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ABSTRACT: Objective To establish a method for the rapid identification of duck-derived components in mutton

by duplex real-time fluorescence polymerase chain reaction (dRT-PCR). Methods First, the response surface

methodology was used to optimize various conditions for the rapid extraction of DNA from animal tissues.
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Subsequently, multiple sets of specific primers were designed based on the differences between the sheep

mitochondrial cytochrome b gene (CYTB) and the duck cytochrome c¢ oxidase subunit III (COX3). The dRT-PCR

experiment was conducted using the rapidly extracted animal tissue DNA. By analyzing the melting curve, the sheep

and duck-derived components were qualitatively identified according to the differences in peak temperature. Results

The optimized method for crude extraction of animal tissue DNA could extract 586 ng/uL of DNA suitable for species

detection from 20 mg of animal tissue within 5 minutes. The sheep-derived gene products and duck-derived gene

products produce melting peaks at 84.79 °C and 81.66 °C respectively, with no specific amplification for non-target

species. It could quickly detect more than 0.01 ng/pL of crude duck DNA within 1 hour. Conclusion This method is

simple to operate, low in cost, and has high sensitivity, providing effective technical support for the identification of

adulteration in mutton products.

KEY WORDS: mutton products; duck-derived components; crude DNA extraction; response surface methodology;

duplex real-time fluorescent polymerase chain reaction
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1.3 XWFE
13.1 M Sk

FREL 20 mg VIWEARE R .0, LA 0.5 mL NaOH
W, TE 60 °C4A F24#% 5 min ZJ5MA 1 mL i1 10 mmol
Tris. 2 mmol EDTA. 0.2 mol NaCl A1 4 mol CH;COONH,
2% pH Ry 8.0 MIZE MR . AE &AL L 10000 r/min 5
O 60 s, WA FIEWR, BRSNS R TR K
260 nm A5 DNA VREE, 15k B2 e 4: PCR 473
BT EAR, PRISEIG e A260/A280 1 A2l E 45 Hr .
132 #¥HEAER

72 ZLARIELE 60 °C, $REUHFEIY 5 min, ZM57E
NaOH ¥ JE 4 0.1, 0.3, 0.5, 0.7, 0.9 mol/L #4724
DNA 21, L) DNA #ENFEFR, %455 NaOH ¥ B XA 42
DNA ¥ B B35

[ %€ NaOH ¥4 0.5 mol/L, REAI 5 min, 43
BITESRIBUERE 7 20, 40, 60, 80 100 °CH#EAT 254041 DNA
$EHL, DL DNA YREENRR, 523 IURE XHHIEE DNA ¥k
FE IR

[ & NaOH ¥ 4 0.5 mol/L, $2IUEE N 60 °C, 43
FIAEIRECREA 1, 3. 5. 7. 9 min #H17AZE414! DNA #2
I, LI DNA W datr, HaPRIat %) #H3E DNA e
HOF AT
1.3.3  vh B @ik AL DNA 3R &4

TEPA R K SCIG KL B, LA DNA ¥R B g i AR (Y),
NaOH ¥ (A) . $2EUREE(B) . U Bl(C)fE R A Zs =, F
JH# A4 Design Expert 11 ' Box-Behnken A0 2 & 5L 15
AN L Rt P v & UL VATAL i A S v & 2
1, L TR BUR A A SO TR IESE TR

=1 MHEESHIRITEEKT

Table 1 Factors and levels of response surface test

ES
IR A: NaOH ¥ J& B: EEURE  C: fEEU A
/(mol/L) /°C /min
-1 0.3 40 3
0 0.5 60 5
1 0.7 80 7

1.3.4  3|4pikit

{fi %% {f Primer Premier 6 4y W|fEF CYTB H:[A
(GenBank & 55 OM869781.1)F1f% COX3 [ (GenBank
oS NC_009684.1) i iS5 4, mETAYT
()R RA R A GE 2).
135 REEHZELRSGHER N KRR EARY
S

dRT-PCR [ v f& & Ry: Wi 10 uL, §55] 4
(S-CYTB-F. S-CYTB-R, 10 pumol/L)% 0.2 uL, 3|9

(D-COX3-F .D-COX3-R, 10 umol/L)#% 0.2 uL, f8:H413% DNA
1 uL (100 ng/pL), 142 DNA 1 pL (100 ng/uL), H ddH,0O
HMERFE E 20 pL o dRT-PCR N 45441 94 °CHiZEH: 30 s;
94 °CAEYE 55, 60 °CiB K 20 s, 35 PEHR; S fire b 2R 1
95 °C.1 min, 60 °C.1 min, L 0.3 °C/s #ZTHE ZE 95 °C, [
b 7 S A 98 SR, [EI: 40 °CL 60 s,

®2 ¥, BERMESY
Table 2 Specific primer of sheep and ducks

TR
BRI
/bp

Yk 51928 5195

- S-CYTB-F CGGAGACCCAGACAACTACACC
- 142
S-CYTB-R  TGAGAGGATTAGGGCGAGGACT

- D-COX3-F CCACCACAGCATCACAGAAGGA 19
" D-COX3-R AGGAGGCAGACGGTTAGGAAGG

1.3.6 F ikt ot

il AL ) DNA $2EO5 L A= F . XS,
S RFERUHL DNA, DIERSPRIR G BRI 1:1 W4
B DNA Ky FHPEXTRE, % DNA #3k ddH,O B Xt g,
Fi B8 1.3.5 A IR B BRI T3 .
137 F ikt RAHATR

i/ ddH,O #REEFR NS DNA kB E 100.00,
10.00.1.00.0.10,0.01 ng/uL, WEHC 1 uL FE P Hatkith, 2
il dRT-PCR ¥4 /5, LAME BEvk B A% 4V il A (X), 97
a7 CT EAE YN AR (YNE H [ 5 26 05 #2953 4 A
1.3.8 W EH LR

A AT AL X R 3 KT, 4 KB
JEAK 3 FAEIEGEAIL 10 AE RGBT, L
TE(81.66+0.30) °CA 77 A5 s fiff it 2 0 Sy 40 A8 HH 1S U B 4,
PLTE (84.79+£0.30) °CH 7 A= I fife il 42 0 A A 1 2 UK
AT
14 HIELIE

BHEIE 3 A FAT, RAFHERER2ZERR . 5
e st 5 G B Microsoft Excel 2019, i ] Origin
2023 £l K13, Design Expert 11 4700 )07 18] 5347 o

2 HREDH

21 BERXW
2.1.1 NaOH & 3+4142 DNA R %+

I 1(A)RTLUE H, BEE NaOH MR EEG7ASfb, HLEAS
F) DNA W23 6 L TG FREMES . 24 NaOH #k
FE M 0.1 mol/L 3 /in % 0.5 mol/L I, DNA ¥R FE % T, 78
NaOH V& 0.5 mol/L I, DNA ¥k B ik B8 il . X2
HAE—EVEIEI P, & 44T NaOH ¥ Al 51 A 250 24 A 40
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ML, fEAEMI 0 DNA FE50 B ok, MMi$2EE DNA 4
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WA LS TR MMM 1 min 302 5 min
B}, DNA WREZ AL TR, 7 5 min Bk BIGAE . 24 26 B [a]
it 5 min J5, 4RSEHEKCHTE], DNA WREEZRHT N % X vl BE
REENSIALH DNA B E—FIEM ST,

1E—E WA E BB sh A AR AS, & 240705 7] A9 4R 22 4E
K M i DNA BFEfE . RIb, $E8eafE 3, 5. 7 min %
I 7 T S5

2.2 O @RI DNA IBEVE

2.2.1 DNARBUKE SR 64 & 5 fo B F MG

DA NaOH ¥R & | 20 E DL 3R B[R]V S A AR &
DNA W FEEVE N N8, fff %K Design Expert 11
Box-Behnken #1738 & 20 & BH A4 #T,
AR 17 ASC00 ST, R KR
# 3 PR,

7 Expert 11 #{4H Xt SE 025 S EA T [ 5 A 2245
Br, 553 4 PR, JEEST DNA (V)% NaOH
(A . & BEE@®) . B E(©) M =0 bl E R
Y=665.96+18.16A+5.38B+28.39C+5.27AB-17.00AC-9.52BC
—81.46A’—68.78B°-114.65C*

Sof BRI HEAT 07 2200, S5 ans% 4 Bk, BRAY
P<0.0001, #HH )5 FRAHLA [BIHFR R RCAF, BRI 25 1),
EATS2BR B R S, JBI5 P g 0.5200, 6B 5236 B9 BEHL
R ZEXHILAL IR 45 RS A 2
222 BZHEAALELAAR
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Fig.1 Effects of NaOH concentration (A), extraction temperature (B) and extraction time (C) on crude DNA mass concentration (nN=3)
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Table 3 Analysis scheme and results of response surface
experiments

s ANaOH e Br #2IU C: 420 DNA Bttt
iz

/(mol/L)  H&JE/°C B[] /min V& /(ng/uL) A260/A280
1 0.7 80 5 538.4 2.189
2 0.5 60 5 678.0 1.988
3 0.7 40 5 5213 2.084
4 0.5 60 5 672.3 2.065
5 0.3 60 7 490.5 2.154
6 0.7 60 7 500.9 1.913
7 0.5 40 3 434.6 2.205
8 0.3 80 5 499.6 2274
9 0.5 60 5 657.0 1.997
10 0.5 60 5 658.5 2.362
11 0.5 80 7 511.4 2.003
12 0.5 40 7 515.5 1.583
13 0.5 60 5 664.0 1.956
14 0.3 40 5 503.6 1.575
15 0.5 80 3 468.6 2.096
16 0.7 60 3 483.2 2.054
17 0.3 60 3 404.8 1.649

P BRI 52 e AR o] DSV RSE TR 3 A 45 2L, g 3 S 1 [m] ) 6
BT RN R A E AR, 73 2P A &R 52 JAR

SEOE, A H IRy AR 4 e I 1 TR . NaOHL YR B (A) 55 1
L BE (B) 22 A FH By o 1o o T e BE W . SE AR 4R,
PRI B2 (B) 5 42 S 8] (C) HK, NaOH (A) 5 #2 5 [1](C)
28 EAREFH e g il AT L S e AR o (A 2), UEH
S A B E R F 3 AC>BC>AB, X 575 22 7 &4k
R,
223 JAREH . R FRMALLS TR

HWIEE 2, BB DNA A T2 0 NaOH #
FE 0.40 mol/L . ZMRIRE 46 °C. ZLf@MFIA] 4.50 min, fCA
7R A BRI P A T DNA #RBEh 672.58 ng/uL; %
H BRI SHOT R 3 HVATRAE R, SE7-35 DNA ¥
&8 586.00 ng/pl o SR 55 AR B T (5 AH X A 25 A
12.87%, 2576 & BRI 1R 250 [N, R FT g vy 1 Ik
[l AROR R AT, FIHZ SRS B R I T2
SRS, A FH TS DNA PUs I

3R 3 1 A260/A280 BLHE AT UL, & A5 HE i LU 1E
TR 1.575~2.362 Z 0], FefL4ctF THES A260/A280
1.99, b4l DNA FREX B (1.8~2.0), BLHAAMIL T2
LU DNA B A 44570, S AL 5 22 dRT-PCR ¥ 34 iR 56
BR,
2.3 BT E IR REREER S

I 3o S T A A R 0 W T, AT S TR
P RRERME 5 . dRT-PCR 4 B4 £ DNA T A= 45 At
M 7E 84.79 CHi LA —YIE (A 3), ¥ TSI DNA Jirj™
A R RN 2R TE 81.66 °CHY B EA— I (8] 4).,

F4 ERAREFESHLER

Table 4 Analysis of variance results of the regression equation

IR - J5 A A ¥y F P 2
e 125500.00 9.00 13944.72 180.05 <0.0001 o
A 2639.01 1.00 2639.01 34.07 0.0006 o
B 231.13 1.00 231.13 2.98 0.1277
c 6446.80 1.00 6446.80 83.24 <0.0001 o
AB 111.30 1.00 111.30 1.44 0.2696
AC 1156.00 1.00 1156.00 14.93 0.0062 o
BC 362.90 1.00 362.90 4.69 0.0671
A 27936.49 1.00 27936.49 360.71 <0.0001 ok
B’ 19918.69 1.00 19918.69 257.19 <0.0001 ok
c? 55350.61 1.00 55350.61 714.68 <0.0001 o
Bk 2% 542.13 7.00 77.45
AT 217.20 3.00 72.40 0.89 0.5200
2% 1 2% 324.93 4.00 81.23

RN R, P<0.01,



5510 3] GytAR, A WUE SE ¢ IR A M S 0T bR 2 5 = PA) ] i P R A Bl 115

DNAJF R/ (ng/uL)

B: HuREEec 50
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P12 NaOH #eJE | R AR IR ) 22 HAE FIX DNA SR 57

Fig.2 Effects of NaOH concentration, extraction temperature and extraction time on DNA extraction yield

100000

vt 80000

7,

60000

iR AR A

’L 40000

e
K

20000

60 65 70 75 80 85 90 95

PRIGREE/PC

3 dRT-PCR Jl7E 214 DNA [ i i 28
Fig.3 Melting curve of sheep tissue DNA
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Fig.4 Melting curve of duck tissue DNA
determined by dRT-PCR
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Y OfE fE W Tl 2Rk MR T R (B 6)
=_344917X+20.575, PeiE RECH RP=0.9994 45 50, 15
TR BOAS G FHE R 0.01 ng/ul, ARl 2k &2 90 I
RAERR, B 7 81.66 CCHHIUT 45 M firt e 2 B XG Y5t
DNA F=AEFRSE Y3, WEITZ A X TR AUHE DNA A4
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i FE A 9T 5% 28 7 ARSI D 3k A I T 5 2 A o o 5 R
R (ERLERE R IREUY 3 S LRI ARAE 81.66 °CREIT MY
SRS B T R (B 8), R T HEIR RS I AAAE, 7
84.79 °CHHEAS HBLE, XRITE 3 SFE5 A H 2
FI A BRT 3 SEEMAN, HARI 9 ANEE L AERTE 84.79 °C
RFFSIT H B T 4SRRI, X R I T 2R PR A A
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Fig.5 Melting curves of mixed sheep-duck DNA and DNA from
other 5 kinds of meat samples determined by dRT-PCR
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Fig.6 Sensitivity test of duck-derived DNA by dRT-PCR assay
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Fig.7 Characteristic peaks generated by dRT-PCR amplification of
duck-derived DNA at different concentrations
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ARG E) dRT-PCR J73k, i 3 mi 1oy i i A0 AL Bl
B AR YIS DNA, FEIE T W R LR AR IE R %11
FESEEES I, SEEET 2 DR v S R B P PR

£ DNA P2 T 2404077 1, 4858 LA NaOH ¥
L ORBUREE . $RBURE] Ay CEEAS & id Box-Behnken
B8 AR BUAS 1 (NaOH, 0.4 mol/L . 46 °C. 4.5 min),
5 min N BI W] 3545 586 ng/uL Y DNA HF /e giaest, ik
5 1 - O B I DA B S $R UL (RER 30 min D B3k
R FH TSP 5 PG A4 DNA K H RN 0.01%, A
Tt IR A G DN 5 5K o TREFIA SERT 20 PCR T B 2 R ik
HRE R — B9, 51T 2%, A R & U, A
WF5E 8 i B4R 19 dRT-PCR 514, 7EAGIIE . B8 FTAp
PR L, AR AR AR S R . MR T AT,
AR5 A L DNA AR H R 5 AR £ 42 B DNA
ARG H PR COL e AR /NT 1 h, A K
2R 5 8 8 2 PCRAX,  FAASRE SN A/ T 10,
HH AL SR ARG I P08 PR 20 9 B, 6 I ek i) 5 B A 4
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PR g | SRR PSS TR G  [R]FPRZIZ T TR A
TR AT A AR T EAE)HRE T, mdiiie
DNA $E UG i o LA BRI i B P s s BRI S5 4%
JEOt PCR 43 94, 2 — AR5 ER i SE bR AN (E

SE 3

(1] Semadl, Viosse, BIBE, 45 R BRI SRS R XU BT 5
HER[T]. BT S5IT K, 2023, 44(24): 201-207.

FEI YJ, XU FR, LIAO R, et al. Research progress on characteristic
volatile flavor substances in mutton and its products [J]. Food Research
and Development, 2023, 44(24): 201-207.

[2] FERD, RT. IRBURRFZER ) S SSE R E R ). PR
27254, 2024, 29(5): 231-240.

XUE L, ZHU N. Analysis of influencing factors of livestock product
consumption in urban households [J]. Journal of China Agricultural
University, 2024, 29(5): 231-240.

[3] YANG YL, XU J, YU L. Spatiotemporal evolution and linkage analysis of
mutton price in Xinjiang [J]. Journal of Systems Science and Information,
2024, 12(5): 667-689.

[4] HOSSAIN MAM, ZAINAL-ABIDIN SAS, BUJANG A, et al. TagMan

multiplex qPCR for detecting animal species in meat and meat products [J].

Food Control, 2023, 150: 109761.

[5] AR, SH = 1A ] it o S Y RS A3 A0 7 v 9 7. R i e (D). AR
PR, 2023.

DENG L. Establishment and screening of detection methods for
duck-derived components in cooked mutton products [D]. Chengdu:
Sichuan Agricultural University, 2023.

[6] WANG SC, FAN BB, HUANG ZT, et al. Development and application of
a low-cost and portable multi-channel spectral detection system for mutton
adulteration [J]. Biosystems Engineering, 2024, 247: 13-25.

(7] FNINSL. PR B 1A T it B PR 8 ) B AR F 5 B D). £ 2 A T,
2024(17): 190-192.

SUN JL. Research progress in the authenticity identification technology of
meat and meat products [J]. China Food Safety Magazine, 2024(17):
190-192.

[8] Ak, FRbk, 418, 5. TaqMan 55F-SCHT 986G BHaE S Fi AR
G 2 DA 4 S R A3 B HR O 5 e [0, 8 A B A I~ 4R,
2025, 16(18): 274-281.

XIE HT, CHEN X, JIN J, et al. Determination of duck derived
components and relative content in mutton rolls by TaqMan

probe-real-time fluorescent polymerase chain reaction technique [J].

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

Journal of Food Safety & Quality, 2025, 16(18): 274-281.

FE R, WRERE. A TR S IR 2 BE T S e I 5 AT (3],
A SRR AN, 2025, 35(2): 69-73.

WENG QY, CHEN JL. Detection and analysis of proficiency testing for
five animal-derived components in mutton [J]. Quality Safety Inspection
and Testing, 2025, 35(2): 69-73.

Mg, S, KIBTE, S5 A SERRY A S R E T AT
ARG 21 P R LA R S B R[], £ T B, 2020, 41(16):
238-242, 251.

LIU HB, ZHANG HX, SONG TF, et al. Rapid detection of duck-derived
components in mutton and mutton products by loop-mediated isothermal
amplification combined with immunochromatographic test strip [J].
Science and Technology of Food Industry, 2020, 41(16): 238-242, 251.
RAGUCCI S, LANDI N, DI-MARO A. Myoglobin as a molecular
biomarker for meat authentication and traceability [J]. Food Chemistry,
2024, 458: 140326.

LI YJ, LIU JJ, FAN SF, et al. Establishment of enzyme-linked
immunosorbent assay for beef and lamb contents in cooked meat [J].
Journal of Future Foods, 2024, 4(11): 91-96.

EDWARDS K, MANLEY M, HOFFMAN LC, et al. Non-destructive
spectroscopic and imaging techniques for the detection of processed meat
fraud [J]. Foods, 2021, 10(2): 448.

VESUIR, B80S, fLEEE, %5, WA SRR A AR DI [T]. A
KTk, 2021(7): 44-49.

XU WIJ, ZHAO H, KONG CX, et al. Research progress on adulterant
identification technology of meat and meat products [J]. Meat Industry,
2021(7): 44-49.

WA BT oS RSB EE BRI S5 [D]. dbat: dbatfh
TR, 2022,

HUANG CQ. Study on quantitative detection method of adulterated meat
based on electronic nose [D]. Beijing: Beijing University of Chemical
Technology, 2022.

LENG T, LI F, XIONG LA, et al. Quantitative detection of binary and
ternary adulteration of minced beef meat with pork and duck meat by NIR
combined with chemometrics [J]. Food Control, 2020, 113: 107203.

XING RR, HU RR, HAN JX, et al. DNA barcoding and mini-barcoding in
authenticating processed animal-derived food: A case study involving the
Chinese market [J]. Food Chemistry, 2020, 309: 125653.

B, 777, BYLH. JEFLE PCR EMEFIERBIIT. MY
KT, 2022, 48(24): 281-287.

SHAO BY, XU N, CHI KY. Qualitative identification of venison
adulteration based on multiplex PCR [J]. Food and Fermentation
Industries, 2022, 48(24): 281-287.

LIU WW, WANG XA, TAO J, et al. A multiplex PCR assay mediated by
universal primers for the detection of adulterated meat in mutton [J].
Journal of Food Protection, 2019, 82(2): 325-330.

FEFRIR. SITHOEE HE PCR FRTE L f il e i i FBE R ()], R &
fift, 2024(18): 79-81.

REN RJ. Application progress of quantitative real-time PCR technology in
food detection [J]. China Food, 2024(18): 79-81.

WA, WakAT, RN, 4. WEE PCRYEFIA | SERBMEI]. E A



118

B AR

A < 4

FH1TE

[22]

(23]

[24]

[25]

[26]

Kb Ze s, 2014, 24(23): 3379-3382

YANG DY, YANG YC, LI H, et al. Identification of adulteration in mutton
and cattle by duplex PCR [J]. Chinese Journal of Health Laboratory
Technology, 2014, 24(23): 3379-3382.

B, GRHE, B2, L LRBREINRETOER PCR ER
il # K B FHBFSE[T]. AR AR, 2018, 8(6): 522-529

LI TT, ZHANG GL, WANG ZY, et al. Chip preparation and application
research with real-time PCR for rapid identification of mutton adulteration
[J]. Current Biotechnology, 2018, 8(6): 522-529.

P, SRR, F2AE, A PREIRIUAZRIER 4] DNA YRR
WEFE[I]. b =441z, 2018, 9(17): 4755-4758.

LI TT, ZHANG GL, WANG ZY, et al. Study on rapid extraction lysate of
meat genomic DNA [J]. Journal of Food Safety & Quality, 2018, 9(17):
4755-4758.

LI JC, LI JP, LIU RX, et al. Identification of eleven meat species in
foodstuff by a hexaplex real-time PCR with melting curve analysis [J].
Food Control, 2021, 121: 107599.

RO, SRR, S5, AEWKGHS DNA Bl 2RI ik
SHR[]. PE%ESARE, 2011, 26(4): 301-304.

LI AIQ, ZHAO XC, ZHANG YX, et al. Optimization and improvement of

PR,

the alkaline lysis method for the extraction of DNA from forensic
biological samples [J]. Chinese Journal of Forensic Sciences, 2011, 26(4):
301-304.

BIVEHED E, HELLMAN B, FAN Y, et al. Dna integrity under alkaline

[27]

[28]

[29]

[30]

[31]

conditions: An investigation of factors affecting the comet assay [J].
Mutation Research-Genetic Toxicology and Environmental Mutagenesis,
2023, 891: 503680.
HAO RJ, LI XY, WANG N, et al. Optimized plasmid extraction through
controlled temperature, prolonged alkaline lysis, and gentle mixing [J].
Journal of Chromatography B, 2025, 1262: 124646.
GIRISH PS, BARBUDHE SB, KUMARI A, et al. Rapid detection of pork
using alkaline lysis-loop mediated isothermal amplification (AL-LAMP)
technique [J]. Food Control, 2022, 110: 107015.
BRI, 202, I WRBBAEME ARV D). EYHARMARE,
2022, 12(2): 213-221.
YU HR, J1 Y, PENG C. Research progress on detection technology of
meat adulteration [J]. Current Biotechnology, 2022, 12(2): 213-221.
TRMIE, EdtE, S, A5 BMENE P A8, BRI 2
S E ik B T TR A Iy TR N S N [T]. RIS,
2026, 40(3): 62-68.
ZHANG CD, WANG JH, WU HJ, et al. Establishment and application of
multiplex real-time fluorescent quantitative polymerase chain reaction for
detection of porcine, chicken and duck derived components in duck blood
products [J]. Meat Research, 2026, 40(3): 62—68.
THANAKIATKRAI P, KITPIPIT T. Meat species identification by two
direct-triplex real-time PCR assays using low resolution melting [J]. Food
Chemistry, 2017, 233: 144-150.

(A% Sera RabfE)



