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Application of Electrolyzed Water in Extracting Chitin from Shrimp Shell
HAN Xiao—mei', WU Xiao-he?, LI Wen—ya', SUN Yi-dan', SANG Ya—xin', SUN Ji-lu""

(1. College of Food Science and Technology, Hebei Agricultural University, Baoding 071001, Hebei, China;
2. Department of Biomedicine,, Zhongshan Torch Polytechnics, Zhongshan 528436, Guangdong, China)
Abstract: The electrolyzed water treatment as the core technology was applied into demineralization and
deproteinization of shrimp shell to develop a new environment—friendly process for producing chitin. The results
showed that the removal efficacy of mineral and protein with the electrolyzed water prepared with 1 %NaCl was
more significant than that of 0.1 %NaCl. Under the condition of voltage 20 V, the extraction rate of chitin was
19.46 % with the treatment of acidic electrolyzed water (AEW) (1 %NaCl) for 6 h followed by basic
electrolyzed water (BEW ) (1 %NaCl) for 6 h and its protein removal rate and mineral removal rate were 97.99 %
and 99.64 % , respectively. Moreover, the ash and protein content of chitin were 0.97 % and 3.67 % , resp-
ectively, and its moisture content was 4.82 %. The lead and arsenic content were 5.1 mg/kg and 0.025 mg/kg,
respectively, which were all in accordance with the national standards. Also, it could save hydrochloric acid to
96.48 % compared to the traditional method. In contrast, the exchange of AEW and BEW treatment sequence
could decline the degrees of demineralization and deproteinization. The results also proved that the physical and
chemical properties of chitin extracted by electrolyzed water treatment were consistent with the chitin extracted
by traditional method through scanning electron microscopy, infrared spectrometry, thermogravimetric analysis

and differential thermal analysis.
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5000 r/min £5.0 10 min, K% T 60 C T4 8 h, e
BT (1) B B R oy i
132 MRYEHLAEK S PR i ) BT 5

Ti] FEL i K R A s R M P P A mh 43 S A
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SN A AL 3ok 8 A, B R S e Ve U =
5000 v/min .0 10 min, H4 13550 T 60 CF 44 8 h,
D5 B 1 o i, B 1 I i, IR PR R AL BB R
1.3.5 fEGTCHLIRIRE fl & H e R

B 120 HERFEH 20 ¢ THeps , ki 208 in A
1 mol/L 812, 4 pH {H FRFEZE 1 AR, Biw Yiss
W ARG ARV . 1R I —E Y 2 mol/L
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g, BRI TR E P, 5 000 v/min .0 10 min, F
F 60 CF T4 8h, HIfFHFEZE,
1.3.6 TR H A /ORI FRL /K IR 5 Ak B 7 2 R
FERMR

1) SR FRL /K B P A /K A Ak B MRS
PR FE R - ] H K A A A TR P M AR v
SHIMA T L 1 % NaCliEW, FREL 20 ¢ 120 H IR
TR B Rk r Al b A T LA, SN 6 h, SN 4h
WG, U R, AR VR 2 L 5 000 /min B
O 10 ming SRJF RFAR I B T 0 PE LA, SO 6 h,
RV EE R G, i8I PEd 2 P, 5 000 v/min B0
10 min, FF 60 CF T4 8 h, I ifi 45 H 52 2, il 2
F SR IIBCR LB o E B RN R 0T 7 4

2) Sl FE A K R E AR K B B Ah E MR 52
PR FEER N T#F—P%% AEW 5 BEW 237
TR SE R REmT, 224 1.3.6 5715 1) 1 AEW FlI
BEW XF#F7e AL BN , HoA S5 A AR 2 &K
FRIN5E 72 28 A ISR L SO A3 s RV 1 i
1.3.7 W SE R WAL A

)RS & e i g « 2 IIEFR GB5009.4-2016( &
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Jr,

3) KA E R T S I E AR . GB
5009.3-2016{ £ i % 4= FE ZZARE £ i oK S il e ) o

4T B A e AR AR 2, SR A R
5.0 mL/min; B el BC ] K0T R AR E AT 5 %
TR TR RS 2.4 .8.12.16.20 pg/L; FEARALER, FR
B2 50 mg b RO M T, A S mL @2, [7)
MR St 23 L B A IO I AR AR Y TR AR 459, 100 °C,
100 min R , i 2 %, A BRE 452 50 mL, LAL
RN, 22 il e oG AR vfERR 2R, anfEl 1 s .

5T I W IR AR A A A R 5.00 mL T
100 mL 254, JH 1 mol/LHNO, EEZEZE 100 mL, il
7% 50 wg/mL B AR HEE PR o WROBURT AR HE 1 R 0.
0.40.0.80.1.20.1.60.2.00 mL, 43 %% F 100 mL % &

x10%1 42590.610 1x~2.490 0
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Fig.1 The standard curve of arsenic content
JEH, F 1 mol/L HNO; JE 7% , BC il bR e TAE W 5251,
AP YR EE 225 0.0.2,.0.4.0.6.0.8 .1 wg/mL, FRIEX
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(30 %) IR EIE), TR BOTIE AL T i 52
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FRGH KD B2 W R EE , BRI G IF T A R
I E R B2 RS T AR 2 i . #f
Tl A8 LF B AR IE TAEME 25 MR VA W0 ol
AZ R - CHRIIG TR O, LY TR
25O BT R ARG 283.3 nm AR IAREA G T
FETARRES, 73 50 E 25 A O . DIARiE TR
VR BE S R AR AR O RE S AR AR, xR 22
meE 2 fiR .,
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Fig.2 The standard curve of lead content
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BTRGED, AN RELH, RIS,
PR B E AR R & b s TR
P A AV 0, AN R] AR AR,

TR S 2RI R ARSI sh S A %,
BOETHEAE R 30 C~650 C, FHELH AN 10 “C/min,
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FERECH 4 W, HFETERIA 4 000 em™~400 em™, 5K
A KBr EH

2 ER5HH
2.1 PRtk AR RS2 Y IS o e A
2,11 FRYEHL AR KR AL FRXHIRSE i i 6™ 4 A

H5 AN TH) H B SRS 4% 0.1 o/mL 14 e 491 in A %
AEW HpE TR, IIE AEW BIRL A pH (E AN 2
JE I pH AE, 005 4 it 22 I I o3 B L i Ay 5 i, &4
R 1,

F1 AEW ORISR T WRLE

Table 1 The efficacy of demineralization of shrimp shell by AEW

batch treatment

UK UK AKZAE  ABUBER RS TRY
Kt/ H pH {H pH i 1% %
40 2.34 8.20 8.67 55.58
60 2.34 8.20 7.33 57.76
80 2.34 8.18 10.33 58.68
120 2.34 8.25 13.00 52.04

MR 1R, AFEPRIAS /N ER ey 2 AEW
LA B, FEWEY pH (B dy B B) Y 2.34 1 T+
8.20 Zefi, FEAMAYKI S RAREFAE 55 %/iti, KW
AEW SO AL BRI AT RESR AL HART AR, AREARL
SRR P A o
2.1.2  RYERARIK LA IXT R 72 1 B ¥ B

ST 0.1 %F 1 %1% NaCl ¥ il 7 i fige K, 7E
PR FEL AR AR PRI — 5 B B MR 5e s, TSR LA, TR
HAAWT™E . 6 h ALBRAE TS , I 5 it i ot e J G
Koy, B5RE 2 PR,

F2 AEW EZAEIRTRIBRT WRME
Table 2 The efficacy of demineralization of shrimp shell by AEW

continuous treatment

BRSPS 0.97 DAL, R A L K B ) JB Ak R
RAF, FhFR i — L A3 BT BRI BRI
2.1.3  FRYERRKIE S IRERSS R 5 i 1
ZJERRRBCRIAN

i F AEW A1 2 TAL 2155 3 R 45 5 %) IR ¢ by Adb
B, 55 b A T ER R AL BT LA, SRR 1Y A RCR
sk 3 fis.

®3 AEW EZAMEBRREHT YR ENRB T AR

Table 3 The efficacy of hydrochloric acid saving for

demineralization of shrimp shell by AEW continuous treatment

BT HClHFE  HCLATE K&/

B /mL /% %

AEW(1 9%NaCl) ikt #i+HCI 6.40 96.48 0.72
AEW(0.1 %NaCD)FAL#+HCT  71.00 60.99 0.91
1 mol/LHCI 182 0 0.97

TE R AREFFEHIRE R N 20 g

1 3 W], A FEAR [ AR5 R 20 g, FRALAE HIER
FRALER , T BEFE 1 mol/L HC1 4 182 mL. F 1 % NaCl
Bl A 1) AEW JEZEAC PSS, PRI SR IE 4R 22 ] 1 mol/L
HCI Zh B, T AEER R B 6.40 mL, 55 54l FiER R b #
FAEE, AL R AR A i 96.48 %, 22T 0.1 %
NaCl il 551 AEW EZAb 35 , PR R AL HL, 744 31
21 60.99 %. I WL, (] AEW 4 2240 SR 5T
Koy, BTk B B ali (s ER R I A o ) R, SCAEAR
KRFREE Bl 7 Ehmeny A
2.2 Bl R AR A G S A P MR A A 1R

I35 0.1 %A 1 %11 NaCl ¥ 9801 £ F K, 16
B FEL A RO — 2 SR STA , S 2L . 6 h &b
PRAS R, W0 B i 1% o o AR 1 o e AL R
R ERAE 4 PR,

#4 BEW ELZLEMNTZHREARR
Table 4 The efficacy of deproteinization of shrimp shell by BEW

continuous treatment

JBea Wy s ik KAy 4% A TBLER /%
AEW(1 %NaCl) 1.14 57.00
AEW(0.1 %NaCl) 35.01 31.70
1 mol/L HCI 0.97 5375

VE £ 1 mol/L HCI AbFILIE 558 J7 s A g %t B 5 SRR W) 1 R 534
N 51.8 %,

W 2 fiR, F 1% NaCl #1419 AEW XFiF5Ek4b
PRI IO Tk 1,14 %  BEHF5ERE s> T 97.80 %,
ZRIF RN 57.00 %, #H L2 T, FH 0.1 % NaCl il %
(1) AEW XTERSE B P B CR 5525 . S ER MR IR 52 b

I AS RS AR % B B %
BEW(1 % NaCl) 17.79 66.75
BEW(0.1 % NaCl) 28.81 33.81

T R IGIRTORAE S 20 g5 MFFEREAL AR F ORI IR 15 1 36 %.

3¢ 4 W0, 285 1 % NaCl 14519 BEW 435,
BRI (7R 5 A s K 17.79 %, B A IR Rk
# 66.75 %, %5 1 % NaCl il # 1) BEW FJBLE FIECR 2
T 0.1 % NaCl 1451 BEW ., [RIIF, BOR ek i vy
fiff I A5 1 BEW AR FUSCR B AT, PR B Ok
A e, X T Re 2 R TA7E T A2 e Pk
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NI PEZE ), BT LA, 76 A Zead e ) oAb BRI, ) o
FIAFTE AT RE 252 25 1 T A R o
2.3 FRPE B KIS AL BRI e R B S RS
23.1 FRYE. BRPEHLAE A G AL IR SR U e 2R T
pa

16 AEW BEW 4 kb BRIRFE SR 72 2 T 25,
W95 T AEW 5 BEW ftAh BRI X 2 B 72 2 5%
Wi, IS5 150 TTHLER IR E AR I A b AT T Hk,
XFTARAT I F SE R I E AR PR EA TR, S5 5
FiR

£ 5 AEW #l BEW B A L IR FIREV R R RE M E ISR

Table 5 Standard test results of chitin extracted from shrimp shell
by AEW and BEW combining treatment

= H N T ol
AEW—BEW 19.46 0.97 3.67 97.99
BEW—AEW 23.31 1.63 23.79 84.45
1 mol/L. HCl— 17.41 0.58 0 100
2 mol/L. NaOH

RIS R 20 g0

FH2E 5 AL e AEW 905 5 BEW s
P S T 2R R FE P2 U 52 28, L8R s bR R ik
K5 97.99 %, K5 E ok 0.97 %, K5k hy 4.82 %,
PGS TR AR I 52 2, A7 A B KA
GB 29941-2013 £ it % 4 B ZE AR £ F s il it 2
FEH 7R (FERHH)), BLEHEECREN 19.46 %, 3cHt
AEW F1 BEW A AL SRITUY F5 , 4 B0 H 56 20K & 1) B
Wy ORI AR LR R 2 P R R
232 WSER™ M

XF AEW—BEW &S BURFe 4R I B 72 Z A7
A, 2553 6 PR .

%R 6 % AEW /5 BEW ZE4 A IRIRE RN AR ZNRET N

Table 6 Quality evaluation of chitin extracted from shrimp shell
by AEW and BEW combining treatment

Bt fonE
o OEY
(mg/kg) (mg/kg)
HFEE Hf Bk 4.82 0.97 5.1 0.025

EtrGB  HfmEg ARE <100 <I1(& <10 <10
29941-2013 f#e(a AR (BH%) HR)

TSR B G A% A B Bk

Ko Ko

G T
i 5 /% 1%

SRS BN

F 2 6 NI, e AEW J5 H BEW i £L4h BEAR 1S
W FE 2 A AR R, K 3 B i 5 K5 5
BIR RIS 52 R I E FhR e B TR &R
B EZbRE,
233 HREZE MRS

A 3 1 i F A 43 i) X 2 ek v i K A B RIS B TG
HLER BT MRS Hh 4 I F 52 R EF AR, Hok T e
AW 3 s

AHCI-NaOH ZbFHE U 15228 ; BAEW—BEW ZbFHR Y e
#;CBEW—AEW AbFHEIY e 3,
B3 HRRERANEHEBEER(2000x)
Fig.3 SEM images (2000x ) of chitin
HE 3 AL, JEid 3 O AR P e R AR B
AN ZALIEEHE . AL T BEW B S H AEW
APy BT IR H 7 R (B ), AEW—BEW AL FRITY
S FE R BUATE I R (18 B) o i R HALEAI I F,
filt KSR e RN, 5 e AT R Wy Boe B . AR
AT ) Bt R, AEW BEAS TRV i MR 5¢ N ER )
BT, Mgt I B b S (1 2 FL A5 EF) T BEW
AZERe TR T
2.3.4  WFEZ i IR 04 K 22 I8 H
G3 IR AN R T3 2k 4 B 58 22 R4 T R R 43 F
LGN, I H S5 R P e KA T K,
HARFE 2R 5 22 AR ath 2 an &l 4 B .

38‘88 7100.0
VYT 90.6Cel A J
35.001 96.8 % 2;1.17([:7:1 80.0
> 3000F . 41426l | 600 8
2 25.00r 23.7 % 140.0 I
Sile . —,
ig 20.00( 200 X
@ 15.00 100 |z
10.00} 1-200 Hj
5.00F 375.1Cel =
0.00 8.51 wv 1-40.0
~5.00} 1-60.0
-80.0

100.0 200.0 300.0 400.0 500.0
TLEE/C



e, 5 W KA R IF R RIRF 5 % o d 8 R AR B AHA
45.00F 1000 1, I PR PR T 5% 3 % R 200 CCT R
000l S 2 B0 SRR B G RIS K IR EE T 250 072
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Fig.4 TG and DTA analysis of chitin
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Fig.5 IR images of chitin

Fac &l 5t A2 A S, iR T
FERIRREN . B FE R ML MG i — 287 i
WA ZH B, ELAT BT () 4 T 2B o 7 3 480 em™ BT
(S S T O—H 4R R 50,3 264 em™ 22 A7 Wi I
ST N-H R Za IR 55E B, 2 960 cm™~2 840 cm™ 1Y
WA 8 T C-H 4zl JFH, ik R =
A58 TS, 1 650 em™ A2 45 (MR IS4 A ke 1
TEAT (C=0),1 555 em™ 22 A7 M W00 Sy Pk e 10 33 7
(N=H), 1M 1310 em™ 2247 i W S0 06 Ay ok e T 3355 ( C—
N),1020 em™'~1 160 ecm™ J&F C-O 145 9z 2 Jir 1 1
AW SO, 898 em™ 72 A 2 HH 7 3R A 4 Ik 2 1 Wi i
W 2T AR AT LUK X 43 HY 7 2 (AN [R] F 730, o
HSE R IR T 358 800 24 B WA IR0, 43 5l or
F 1656 cm™ Fl 1621 ecm™ &b, 1 B-H 5T AIIERE 1
TP B ERAE 1626 em” . FEBERE 1347 I,
a—HSEZE R I T 1556 em™, 11 B-H5EE 1K

Wt BT 1560 em™, 8] 5 FPlRSE S I iR 4 0
ML B 32 1T Fi, fif 7K 372 52 b BRI B 52 A 21 41
TEERMSI R o-H 52 R IRHIE N 00 , 32 BH 38 i
FIO LU R FE 2RI a-HI5E R, [F]B L e ]
LKL 5 AR SRR L SR I T e R AE S5 1 F A
— 3k,

3 it

AR S AEW B Y155 H BEW i 25
H S T 28 IR S R I 52 3, $RB0R A
19.46 %, 5 EF LT AR FHIR B A 2 L AR U e R 4R
PR 18.56 % L AT, Mukku Ghorbel-Bel-laaj Olfa
S L e O TR AL TSR RFT TR A2 KSR IS R
T F S0 PR BEER 035102 89 %A 96 %™,
FFH B HE LA -5 A 2 R T 9 o T O T MR
FEHPRIUH 7 Z, B BRI 53 i 2 85.45 %
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1 98.98 %, Xf LA FTATAL , HLfift /K A BEREAS AT 3
) 8 i R 5 v ) B 1 R P I, - LT 2 T R
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