR 2
Fidk Mo Rk e A 5 T S AN —
O, 4 BT 51 A8 ST E R E M OR B E T4
B bR MR E BN B AN E WA E T R
FEPEAS I E LV 5 ATF 5 I & AL B A BObR TR i
BT LA AL R T A5 1 R R B AR AR B AN i E
ZHETFEETE >, SEATEE R A SR E E M
B SR A BRI, A SR B S R T A% 1 TR A5
14 2 4 BRGE T 43 A 19 O 0k HEAT B9 AS W ) i 1 3T
CHLHE T8 VDU o 55 1 30T TRDRG 2% B8 0 4t 4% 10 50 52 P T
M) B 2R 8 BE N BUB ML K A 19 18 ok o4 90 IR
M (A A HETIE S ACHR A I A I o A B AR A
1.4 ERFREY R A

i [ B A o g T R A X T R B O AR Ok 4y
M- BB R WG E 5 A AT 3% 8 4 5 T % 35 1A b o 0 5 1Y
NV L RR . R vy o 1) 5k 17 P A 45 £ A7 A%
398 RS (O S T 0 VR T o A I A SR A
T, FCRE P 1 18 091 U B 5 35 A PR L B S 5 N A b o 5 AR
TE I 2 25 2R 10 — B0 A0 AT BU T S g G 2 SR 1 R At
Yo B 5 S 0 B AN A A o MR R R AR AE A B SR R R
Be SE AT RE VTR s VTS B AR 09 A 56 43 01 O 1k R I
S PR AR TR )19 150 T RT3 6y 3 1) o A L G L T R
PR A AR 00 45 R At 56 ks £ I R A g
S WEB KT 1) 52 kB R A B I A N ATT i B R
itk 2x 2% & R R R AN . [ AT R R A i
A 13 280, [ F ] K B ) 0 SR BR ) T g
B AL EE RS AT

B4 AT SR AR E ) T R B T2 & R A
SRR N S M 2 IR AR R 5 4B ARy
F BT 0 b 2 A e B B 1 43 T 5 T I
T HEW BT ] T A il ™ i A% 338 L T 1 3T O R B A W
1 SR AR R ) 5 A AR X A R, T T I A O 50 IR &
il B A TR A AL T D PN A AU AT A
T [ B 3R S v 4 4 A6 I i RS0 S 5 5 IR B AH G Sk 1A
i o 32 B 1 6 KRR T5 Y K 5 YR 4 58S Y, 7E IR 8
B4 W R TC A A DG VR A AR B SR R G

KRB . RRPEXEBRRREFTEAYRARARER

2 b b S I B 2 A b E 9 5 I

WE5E AR

e B O 40 R S O 3R B
e A SR o 20 S D VS )11 25 119 (A 5
R P PR/ I 14 306 43 2 11 28
I LM 14 2 0 30 B 0 O 2
I A X0 20 90 MR R 1 B
B0 PRI AR 53 36 R 5 3 LT L D69
e BRAT I TS PR o 9 A AT 6 b EL Ik 53 T
B2 2 81 A M 2 1

x1 KEBRHREGHREYR
Table 1 Standard substance for steroid hormone matrix
- 9511 Hbr 9 A UE R 1B BT G
W AK TR RS GBW10135
A AL RRE GBW10136
F M ESE a3 GBW10169
F A W R GBW10170
ik B-¥ 8 Z K5 GBW(E)>100073
BB RS GBW(E)>100364
AL SR PP OS2 R
YRR ERFEE
EX oK o B A

2.1 F-ZEHBHFNEEKITED R

B-Z WM A R & — K H MR R
TR T I B T R R T — R AR R
PIAE . PR R 2 RonT = A s e W 25 W) S T
Z B (RAC) AR TEAR R P (CLB) Wb T M BE(SAL) IR
TR (BBT) IR 5 8 45 B (BCT) %1, -2 iRk ¥ 3h
SRR 2t 4 et sh 3 £ R R ALK P AR A R A8 L R R
B ETT R E AR S TR 2 R LSO R AR
B ZE R EDS . HAT, A 6 p-Ush 32 O R BRI O ik
AL S A BT IR T TROR € 3 R T TR A € T R I
FEIN W (< KR35 10 S R r i Y (S 8 e N T
G —E AR A K B-52 1 B 3l 7 1 5 7K 4 o
Wy TR R B AR M B AL 6 Ab, Hrh — SR
WY T A Fp, AR T 2 T

25 22 B AR TR IR R TR P R R SR AR AR B b
VI HESE T A R E bR e BE K S L R ROAR 53— B K
VO A T B 33 3 A (LC-MS/ MS) F1 it B¢ 4 238 122 % H b5 9
PEATAG I By A bR 14 d R E M & 12 S A K
o P R AT, 4 A BT VA BE Y 8 (5 45 2R 43 51 Oy 0.65,1.28,
3.78,11.50 ng/mL, 7 i A B 2 BE 4> 3 k 0.072,0.220,
0.230,0.860 ng/mL. ¥ & A %& BE 43 5y 0.15,0. 44,

217



218

R B ADVANCES

0.46,1.80 ng/mL . i s fE W 5T 14 B ] S v 3 2 T 06 IR
TR B AR B B B A A AR 7 IR B UE R 4 TR
P ) Bt A ) 5 B 9 2 o AR B S R BR A &
JRVB: (1 254 5 S4B AR DU B ) T f 8y TR SEARAR B 1D T B
Vi AR o A 400 T, SR T 1 0 4 R 245 ) 14y =R LB
B 4 2 )45 TS SR R V8 R AR A1 DY SR R R
st o SR P YR0AR €20 T35 ES IR TR 3 32k ) 56 R o 0 5 0 AT A
B R M BT SRR D T e A (A5 R
BH9.9.12.8 pg/ke, AR HE Y 5 R 6 £ 4 S B R, 4%
A RN A 5 R B SRR AR T 8l A 1A 25 5 0 A 1
W LD T K7 T B-32 1R 38k 30 00 5 4R o o g B 10 4 1
S SRS 00 45 SR % BR 2 b v 0 D5 R LA A AH G RS T AL A
S B AT B2 A Eh AR R I A R
2.2 HMHEEEREDR

M E R T REERE PR EN—F, 2
VIBHARE LR AT EL SR, YR
T RS R 4 8 X 3 WL AR B 5 i 4 B kA, )
DI 2R LY A B 5 3 ok 28 09 35 PR o 4 R A 3 I o 4% ok
R 0 B LR SR o0, 45 el 22 £ D P 8 0 14 ol A i )
IR KRR = R R, BRSNS EIRE LT
e R B & 0 £ 22 4 )8R AR I T 3 F 5 R W R 42
RS 1000 8 A RS 0 B o I R A5 B B — 0, AR O 3 AR B i

MR ST ST T — Rl Ry v 2 I 2 3 A o
W) I [ o7 2 0% SO 5 {1 0 05 P A W 4 S JEORE W
2T R0 RS R TR S b o VS VR 3 A T v O 5 R A A
R 755018 50 5 2R FH IR) 32 28 6 8 5 3% 1% (IDMS) X B
o 49y J5R0 S0 A ARG 25 G R R R /N 3R S5 K [k
R ETRE W EATG E b A2 (E 7 1 B A B I R e AR
U5 45 L R0 A A B 8 BT S, S R H 52 I Y A
g (19.441.4) pg/kg (R=2),(21.0£1.4) pg/kg. %
J7 BRI ST S AN T I M 3 3 R R b o ) R (L R Y
25 [, [R] Bt s o 4 5% F25 A v 40 TR 4 BF ok L S 560 2 AR
IERERm PSRRI TRAEENSH
2.3 WEHMEEERAEYR

MEBER R ) — R R TR AR T e o
PIPLIR o W B — M R . RARME R £ s il
LBl W0 A . AR A T L M RS N T A
WS 2 2 0 A P T O R ME R AR, M E S
b S 43 8 R EL AT AR T 02 3R 3 W 2R R S &
O] B v AE R AR AR R B S DR i R
M REER S IR AR S g NS G &1
RBRE TAM ARG AR LT EEIT A= AR R
JEE R BR T H S Y sh W A, 3R A 1 R
rp R T K B 2 A A AN 4 S SRR BT v M 98 2 4 B 1 )

BEoss #2023 F 1 B | RSN

R AR GE T T 7L B 1 B A AR
FADAFAETR B A B B A OG FL A b i XU i )
A R T G i LR L 2 — o R R A L AR
SR, 2R AT R Tl M b M R
21025 5% BRI T (R 2 3R AR 0 AR T BT, ot T OK R
7 5 K iR 5 08 TR A S ME VR H AR L 2 S0Pk R E T
B0 SR T 57 28 B P9 B 1 00 s o 4 S5 9 47 A6 0 N
{H R E P TR AE A R 99.3~100.3 pg/mL. 1% br k1) 5
i 3 2 1 2T DL AR A R R R, B —
(NI R 7R e [/ G R 1 1 W 5 S L Rl 5 2 g U
ZEA AR e BT, JFORMEE F 36 K JB0RL 25 R i 8 AR
IO B A ARV OIS 24 h R G R TR B R E T
W BRI, 58 70 1R 20 ) B A AR v B . ZEA JE bR
) 5000 FH v A% A € 35 R A DN B AR A B SR AR 9 4%
FLA AR, B 5 PE 14 d ) 44 C BREE TR JE AR E DL &
12 A5 0T 4, —18 CF KT E LRI AT & b
T SR 38 e 2 K 9 3 X % K OK Ry R K IR 8 0 T
b v B TR A R o E BE R E R 45 R O (137 &
26) pg/kg, bR HEY) BT BIF ] F & T M IR kAR
B v B A AR 2, BORN T o AR P M SR TS e R AR
FRvEY B S L SR E TR S5 WA B (SRR T
—EZ%,
3 g

[P M2 245 93 3R R A A o 4 O F 0 ) B () A 9 9 M
2 SV NS T E RV R (N I o S
it B A SFAE T 2 AR O R D R AR O Y [ 2K
PR AT T 0 AL T2 5 TR 288 1 O R 0
BARC L Z BN MR E] B S 25 W) P2 W FE R IR
Y TR P AT R R B ' R e KR
WIBAETE s BEAh . H 1 OF ) 14 56 1A b e 9 BT 22 o 51— ¢
PEAH  TO W58 22 06 2 A TP S T B R R D A oK
W 4 B [ 28 U8 R AR b v B 0 BOF S e S AL T LA
AR T E B 2 A R KT TR B4R T
SEREERELRAELE X,

r ] ) R A R o T e S R B O A SR B T
W B o (H 22 g S 7 . F B fig O A E S A AR TE A7
TE—E 2R . A RCHRE TG A o W J5 #) O ) 7K S R i
P E IR E A% 7 B L 5 A A R 38 i 15 I 45
AT SR R A s v 3 5 1 A T 1 S — o o fE BT
il M AL 18 2 AR LA A B B A BT K BE T B8 Al X H:
HE— BT LY RH 1 T ] BT 222 4 B 4 A
EXCEIE SN

% 3k
[1] GAO W, STALDER T, FOLEY P, et al. Quantitative analysis of

steroid hormones in human hair using a column-switching LC-



F&M | Vol.39, No.1

APCI-MS/MS assay[J]. Journal of Chromatography B, 2013, 928:
1-8.

2] BLAL. HPLC-MS/MS 1 Il /= FL v S 8] Bt 9 3% S 7L 10 22 A P o3
#r[D]. B R I ol K2, 2016: 1-2.
WEI W. HPLC-MS/MS monitoring of steroid hormones and milk

WA R I

safety analysis[D]. Harbin: Harbin Institute of Technology, 2016:
1-2.

3] BEBEME . QUEChERS-UPLC-MS/MS [7] B Il 5 3L i & v 42 Fh 2%
[P P i 2R AR B B AIF ST (D). )N )T KA, 2017: 147

CHEN X P. Simultaneous determination of 42 steroid hormones
residues in dairy products by QuUECHERS-UPLC-MS/MS [D].
Guangzhou: Guangzhou University, 2017: 1-7.

TR 7K B A5 i 288 T R 3R 0 T g R R fde XL ST A T
FE[D]. Bt B AR R 2, 2011 1-3.

TAN L C. Study on the pollution characteristics and health risk
parity of steroid hormones in water environment [D]. Nanjing:
Nanjing Agricultural University, 2011: 1-3.

[5] TP RI0, #5707, KIIEA, 45, SSERILIA £l A8 A 2 QI 4 Bt fL
AT SR B B bR E W) 5T R WE AR (9], K 7 B2, 2016, 35(3):
272-2717.

YIN T K, YANG F, LIU Z C, et al. Preparation of reference
materials for recessive malachite green dye Residue of malachite
green metabolite in Anguilla anguilla muscle[J]. Journal of Fishery
Science, 2016, 35(3): 272-277.

6] BUHE. T EFH AR BUBR AR 4 [T]. 15
(3): 85-88.

<o it iR, 2014, 23

WEI X. Proper use of reference materials/reference samples [J].
Chemical Analytical Metrology, 2014, 23(3): 85-88.
[7] WP, BRMENT, BRACTR, AF . B 24 5% B 0 A7 00 ek 422 ] B A A ofe
P0IBT 7T HE R (9], £ %2 A R AG I 24, 2021, 12(20): 8 242-
8 250.
HU NN, LI Y X, CHEN D D, et al. Research progress on quality
control matrix reference materials for veterinary drug residue
analysis[J]. Journal of Food Safety and Quality Inspection, 2021, 12
(20): 8 242-8 250.
[8] FhI4AR, 2=, i th e, 45 . O 4 M 1 3l R 1 98 B 1 A vl 1 S5
W7 2 [3). k2230500, 2015, 37¢1D: 1 005-1 014.
SUN X Q, LI L, GAO S G, et al. Research progress of
diethylbestrol natural matrix reference material of animal origin[J].
Chemical Reagents, 2015, 37(11): 1 005-1 014.
[91LI X, ZHANG Q, LI H, et al. CCQM-K103 key comparison
melanine in milk powder[J]. Metrologia, 2017, 54(1A): 8 018.
[10] FFIBr#, 2=, A7 bk, 45 T PR bR i 4 o AR 0 B o 400 A
JEBUR[I]. AL 2= 3182047, 2017, 26(6): 120-124.
JING XY, LI P, YANG X L, et al. Overview of domestic reference
materials and development status of key fields[J]. Stoichiometric
Analysis, 2017, 26(6): 120-124.
[11] KIELBASA A, GADZALA-KOPCIUCH R, BUSZEWSKI B.
Reference materials-significance, general requirements and
demand[J]. Critical Reviews in Analytical Chemistry, 2015, 46(3):

1-43.

RABE . AP REBRHNIEECREYRARLR

[12] #5553 T b ol 4y 00 K580 I 3 T [0 b o 0y o 9 242 Jo B
T4 I, A2 Mt i, 2009, 18(4): 4-8.

HAN Z Z. Research on the development status and trend of
reference materials based on reference materials database [J].
Chemometrics, 2009, 18(4): 4-8.

[13] 8RR G, Fbete, b 32, 55 Ak 2% W 4 A O S0 hr o 4 J5 AR
k. A2, 2013, 35(10): 865-870.

ZHANG Q H, LU X H, KAN Y, et al. Current situation and trend
of reference materials in related fields of chemical measurement[J].
Chemical Reagents, 2013, 35(10): 865-870.

[14] SLTRER, 2 W, 47 AL bR e BT 38 20 PRI A (7], i [ 2 24

T, 2007, 9(2): 155-157.
AI C J, PENG M T, YANG Y H. Evaluation of uniformity of
reference materials[J]. China Medical Guide, 2007, 9(2): 155-157.
(15] BRI, ¥ B0 H , 7P 4 o 4 S A o 25 8 ML M 5 A0 A 2
W s XM FFL ). I 2558, 2018, 30(3): 317-322.
CHEN Y F, XIAO X Y, HE P. Study on the interpretation of
standard for stability investigation of reference materials and the
management mode of validity period [J]. China Pharmaceutical
Affairs, 2018, 30(3): 317-322.

[16] A A R 3 [ [ 2 o7 o e A 6 A e AR o ) R A v

A B2 BT 2x. b o RE i SE fE B9 — 87 0 GB/T 15000.3
2008[S]. dbat: e AR L0 [ E Z bR i, 2008: 6-7.
General Administration of Quality Supervision, Inspection and
Quarantine of China Standard. Sample value of the general
method: GB/T 15000.3—2008[S]. Beijing: National Standards of
the People’s Republic of China, 2008: 6-7.

(171 1) 5 J5R ik M A5 A 92 0 . s v 0 R {1 1 3 P JB ) B 5

2B R B JIF 1343—2012[S]. dbat: H A A R A6 A E H 53T
HARMAL, 2012: 8-11.
General Administration of Quality Supervision, Inspection and
Quarantine of China. General Principle and Statistical principle of
reference material value determination: JJF 1343—2012 [S].
Beijing: National Technical Specification for Metrology of China,
2012: &-11.

[18] W22, y5 e, i FLAL, 45, JIF 1343 2012¢ b vk 49 o 5 (A 11 3
PRI B G2 31 27 B 19 6 [J] 0 B 3 A, 2012 CHD:
122-124.

KAN Y, LU X H, MENG F M, et al. Application of JJF 1343—
2012 "General Principles and Statistical Principles of Reference
Material Valuation"[J]. China Metrology, 2012(11): 122-124.

(191 XHE, UL, ) B A, 45 Bk ok 7 12 B JEAE AR 4 o € (6
I R FH 0. A2 20 B iE 4, 2018, 27¢(SD: 101-104.
ZHAO H, HAO S J, LIU Y D, et al. Reference method and its
application in determination of reference material [J ].
Chemometrics of Analytica, 2018, 27(S1): 101-104.

[20] S8 A 49y Joi BT ] o e P D B9 S 0 A2 L SE [J]. YL 5 B
A5 KL, 2018, 35(28): 27-37.

LU X C. Evaluation of uncertainty of characteristic values in
development of reference materials [J]. Jiangsu Science and

Technology Information, 2018, 35(28): 27-37.

219



220

R B ADVANCES

[21] WK . A E bR P R T (9] Ak 24 23 B 3T A, 2001, 25
(6): 32.

HAN Y Z. Use of certified reference materials[J]. Chemometrics,
2001, 25(6): 32.

[22] fF iR, 2R Z0ME. R e BT T R DL 1R A 24 (0], TC 5 BRAR
HHiE, 2013(7): 21-22.

LU X H, LT H M. Common questions on the use of reference
materials[J]. Jiangsu Modern Metrology, 2013(7): 21-22.

[23] B w9 5 9% R 4L 2257 & [EB/OL]. (2004-12-08) [2022-01-
05]. www.ncrm.org.cn.

National Reference Material Resources Sharing Platform[EB/OL].
(2004-12-08) [2022-01-05]. www.ncrm.org.cn.

[24] V5, INGE, X, S5 bR v 00 R e FPk RS TR
JERI. E 24 2%k, 2016, 51C18): 1 537-1 544,

WANG Q Y, SUN L, LIU F, et al. Development, challenges and
new forms of digital reference materials[J]. Chinese Journal of
Pharmacy, 2016, 51(18): 1 537-1 544.

[25] #3e 4k, B, Sk 3. UPLC-MS /MS ¥ %2 3h ¥ I ok & &

AU ZE YR 10 4 B Z R S 2 5k B )], 25
SEBT AR, 2014, 34(7): 1 223-1 230.
CAIl Y H, XUE Y, ZHANG Y. UPLC-MS /MS method for
determination of 4 tetracycline drugs and 10 [-agonist drugs
residues in animal food[J]. Chinese Journal of Pharmaceutical
Analysis, 2014, 34(7): 1 223-1 230.

[26] FMEE, A, F 2R RS S 25 W R D v BF S a0t JRe D). B
AL, 2021, 41: 355-361.

SUN Y, WANG H L, WANG X D. Research progress of
clenbuterol detection methods[J]. Modern Chemical Industry, 2021,
41: 355-361.

[27) £, AHE6E, XTS5 ah i p-32 M i3l 77 % B2 4G
BT AL 34 AR (1], % &Mk, 2020C11): 31-32.

WANG L J, FU Q Q, LIU L X. Pretreatment technology for
detection of f3-agonist residues in animal products [J]. Animal
Husbandry Industry, 2020(11): 31-32.

[28] 22 fRse, 22 B HL, S 5. 0 RS ™ G T B A I 0 5K 43 A 0], £
A T, 2021(19): 24-27.

AN CL, AN Y L, CANG R X. Analysis on the harm and detection
countermeasures of clenbuterol[J]. Food Safety Guide, 2021(19):
24-27.

[29] 4% . T A4S 4 B 928 2 1T R 4K 2% A o 4G DU 5 FR LA B8 1A v 11
TEAEFRY R B D). 1 B BB R, 2014: 2-3.

LI C H. Quantitative detection of clenbuterol residue in pig urine
and pork by colloidal gold immunochromatography strip [D].
Nanchang: Nanchang University, 2014: 2-3.

[30] TR AT 4>, TRk, fA] SOME, 45, @ 28 MOAH 60335 122 0 5 0 Y P B R
SEARHE S B AL D] AR 55, 2018, 35(5): 72-73.
ZHANG R L, ZHANG B, JIAN W H, et al. Optimization of
conditions for determination of clenbuterol hydrochloride in pork
by high performance liquid chromatography [J]. Agricultural
Technology Services, 2018, 35(5): 72-73.

BEoss #2023 F 1 B | RSN

[31] EGiAE, 23805, JF e 2R, A5 WROAH (035 A 106 5T 3 7k DI E 1A JBE

e AR R B Gk R N B E B T E (], B A T A A
Hiz, 2019, 10(2): 482-488.
YAN S H, LI H F, YIN X R, et al. Determination of residual
Clenbuterol in meat by liquid chromatography tandem mass
spectrometry[J]. Journal of Food Safety and Quality Inspection,
2019, 10(2): 482-488.

[32] XUIEAE, KB K. GC-MS 1 5 % IR v 3 R se 18 e 2 1l 5k &
BN E BT E [1]. SRR B, 2018(12): 231-232.

LIU Z H, ZHENG F T. Determination of Residual Clenbuterol
hydrochloride in pig urine by GC-MS[J]. Modern Agricultural
Science and Technology, 2018(12): 231-232.

[33] 4= 2235, VR, TR 8. 54 IR VR T8 i R R o A8 2 B 5 11
W3], T B L, 2014, 40(2): 49-52.

LI LY, XU L, XU Q. Preparation of reference material for
clenbuterol hydrochloride in lyophilized pig urine powder [J].
Chinese Journal of Testing and Testing, 2014, 40(2): 49-52.

[34] AR, IBWETE, 497, faky i W & R A AR R 2 U T B i

i) 5 B ) A RE L [J] 43 B A 2 F 5 A, 2008, 36 (9):
1221-1 227.
GUO D H, DENG X J, LI B. Preparation and determination of
chloramphenicol, clenbuterol and sarbutanolamine reference
materials in fish meal[J]. Research Report of Analytical Chemistry,
2008, 36(9): 1 221-1 227.

[35] T3, AL 3C2%, T BURT. M 3 A8 HE XS I B A% L5 28 0 BT

FEICY/ [ 7 B R 2 e e WO SO T T 7l AR R 2,
2018: 581.
WANG Q, DU W X, YU M L. Androgen promotes skeletal muscle
proliferation in chicken embryo [C]/ Proceedings of Chinese
Society of Animal Husbandry and Veterinary Medicine. Nanjing:
Nanjing Agricultural University, 2018: 581.

[36] #ETT, BRT, ML, 5. P9 IR 52 0 7F Py X 20 21 op gk BR R R X
HLAE HE R 52 [0]. 7 [ & 40 B, 2017, 44(1D): 3 170-3 178.
DONG A Q, CHEN Y, BAI F, et al. Residue of testosterone
propionate in broiler tissues and its effect on body health[J]. China
Animal Science and Veterinary Medicine, 2017, 44(11): 3 170~
3 178.

[37] 1 H &, XUATAF, 2= We . W8 v 2 ) i HE 552 ) 0 4 o 4 I3

HORE (I RIS B 7€ B2 9F € (9], k24350, 2021, 43 (11): 1 556-
1 560.
XIAO Y T, LIU S Y, LI X M. Determination and uncertainty
evaluation of testosterone and methyltestosterone matrix reference
materials in milk powder[J]. Chemical Reagents, 2021, 43 (11):
1 556-1 560.

[38] LA 2. B[R R L i o M 8 3 A2 1 2R TS e AR
W Y R FHBFSE D). #8424 IR Ak K2, 2021: 1-3.

WANG S L. Application of imprinting materials in the detection of
estrogens and aminoglycosides contaminants in dairy products[D].

Tai’an: Shandong Agricultural University, 2021: 1-3.
(T 45 227 70



&M | Vol.39, No.1

air energy storage: History, state of the art and recent
developments[J]. Renewable & Sustainable Energy Reviews, 2021,
137: 110572.

[34] DAMAK C, LEDUCQ D, HONG MINH H, et al. Liquid air energy
storage (LAES) as a large-scale storage technology for renewable
energy integration: A review of investigation studies and near
perspectives of LAES[J]. International Journal of Refrigeration,
2020, 110: 208-218.

[35]CHEN J X, AN B L, YANG L W, et al. Construction and
optimization of the cold storage process based on phase change
materials used for liquid air energy storage system[J]. Journal of
Energy Storage, 2021, 41: 102873.

[36] SHE X H, ZHANG T T, CONG L, et al. Flexible integration of
liquid air energy storage with liquefied natural gas regasification
for power generation enhancement [J]. Applied Energy, 2019,
251: 113355.

[37] FASCHI, gkat, 5k A, 45, — k& ORC Ay B Bk 45 25 Uk RE

RG], SHRER 22 5 HOR, 2019, 8(5): 880-885.
BAI W G, ZHANG C, ZAHNG L, et al. Thermodynamic analysis
of novel hybrid liquid air energy storage system combined with
ORC[J]. Energy Storage Science and Technology, 2019, 8 (5):
880-885.

[38] ALVA G, LIN Y X, FANG G Y. An overview of thermal energy
storage systems[J]. Energy, 2018, 144: 341-378.

[39] TIWARI V K, KUMAR A, KUMAR A. Enhancing ice slurry
generation by using inclined cavity for subzero cold thermal
energy storage: Simulation, experiment and performance analysis
[J]. Energy, 2019, 183: 398-414.

[40] KUMAR A, YADAV S K, MAHATO A, et al. On-demand

intermittent ice slurry generation for subzero cold thermal energy

storage: Numerical simulation and performance analysis [J].

BERE CERBRTIRAARHER

Applied Thermal Engineering, 2019, 161: 114081.

[41] ZHANG C, YANG L, LIN W, et al. Experimental investigation and
life-cycle cost analysis of a cold storage enhanced vacuum cooling
system using ice slurry[J]. Sustainable Energy Technologies and
Assessments, 2021, 45: 101074.

[42] A, 2548 R, 5k, . W% KUHLAS 7] A B 7 B %1% 2 < 4

ZEUR ] B 4D K S B IR 9 (D). ¥ iR R, 2019, 42(1): 18-23.

TIAN T, LI F L, ZHANG W, et al. Simulation and experimental

study on influence of cold storage airflow of cooler different

arrangement positions [J]. Journal of Refrigeration Technology,

2019, 42(1): 18-23.

LA, WA RV P R B B RS A 0] A

5HLAK, 2017, 33(6): 139-142, 179.

[43

LI Y Z, XIE J. Numerical simulation and optimization on
temperature field in large cold store[J]. Food & Machinery, 2017,
33(6): 139-142, 179.

[44] 507 g 2R ME 1 J7 3O v8 5% P ASUAA T 3 o3 A B9 5 W (],
LR 55, 2019, 36(1): 37-40, 42.
ZENG X. Effect of pitaya stacking mode on gas flow field
distribution in cold storage [J]. Agricultural Technical Services,
2019, 36(1): 37-40, 42.

[45] KRR, XU iF, FEVETE, 55, RUBL 6 KURER 2 200 XU 3% XU
B WF AN LB (9], 1 ¥ 5 25 94, 2019, 19(2): 19-23.
LIU K J, LIU G H, TANG H Y, et al. Research and comparison of
air supply for fan and fiber fabric [J]. Refrigeration and Air-
conditioning, 2019, 19(2): 19-23.

[46] 2 3, 2= KM, JAFF. A 4 ik RUR GEAE & PR v B BT 52 (). i v
2, 2017, 31C1): 34-38.
LIS, LI D P, ZHOU D. Application research of fabric-duct air
supply system in cold

Conditioning, 2017, 31(1): 34-38.

storage [J]. Refrigeration and Air

(E#E% 220 T

[39] EMEE, 7B Fh, AT, 55 S Wk ah b SR ) T 1
WS HE SR (] £ ih % 4 BT R AG T 27 4), 2020, 11(16): 5 534
5 539.

WANG S L, LIAN Y J, YIH L, et al. Research progress in the
detection of estrogen in animal food[J]. Journal of Food Safety &
Quality, 2020, 11(16): 5 534-5 539.

[40] .0, WIAAAS, DRG0, 25 (8 st Ml R R 10 B 05 2 Bk B H I RS e A
[, #VT K24 OOl 5 AR AR 22 D, 2017, 43(6): 734-746.
TONG X, HU B Y, CHEN X C. Environmental exposure and
migration of steroid estrogens[J]. Journal of Zhejiang University
(Agriculture and Life Sciences), 2017, 43(6): 734-746.

[41] KARIN B M, NADINE B, FREDERIQUE C. Urinary excretion of
sex steroid hormone metabolites after consumption of cow milk: A
randomized crossover intervention trial[J]. Am J Clin Nutr, 2019,
109(2): 402-410.

[42] CHO E, SPIEGELMAN D, HUNTER D J, et al. Premenopausal fat

intake and risk of breast cancer[J]. J Natl Cancer Inst, 2003, 95
(14): 1 079-1 085.

[43] GANMAA D, CUI X, FESKANICH D, et al. Milk, dairy intake
and risk of endometrial cancer: A twenty six-year follow-up[J]. Int
J Cancer, 2012, 130(11): 2 664-2 671.

[44] 227, VFELUE, T 5. 24P £ il bR 28 B M R R 2y

B BRI (R b AR oM A R F R (2], i B
e PHH AR B R BE, 2016.
LI J, XU Z N, YU R X. Development of isotope labeling
Reference Materials for the detection of Sulfa and estrogens
residues in animal food [Z]. Shanghai: Shanghai Institute of
Measurement and Testing Technology, 2016.

[45] 20T F K BR B 3E R FB 15 F KA R A ZEA JE K45
OB 5 B BF A (D). AL b AR B 42 B, 2020: 34-35.
NIU X N. Preparation of maize min Fumonaxin FB; and

zearalenone ZEA matrix standard (quality control) substances[D].

Beijing: Chinese Academy of Agricultural Sciences, 2020: 34-35.

227



