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Quantitative Detection Method for Adulteration in Camel Milk Based on qPCR

ZHANG Jianmei

(Fujian Inspection and Research Institute for Product Quality, Fuzhou 350015, China)

Abstract: [Objective] To improve the standards and promote the sustainable development of the camel milk
industry, the author developed a quantitative detection method for camel milk components in adulterated dairy
products based on real-time fluorescent quantitative PCR (qPCR). [Method] Template DNA was extracted
through an automated nucleic acid extraction method. The mitochondrial cytochrome b gene (cyth) of camel was
selected as the specific target gene, while the mammalian 18S rRNA gene served as the reference gene. Specific
primers and reference primers were designed accordingly. According to the linear relationship between the C,
ratio (C, value of camel-specific primer/C, value of reference primer) and the volume fraction of camel milk, a
standard curve for quantitative analysis of camel milk adulteration was established. The established standard
curve was used for quantitative analysis of simulated adulterated samples containing camel milk at volume
fractions of 35%, 55%, and 75%, and parameters such as recovery rate, standard deviation, and coefficient of
variation (CV) were calculated. [Result] The standard curve was y=-0.325x+1.221 5, and the correlation coefficient
(R*) was 0.972 3. The average recovery rate of the simulated adulterated samples was 100.71%, and the average
CV was 5.29%. [Conclusion] Using real-time fluorescent quantitative PCR, the author developed a detection
method capable of quantifying adulteration in camel milk. This method not only identifies adulteration but also
determines its exact proportion, offering valuable technical support for maintaining quality standards in the camel
milk industry.
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A FLRE BV R SRS T RO, Re Y N A G
77 BUE T AL R e T RE Y, Bk gE i b - R R G
() R % A3 I R S LW A T 52 B A A B AL
JEST b Ah B T 0 He 2L A Bh R A ME L TE R S
P 5 oh i A R Tl B IR 9T R PR e R G
AU W TR R B, 5% 5E W B RS M e TR L
A EMAER 5T AR SR 1E

SR, 5% 36 5 7 b 1 I X0 PR . — J7 1, 3%
g = gy m A, ALY H P2 0 & 2498 1.5~2.0 kg (H:
2 kg T HENBFIA, AR TR G, 1
W B H P & 29 0 3.5 kg, R8T b 9 I B I
FLUO, L0 B R IR I A= A7 BR BT BR 1) T 5% B 1 R
1 758 , T B0 TE W pE N B E s ) — T
T, B A (R 2 B 1 K, A AR B e 1 1)
INFIAW ST, T3 TR S5 RAERN ST &
HAETREDNHPBERAE, WO HKELS
AN ER K Y E A 2R Ty
AARPRR XA EF T W HHF A, R
TEMZERE., EHE ST, WEBE. DX
(1 0% Be @5 35 B W AR &R, BN AT M R R E 1)

b S A O X (R RN K NS =4
F1 5 i 07 B2 R0 DNA 25 2 2 TH R U B, 3 P 36
T DNA B 1L {5 2 2 5 1 qPCR B AR & i = B &
AEEM TR — o RS M KR RN 3k
AREIHE S R S R RS I R
AFFEARRAE 5 2% R A v R A R R e 1 R
S, B T R E ARG PR AR 1 qPCR AR I
AU B RGO = R R R 8 =K A R
P, A DU L R RO ) T 9% D6 G ) A 4B BT L
H AT ¢ T 9% JE AL 3B B 52 1 PCR 20 BT I BF T2 558 N
WL AH R REAS W 3B R A R FR 2 I E 2 PCR
AR DU I L 2 15 B, 38 T DL K B 3B AR )
Pl o ub oh A 8 0% B 95 15 B R B A Ak Ak T X T
WP HEEZ L.

PE# @ 51 N4 B 30 i R 48 Bk R ik & &
(1 45 S 1 51 0 R0 B R Sk A A5 AE B DR RS T &5 R
i R R 2 1 (R0 R 5 408 4G W0 R 0 s B B BURE

BE3I2H 2026 3 A | ER5EMEARFER

0RO 9 S B 4 E B Ak BRI R e B A .
AW IE S AE N 5% 58 W) T BB W R G R R R A5G
R OR SCHE HE S B8 e 9 T b 0 R A B L, PR
TH 2 IS VR LA B ) 5% B WY 7 b R RR 2 L R
KIE

1 BR S ik

1.1 ##

AN T 7= b B 3% B - 9 5 B IR X R R
75 R 5 Chr AEFE 5D N 220 B IR X R i 3
T KT R AR S R BV X b g5 T R sE 4 S R H
16X S EARFH KR WX B gEgEE R 3R X BT #)
R AP Ag R =M@ T E Y e
BIF TR 2 X R BR TR K9 H 55 5 97 )
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Table 2 Mass concentration and purity of DNA in liquid milk

from five different species

DNA Jii & [/

FE b 4 T Aol Ay 1 Aol Ao M
(ng/pL)

X EYS-1 0.80 1.70 75.22
Y% e 45-2 0.79 1.66 71.55
Y% e Y5-3 0.82 1.68 69.74
e -1 0.72 1.66 50.24
YEE -2 0.66 1.67 54.12
AR S-3 0.69 1.73 51.92
o gs-1 0.70 1.66 63.15
o ggy-2 0.66 1.68 58.26
-3 0.69 1.71 59.31
4= 45-1 0.71 1.65 72.03
4-175-2 0.73 1.69 69.23
- 45-3 0.67 1.75 63.20
[INE SR 0.78 1.67 63.14
L 5-2 0.70 1.68 56.46
L 153 0.73 1.77 58.67

*3 TREIF~HIEIEYI DNA #I R 2R E fgh &
Table 3 Mass concentration and purity of DNA from camel

milk samples of different origins

DNA Jii &k g/

7 b 4 ApolArso M Asgo/Argo TH
(ng/pL)
2 R T 0.65 1.63 73.67
R 7 3 A i 0.64 1.67 72.61
i e, 75 17 0.71 1.61 109.98
R il 0.65 1.60 65.12
o] 38y 7 3t X 0.67 1.65 81.95

Aseo/ Azso 18 ] T K% RV W AP 5 G W ot ik
KB g2 B SO 1 L BRI, 8 R 1
Aol Ao THIB T N 2.0~2.50 45 Asgo/Arso [ <2.0, T
BB i VR O] e BB A KA B B IR
ERDEE T Aseo/ Ao [E<1.0, U 1] G A2 T 2L ¥5 Y ol &
RTG53 47 Aseol Arso 1H>2.0 H Aygo/A550H<1.0, T4
15 Y U5 1T BE 2 W ER TR B 5 A5 FE T Ao/ Ao (1.7,
Aol Arso THA0.5, W75 JL 5 AT RE & R A R R
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Table 4 Mass concentration and purity of DNA in the

reference samples of adulterated camel milk

I 5E ) A/l Ayl f DNA Jii &K/
ARG 2% ’ (ng/uL)

5 0.76 1.67 58.34

10 0.73 1.66 57.49

20 0.80 1.71 53.17

40 0.69 1.69 59.68

60 0.74 1.75 55.16

80 0.77 1.70 60.04

100 0.83 1.72 61.53
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Fig. 1 qPCR amplification curve of 18S rRNA
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Fig.2 qPCR amplification curve of camel milk-specific

primers and probe

% U 32 B4y Sy B UG D RDOLIEE B, AR VS AR FR 1 1Y
A BN X B, T AU B S A AN TR A A, % E AR
WEAEAFEK X E. HEHBERXHEZRR
B by R T 9% B 2 R S R S T G BE 41 0
P 5T B I DR R 5 A 19 D% D 3 R B 55 W
U B 5 3B 58 4 R VA DX B e I T 3% R 2 R B
HLR I TE  Fr 98 4 5 R B A X 5 B R 55 1 1) 4% 5
B BT SR NG O B SR 4E B R H A X R ) 22 Hh X
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Fig. 3 qPCR amplification curves of camel milk samples of

different origins
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Fig. 4 Melting curve of camel milk-specific primers
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Fig. 5 Gel electrophoresis pattern of specific amplification

products
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Fig. 6 qPCR amplification curves of reference samples of

adulterated camel milk
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Fig. 7 Standard curve for quantitative detection of reference

samples of adulterated camel milk
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Table 5 Quantitative results of simulated adulteration in camel milk samples

yj}féﬁﬁf ﬁ?jjﬁ : i;i ﬂ; ” C LA Mi\m Zﬁf i #E 22 5 R % B =/ %

27.25 24.68 1.104 1 36.11

35 27.79 25.06 1.108 9 34.63 2.81 8.31 96.59
27.26 24.30 1.1218 30.67
25.44 24.62 1.0333 57.91

55 25.14 24.36 1.0320 58.30 2.27 4.00 103.27
25.79 24.67 1.045 4 54.18
23.96 24.39 0.982 4 73.58

75 23.78 24.56 0.968 2 77.93 2.73 3.56 102.28
24.13 24.98 0.966 0 78.62
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