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Abstract: Surface modification of attapulgite (ATP) using chitosan was conducted to investigate the
improvements in the adsorption performance of ATP, and a DNA extraction method based on chitosan-modified
ATP was established to achieve low-cost and high-efficiency extraction of genomic DNA from foodborne
pathogens. The material was characterized by X-ray diffraction spectroscopy and other techniques, while
adsorption kinetics and adsorption isotherm models were used to investigate the adsorption mechanism of
modified materials on DNA. Genomic DNA of three foodborne pathogenic bacteria was selected for extraction to
investigate the extraction yield, purity, integrity, and stability. The results showed that the experimental data were
well-described by the pseudo-first-order kinetic model and Freundlich model. Chitosan modification can
significantly improve the adsorption performance of ATP. The saturation adsorption capacity of chitosan-ATP for
herring sperm DNA achieved 23.648 pg/mg with high-quality and high-purity, and the chitosan-ATP based

extraction method also showed good repeatability.
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Fig. 1 XRD spectra of materials before and after modification
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Fig.2 FT-IR spectra of materials before and after modification
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o PE BT S M ORE SEM 25 0 I 4. ok ok
ATP BV ¥ E 4 4 50 nm, K £ 5 200~300 nm (¥
g oK e A 28 45 I R AR A & HCL T AL 3 )
ATP & AR A 25 B A% 5 25 149 [R] B 38 K, ATP 43 31 48
s AR FL T A B R AT SR IR A7 5 4 s HC1-ATP 4 5% 58
BSR4 T A EL AR RSP
22 WRMitERERIZFHMUER

WY B A4 & B pH X DNA WRBE 9 52 ma WL B 5
b & pH 14 0, DNA £ 5% 5 Bl -ATP 3 T 1 T ff 2
B AR, % AR pH T 218 DNA A2 e , ik B

BE 2958112024 F 10 B | ERE5EMHEAER

(a) ATP (b) HCI-ATP

() FEHEHE-ATP
B4 ZCHATE A6 SEM A

Fig.4 SEM image of materials before and after modification
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Fig. 8 Adsorption isotherm curve of DNA on ATP before and

after modification

#2 MMFREMESH

Table 2 Fitting parameters of adsorption isotherm

Langmuir 1% Freundlich 5 %!

5 Bt )

R? K, 0,/(ugimg) R? Ky n
ATP 0.906 0.256 17.726 0.990  7.845 5.646
FERBE-ATP  0.671  0.375 23.387 0.970 13.695 8.950

25 BRELER

#8 4 /K TE 2% 3 i A1 STPP X o4 1 /1 Jj5 ATP
|- DNA 356 it 28R W8 9. STPP XF DNA ) fif it
RO AT TE 22 b R 4l K

Xf STPP ¥t it 741 i ¥ B AL b 45 & W B 10,
£ 15~40 mmol/L I} , STPP % ATP #1355 % b -ATP |-
(1) DNA 5538 fift WK 5 341 24 25 mmol/L, fift W 2R Al ik
(95.80+0.44)%F1(95.77+0.60)% . & HiH , £ 4 — 4
ATEE 1) 1 2R N DNA (9 il W 2 9 (93.00+3.100% , %
W5 BEBR A EL L 52 T AE-ATP _E ) DNA 5 fift W=,

¥ 22 MU PE AT 5 ATP _E DNA ) fif W F 47 i )
WP 11 BT on . BL 25 mmol/L K STPP iy 3 it 741
DNA 7E 1 min N A S 330 5 W, A 2R 0K 90%

49



50

Journal of Food Science and Biotechnology

100 P77 AT [ | #%5%H-ATP 7&
80 |
=
60 |
=
B
= 40l
a
20 F
ALK TEZZ M STPP
DNA f# 5]

B9 MR 3 DNA #) i & 5 R
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Table 3 Yield and purity of genomic DNA extracted by different methods

N K #F B WK ST R B

i 77 5 /(pg/mL) Ao/ Aago 77 /(pg/mL) Areo/Aago 77 i /(pg/mL) Aol Asgo
R VE 7.86+1.58" 1.76+0.06 8.02+0.42° 1.76+0.12 5.02+0.59" 1.74+0.14
WhBRVE 16.81+0.64" 1.890.12 20.02+0.73° 1.80+0.25 19.80+1.65" 1.87+0.13
ATP i 7.21£1.12° 1.69+0.09 8.72+0.34" 1.69+0.05 4.74£0.20° 1.69+0.01
7 R ME-ATP 7% 17.61%1.58" 1.81%0.06 19.18+1.40° 1.87£0.05 22.23+0.78" 1.86+0.02

T < (7 — S R AN (A - B R B AT &3 1 25 5 (P<0.05) .

(17.61+£1.58) .(19.18+1.40) . (22.23+0.78) pg/mL,
BimTPHREEZ BERIT ¥ LEAGREEER
(P<0.05) 5 7 F WE -ATP 7% 5 0h Bk v 32 BU 7= &2 A1
I, 6 W3 % 7 (P>0.05) .

I Ak, ATP V5 $2 B 3 Fh £ U8 M 800 B &
Y DNA ) Aago/Arso 9 1.69; 5 R HE-ATP L FE I 3 Fl &
5 S50 1 = R 20 DNA 1) Asg0/Aag0 N 1.81~1.87, 5%
B 55 SR ME - AT PV HU ) 2 (R 4L DN A 4 #5247

ey 22 B8 FH T HE B [\ — ik ik 5 5 BB -ATP
1) 22 5 2 s i) 22 058 ) ) F VF 4 DNA 75 5
alifb k& R0 56 TR BE -ATP il 4 1k &R 0 82 e 1 HE
BN At G5 BB -ATP I 2 7 R & . ity 2
55 P 43 F5 D5 ZH DNA 1 7= & K 40 FE (Ayee/Aage) W
R4 PR, [ — 7k 7e BRAE-ATP 42 B U5 1% B0Uw
[ 3 K 4 DNA =& 0 CV N 6.98%~9.16%; [F]
—HRLAEERCVEN1.39%~2.72%. % I, 5%
EWE-ATP IR UL K 4 DNA K =& K4 i CV
18 3578 T 10% , i B 58 38 B -ATP i & & 5 F1 &
40 DNA $& B 4l 4b & &R (1 B 2 M R AT .

F4 TREE-ATPHIHLAZERE (n=10)

Table 4 Intra batch difference experiment of chitosan-ATP (#=10)
P CV g g CV
A 77 B /(pg/mL) AygolA )
ug 1% 260/ 4280 1%
PN7Las 17.28+1.58 9.16 1.82+0.05  2.72
WK 19.98+1.40 6.99 1.86+0.03 1.58
SR A A R 22.19+1.55 6.98 1.86+0.03 1.39

b 17) 22 3% 58 B 49 3 (X 41 DNA 97~ & K 46
(Asgol Ao WIFR 5 BT 7~ 5 AN [ 4k 4k 576 58 B -ATP 42 HY
3P B YR PE B AL R4 DNA T E I CVE N
7.76%~9.90% , 4 J& ) CV N 1.75%~2.17%. 7t

B OPE -ATP 42 HU 3L [ 44 DNA (19 7= & M 4 fF () CV
H 35 /N T 10% , 1F B 72 5 -ATP fil] 2% & R F1 % [
1 DNA $ B4l 1b 48 & 1k 8] 2 S 88/ .

TS5 FEBRIE-ATPHUHLEIE X (n=3)

Table 5 Inter batch difference experiment of chitosan-ATP
(n=3)
P CV 4ifF CV
FEA 77 /(ug/mL) 5
L VAN /% 26074280 /%
PNZLR 16.49+1.28 7.76 1.81£0.04  2.07
WK 18.25+1.61 8.86 1.784£0.03  1.75
W OEERE  21.21+2.10 9.90 1.84+0.04  2.17
3 ik

M HCUM ATP #E47 Pl Ak B2, it 5 1) H 76 58 b
HBEAT O, 45 SR 2% BH 7 SR B T D) 1E 1 /E HC1-ATP
K. LT HT 7R BE-ATP 1) DNA #£ U7 ¥ .
2 W B B I %oy B, — B 7 R A A
Freundlich £ 284 Sy 55 £ 400 & B 1Y, 78 T Bl -ATP X £
F& DNA [ 18 A0 & 4 23.648 pg/mg, H.#E 1 min
P9 AT SR TH R IR . K S B -ATP B T &
A BR B K R B RV T TG B R R 4H DNA [ 42
W, Af 3Rk A3 58 B PR U L 40 B i 7T R 1 R R A
DNA, H 7= & J 4l B 14tk vy 25 Rtk |) 22 19 CV i
BN T 10%, 3 BH 53 T B8 -ATP il %% 14 2 F1 3 K 41
DNA 2 I Aifb tk R E S R 47 . 5% K B -ATP
Al E PR R ATP U B P AR 2R T 5 R OB otk
ATP 2 37 1) B B J7 325 ] S B0 48 B AR i % DR 4
DNA [ /55 252 B . A Sk AT 0] B A4k 11 Wi 48 F0 22 i
HEAT R G A, I %) 58 FEBE -ATP JF Ji& £ b 58 i
FE I 5 R 41 DNA S BURCR BF 70 . b 4bh , B4R 5T
B2 077 T 2 D A 56 7 IR VR AT .
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