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Qualitative and quantitative detection of adzuki bean ingredient in rice bean processed foods
LIANG Yingjie, GAO Dongwei, DONG Jie, LI Zhiyong, GUAN Lijun, LI Side, LIU Jin
(Guangzhou Customs Technology Center, Guangdong Guangzhou 510623, China)

Abstract: Objective In order to achieve the authenticity and quality identification of rice bean processed food,
qualitative real-time fluorescent polymerase chain reaction (PCR) and quantitive droplet digital PCR (ddPCR) methods
were established for adzuki bean ingredients misused or mixed in rice bean processed food. Methods Specific primers
and probes for qualitative real-time fluorescent PCR were designed according to their conserved sequences in genomic
DNA, as well as universal primers and probe for quantification of adzuki bean ingredient in rice bean processed foods using
duplex droplet digital PCR. Then a linear formula of mass ratio-DNA copy was established. Results The LODs of real-
time fluorescent PCR for rice bean and adzuki bean were 0.1 and 0.01ng/WL separately, and the LOQs of ddPCR for both
were 6 copies/[LL. Accurate quantification of adzuki bean ingredient with a mass ratio from 5% to 80% in rice bean
processed foods therefore could be achieved. Conclusion This method could be used for qualitative and mass ratio

quantification determination of adzuki bean ingredients in rice bean processed food.

Key words: Rice bean; adzuki bean; real-time polymerase chain reaction; droplet digital polymerase chain reaction;
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258 [A) PR W) 5 2 45 A b [ A% e b BE e MR TY
S BT TN EYY . RN
( Vigna umbellata ESFANCA( Vigna angularis) [7 )& & &}
9L G &R (Vigna) MY o /NG R B ATt —2
AL DR (e SR A B % 3 0 ) (T2 8k M 2 (2002 ]
515 ) i B2 £l SO 24 il B9 il 44 ) BT 91 B 2y
P 02— o v B A R/ T BT AT AR L
g B 23 R K i 2 R AL R S 2 KRR
AR R, i AR E"

FE RG], o /N A 200 B BR 40 5L ORR AR
570 BTSN i TR H R AR, PR AR S &
AR VE o T T T B PR R R AT A A I N R A T
il Th R LAY AR A R /N SRR AR /N v AR
an o, 288 KA ULL AU R D BB AR Y 1
W v b TS S R A ) A NSRS | EA NS T(TR - R WD
i R AT, 3 J2 vl 3 HoAth 5t PR o DL AL G 4 ok /N
L, X BT R AR 24 B [ IR OG5l i R R R
T 2% 5 4d e 22 A i KR A o AT A9 Bl A T s v
rF BT TG BT X AR /N T RIVEL R A R T i A R
EIRRE SR R AT T AR W A ECR A LA
FIE Tl 2 AF DG B EL S PR 0 A A R R oK

BT R A W #E 20 N (Digital polymerase chain
reaction, dPCR) 4& 3T 4 & % H 1 DNA 52 8 $& D1 %
LA M SRR SIS PCR A I,
7 PCR AR 1 AR 2 40 6 2 A o4 o 22 ol s 4 it
A e 7 20, ] B RE AL P g B AR DNA | B
HEAT ¥ DR BE M 2 1 0 AR SCRL AR /N S T
B ST R G, 43 ) kT 92 5 G PCRFI AL
ddPCR H A, #E 57 AR /N Gk 43 FVZL 2 18043 14 2 M
JoT B A 4 s AR 5 vk T T LA R /N E R R
BRI Tt o ol N SR R AR A AT S AR
WA SRR DG ity LA R JET S O] 1 v A T Y
PR

1 #REAE
1.1 EZUE 55
(0X200™ Droplet Digital PCR &4t(C1000 Touch™

=1
Table 1

FRAE A A0 A WA AR A3 B ASORT B AN, 55
Bio-Rad /A 7)), ABI 7900 HT 5Z A %¢ 5% PCR A% (3 [
Thermo Fisher Scientific 23 7l ) ,Nanospec EZRE
P8 AL (H AR B 3N 6] |, Centrifuge 5424 /N iy 5k
B0 AL (5 H Eppendorf 2% @ ) , IKA® Tube-Mill
Control i & W ML (18 IKA 24 w]), MS2 g iR &
258 IKA 22 7)), HR2166 Viva Collection $if FEAL
(fif 2% KA A 7] ) , AB204-S METLER TOLEDO Hi
TR i E AR 28 |)) o

U RNG GE KE S S T
VAN TN 2 SN AR N 5 M 1 ¥ N o SN
25 KOk NI P R M AR AR B M (I A
ARHEET ), FR A S L A 24 Ry AR /D G258 55 10 Fif
AR/NE TR (WA BEES) . Wizard®
Genomic DNA Purification Kit( 35 [ Promega NEIDR
i BT PCR RN TR VR R0 A i 10 43
Br v B #H I #E A4 ( 5& B Bio-Rad 24 #] ) , TagMan ™
Fast Advanced Master Mix ( 3& Thermo Fisher
Scientific 2y ®] ), 519 R EF (LW N 5 T A R
BABRAR).
1.2 ik
1.2.1 HEY A2 DNA $2 5

P HEAE 4 FE PR 41 DNA 42 BR300 45 A0 45
VE A5 BRI 547 FE & DNA 42 ORI S8 88 ) 1 2
FE DNA $2 ik R vt 700 i i RN RS Y 45 A4 N 1]
PRFR, DA de OB B b ORI e 0 A v o v . ELAA
A 45 M R 2R Bl 700 pL, B A ULEE R L2
JK A # AU 550 L, DNA % f# T 50 L DNA %
fife . AN, B T UTTE SR A 31 550 L [ JZ K AR
J65 550 wL My /A 05/ 5 i AR L Ry 25:24:1) 1R
A I ) ZUEBR &) BEAT AR L B0 R AUFS B 400 pL
)RR AT T BEDOVE
1.2.2  SEmF9¢96 PCR

iz | Primer Express5.0 B 48 NCBI GeneBank
NI L G R AR /NS SE 24 DNA P51, 3 ik it
pINVANCREAREN R X e R/ E7 X SNV & VI NEEA N
WAL ERE (£ 1),

EIE/EIE7 33y

Primers and probes

JFHI(57-37)

F B /bp GenBank No.

41 -F: CACTACTGCTCTCTCCCTCAAAAC
EANG) 215 -R:AGATTGGGAAAGATTCGTTGG

163 XM_017587507.1

21 17.-P:FAM- TCTTATCACAAGCCCTTCCCTGCATC-BHQ1

HR/NE-F:GTGTGCAGGTTACGTGGAATATG
HR/NE-R:TTTGTAATTTGGGGAAAATGTTG

141 DQ333268.3

IR/NG-P:FAM-CAAAATTAAGGTTCATATAAACG-MGB

W H-F: TCTCTGTGGGTTGTGGATTCTC
id H i JH-R:CATCCCTCACCTCCACTTCC

139 XM_017556135.1

i JH-P: VIC-TCGTTGTTGTGATAAAAGGCAATATCTGC-BHQ1
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SO 2¢Ot PCR O WK & (25 pl) : 2xPCR
Premix ExTaq 12.5 pL, b U4 0.4 wmol /L,
#REF 0.2 wmol/L,DNA 4% 2 pL,ddH,0 b 2K,
F2 AR 295 °C 30 ;95 °C 55,60 °C 30 5,45 4>
PEA
1.2.3 ddPCR

ddPCR JZ W & % (20 L) : ddPCR™ Supermix
for Probes(no dUTP) 10 wL, L5 [ . FiF5| 9 i A
US4 0.4 wmol /L, 21 SR 5T A B4R A&
0.2 pmol/L,DNA #i47 2 wL. AW £ :95 °C 5 min
(1°C/s);94 ‘C 15s(1°C/s),60 ‘C 1 min(1°C/s),49 4~
PEI 512 CLRAFE L) -

1.2. 4 5lYHE RS ITEAL

FEHL 1.1 v 18 i 52 2 0 T 4% 2% AR R 4
K20 DNA, 54N FE 5 DNA #EAT 2 A7 59 52 1) 26 5%
PCR,BIEFE 1 o 3 E5IWHE 155 54k
1.2.5  S2iF9¢ 56 PCR A AR BR PEAG

B /NG LT I 4] DNA 43 50 FH 4 53 (X
ZH DNA A7 85 BE 0 B, 45 Bk /N ORI 20 5 RE I 4]
DNA ¥4 100.10,1.0.1.0.01 1 0.001 ng/pL
Z51 DNA W, B EE DNA #5497 2 A7 B St
56 PCR, PEAY 7% /N 5 4L 5 5256 9% PCR 7 1Y
S EE G PCR A MK FR .

1.2.6 ddPCR 8 DUE vk B2 o 5 A6 BR 37 Ak

XF1.3.4 1530 Ak /NGO G 4] DNA 2
B 47 ddPCR Rl 0 5 % /0N R 21 5 IR 4
DNA # DUEOHR

Xof 5 DUEOHR B2 1 o /N RN ZL B 2H DNA
Gy 2k G IR ZH DNA SE 4786 B s B, 15 2 R /b G
ZL G R 4] DNA 8 DUk 22 100.50.20 .10 .5
F1 1 copies/wL ) R %1 DNA %W, B> 45 DUk 3
DNA 47 3 F 47 (9 ddPCR, PF il % /N &A1 41 5
ddPCR 77 145 DK B o et A T FR
1.2.7 ZI3G i H 5 tb-DNA # DB JE 5 o b
K FR AT

DL /NEL R B 0T, 48 AR TR i Y 41 0, 45 5]
ARG S NE R A G FANC NG S R AN | VA NN i s
B E A ) 433N 1% 5% . 10% . 20% . 30% . 40% .
50% .60% .70% .80% M1 & FE 45 100 g0 10 4R
GRS RS AR A FR A 3 AT 50 mg I
TTHE ) HE D 20 DNA $2 50, F ddH,0 i B 10 %5 )5 i
7R ddPCR K  , 4~ DNA $2& B4 i 17 50747
ddPCR , W 2 £1 & % PR AL ] 2 R 98 DL B0 2 . 1t
T B DUEOR B 4y b (BRI ZT 5 88 DUER 41 A
ARG DU E W or ) LR G S 2 5
Jo i E 43 B O R AR AR LT S8 DLEOR B A H AL

AEFR s i 41 G BT i A 4 B -DNA $ DLEO B E
Fb il 429 s 7 R A
1.2.8  Fl FHASEROUARE i Xof s dak AG: I 28 42 Y18 T 7 40 31

I /N 2R RADURE i B & T 2 S A LR
ANTE R TR AL G A A B 5% . 10%
20% .40% .60% .80% K i A i 4 100 g 7515 1
AR i TE A L B B R RN R A AL R A
PR /N LA A A B RS REROIA 45 ¢ (1
WoRE 20 g WHFG A1 30 g MW I,

AT 2 Ry L AULRE it 1 a2 T 20 6] B S il
LG R A S A 5% . 10% . 20% . 40% .
60% .80% MR i 45 100 g; F- 47 B I F) BUR &
R 12 g, A LA Pk A 4G 7K 8 g /K 4 ¢,
R 4 g K12 g FFH 2.5 ¢, PTG 120 C
HEKE 30 min, 90 H & i, 153 2] A 4% AR 155 40
B fh o

BEARESL R 3 A FAT 50 mg - HEFT RE M FE A
20 DNA $2HC, YEA7 XUE ddPCR K2l , 4> DNA 42
B A7 547 ddPCR 0 22 21 3 35 DX 3 ) 2 A
P ULROMR B o TF A2 B3R R 3 TR DL Bk
JE AR 21 05 3 DY) 53 3 DR 4 DL B0k 3 AR
ALE N E 4 FL-DNA B ULk B A A Ltk R
KRG G E Ay A T ROR PR
A I 2
1.2.9 T8 sk

XF 10 Fh 7B AR /N BN T A 20 R
oo i BEAT RN o BEASRE SRR I 3 AT 50 mg I
rHa B 24 DNA $2H0. ) DNA 42 By ik 47 5
BF 256 PCR & PERT I o XF [R] BF A H il /N R4 &
B PR RE i BEAT XE dAPCR SE BRI, VA A Oy
35 P
1.3 GEil2Eair

THEA BT PCR SZ5G v 3 5747 46 0 4548 104 4 o4 fi
2% (SD) AR X A5 1 1 22 (RSD), #E 47 A 5 &2 M43 #r .
K A GraphPad Prism7 Xt 52 56 50 38 7E 17 G811 2% 40
FE R .

2 H#R
2.1 SIEREH R Sk
FIMPRE R R PP 25 R OB 1. AR SCiTT
VAR EANE R S TR Y/ E 7S i) 31 IB2 DO AN L 4R
TN DNA B AR SR BE 5
B[] B 2R /N RN 2L G R A R R Y L3 BRI Y
BEAT 0 HoAth 4 Fp DNA JE 58 RN .
2.2 SEEFHEE PCR A A R
SEHF 3 PCR RS DU IG BR 1Al 25 5L WL IR 2. LA



e AR R

—228—

CHINESE JOURNAL OF FOOD HYGIENE

20224E% 34 55 2 W
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Figure 1~ Evaluation on specificity of primers and probes

Ct {H<35 9K th 7 B H0 B 25 14, 2l /DN 5 3 DXL 1) 55 1
$56 PCR KR BR & 0.1 ng/w L, 21 3 [H Ay 52 it

7 PCR K UAICFR 2 0.01 ng/pLo
2.3 ddPCR #% DUk B2 o o A DU PR

ddPCR #5 DUEIHk B 5 15t A 00 B 377k 285 2 DL 3% 2.
g AR UE RE ARG TR 5 B LA 3 AT R I 45 R Y RSD
<25% AE R B TEAN WSS AR . L0 T DNA 45
DUECH B2 5 copies/ L B 21 1 3 PR AL GE BS54
T 1K I &5 HE 43 5 ol (5.22 + 0.55) copies/ L Fl
(5.32 + 0.53) copies/pL, RSD 4 %] & 10.60% Fi
10.06% ; 4 2% /N G4 VLB B2 R 5 copies/ L 38
DS W A ARG DU 25 3R R (5.10 £ 0.53) copies/pL,
RSD 4 10.38%., #f& M, PPA% A Iy i % /N G20
1 #5 DUBSOHR 5 1 K I PR 3254 6 copies/ Lo
2.4 LI JREE O HE—DNA ¥ DB E 4 ok
Z2 3 G ) e v R

L1 G A 4> L—DNA #5 DU H 4 ok
ZRX A 3. ML H L G R T E—DNA # 11
o B 4y te i 2t S SRIEVERA 1 L LA R*>0.99 1
Sk ST F AU BOHE PEAN ( SC B bR . BRI, AR S
ST 20 R T 0 lb—DNA $ 0RO A L
KAXFE T AT A DA 5%~80% M5, 41
SRR TN 1% BEEEAR TR

R I 56 F 30 e R TR L A T
2 ERIPURE A HEAT A, S5 R LR 3. Bl)E L R
H 4T 5 T A 43 B A R R /N BLREORTAS PR A 4
BE S XX A OC R AT HERE IO o O R IE S K
238 S B e P L DL DGR 80%~120% 11 Ry 5 B0 A
T2 P L OF (1) G B A B R L 20
i H 5 5%~80% 1 o /N T4 F T4 A R 15540
B 4R DL 21 5 & H 43 F—DNA $5 DUk
JEE 53 b O FR S HE AT Y 20 5 ) L i
oAUl

a. b.
Amplification Plot Amplification Plot
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Figure 2 Evaluation on LOD,
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%2 ddPCR ¥ DUHOHk i
Table 2 Evaluation on LOQ

Ao R T A

copy

DNAJE DUk i/ L ple
N - 21 55 DNA K6 25 5% /NG DNA K i 4% 38 5L PR 5| R A A ) 45 SR
(copies/pl) S £SD/( copies/pL) RSD/% S £SD/( copies/ML) RSD/ % S £SD/( copies/ML) RSD/ %
100 97.67 + 1.53 1.56 100.67 + 5.03 5.00 99.67 £ 6.11 6.13
50 49.37 + 091 1.84 50.93 £ 1.35 2.65 50.27 £ 0.90 1.79
20 19.8 + 0.70 3.54 20.53 + 1.31 6.36 18.93 +1.53 8.07
10 10.27 + 0.87 8.51 10.32 + 0.69 6.72 9.57 +0.95 9.88
5 5.22 £0.55 10.60 5.10 £ 0.53 10.38 5.32+0.53 10.06
1 1.33 £ 0.61 45.83 1.34 £ 0.72 53.62 1.63 +0.57 35.23
80 2L N B 2 SRR EAT ddPCR 2 & A & B, 21
701 3=0.8529x-1.3338 d L B A Ay S ' O 74.18% F1>80% , 1M
R?=0.994 8 — qal > — N
< 60 1 AR 2 5 WY B TR Ry AR/ L R g5 R R A
53 - N 5 . N — N
=507 AR/NEAHSCB M i Az e b UL R /N B 2

0 0 1‘0 2|0 3b 4|0 Sb 6‘0 7‘O Sb 90
FRAE T4 /%

B3 L0 it F 4r LE-DNA 5 DU B A 4 L e R =X
Figure3 Adzukibean Massratio-DNA copy numberratioformula
2.5 TR AR

B R I 25 SR L3R 4. SR A6 PCR 45
BEIR,3ANFEAEREES 3 DY 1 4R
INTERERE S T R AR N TS L D R
FU T AN IR /N 5 RE i [A] ARG L 2R /N B g3 FEL B
LR SR T =S N S G N i o s B A N A

MR SCAH BB Bk o # W

3 itie

) 5 PRS00 2 AR 0 o R AR o) B
i, PR BE A % A AR B AT E E /Y 4
B, 5w e AR 2 DNA | BB i s xf 4 0 A
SCT 16 R 21 5 iR /N S A R I B ¥k A
THEH 4 DNA.

SCHR R AIE 2 I TR et A o 0 E R E A
PR P L0 4 SR A5 12 Ak TR X L ) AR ) 03 A TR
T R B e ARy A R TR DR
A 1 T 22 R] AR TSGR AR R DK
S b X PRI T i A S A £ G B

7 SCN A NS B 10 P 2 T TG IR A TR

3 R IR M N L R

Table 3 Evaluation on linear range of quantification

/N AR AEALURE

TUAT AR BEADUAE

LLGL R T /%

EHI{E+SD/ % Il 2 /% S {E+SD/ % Al 2 /%
5 4.98 +0.31 99.61 + 6.12 472 +0.24 94.37 +4.78
10 8.71 + 0.76 87.13 + 7.56 9.28 +0.19 92.82 + 1.92
20 17.45 + 0.32 87.27 + 1.59 18.87 = 1.09 94.35 + 5.44
40 39.35+ 1.36 98.39 + 3.41 36.59 +2.22 91.47 +5.55
60 51.66 + 1.05 86.09 + 1.76 55.68 + 0.88 92.79 + 1.46
80 79.72 + 1.47 99.65 + 1.84 78.06 + 0.92 97.57 + 1.15

Feda o TE ORI
Table 4 Detection of market foods
B 2B FRa i _ EBRHAPCR AdPCR 21 5 B 77 4 H /%
/AN fan=2

FEXKIL MR/NG AT + 100
FHEZK2 P VAN A N5 — + 100
FHEAE3 17% #/NT 17% 4175 — + 100
FEX 4 TR/NTE + _ 0
“HE 1 TR/ _ N 100
wYF 2 HNE — + 100
KWk 3 IR/ + + 74.18 +2.46
w4 RN — — —
TN A jﬁ—/J N + + >80

4%/

k’m
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B 37 T 20 G R R N SR SO PCR O PRSI T
B ddPCR ZE A W J7 325, 76 A% /N GAH G £ 5 14 B
Bhy % 50 b AT 2 SR FH BUAS AV B 45 AR T Y S B O
PCR 7 1400 0 K ), %ot ff A 0 B2 0 — 20 AT i
43 Lb S e B AT BERE L SEE ddPCR E AR . 7 R
SR 7 TR K B 5 1) DT e R A R R )
W, ETEmn TaBEPARAEY RS T
[vi] S % B 0 00, DAL I L 8] 06 R PR R AR U R DA
UE oA & i 57 AR W 4 DNA #5 DLECE 4 L A
A A H 2 R SCEEE DU S B I T v R
Yy 153 R E Ay B I e B A, AR SCRE R
SR HKE DNA $8 DUSOM B2 A 43 Lo 4 350y o k40
Fb 9 5 T 2O B i T b AR B
BT T AT AR 2%

H AT, 3 5 PR A A I 3 S BB G R Sk R R
B ¥ UL i HEA TR U i, TR FE D10 B 4
TRy o AT AR A AR SR BR M, SR R AR S ST A T A
BB 0T DL R /N R SRR T P 2L G A e
JR/INELIY T Ay B EAT RS DN, S REAS B 4T E A
T AT A A b Rt A SCE ST B
TR R I LA AR N A T JRURL Y i T
Bl 5 FH S8R 4 40 5 T ) e, SR R G B
LR R it I 5 O3] A o A T O B AR ARl HL AT S
B R FH A

5% 3k

[ 1] EVERSTINE K, SPINK J, KENNEDY S. Economically
motivated adulteration (EMA) of food: common characteristics of
EMA incidents [J]. Journal of Food Protection, 2013, 76(4):
723-735.

[2] AR . HREEDEE % M E[EB/OL]. (2016-01-14)[2022-01-
01]. http://shipin. people. com. ¢n/GB/n1/2016/0114/¢85914~
28051815.html.

Peoples Network. The chestnut cake shop was shut down overnight
[EB/OL]. (2016-01-14)[2022-01-01]. http://shipin.people.com.cn/
GB/n1/2016/0114/¢85914-28051815.html.

(3] FNRTT, ZEOCHT. SE 20t PCR AL AR P A I 245 ) it
TS [T] R, 2017, 38(22): 330-334.

SUN L G, HUANG W J. A real-time PCR assay for rapid

Wi

detection of Kidney Bean component in Lotus Seed paste product
[J]. Food Science, 2017, 38(22): 330-334.

[4] JEEM, BERZ, A, % 252 WU L RS RN
U P E B2y, 2020, 22(9): 1428-1433.
TANG X Y, XIE G Z, ZHOU R R, et al. Development and
application of one root of medicine and food [J]. Modern

Chinese Medicine, 2020, 22(9): 1428-1433.

[5]

[13]

[14]

[17]

WA, B, 2R, A (GRS 25 5 i 1 i 45 BB
ITHESL [J] P 252238, 2017, 52(7): 521-524.

QUE L, YANG G, LI 'Y, et al. Overview of revision of the
catalogue of the substances traditionally considered as both food
and Chinese medicine [J]. Chinese Pharmaceutical Journal,
2017, 52(7): 521-524.

INZFEREZ . ARKFHNH [M]KF: BOCZE A, 2005.
(The Ming dynasty) Li S Z. Compendium of materia medica [ M ].
Changchun: Times literary and Art Press, 2005.

BAKER M. Digital PCR hits its stride [J]. Nature Methods,
2012, 9(6): 541-544.

HINDSON C M, CHEVILLET J R, BRIGGS H A, et al.
Absolute quantification by droplet digital PCR versus analog
real-time PCR [J]. Nature Methods, 2013, 10(10): 1003-1005.
QUAN P L, SAUZADE M, BROUZES E. dPCR: a technology
review [ J]. Sensors: Basel, Switzerland, 2018, 18(4): 1271.
. LS T T2 R0k 5E (1] R i B4, 2010, 18
(4): 38-41.

XIE R. Study on the technology of processing red bean paste [J].
Science and Technology of Cereals, Oils and Foods, 2010, 18
(4): 38-41.

AN, VR, BT, S AR AORIR AR R R [, Al
R 5% 4, 2018(5): 51-53.

GONG L Y, XU Q, YANG P, et al. Development of coarse
cereals health maintenance paste [J]. Agricultural Science &
Technology and Equipment, 2018(5): 51-53.

COTTENET G, BLANCPAIN C, CHUAH P F. Performance
assessment of digital PCR for the quantification of GM-maize and
GM-soya events [J]. Analytical and Bioanalytical Chemistry,
2019, 411(11): 2461-2469.

MAYER W, SCHULLER M, VIEHAUSER M C, et al.
Quantification of the allergen soy (Glycine max) in food using
digital droplet PCR (ddPCR) [J]. European Food Research and
Technology, 2019, 245(2): 499-509.

LIANG Y J, GAO D W, DONG J, et al. A quantitative
detection of mung bean in chestnut paste using duplex digital
PCR [J]. Current Research in Food Science, 2022, 5: 34-40.
DONG X W, GAO D W, DONG J, et al. Mass ratio quantitative
detection for kidney bean in lotus seed paste using duplex
droplet digital PCR and chip digital PCR [J]. Analytical and
Bioanalytical Chemistry, 2020, 412(7): 1701-1707.

CAI'Y C, LI X, LV R, et al. Quantitative analysis of pork and
chicken products by droplet digital PCR [J]. BioMed Research
International, 2014, 2014: 810209.

KOPPEL R, LEDERMANN R, VELSEN F, et al. Duplex
digital droplet PCR for the determination of apricot kernels in
marzipan [J]. European Food Research and Technology, 2020,
246(5): 965-970.

REN J N, DENG T T, HUANG W S, et al. A digital PCR
method for identifying and quantifying adulteration of meat species

in raw and processed food [J]. PLoS One, 2017, 12(3): e0173567.



