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The Oxidation Process and the Changes of Digestion Characteristics
on Myofibrillar Protein of Trichiurus lepturus
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Abstract: In order to explore the natural oxidation and the changes of digestion characteristics on myofibrillar protein of
Trichiurus lepturus, the myofibrillar protein of Trichiurus lepturus was subjected to natural oxidation at 4 °C (37 “C was the
accelerated control group) through the changes of myofibrillar protein content, sulfhydryl group, total carbonyl group, free
amino acids, protein secondary structure and external digestibility. The results showed that with the extension of oxidation
time, the contents of myofibrillar protein, carbonyl group and total sulthydryl group of Trichiurus lepturus had significant
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changes under two temperature conditions (P<0.05). At 20 days, protein content decreased from 93.97 mg/mL to
40.15 mg/mL (4 °C) and 11.19 mg/mL (37 °C), carbonyl content increased from 1.32 nmol/mg to 3.85 nmol/mg (4 °C) and
6.60 nmol/mg (37 °C). The content of total sulfhydryl group decreased from 35.99 umol/g to 24.57 pumol/g (4 °C) and
18.23 pumol/g (37 °C). At the same time, external digestibility increased and then decreased, the highest digestibility of
protein oxidized at 4 °C reached 69.37% at 18 days, and the highest digestibility of protein oxidized at 37 °C reached
58.31% at 16 days. The secondary structure of the protein changed. The relative contents of f-turn and f-fold were
significantly changed (P<0.05). f-turn decreased from 37.99% to 28.24% (4 “C) and 22.53% (37 °C), while S-fold increased
from 22.54% to 35.80% (4 °C) and 43.40% (37 °C). The relative content of S-folds of myofibrillar proteins was negatively
correlated with the external digestibility. Through 20 days of oxidation, the content of free amino acids was significantly
decreased (P<0.05). The content of total amino acid decreased from 9.8940 mg/mL to 0.3132 mg/mL (4 °C), 0.8438 mg/mL
(37 °C). The specie of amino acids detected decreased by 6 at 37 °C. In conclusion, the structure of myofibrillar protein of

Trichiurus lepturus will change, the content of free amino acids would decrease, the external digestibility would increase

first and then decrease in the natural oxidation condition. The higher the temperature, the faster the oxidation will occur.

The degree of protein oxidation was negatively correlated with the in vitro digestibility.
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Table 1 Analysis of the types and contents of free amino acids in myofibrillar protein of Trichiurus lepturus with
y yp y p P
different oxidation time (mg/mL)
O - 4 37 °C
AR ko d
fAfkiod Afk20d Afk10d Afk20d
Thr(FF&R) * 0.0757+0.0051* 0.06810.0023" 0.00030.0001¢ 0.0025+0.0006® 0.0017+£0.00023
Val (B fR) * 0.3072+0.0018* 0.2738+0.0038" 0.0101£0.0011° 0.0630+0.0024¢ 0.0810+0.0009"
Met(FEZER)* 0.2193+0.0083* 0.1139+0.0026° 0.0040+0.0005° 0.0216+0.0016" 0.1119+0.0012¢
Ne(FE2MR)* 0.1898::0.0090* 0.1648+0.0029" 0.00850.0003¢ 0.0357+0.0013¢ 0.0754+0.00173
Leu(524 M) * 0.1844+0.0037* 0.1742+0.0024° 0.0101£0.0011¢ 0.0759+0.0017¢ 0.1124+0.0023"
Phe CRIN R ) * 0.3575+0.0136* 0.2168+0.0064" 0.00710.0003¢ 0.0814+0.0002" 0.0305+0.0013¢
Lys Gt &R ) * 3.2887+0.0594°" 1.4968+0.0077° 0.0025+0.0002¢ 3.8520+0.0626" 0.0013£0.0004¢
Trp((A 5 R) 0.2634+0.0090°° 0.2107+0.0075" 0.0172+0.0001¢ 1.2406+0.0155" 0.1343+0.0041¢
Tau(4-fifiR) 0.1525+0.0033* 0.0905+0.0020° 0.00330.0004¢ 0.0242+0.0010® 0.0036:£0.0004¢
Asp(RAEFR) 0.0770+0.0024* 0.0753+0.0020° 0.0008+0.0001° 0.011040.0010® .
Ser( 22 %R ) 0.0704+0.0007* 0.0635+0.0018" 0.0002:£0.0001¢ 0.0036+0.0004® .
Glu( &R ) 0.0984+0.0005 0.0850+0.0010° 0.0205+0.0001¢ 0.01300.0004¢ 0.0734+0.0042
Sar(JILER ) 0.1762+0.0041* 0.1338+0.0034° 0.00010.0001¢ 0.0263+0.0053" 0.0007+£0.0006¢
Gly(HZR) 0.1320+0.0011* 0.0325+0.0008" 0.0025+0.0002° 0.01130.0007¢ 0.0895:£0.0008®
Ala(NARR) 0.1498+0.0009* 0.08010.0012° 0.0074+0.0004¢ 0.01060.0002¢ 0.0236:£0.0034®
Cit(JRER) 0.1276+0.0121% 0.08310.0008" 0.00060.0002¢ 0.1069+0.0057% 0.0087+£0.0006°
Cys(EBtaERR) 0.2335+0.0068 0.2404+0.0248" 0.0024+0.0005" 0.0928+0.0029® -
Cysthi(JJEZR ) 0.2536+0.0013* 0.1486+0.0008" 0.0003£0.0001¢ 0.2205+0.0022° -
Tyr (% =02 0.2207+0.0073* 0.2257+0.0040° 0.0040+0.0001" 0.1366+0.0009® 0.0055+0.0005¢
His(H &) 0.4720+0.0079** 0.1565+0.0018" 0.0015+0.0003° 0.4428+0.0125" -
ArgCHE &%) 0.2896+0.0114® 0.1709+0.0012° 0.0001£0.0001° 0.3265+0.0020* -
Orn( S FR) 0.4303+0.0007° 0.1720+0.0054° 0.0009+0.0001° 0.7120+0.0043* 0.00670.0002¢
Asn(CRABERE ) 0.0441+0.0024°® 0.0359£0.0026" 0.0028+0.0000¢ 0.2137+0.0091* 0.0238+0.0018¢
Pro(Jifi &R ) 2.0805+0.0326 0.7116+0.0078" 0.2059+0.0033° 0.227240.0084° 0.0600£0.0004¢
TAA 9.8940+0.0464 5.4645+0.3660 0.3132+0.0040 7.9516+0.0762 0.8438+0.0057
EAA 4.6225+0.1009 2.5084+0.0281 0.0426+0.0034 4.1320+0.0703 0.4142+0.0079
NEAA 5.2716+0.1044 2.9561+0.4834 0.2706+0.0057 3.8196+0.0722 0.4297+0.0170
EAA:TAA(%) 46.7205 45.9036 13.5943 51.9649 49.0875
EAA:NEAA(%) 87.6871 84.8559 15.7329 108.1791 96.3973

T * R AR —F R A A (<0.0001); S F5MR (total amino acid, TAA); W47 % &R (essential amino acid, EAA); JE 2075 2 FEH2 (non-essentialamino
acid, NEAA) . 1A Bl 2R PIEEREZ (0=3), R — 1T A R/NE FEER R4 CIRE R 22 57 035 (P<0.05), RAIKRE FH3R37 CIRE LR 2L 5

2#(P<0.05)

mL) FIHZ ML Pro(2.0805 mg/mL) & s . X3
A, HAREAL FENUR LT 4EER H A0 5 2 FE IR 4 AR
AR S RIS TR IR . 48T 20 d fY%EAL, TAA.
EAA Fl NEAA 5358/ T 96.83%. 99.08%. 94.87%
(4 °C)HFI1 91.47%. 91.04%. 91.85%(37 °C).

37 C 41T &AL & AT H TAA. EAA FI
NEAA & 8T 4 °C, X 0l e K e = i =
T, EACVEF S RIZ, B F 0T RS /K R B =,
SR AE Ko A AN m] 36 SE A, (R IRIR, Ui s 2%
PR S AL A Ff R R = 01 R e SR Y AU b Sl
PRELFNILANAT A IE AR, X SRS & I BT ks
PrRIEE R —3K .

4 C 50, AR ES 2 250 & Y Ak
Hf 18] A S I TR D . 37 °C &M, KB s
SR & b F AR TR] AU AE Ty, IR A
Fie i B B, ZNTPUE R SRR A HY , X AT HE
KA E IR TR RO RIREE T iR sE 22 7P, e

T HRCRR P A 25 i & LR (4N His. Cys
Cystine), = it 7] el H AUk, S0/ = AR 0 T
S L, SR PSS, SESOE 22 1 B A TR
BRI S, JL BB S LR (AN Cys) 75 5 & = | Ak e
R, A AR AR, IS PR AR AR NS AT BTGB
SRR AR, S HAS IS S Ess . Rl R A e
SR S LR (AN Met) 23RSl TR0, 3
T e HA A A S & R = ahiE R A 3%,
A S50 R At T AUkt S SRR R AR, JET7E
FEARZ T RAFPUEARON, T 37 °C 254 F AR
S A o LU S A LR 1 v, (BRI P
Y/ B
2.5 EHRZRLEHMSR

wWiE 4, FEE A ALETTa] A AE -, BR B a1t
ML) & A T ARk, o-MB R -5 A 1h) p- S
FICHE e, 2854 20 d %Ak, S-S a4 &
i 2 L FH(P<0.05), 435S N T 58.83%(4 C) .
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Fig.4 Effect of oxidation on secondary structure of
myofibrillar protein

92.56%(37 °C). B-55ff . a-1RHERIICIE:BE A0 & 4
TR R R, B A S IR A T 9.76% (4 °C) |
15.46%(37 °C), o-12JE 53 5198 /0 T 9.49%(4 °C) .
17.45%(37 °C), ToHAZ M43 5080 T 8.26%(4 °C) .
9.93%(37 °C). XULEH A IR A X w7 LR £F
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JEFN T A I Y50k -9, 2T X 4 PR 4
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o — e S SR A T AOZR LS [ st & A Tk
&, DT AR E 1Y B-4% FA 45 B A5 AN ERUE, 16
XAPIE LT, B-1 Fa 7 A0 Sy HAm AR (244, 4n -
Yrd. p-PraE B n s T R AL T B
Jo R PR B o R A e P R R (UNER 2R . e Finfe
e RRAE ) MR IR - & A= Ak, DI B Ak, 3
RN RERSE p- BB L. A ki n] SR
FA BT P I SRR R 5k 2 SCBK N, T T I Hep i
Pl SRS, BT iRy AT e S EUE MR
LER RS, T SE N B-3T 2 Fl B-5% £ 0 AR XS 2
P2 BB N B AR X PP AR X AR AT BE R Ry
PRI LSRR 4 B A8 IR AU 2 R, Hhan)e
PR R . X oS FEiR & A= S AL, HA 4
W R AR, TR - YT S RN p-FE
FAAEXT B R . T oA TG R S AT 1Y
EA RS IERR AR X4/, DR I LGS A AR AN BH i
AR, FHHFIERM, p-PrE & w5 IRIMNE LR R A
5K, T SRS M AR R A SE R, 3 SAEFSY
& AR R R A IR —35
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Fig.5 Changes of oxidized myofibrillar protein content during
simulated digestion
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