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Evoluation of Endogenous Lipase Activity, Lipolysis and Lipid Oxidation during the Processing of Traditional
Dry-Salted Decapterus maruadsi

CAO Songmin'"?, WU Yanyanl'*, LI Laihao', LIN Wanling', CHEN Shengjun', ZHAO Yonggiang'
(1. Key Laboratory of Aquatic Product Processing, Ministry of Agriculture, South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, China; 2. College of Food Science and Technology,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to figure out the evolution of lipolysis and lipid oxidation during the processing of traditional dry-salted
Decapterus maruadsi, the changes in neutral lipase (NL), acidic lipase (AL), phospholipase (PL), lipoxygenase (LOX),
thiobarbituric acid reactive substance value (TBARS), peroxide value (POV), and lipid composition were measured and
the correlation of endogenous lipase activity with lipid degradation and oxidation was analyzed at five processing stages,
i.e., fresh fish, salting, soaking desalting, drying and final product. The results showed that neutral lipase, acid lipase,
phospholipase activities markedly decreased (P < 0.05) during the whole process, and only 17%, 57%, 33% of the initial
activity was retained in the final product, respectively. LOX activity increased significantly during the whole process
(P < 0.05), and both POV and TBARS increase except for a significant decrease in POV during the late stage of drying. As
evaluated by principal component analysis, the activities of endogenous fat hydrolases (NL, AL and PL) had a significant
effect on lipid degradation, but a rather limited effect on lipid oxidation. LOX activity was positively related to lipid
oxidation but it was little related to lipolysis. During both salting and drying polyunsaturated fatty acids (PUFA) revealed
a significant decrease (P < 0.05), but monounsaturated fatty acids (MUFA) and saturated fatty acid (SFA) revealed a
significant increase (P < 0.05). The contents of both eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) exhibit
a complementary relationship.
Key words: Decapterus maruadsi; traditional dry-salted fish; endogenous lipase; lipolysis and lipid oxidation
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WA 42 (brown-striped mackerel scad, Decapterus
maruadsi) WY B S EHE 628 1 —Fh, AR a, 0O
IR BB R MR, FESAE T E G M
A EARMBAEAMNENE. BRILO, EREE. BRA R
i AR R AL AR, B2 EEH
TN A

A 235 P R T 1) i T G AR PR R T 52 B AT Y
wo o T ) S ] S PR R G R M XURR ) TR 3 4y
RWES . WS, BESE. BEREE, XLLWJR EERIE TR
07 ) P e S AN o AR SIS it v P R I T B R )
NHENT K RBEAT AR Wi %A &8 (lipoxygenase, LOX) WK
2, R 7K f e 32 0 AR 7 kAT P ff s LOX T X0 g 17
BEATSEA . H AT E A A0 2R e e, AR
BT AR R AR S WAEEEY . R A ST
T, A OB FRK S AN [N T 57256 i o A A o 1
FUMASAY . AL G0k N TRLFE K 0 & AT AR, 2k
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X R 5T S A o e B AR B T B — € B2 E R . X T
A 5 PRI A 7 T A 7 ol T s A A A R e L)
1 R NE W7 A S A A R E IR FC LR % . AT
B P TG T e Atk AT N O AR R R R R
Eb# %, fnJin Guofeng” MWang Ying' ™% 7 HIWF 78 T T
JHE 355 W T R e i R R B SR R 4 . B AL R ILLOX
T JTLE R S5 DAY ) o R R, R KA U 2 g 7 TR A
YRR MR o BAT BRI E A"

A FT UL B2 O JRORE, SR AR 6 R i) i T
JrER FEAT N, W E & AN TR B R A
il R E . BT AR S AN T E B P R R
. LOXIE /1784, MalWidfedabrid A { (peroxide
value, POV) . FifRE L ZFER{H (thiobarbituric acid
value, TBARS) HIZZALIEHL, 1 HJF 25 IR 7 R 1) 25 B A
R, TR IR B B2 A 4 T I AR b P IR g 7
1ty ] g o2 o0 A B AL B DR R, IR T IR ) A8 Ak 5 I 07 S AL 1Y
K&, s RGO RE DA, N
WA [ 82 JHE T #0100 SEE BRI A 7 B o A5 R AR i
HE, WA PSR T R AR S %

1 ME5H%

L1 MRS

WS (K, 5% EN80~100 g) « /KA
HkEE ARG ILERICAKTARAF.

4- W LT B - 4- I <O W ol R R L R T
M E (bovine serum albumin, BSA) . TWilz.
T HIEF A (dimethyl sulphoxide, DMSO) . #ift
ELLL %% (thiobarbituric acid, TBA) . 1,1,3,3-/4
CRET . Dk = A - TR W
FH Sigma-Aldrich A A ;2% 5 0 5% i 6l 2K 3 2 &
RE MEEREMERGRAR,: &0. =82
f2 (trichloroacetic acid, TCA) . £ & ZFR 4
(ethylenediaminetetraacetic acid disodium salt, EDTA-2Na)
IR A BN WRER AN, L X (2-FH 2 LR
VU 2.1 (ethylenebis(oxyethylenenitrilo)tetraacetic acid,
EGTA) . R R 58 EBE (polyethylene glycol
octylphenol ether, TritonX-100) . =& B &
(tris(hydroxymethyl)metyl aminomethane, Tris) - i Ji
Yok EX N tral TINAEEEGRT
12 S5

BS224S/r# R~ F[ESartorius A H; 3k3074
BEOHl EESigmanFE; UV-2550% 48 Wit
QP2010 PlusAH 1% - ikt H (gas chromatography-
mass spectrometry, GC-MS) 1  HAHHEAF; UV-
3000PCHUEAM OGRS s AR A IR AW
T25¥iHL  FEEIKAAF]; RCSHMEFEN T &
B ANVATUHI F BT TR B & I
13 Uik
131 B

DK 5 2 25 YIRS v, 4% R AT G n T R 1)
AT R . RS R R 62 K S BT RRGE TR
2 d, IR (28+2) C.

I AR AN RN TR Bodh AT 2 AR . AR A (B
WRE2) . FERB (WA - FAMC (BEED - BER
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5~8 2kth, EERATIARNG A pz, F A ANLR 2
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GHE, BTRERST, BT —30 CukKM T RAAE .
1.3.2  ARNEEE T
1.32.1  HHEER IR

FH M A 32 BUAR $5 Hernandez 26" ' 7 33k 4T, 9F
FHVEIE 0. HERIFREURE §15.000 g, JIN25 mLBHER £h 2%
M (50 mmol/L. pH 7.5, %5 mmol/L EGTA) , 3%
FEHLEEAISE (15 000 t/min, 6X10s) , HI5 5K RE
FUKK G oA B PE30 min, FHEATIGEE O (4 C.
10 000X g) , BLJaIRE 4 JZ2mug % LENED,
I R 2B E 25 3125 mL,  F % 5 i a)
EEARE R, TS .
1.3.2.2  FRMENE B il e

W VEHE B Cacid lipase, AL) ¥ Juill s& ik 32 2
W& Vestergaard " kAT, FESAEB . S
0.1 mLAEEHEBGR T 10 mLE-OEH, MEOEF A
2.8 mL 0.1 mol/LE§FRE —4-0.05 mol/LF7 15 M2 2% i il
(pH 5.0, 150.05% TritonX-100£10.8 mg/mL. BSA) , Z
JEMIA0.1 mL 1.0 mmol/L[#J4-H B IEER i B IR Y, KR
E RN E T37 CRE R AR 30 min, SZEPAI0.5 mL
WPEAN T mol/LI) HBR & 1 SN, FH 9% 96 43 6 6 BE - s
SN S WG, ORI AR S i K 43 ) 328
470 nmo 7S [0 HEF R AAR P B2 A v i AR s B B
i 2 A B O
1.3.23 A e

PR (neutral lipase, NL) 3% /7l sE 77k %
BRI MotilvaZE " () 5 vE 34T, FFIEE B 0. HhE
0.1 mLALEEFEHGR T 10 mLES O, [ 308 T in
2.8 mL 0.22 mol/L Tris-HCIZE#i (pH 7.5, %0.05%
TritonX-100) , ZJGMAO0.1 mL 1.0 mmol/L¥
4-FEETEE MR IRY), IR A RN E T 37 CRB#H
HFRIR30 min)g, LR TUKKIB A KL RN, T
1 min " 2 N 56 2 66 B 1 R N I (09 VR
FE, WOR AR K 58328 470 nm. 7 X
FH TR A R B b R AR e I i 75 (R g B2 R
1.3.2.4  WENGEEE 7700 e

5 5B (phospholipase, PL) & J7ill 52 Jy k32
W Vestergaard 2" W kAT, IFERSAEB L. HhER
0.1 mLAHEE SRR T 10 mLE O & H, [ B0 il
A2.8 mL 0.1 mol/LE2Z —44-0.05 mol/LAT 5 IR 2% i
W (pH 5.0, 0.05% TritonX-100. 0.8 mg/mL BSA.
150 mol/L#AL#) , Z JFEHIA0.1 mL 1.0 mmol/Lf¥j4-H
FEICERM IR YD, FRE RN E T 37 CRE 8RR
30 min, ZHPFHO0.5 mLIKFE Y1 mol/L i) £ HR8 2¢ 1k [ v,
FH %643 6 BE T 28 B S S5 VR G B, ORI
RS KA 519328 470 nm.e 245 0 I (R 4A R Fry 4
Ul 22 ARSI Pl 75 22 R R A

A3 I RE 3 RS 0 BT 2 v, B — &R A

WRE ) A- TR RER A, b bR e 28, ) FH AR
M 28 5 v S 3 R CE N LRk AR A S 1. — N
WAL (UD ESCN: 1 gBFEEETEL hl 72421 nmol 1)
4-F A
133 LOX¥&E Az

L OXCHH AR 114 $12 ORI AR G 15 R0 5 DA S IT 3 2
Pl %3 2 I GataZ 7%, IFRAEIE .
1.3.3.1  LOXFAEgMHEH

5 B PR AR VR 5 RE 5 5.000 g, ITAN20 mLK Ny
50 mmol/LFR #h &bt (pH 7.0, 71 mmol/L % J7 F¥
BZ. 1 mmol/LEDTA) . HAFHLEEH A (15000 r/min.
6X10s) , YJEHEAE T UK H 51830 min,
TGRSO (4°Cy 10000Xg) » B0 HIRE
4 ZAIE S FIEREWT, JF IR E 25 £)25 mL,
I FH 2 1 17 5 1 7 S B B B R BT T

WM BRI HE S HERIRREL140 gV IMAR, #HiE
F5 mLE A E 2K (4180 uLitE20, pH9.0) ,
TR 56 AV R e FH DA 28 K 8 8 81150 mL, (R T
(—18C) WA
1332  LOXiE HyilE

200 LWV JH RN EY) 52.9 mL. 50 mmol/L K74
BRI (pH 5.5) YRA, ZRFKAM TR ENREA T
W, FHPUE AL 234 nmI K AR 2 G OGS )
TRAR IO 1 mLEFHREGR, MRS, UM
1 min/i5 R RTE234 nmipi AL IO E,  THERSLEROE
FE5 RMRTROGEE 2 2. AR IIES ANPAT. 1A
WEITHRAL (U) & X RRoreh i so i B oL BE RS N1
1.3.4  UEESRIDTER O Bl e Ko A
1.3.4.1  JEMIHREL

W Folch & " 7 ik AT 04, JERS1EIE .
B AREURE f65.000 g, IIAN15 mL&AG-HEE (2:1, VIV)
Wi, WY FHLEESHE (15 000 r/min, 3X 10 s,
0°C) o BEREBHBANSO mLEERFEMTIFERE
50 mL, &1 h/giniAN10 mLABEEE K, K im s o
30 min (4000 r/min) , W FEBRZEOLEF, BX
WA LR, ISR IR 4 IR T %% H
1342 JeWim& M H Ee e

2 mL 14% = 5 AL- B O N 2R A8 NR T,
REYIET60 CKME %A T H BRI R N30 min, J V.45
WEIH, WAKAHZEZEE, WE®RFIMAL mLIED
il mLZ&EMEK, 2% 1 min, B2, WK EEH
BUZ, ARAWRE, BEAET, EHIECKRBREIFE
7%, 150.22 yum B HLIEREE, FIGC-MSHEAT /3BTl .
1.3.43  JRIIBRIIGC-MSH T

2% LHk[15-16]. GC% F: DB-5MS & i
(30 mX0.25 mm, 0.25 mm) , #FFELRE230 C, TF
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EAEFF: 110 C{EEF4 min, LPL10 C/minTHE 160 CIf
R4 1 min. )5 A5 C/minft 3240 CH- #4715 min, %
SONRA, WEN1.52 mL/min, RAEZLHEE, Rt
1330, HEFEEL pL.

MS¥A: B FURIEE200 'C, HTHETOV, HE
FIHE Blm/z 40~550, ¥EFITIBRA )3 min.
1.3.4 e sabrill e
1.34.1 POVillE

KHEGB/T 5009.37—2003 (£ FH k400 BAFRvE R
SIRT T I R AT IR R POV, 25 R
FIR Nmeq/kg.
1.3.42 TBARSIE

WU ik kAT I 2, s s k. B
BEE AL g FIRE S, BW7.5% TCABW (F
0.1% EDTA-2Na) 25 mLIT A ZHLE F, PR$F40 min,
B AW AT 2 R, BUES mL TR
o EHAHS mLAEBKER , HMAS mL TBA
(0.02 mol/L) ¥, 40 mindh/KIBEAHEZSE, &
JEINS mLE RS, #ESZEI ER, FIH
S HE T 538 nmiE K AL BIE RO . N
(malondialdehyde, MDA) & &iliil1,1,3,3-V LA A
FebrdE i Zebr e th A3, I DASRIETBARS, 45iHR%R
Auglg.
1.4 Hdsabe

NEWER 74T : R HHELHLNIST 0.5 122 54 A6 22,
T Ik MS P R AR A S AT A, SR A B 2 i
L0 s ) I 7 R R R Ay, AR T ARE — AR e H
i B AR o B

ARSI BT BT Fe bR ¥ B3 A AT, IEFExcel
WA S A bR T ME K Ar il 2 . A F Origin 7.0801F{E
F, IMP 7.0%44: 4381 J7 12 7 I Tukey HSDAS 36 33817 5047
(1) 32 3 1 0 BT o R FH SPSSER A4 AT i s B it g b S S AK
FRARIC 32 B HT

2 HR5HH

2.1 BRI EB G AR PR T 7K AR e AR W

#1  BESBRET LR NIRRT K #ERE

Tablel Changes in lipase and phospholipase activities of Decapterus
maruadsi during dry-salted processing
TR B NLi% 71/ (Ulg) AL/ (Ulg)  PLI&H1/ (Ulg)
A 12.614+0.29° 1.59+0.03" 1.15+0.02°
B 8.20+0.28" 1.0940.03" 0.7740.03"
C 7.85+0.26° 1.014+0.01 0.71£0.01°
D 4.47+0.30° 1.124+0.03 0.62+0.01°
E 2.20+0.26 0.91+0.02¢ 0.38+0.02°

e FAA BN TREORZ B (P <0.05),

10 WL, AL. PLAINL 3 Ff Py J5 vk fig B 7K i %
JIAE WG A B 45 G i T 1 A2 TR A S A AR E], (H B A
AR b T 0 £ 28 PR o 3 T 5 G T3 2 Ph K 40 5 B
FeA, R & 2Rl m, Mm-S S0 T f st iR
G 7 7K AR BTG TR AR PR AIK, 1X 5 Jin Guofeng 2% 7E I
T I ARG 0 T 0 R R O I T B ST TRIK A S . By
R R T SSYE R Z5 A ]

WA T 65 A o) kT S B PR 3 e TR s AR O T A
AR ML, 5 R, B qe s
TE At PRI it in T3k A2 AR 3 R BT 2SR, TR A
By BEFE. ML SER R, B0 RIS R A
YR I3 7K e Bl n K S 0 R B AR AE10% ~ 50% .17
ANEEP ARHIE I S NL G 1 R B 5 117 %, 35
TRE83%, W SRR B R i ALTE J) v fif £ 1)
57%, % JIBARE N B PLIG SN HI33%, 5
TFE67% . B ET WLAE WE [ 62 1) 0 S R R ALYE )
BONRRRE, NLIE 15200 TR R 52 5K

HELIAT I, MRS, NLE BRI & B
BERESN, HMWBE -ERIE EE RN EE
(P<<0.05) , o i il I B i g 8 o #1356 70 B
36%, HEFBBIVE SR B N B T 45%, T
Ji st o G PR B B B R B T 73 %, Ut B % Bl
TIERT I B R M il i . W5 B0 62 1 1 By BENLYS
71 F W & & FPLAIAL, X 5Zhou Guanghong™ " Al
Wang Ying!™ % 7F 4 1 K BB 1 IR0 19 in T 3ok 72 rp R
DL AR TR .

ALTEREA I T #2 v il 3 A A s, R e Jie ol 4
35 A RS (P<<0.05) , HiE et R T
31%, MMt RIS R R (P>0.05) 5 7R
TBrBe, BRYENG RS A T, BT S ik
B, W LEE (P<0.05) ; ERMSME, W&
FRBEAG, FMET B Z T BE (P<0.05) .
XAk [l Huang Yechuan5E™ 7 4K 7 18 1A F) ) 46 it
5 R R I PR R P A 7 T A A R A [R], A A A T A
10 dJF ALTE J1iA 255 4 Jin Guofeng”™ #lVestergaard™"
o MIAERS A Parma K BRIN T R B0, AN g #E
HALYE )& TNLAIPL, JF 723N I o s b i 32 24
H. {HZhou Guanghong™. Jin Guofeng” "% | 7E 4> K Jik
R ) 1 PR R T R R R B I T B, ALYE S —
HAT TRRE, XE5RLRERAHEE, HETTEEZ
T3k AR Hp SRR TR 3R S B0 . ALTE B AT R
R AT (3E 77, BT ASCAE Ji5 2 7 i et R o 4 482 5
HIhaefEH .

W [ 2 - 3o 7 R PLYE ) B 5 0 T B B AT e 4
FEAR, TEMEHIPY BB if (i R F33%, (HBLTFBY BOLE
FIECHE R B R B 17 19%, 156 B 2 AR Tl AN g okt 1t
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WIS I AN B2, BT S5 Bt 3 0 B i i B B
T50%. iX5Huang YechuanZ:""5 5 5 i P b R BLPL
WAL AREL T AN S . Wang YingZ5 % 15 X
TS 7E 2RI B PLYE /1 200 B s B A 45 i A —
Ff, X TR AR BT AR RN 25 72 i L R FR SR B R 3R
) 3. 25 AN R 3 R

22 WEFEE TR LOXIE 71780 4 #

150 - a

b b c
100+ d
50 F
0 A B C D E

IR B
ANFENGFRFRRZEREE (P<0.05) .
1 ERBETIRPLOXEHENL
Fig.1  Change in LOX activity of Decapterus maruadsi during

LOX3& f3/ (U/g)

dry-salted processing

BRI, LOXYE /J7E BN Tid A2 2% Bt s
TREES, g R RS AP B B Y
P (P<<0.05) ; LOXiHTEMT R TS B KM, M+
J& 7 b G DA R B, X 0] R B A A AT
PR A A S RN, T SR LOX B,
FIRLOXIE F1 AR AR A Jin Guofeng5:P'7E T 15 AR 11
Jife ) o R R B LOXOE A1 AR A IR AR AR AL . WE IR 62
[l R AR B R I RE S WS A LOXIE 1, X5
Devatkal™.  Andrés™ A 7t A il i FLOX I 77 1148 b
AR . R R I LOXIE 77 B PR %S, {EAH
bl T i f FHLOXE 138 /2 W0 7 24%, 1 I AT WA% St Rk
0 Tk FRIE# & S LOX K IE/ER
23 WEFES TR o i B SRR bR 1 AR Ak BT

POV/ (megq/kg)
(3/31) /SYvdL

cocoocoooooor
O=NWEAEUNAAIOO

Tk
Fl— 2k B FEARR R Z R R (P<0.05) .
E2 WESKTNIEEFPOVAITBARSEL
Fig.2  Changes in POV and TBARS of Decapterus maruadsi during

dry-salted processing

tHE27T %0, POVHITBARSAZAL # ¥ [FLOXE 11748
e AR AL, BRI Tk ES BT E R %, 78
JRE I B3 A 2208, (HAE T W PGS I, BT
A R s, TR T AR RS, R POVIEMET S B2

N FE, X T POV R i 5 S A = P A ik
A Ea, O ST S Y SR RO IR . S
At &Y, FHPOVHIIL R NiEE; TBARSH
e U IAE BT AR BL RS, WIS TPOV, XAZH
T TBARS J WL 42 g 7 S840 1 — = YIMDA & &, [A]
i) BT MDATE it AT DL S R S5 W R 45 & R AE M
R R, T AE A TB ARSTE % i 391 H B PR AG 34,
W EZ o BoRBEAGEBEARE (P>0.05) 5 BT
W & 62 B P POV N0.72 meq/kg B BAR T [ 5 bR v
(0.5 meq/100 giti fig) , HH UL AT DL A T 3 18 8 7= 5 1
AR AL 2T RN B W TBARSHO0.7 nglg, £
7K N S PHFE KT R B 9 R R 4 LA MDA & AR
0.5~1.0 mg/kgZ [AIWF, TS PAT i) it AN 23 7 A2 J8 Ok
DA e i o) 5[5 68 B R IOMID AR B/ 1 1.0 mg/kg, 7E
Pz i A .

24 WA TR B R TR & AR A i

#2  BESHETERPIAEERBEGREY S BREL

Table2 Changes in major fatty acid composition of Decapterus

maruadsi during dry-salted processing

- KT Bl B TR & 1%
i A B C D E
Cuo 1.83£0.10° 1.56+£040° 180£0.13 1855016 330%0.65°
Ciso ND 0352006 0474003  060£0.12°  0.78+091°
Cis 1084002 1954063 1654003 1871036 L14£021°
Cuo 15604045" 157620020 15924028'  1496+029  13.632040°
Cios 315£019°  387H046°  405+021°  430£015°  640%057
Cig 100£0.00° 0714032 0972004 109£012° 2314025
Ciso 12112023 12184018 1258024 12254031 11274018
Cn ND 0.2840.07° ND 0555008 0.94+0.35
Cigns 14842005 15501031% 14324029 1431205 1633+0.73
Cia 1444033 090£020°  141£020° 1774018 1712007
Cu ND ND 029£001°  040£006°  0.50%0.03"
Cyo ND ND 0263000 0274004 049£0.02°
Cas 7954008 6911058" 4594049 9044008 1049+0.02°
Coy 4154023 342£003 3601035 4014044 4174036
Cps 2614£032° 25262033 30004032 24314023 17781046
TMUFA 18684083  1965£015" 18374033 19063063  2368+1.28"
T MUFA/% 2083 015 19.93 2092 2592
TPUFA  406510.62°  3848+098" 41524025  4100£069° 35212054
T PUFA/% 4531 4337 4505 “m 3857
TSFA  30374031° 30594008  32294069" 3142057 32414027
¥ SFA/% 33.86 3448 35.02 3431 3550

I ND. KK 5 FATR AR NS FREA R R R Z 7 B (P <005,
MUFA ARG 17 B2 S i, monounsaturated fatty acid fatty acids)
PUFA (Z ARG R, polyunsaturated fatty acids); SEA CHIAIE IR,
saturated fatty acid).

HIZR2WT 1, PUFAS & F 75 LAe B A n TR B
PR TMUFA. SFAS &, I BPUFA S & H I
WREE (P<0.05) , BihFrBUE B, MR Bkl
MW A AL PR 1T, PUFAS & 20U B PGS
(P<<0.05) , Judhrh & G REBIRARME Wi B 62 I in T
A MUFA & SRR Beagm, B EhB Bk, Mt
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FI B & EEIH AR &S, il PMUFA S &4 F]
BOE, WIS N T2 A MUFA & & Bk 23 H A
Wr BT SFART & AR b A [RIMUFA & 2748 (k&
AL, SAREEE I TR T 2 DR KA,
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