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Abstract: Objective: To explore a green and efficient method for
extracting chitin. Methods: The crayfish shells were crushed
through three mesh sieves to obtain the raw material. Utilizing
ultrasonic wave and citric acid and urea to remove calcium and
protein from the sample, decolorize it with hydrogen peroxide,
filter it, and then dry it to produce chitin products. The particle
size of the chitin sample was analyzed by laser scattering particle
size distribution analyzer. Infrared absorption characteristics were
measured by an infrared spectrometer. Scanning electron
microscopy was used to observe the apparent structure of the
sample. Results: It was shown that the larger the mesh size, the
higher the purity of the chitin product. The yield of chitin from
200 mesh crayfish shell powder increased to 43.93% . and the

purity increased to 55.39%. The particle size of chitin samples

obtained from shrimp shell powder of three mesh numbers after
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plasma treatment decreased from 340.05, 184.30, and 137.39 um
without plasma treatment to 195.95, 159.02, and 53.51 pm
respectively. Infrared spectrum analysis showed that the crayfish
shell powder treated by plasma-assisted ultrasonic-assisted weak
acid and weak base method displayed the absorption
characteristics of chitin and magenta, indicating that the main
component of the treated sample was chitin. The scanning
electron microscope results showed that the structure of the
chitin sample was looser and the surface was uneven after plasma
treatment. Multiple statistical analyses showed that screening and
plasma treatment had a significant impact on the whole properties
of chitin samples. Conclusion: In this study, plasma and
ultrasonic-assisted weak acid and weak base extraction of chitin
from crayfish shells can improve the traditional acid-base process,
reduce the environmental pollution of acid-base reagents, and
effectively improve the extraction rate and purity of chitin.

Keywords: screening; plasma; chitin; ultrasonic; weak acid and

weak base method
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Table 1

different treatment methods

Yield, purity and protein content of chitin samples extracted from shrimp shell powder under
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Particle size/pm

Particle size analysis of chitin samples with

different treatment methods

F BB E TR R 120 pm, 76558 FHM0E 5 7
NS TSR T . W RS B R ORI AR TR /N Y
KL AT . AR AR 855 B 1 R Ak A oy, 55 8 3 A Ak A
AR B . JF X — R AR 5 A 5 B o o6, H
SRR E S S ) S S B U RE R G N
JIT AR P= LA AN
2.3 ANEIAE R 5 R LM IR Y i B9 B

Hoe £ RSG5 E A RSN L8 E, a2 i
o, R RGR - HMEURE. UFERRE NS,
43 XF 50,100,200 Hid i 5, S B TR LM S E A 6 4
WRSEH HEAT LT AN S I, 5 R A 2. 1 660.1 560,
1370 em ™' pHMCERBERE T L 1IT 3 A3k, R & &
PR AE W e, 2255 B8 TR AL F S 1Y) 3 i AR G2 AR 1
LA GRS 5 B 58 R A TR R A 0 b A AR AL
EAN IR B H0 43 J5 iR ) AR FE L08R il 22 5 . Horb LU
200 H AIRES B HE . 200 H B BE i 4 % B 7 IR A B S 5
5 e L — SO A6 B ) Il R
] fig B Sk ) B R B O T AR OB /N, S B R A
FEXT R 550 b B A SR TE W] . 50,100 H H IR A 4 5%
BT AL B[R] R 7R U A B 59 R 9 Bk 4R R SR K R
Wi 7E 3 260 em AL IR U I ) AR T AR HERE B . R &S
B TR AL B G B ZE 1 560,1 370 e AL RIS B &

[ e e B
100 -
Bl N, e 12200
=T 50k )T T-100
‘ PT-50
25| W

0560 17000 1500 2000 2500 3 000 3 500 4 000
WEL
Wave numble/cm™

B2 FRREAEG X T iR astibn B

Infrared detection of chitin samples with

i
Refractivity/%

g

T

g

Figure 2

different treatment methods

21



22

HAl# 3 FUNDAMENTAL RESEARCH

FEWI 70 R AR R O A L R AR
P HFERMLIMRL

ZANFAL 3 5 2 R, T AR H 5S4 A R ok
WA REAME . BT R B, R A DL S R
SRR I S5 R 1 B A 2 T AR 3 R A A A LB
B 2% LI DA 0 B 1 IO R 1 B A A B A B SR B
H 70 B L0 G BCRAE . 3175 45T BF 5t & B, R [ AL B
Tl A5 1 F 76 3 Y £ AN A K BOR [F) AR W L B 13
FAE— 222 5, R 45 B 1A 1 [0 8 75 D 9 2 oA ol
Bl Ry 45 R I 45 PR 2 2R 1, T R B B OR 3 Rh AL oy MR LB
BRSO AR AR G F IR AT &
T i 21 RSO T AH L 22 HRIF 5T B8 A 4 3T 5T 0 AR A
U S0 I (- R LN SRS A b
56 F ST W L bGP T ARG O, B A T 55 R 55 A =
PR A S R R S R S S e T AR AL B R T 4
T 45 85 F 1 A 38 550 SR 5 0 43 J5 R 52 B R AR KD #5 )
3k,
24 FELVENARRBRNEHNHZ N

B B 25 SR 7R L 50,100,200 H B0 )5 I A5 B %
LK BE AR B R 10~20,25~45,5~10 pm, BARTEI~
14 nm(1.0X 10" FEECTF WMD) . %5 8 1 4b 3 )5 25 44 T J #d
HR T A 5 B 2 OB T N 3K 0] RO R R SRS T AR Y
i i T 5T R R LS YR O AR & S B8R A R
P2 AN 3 IR .50 H R % B T AL AL B 2
N ) i S E N e R (R R R (R A
AREGE G AF SRR S5 A A2 IR L T SR R o A
B AR TR AL LS (9 50 H R 2 24 45 4 Wk
IR ORI B /) o HLIE 20 ST P 80 A AR . R AR
BT R FREIR T F 58 B EE AL O T A AR R AN R R
HE— 252 135 3 3 B 4% BRI AR (1. 100 H R 58 8 4R K

EQ:F‘

S

(e) T-200

(f) PT-200

B 2628 | 20234 8 B | RASHIM

P FEZFE R 50 HM R E KT8 HE &=
Wil L3k B BB N B 4 5 R BT K T T 45 6 HE AL
100 B 458 TR A1 3(d) TR T ok 2245 8 T ik Ak
AL 3Co) JH B Z K/ B R R SR g5 4, LR
FERAE B R . 200 H AR L 5B T U4 Y H 58 AR 5
LB 3(o LI 2, S M HL 2B E 4 PR S, &
U 555 IR 555 % L ) S 45 A 2 At R o O] o D 5 R R B 2R
FIb 3 3 R AP, 2% 8 FIREEE 200 H IR 52 B
LR 3D Ik e 72 3 o e S R AR/ o Btk 45 ey, 9k 8
NS BER T AL LU M R B e R AR IO A TE &L T g
Pt e A N s Rt W R T AT O

205 - AR A T T B0 2 T b A R T R B 4 4
FY o R0 AT 3 e e A W B B £ 0 A I R 1
T AL HA B 52 K A T O AR 5 4 L T N 3 T O e
Ret., RAZARKAEABLHENE SR BELSRE
R AR BB, B SE RZ AR S R,
R P A5 B T A B D8 7 00 14 A3 KA Al B v A R 4
PRZR B2 (1 b B, PR 5 37 2 RN R HOIR g A B0RE
SN AR BN . TS TR IS L AUR W B
T 25 0 52N 5 - IR 5 05 Ak T SR R B RO 4,
FERRIBORIG N,
2.5 BEREUHZESN

WNE 4 JiT 7R . 6 4 70 3% RF b B A o 5 2540 T DA AR 47
M7 PCA Ml PLS-DA w4 B, PC1 f1 PC2 4> 5 5 42
80.9% I 13.7% , S I 94.6 % . ANI[EF 4> H AR Z 8 G
SR T IR A B T R 0o R R U B 55 R 5 R 4R TR
FH 58 25 RE i 2 R R 3« 0 B O 43 B 800 H SR R R R
SRS AN AR i s - = RN
Jab ¥ A5 B 1A A R R e 2R AL TE TR R AT A L
B S T A B Ak B K 4 BPR 5 3R AIOR B ) f

(d) PT-100

(g) WFEEbREh

B3 FRAAZFXGF RIS AHLEA
Figure 3 SEM images of chitin samples with different treatments (1.0X10*)



&M | Vol.39, No.8

oL
s
S}
-1r PT-200-3  PT450-
PT-50-3 4
-2+
-3 I I I I I

8 6 -4 -2 0 2 4 6
1]
R2X[1]=0.809 R2X[2]=0.137 Ellipse:Hotelling's T2(95%)

(a) PCA
A 4

TFRE EETFTHEMRABERENSRBMERNENTTHRTER

PT-200-3
PI-200-244ApT-200-

1]
R2X[1]=0.809 R2X[2]=0.137 Ellipse:Hotelling's T2(95%)

(b) PLS-DA

RELEF X T & EHF R PCA f PLS-DA A

Figure 4 PCA and PLS-DA images of chitin samples with different treatments

3 &k

LN g 8F 8 7 59 BF 5 % R+ 8F 7 28 by e i 20 ) )
SR T U TR TR I DO AT R R R PR R T B S 5T AR
FL L SR IR 5 P i T 52 3R, FE e B A B S ) Y 58 3 A 3
R PE BT NG HY AL . Z5 R KB, 200 HUFSE 0 &5 8 ¥ 1k
Ak B P 0 A IO 58 5 4R BB e R A R A L AT O

43.93%0 ,4li Ry 55.3900 5 B AR AL HLS 19 H sE R AE
FOURERLAZR S /IS 2 T 2 B 5 468 g 7 1A AR A Y 8 A O

BA 5 WS R AR S LAY fh 2 B 2 M 254 . HL 200 H R 5%
oy S5 A TR R ST R S b A T D 0T 5
T b R T 7 FRRE iy R At R T RS 3 5T A B O A
BB PO SE 220 25 1 0 20 o 45 B U IR A B 1) e P
S I 595 T 553 B 0 AR Dy — b J58 A 7T B L X R A B 4R
B e 28 1975 50 BEA R T W 52 3 00 A 0 45 4 AR 1
AT A Sy e 2 /N T B R 5 ) B IR A TR R — R
gt AFFEE T /MR /Nl i o A A Y R 52
Ho ik 075 4 4°F R 45 B TR U S 80 1 5 IR AT ST

5% Uk

(] 280, Wos b, RV, S5 b /N IR 3E 7l 2 J BUIR AR O
KIEFE[I). & & TR, 2022, 43(8): 463-470.
LICJ, TU Z C, WENG P W, et al. Current situation and future
development trend of crayfish industry in China[J]. Science and
Technology of Food Industry, 2022, 43(8): 463-470.

2] TR, M2, 587 7%, 5. 9 =N g IRk & R4 i (2022)
[7]. K=, 2022(6): 47-54.
YU X J, HAO X J, DANG Z Q, et al. China crayfish industry
development report (2022) [J]. China Fisher, 2022(6): 47-54.

AR, TR B, W vk, B T 1 X R N e B A R

FI’J(': K43 AT 3], BACEL A, 2022, 28€19): 109-113.
LI S J, SHEN J Y, HAN R B. Pollution levels of mercury and
arsenic in crayfish sold in Hongkou district, Shanghai[J]. Modern
Food, 2022, 28(19): 109-113.

[4] LE T Q X, WANG Q, RAVINDRA AV, et al. Microwave intensified
synthesis of Zeolite-Y from spent FCC catalyst after acid activation
[J]. Journal of Alloy Compound, 2019, 776: 437-446.

[5] SUBRAHMANYAM K, GUL K, SEHRAWAT R, et al. Impact of in-
package cold plasma treatment on the physicochemical properties
and shelf life of button mushrooms ( Agaricusbisporus) [J]. Food
Bioscience, 2023, 52: 102425.

[6] CSADEX I, VANKAT U, SCHREI J, et al. Treatment of ready-to-cat
cooked meat products with cold atmospheric plasma to inactivate
Listeria and Escherichia coli[J]. Foods, 2023, 12(4): 685.

[71 HUANG J B, KONG X W, CHEN Y Y, et al. Assessment of flavor
characteristics in snakehead ( Ophiocephalusargus Cantor) surimi
gels affected by atmospheric cold plasma treatment using GC-IMS
[J]. Front Nutrition, 2023, 9: 1086426.

[8] MOSTAFA K. Rendering viscose fabric dye-able with anionic dyes
using plasma treatment technique and chitosan nanoparticles as an
eco-friendly approach[J]. Pigment and Resin Technology, 2023, 52
(D: 134-141.

9] ZARTE, ERFF, AL . HET RS L0 AR 5L A A

Jab 2975 3O /)N W R 58 oy 32 WL 45 AL B R R (D], 6L A A R
R 2 4%, 2021, 12(8): 3 182-3 187.
YAN N Y, WANG M D, ZHANG Q, et al. Effects of different
treatment methods on theapparent structure of crayfish shell powder
based on electron microscopy and infrared spectroscopy[J]. Journal
of Food Safety and Quality, 2021, 12(8): 3 182-3 187.

[10] SZICHR, B, X . 0 P P D SR BUIR 52 TR e R L2 0F
FEN A TR, 2012, 33(9): 304-308.

PENG Y H, HUANG C, ZHAO Z J. Ultrasonic assisted extraction
of chitin from shrimp shell[J]. Science and Technology of Food
Industry, 2012, 33(9): 304-308.

[11] TR, 25005, £ R A, % B F2 32 BT 52 3 % A T 48 1]
PR R A M BT TE D] 92 4R, 2022, 42(5): 675-682.
ZHANG L T, LI X F, WANG X X, et al. Study on extraction of
chitin from crab shell and synthesis of aragonite from waste liquid

[J]. Acta Mineralogica Sinica, 2022, 42(5): 675-682.

23



E i # 38 FUNDAMENTAL RESEARCH

(12] Ry, M, AR, 5. M B ey & & 0 M5
). b B P25, 2001(5): 24-26.

GAO Y L, XIAO P, YU C X, et al. Studies on the quantitative
determination of chitins compound[J]. Chinese Journal of Marine
Drugs, 2001(5): 24-26.

[13] TRIKILIDOU E, SAMIOTIS G, TSIKRITZIS L, et al
Performance of semi-micro-kjeldahl nitrogen method-uncertainty
and nitrate interference[J]. International Journal of Environmental
Analytical Chemistry, 2022, 102(18): 6 204-6 214.

[14] TOONGSUWAN S, CHANG H C, LI L C,et al. Particle size
determination of a three-component suspension using a laser-
scattering particle size distribution analyzer[J]. Drug Development
and Industrial Pharmacy, 2000, 26(8): 895-900.

[15] ITOOKA K, TAKAHASHI K, KIMATA'Y, et al. Cold atmospheric
pressure plasma causes protein denaturation and endoplasmic
reticulum stress in Saccharomyces
Microbiology and Biotechnology, 2018, 102(5): 2 279-2 288.

[16] CHEN Y, YAO M Y, YANG T Y, et al. Changes in structure and

cerevisiae [J]. Applied

emulsifying properties of coconut globulin after the atmospheric

pressure cold plasma treatment [J]. Food Hydrocolloid, 2023,
136: 108289.

(17] 5K 4, @R A7 R — S AR U A1 3 4 IRCHR 528 vp Y 2 R
WEFEI]. & Tolk R, 2017, 38(5): 269-273.
ZHANG Z, GAO J X. Study on the extraction of chitin from
shrimp shell by citric acid-reverse micelles method[J]. Science and
Technology of Food Industry, 2017, 38(5): 269-273.

(18] XIEE, XBAR4, A7 Ft, 5. UF B2 il 4 o 58 0l 69 49 1 b B L2 (7],
JTHAE T, 2010, 38(3): 119-121.
LIU H, DENG C M, YANG D, et al. Preparation of chitosan from

shrimp skin by scanning electron microscope[J]. Guangzhou Chem

B 262 81 | 2023 £ 8 A | RS

Ind, 2010, 38(3): 119-121.

[19] i 5, BTAR, & [ ok, . BT L0 51 D 35 HOR 78 £ A I
I R A AT [T, A 22 AR T, 202231 175-177.
QU Y C, JIA J, GONG G Q, et al. Application analysis of modern
near infrared spectroscopy in food detection[J]. Food Safety Guide,
2022(31D): 175-177.

[20] Bk, sk & U, 00 W1 R 58 20 R0k B R ROV &5 4 A2 A 9] B
R BB, 2011, 27(6): 637-639.
CHENG Y, ZHANG Z Y, YANG G M. Changes of morphology
and microstructures of chitin pulverized by liquid nitrogen [J].
Modern Food Science and Technology, 2011, 27(6): 637-639.

[21] TR TG, 255K AL, w9 35 1 6 MR 0F 7 BT 58 3R 0 4R R L 2 T 4544 41
Hr 91 & MR, 2020, 45(4): 187-192.
ZHANG Q, LI Y C. Extraction process and structure analysis of
shrimp shell chitin from Penaeus albinus[J]. Food Science and
Technology, 2020, 45(4): 187-192.

[22] R, 4K W o2 Rl 45 B T 15 95 2T 5E[D). il R K
2 2022: 30-44.
CHENG T. Preparation and dry spinning of nano-chitin [D].
Shanghai: Donghua University, 2022: 30-44.

[23] s AR F 58 3 40 K £F 4 1) ) 4 S CHC U 2 A SR DI
FE[D]. KA MK, 2022: 48-69.
KOU L H. Preparation, construction and light transmittance of
chitin nanofiber coating[D]. Changchun: Jilin University, 2022:
48-69.

4] X B, B R, KIRN, & BE N2 P RIRTER T Z
PALRIBEFE 3], & & ol BLE, 2013, 34(22): 209-212, 216.
LIU X H, ZHAO L X, ZHANG C J, et al. Study on optimization of
enzymatic extraction of chitin from shrimp shell[J]. Science and

Technology of Food Industry, 2013, 34(22): 209-212, 216.

(3% 17 70

(7] B T2 e 1 T g A A 0 e 8 5T ) X LE F 5 (D )M
W KA, 2018 13-25.

ZENG Z J. Comparison effect of heat treatment and ultra-high static
pressure on honey quality[D]. Guangzhou: Jinan University, 2018:
13-25.

[8] TUS A M R, GUIDO S, ERIK V D L, et al. Effect of temperature
and pressure on the stability of protein microbubbles[J]. ACS Appl
Mater Interfaces, 2016, 8(1): 333-340.

(91 MRS, WA, E Wk, 2. BIOR S A X i 400 AR o
5 5P, 2022, 38(7): 220-226.

HU X Y, MING J, WANG S, et al. Effects of superfine chestnut

JBE A R 0[]

powder on sponge cake quality[J]. Food & Machinery, 2022, 38(7):
220-226.

[10] KADJO A, GARNIER J P, MAYE J P, et al. A new transient two-
wire method for measuring the thermal diffusivity of electrically
conducting and highly corrosive liquids using small samples[J].
International Journal of Thermophysics, 2008, 29(4): 1 267-1 277.

[11] MONIKA B, PETER H, VLASTA V, et al. Thermal properties of

selected bee products [J]. Progress in Agricultural Engineering
Sciences, 2018, 14(S1): 37-44.

[12] 5K A, A, EBLER, 5. 55 T W ABLEE AR € 21K 43 BT 14 ik 2%
Ak &R A 5 4y g0 0] & & S LA, 2021, 37CD):
186-192.

ZHANG M, YU J, WANG Q Y, et al. Evaluation and classification
for physicohemical quality of vine tea on entropy method an grey
relation analysis[J]. Food & Machinery, 2021, 37(1): 186-192.

[13] W5 U, WA, o b S e 3 SR ) i A 9 LR A3 IR

EOCHREE W (4 N 2246 T B PP A [T]. & 6 5 HLAR, 2022, 38
(9): 198-203.
XIE C C, CHEN J M, CAO Z W. Quality evaluation of different
varieties of Yangzhou orchid dry based on sensory pro le analysis,
entropy weight method and grey interconnect degree analysis[J].
Food & Machinery, 2022, 38(9): 198-203.

[14]JI P R, LIU X T, YANG C C, et al. Natural crystallization
properties of honey and seed crystals-induced crystallization
process for honey performance enhancing [J]. Food Chemistry,

2023, 405(3): 8-15.



