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membrane-based improved cetyltrimethylammonium bromide (CTAB) combined with real-time fluorescence
polymerase chain reaction (PCR). Methods Black sesame, tea seed meal and rapeseed meal were selected as
samples. The optimized protocol employed 0.7 pm glass fiber membrane with 70% ethanol as the rinsing solution and
3 rounds of tris(hydroxymethyl)aminomethane ethylenediaminetetraacetic acid (TE) buffer elution. Pigment removal
was achieved through membrane-specific adsorption and selective permeability. The extraction efficiency of the
modified CTAB method was compared with that of the traditional CTAB method, and DNA purity and amplification
The modified

method demonstrated significantly superior DNA decolorization effects compared to the traditional CTAB method.

efficiency were evaluated via real-time fluorescence PCR targeting endogenous genes. Results

Endogenous genes were successfully detected in all 3 kinds of samples, with DNA mass concentrations exceeding

100 ng/uL and cycle threshold (Ct) values ranging between 20 and 25. In contrast, the traditional CTAB method

failed to achieve real-time fluorescence PCR amplification due to pigment residue. Conclusion  The

membrane-optimized CTAB method simplifies purification steps, enhances decolorization -efficiency, and

significantly improves the extraction and detection success rate of DNA from highly pigmented foods. This approach

provides a reliable and efficient technical solution for food safety testing.

KEY WORDS: glass fiber membrane; nucleic acid purification; decolorization; real-time fluorescence polymerase

chain reaction; highly pigmented foods
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Table 1 Comparison of experimental procedures between membrane-based improved CTAB method and CTAB method
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Table 2 Design of primers and probes for endogenous genes for real-time fluorescence PCR

PR RSy FARAEH

S BARE 75

2K 2S albumin mRNA

E[514¥): 5'-CCAGAGGGCTAGGGACCTTC-3'
S5 #H: 5'-CTCGGAATTGGCATTGCTG-3'

e 5-FAM-TCGCAGGTGCAACATGCGACC-TAMRA-3'

A kre 1214

EMm5[#H: 5'-GAGGAAACAGCAGCGGCAAA-3'

R 519): 5'-GGTCGCAGCATTCGTCAAGG-3'

5 5'-FAM-TCGCTGTGCCTGCTGCGCCATGT-TAMRA-3'

H

# PEP

E54H): 5-CCCTTGTGAAGCTCGACATC-3'

JZ a5 #): 5'-CTTGTCCTCTGACCATTCTTTGT-3'

R4 5'-FAM-CCGACCGTCACACCGATGTTTTAGA-BHQ1-3'
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Table 3 Comparison of DNA concentration and purity extracted
using 3 Kkinds of filter membranes

DNA i f

e i A ES VE FE (ng/uL) Acso/Posy  Aogo/Poso
B BT Yk i 189.28 1.39 1.76
BB R U L J 81.14 1.34 1.78
R Bk A e N/A N/A N/A

By IS LT YR 223.93 1.41 1.85

KM R I 72.36 1.26 1.77
5 Bk AR N/A N/A N/A

e IS YL 199.21 1.45 2.01

SRR RN 73.05 1.39 2.10
R Bk B N/A N/A N/A
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FE it DNA SCET9EE PCR SRy Bl T ih £k, R
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Fig.l Real-time fluorescent PCR detection results of DNA extracted from 3 kinds of filter membranes
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Table 4 Real-time fluorescent PCR detection Ct values and their mean values and standard deviations for DNA extracted using 3 kinds of
filter membranes
. s Ct
FE i T8 MR -
2 3 4 5 6 AR 22
B I L 2 I 22.04 21.76 21.65 21.73 21.61 21.72 21.75+0.15
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Rk N/A N/A N/A N/A N/A N/A N/A
B £ 2 i 26.78 25.38 26.79 26.46 26.33 26.68 26.40+0.53
TR R IR LI 29.79 29.84 29.70 29.68 30.26 29.61 29.81+0.83
ST A 5 N/A N/A N/A N/A N/A N/A N/A
T BT Yk i 24.11 24.03 24.06 2427 24.03 24.76 24.21+0.28
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TR AR I N/A N/A N/A N/A N/A N/A N/A
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Table S Comparison of DNA concentration and purity extracted
from 2 kinds of glass fiber membranes
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Fig.2 Real-time fluorescent PCR detection results of DNA extracted from 2 kinds of glass fiber membranes
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Table 6 Real-time fluorescent PCR detection Ct values and their mean values and standard deviations of DNA extracted from
2 kinds of glass fiber membranes

v . . Ct{H
Fed IRELRRS 1 2 3 4 5 6 S48 fE b v 22

e 0.7 pm J 15 2 2 fi 22.04 21.76 21.65 21.73 21.61 21.72 21.75+0.15
1.2 pm B I EF 2 5 26.36 26.24 26.32 26.17 26.23 26.17 26.24+0.08

- 0.7 um I FELF 4L 26.78 25.38 26.79 26.46 26.33 26.68 26.40+0.53
1.2 pum 35 I EF 2 5 30.72 30.35 30.13 30.19 30.23 30.01 30.27+0.24

— 0.7 um IEFELF 4L 24.11 24.03 24.06 24.27 24.03 24.76 24.21+0.28
A 1.2 pum BEFHLT 4 5 26.79 26.32 26.83 26.80 27.35 26.68 26.79+0.33
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Table 7 Comparison of DNA concentration and purity extreated
with different eluents
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Fig.4 Real-time fluorescence PCR detection results of DNA extracted by treating with 2 kinds of eluents
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Table 8 Real-time fluorescent PCR detection Ct values and their mean and standard deviation for DNA extracted using
2 kinds of eluents

B VN ctin _
1 2 4 5 6 S E AR E R 22

S5 B 70%Z, 1% 22.04 21.76 21.65 21.73 21.61 21.72 21.75+0.15
2 mol/L NaCl N/A N/A N/A N/A N/A N/A N/A

,Jx\*?*ﬂ 70%&@ 26.78 25.38 26.79 26.46 26.33 26.68 26.40+0.53
2 mol/L NaCl N/A N/A N/A N/A N/A N/A N/A

SRR 70%Z, 1% 24.11 24.03 24.06 24.27 24.03 24.76 24.21+0.28
AT 2 mol/L NaCl N/A N/A N/A N/A N/A N/A N/A

2.1.4 TE iR e SR H A AL R

1 Z e BECEC T B 380 DNA Bk, ik 2 )
ATREVEEANSE 4, SR RSSOt PCR 3 5280 . [N
ABIEFEXF TE 28 il e BEUE R E DNA I Ve B B4 T Ak,
BCEVEBEREOT I 2. 3. 4 Wk, o R RR AR i s A3
SE T DNA SR AR B S a4 R L3R 9.

R TRIEBRBALIER DNA JRE R 41 B XfEL

Table 9 Comparison of DNA concentration and purity treated

with different elution times

e =
FEdh m@% g;ﬁn;i) PlPoso Aol Pasg
2 58.35 1.35 1.92
B RAY 3 189.28 1.39 1.76
4 210.74 1.38 1.73
2 74.09 1.26 1.66
P aRid 3 223.93 1.41 1.85
4 146.51 1.35 1.72
2 90.01 1.40 221
SEHFR 3 199.21 1.45 2.01
4 170.55 1.46 2.44

H12¢ 9 WA, FEHA SIS AL BRAR R A 254 R, TE Z2 uf
R 3. 4 XA DNA WRBER R, e 2 KK DNA ik
FERAG . 3 FHUEBLR B PR DNA Ago/Aoso T Aoso/Aazo EX
HZEPEARK, RHFVEBRBOS B 0T h S 4
FBRBCR A . i LR 2856 PCR U 3R 151 DNA
PEER A TR 26 PCR Y G500, AR R AU SERT o
PCR ¥ 45 L WKL 5,

M 5 AT, AS[EZE s e B B 3 FIRE
DNA 52HT2¢5 PCR 255 rh B Bl T4 i 4. Semdae
Jt: PCR A5 Ct i Fe HOP-H (8 S hn A 22 W3 10,

H12¢ 10 AT AL, BARAS[EI R IBE K B Y DNA FE AL Y
FINREE] AT EAT ST ¢ PCR $7 44149 DNA, {H TE ZE b
TR 2 W AR S Ce =i, TR 3. 4 RIGAR S, CtfE
MZEARKR, HIhZ 9. 10, K 5 45 FIF25 4 S hriir ik
LA E S0P VB IR B 3 IR, TEARIESRBUCHCR A IR L
A4 SE R[]

ZE LR, B2 e B et CTAB A 0.7 pm
DY RELF LN . T 70% BRI TE S o
3 KIS DNA PSR fefd:
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Fig.5 Real-time fluorescence PCR detection results of DNA treated with different elution times

R 10 FREIEBRBAIERN DNA LATE PCR &0 Ct ERE FHESIRERE

Table 10 Real-time fluorescent PCR detection Ct values and their mean and standard deviation for DNA treated with different

elution times

% o VT VR Bk Ct fif
R BRELRERK 2 3 4 5 6 SR (bR R 2
2 23.67 23.50 23.60 23.67 23.70 23.59 23.62+0.07
B2 3 22.04 21.76 21.65 21.73 21.61 21.72 21.75+0.15
4 22.30 22.72 22.37 22.62 22.40 22.72 22.52+0.18
2 28.40 28.12 28.20 28.64 27.80 28.15 28.21+0.28
ZHFRI 3 26.78 2538 26.79 26.46 26.33 26.68 26.40+0.53
4 27.02 26.64 25.90 26.35 26.53 26.62 26.51+0.37
2 25.42 25.24 25.21 25.29 25.39 25.35 25.31+0.08
SR 3 24.11 24.03 24.06 2427 24.03 24.76 24.21+0.28
4 24.84 25.27 25.05 25.07 24.56 25.03 24.97+0.24

2.2 fEZEM# CTAB A5 CTAB JARIXTELLE R

2.2.1 DNA #I&HAEM3TIL

2.1 BIARI B ARG CTAB L2 DNA JIf
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DNA BEHURFEA T Mi# ] CTAB L3515 49 3 FikES) DNA

LB EER A CTAB EHRI0RE IR, 1]
F CTAB B3R5 RUEE S, DNA JEBGRATE (0 E 5k, Hrp
RN IR, HUSEAOFPR, SRATHI B (Ot 1

my

RN

B 1L EEEEGHE CTAB 55 2. CTAB 2%, B 7 A,

K6 2 FhJr ik perg AR i DNA $RBUR B L
Fig.6 Comparison of the color of sample DNA extracts
obtained by the 2 kinds of methods
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CTAB 345 5.2 FRME DNA [ JF8 9k 4 261.87 ng/ul &
HR75 B CTAB ¥+ DNA e (1 2 F5, 14 (0 3 WnAE 75
REMEBERIE Ao IATENIIE, 2 FECEIMPOLEETT
TUAS Aggo TE DM =5, HETIT A S 1Y) DNA BTk B Hrp
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Fig.7 Real-time fluorescent PCR results of the 2 kinds of methods
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Table 12 Real-time fluorescent PCR detection Ct values and their mean values and standard deviations
) Ctfl
FE STy —
1 2 3 4 5 6 X E AR 22
JEEk kitk CTAB 7 21.18 20.91 20.79 20.80 20.92 20.82 20.90+0.13
SRR
CTAB % N/A N/A N/A N/A N/A N/A N/A
Ji5E3% kit CTAB 7 23.80 24.21 23.78 24.04 23.38 23.77 23.83+0.26
TR
CTAB % N/A N/A N/A N/A N/A N/A N/A
S JE B CTAB B 21.67 21.67 21.60 21.61 21.42 21.51 21.58+0.09
CTAB % N/A N/A N/A N/A N/A N/A N/A
G311, R 12 84, 54 CTAB IL#2HU%) DNA H#EEHK st

W BE AR TE TR B I H R o N TR SRR, BRI Y
R SRRSO PCR Y SS S s ma) o i By Witk
CTAB 42 B DNA JF &R EESTE 100 ng/ul LA F, S2ise
3t PCR ¥ 81 Ct {HAE 20~25 ZJa), FMiZ T Reis A 34y
B EE. dibmaRa i DNA, MWmHRFA T s2mse
I PCR (ARG BTN

3 & i

AWFFAE FIE e CTAB BHRBGE (A R A i P i
DNA, SZISZE RN 0.7 um BEIG L4 BAE F 70% 2 BRIk
VR H TE 2 0l e 3 YK i) DNA $RBCSUR e o F
JE gk CTAB #:5 CTAB BBEATAT e (i FIAZ IR 25 1
SEAU TR R BO 23R A3 00 3 R R & Ah 1Y DNA,
DNA JF R BETE 100 ng/uL LA F, Aseo/Paso 5 Aseo/Pazo Lt
BN L E B S8 B R A, PRI 75 Y SE T 28 PCR 2551
25U, CTAB L3k 1) 3 Fhm B FE &4 DNA RBUR @
Rk Z, SERPOE PCR BIAKI RS P IRIE R, %
B WE, BEENGE CTAB £330 3 FikRSh DNA $2HL
WP AT ZRBR T, ST PCR A I H A i Y I
LA, CtAE 20~25 Z[H],

25 TR, 0.7 um BEREEF AR H 70% 2 B R Pk T
I TE SRyl 3 YRS ARl CTAB TAREM & 0
EEMPIREGE TR DNA FA 80 R BRI P 20 520
7 PCR BYSZN T4 L 3UA B & AR e s
B ERE A B, A AAS & 1 CTAB IEMELAA 2L
b AR, BRI 5 L 7 TAHXT CTAB
DARVERIER . PR | AR AL RDNRCR S, AR )
B AR BB AL PR ) . X S 9 PCR (1)
SO, SO T A B B AT AR Ak AR, W RIS —
FiE (L &b DNA SR 0 F T 32 50 A 58 SRl v
] R AT H B X 20K . ORISR ARG I 11 [ SR A 1
5, AT aI LAk 3 F e R 1 5 AR U Vb
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