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1.2 NE5E&

1200 /&5 850 AR 354, 92 [H Agilent 28 A 5
AI600 £ (09 Y EE I 15 AL , 26 GE Healthcare
Nl Avanti J-25 5 A R EO L, 96 [E Beckman
28 H 3 SK-S035 Z Wifig Z2 RN, H A 1L ieg ([F Br)
ARRAF
1.3 Fik
1.3.1 8 g L A 2 10 $ 68 fi K i M B
(water—soluble protein, WP) Y #2 {5 % Zheng 551
(77 1% o S i 1 R U0 /N B e T iR R LG
1:15 A ZE IR K G #EAT 505, R e 3R 8 VR 5 0
LB, AR LV WAE R vk L # 8 F RBR VR4S
T AR , 22V VR T I il 25 L WP, 8 fi 25 v 2
H (salt-soluble protein,SP) ¥ #£H( =% T Bertram
G, B EREOFENIEMAS 20
mmol/L PBS(pH 7.0)iR-& B A 50 o/L W WIT
PEATATH PR B 0, R4S B DLTE AT 0.6 mol/L. KC1
R A BCH N 100 /L (iR T 213 B0 R i
B FIE W, ZEIRK BT BRER ¥ U T4 i 45 i
SP,

1.3.2 g i i g 0 B2 68 i v g 9 $2 S %
Lin S0 Jr 3 - R AR 1B e, 3 i o 1R 910 /)
He, R R 1:10 i AZEW K I 347 2)
W WK 15 min J5 AT B0 7R RIS WP OMA
JoT iR B R 20 o/ L 1 AR 4 CIRAF 120
min J5 , B E O RS LIS R R TR S VE R
AT 5 A 5 B e U

1.3.3 AR E K0 E 2SI GB 5009.
3-2016 H T M Bl E 2 ] GB 5009.
5-2016 LG E Ak MG D E 2 8 GB 5009.6—-
2016 2 [R5 K410 3E 2 8 GB 5009.4-2016
g bk

1.3.4 S SRR B At SO E RN

1.3.4.1 SKEEMA MM e 28 Shi G4 E
(2 FE IR I E J7 1 . FE S 6 mol/L HCL i, 78
oA E T 110 CH 1k 22 h, e
IR K MG 0.02 mol/L HCI &, £ 0.22
wm 7K F U8 S R 5 RORAR €3 4SO S A
A FERA L . €15 HE R Agilent Zorbox Eclipse
AAA FE (4.6 mmx150 mm) ; #3040 A A 40 mmol/L
R — E 8 (pH 7.8) T shAH B A HLAH (LN

PHE R 4K =451:55:10,V/V) ; i 2 mL/min,
BEEEVEIE s 5NN 3 K 0 338.10 nm Al 262.16
nm FH 68 Z R R T 8K ik 5 7R e 280 A
TN E

1342 ZIEREFRMETH RIS FERK
HAUMF DA HZ (food and agriculture organi-
zation of the united nations/world health organi-
zation, FAO/WHO) HE7E Y24 58 /2 01 43 s 1B X
FIRG A R SRS, 0l LA AT
B K PR UF 4> (essential amino acid scores,
EAAS) ., W75 A R T8 EL (essential amino acid
index, EAAI) A ¥ # (biological value,BV)Fl%&
H RCE L (protein efficiency ratio, PER)!,

EAAS=

FRIT 2R 1 2L W2 % 7t (¢/100g) (1)
FAO/WHO 143 KL= i [7] B 2 SR 5 1 (g/100g)

EAAL = 4/ % x b % x100 2)
ae be he

BV =1.09 x EAAT-11.7 (3)
PER = 0.468 + 0.454 x Leucine — 0.105 x
Tyrosine (4)
A on I B9 EAA %0 5a,b,c,...,

h——F 2 R ) EAA & & (g/100g) ;ae ,be,
X HE R A B EAA O (gf

ce,... , he
100g) .
1.3.5 A5 B8 A kb B K WP 1 SP 4515
T A e FE 6 g JUL PR BE AR B0 2 R BB (g
20% 11 15% 7K 5 65% ) IR & 5, 548 45 68 1
A E (80 CHERE 10 min, RJ5 95 CH#EE 5
min, /5 90 CHLEE 3 min), XHEEAHALA WP F1
SP HEAT IR, A5 B RE S A H = = IR HE LR K
B .

1.3.6 RAMERIHL 20 Cing-Mars 5898 J7
AT RSN B B W AR R R A T
pH 1.5 By ER B2 AV W v TC M) A9 R o i V9 Jo
kb 3: 100 (/25 1) I A E 2 g IR 2 5 78 37 C
P IR AIR 3% /K M B % 60 min, K45 BRI E 1k
WA FH 1 mol/L NaOH ¥ 714 1k ¥ 19 pH {H 4 =
7.5, ¥ BT TG 41100 (B2 ) N A R EE IR A S
7 37 CHE R KA 7 60 min, 767 fk i F
XTI AR AT R UK A3 AT, O X T Ak it
IR AT HT .
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1.3.6.1 Tricine—-SDS-PAGE  FIH &4 2% SDS.,
8 mol/L JR & 1 20 mmol/L. Tris—HCI(pH 8.8) 1 &
PR P 500 s e T A = W AR B Schigger! 1% 38 11 77
- EAT Tricine—-SDS-PAGE 3%t .
1.3.6.2  UFE R LM 0 I B s IR 1 I
Z: MR Liu SFUSHIE 1 5 5 IE AR el FF s o
AT 100 o/L 3 K 47 % , 1R 5 5 = T i
120 min, 2505 R4 0 LIE W T 55 °CF W4 7%
T, 1 0.02 mol/L. HCI %% , 4% MR 1.3.4.1 WY
PN R LR A A TN A
1.4 BEHIHTS5HH

K FH SPSS 17.0 #14 %F Fr 45 %5 4 1545 ANO-
VA 25001, B EVERE 57 7 Duncan 2 H K
5, B E KN 0.05,

2 HRESMH
2.1 H2ERALA A5 5

1 WoR T SR Y SEAS A . R T K A
LA 68 i JUIL PR v B I 5 5 A e, 3R ) 8 i g T 22
JE 023X 5 % 0 SRR I R 45 SRl JE 0
WA K 53 55 Bl T3%~829%!", SR, 7 118 i
LA K 43 25 B3 AT 67.06% , 33 1] it e £ i i1
NG W 7 B ik 19.72% 2k, B s,
TR VG P i s L PR T A R g ) AN K A
R,
22 S|EBEAMSW

10T ) A R 2 IR R B U RN
) T AR, DAL Lk ko i B AL PR B G WP RSP
FERRPEATINGE S5 AN 2 Fron , TESB ML WP
B EAA B R O L e, LR S E R, 2
B AL 7E B8 B SP Y EAA FRULEEE], R TR
TR AR N Z R ,SP P i B 6 A EAA 7 HU#R &
T WP, A RGeS 2 1R v] DR LA A K&
B R 5T 1) R S T iR G g )Y R ]
PL 5 LA Hh 2 BT Y5 0, Mohanty 552X 27
P& F 2 LA SRR E AT 0 AT, 25 R R IR K
Ao A7 P B R v 3K 16.1% , T 7K A A7 P B 5 41
PR 38 10.4% , I8 8 45 0 (1) 51 22 2 A1 52 24 1R 43
BR 7.6%H1 9.4% , 55 68 fif L A e 230, 3X AT RE S
T B8 245 £ 1 68 BT IR K B Sk, B L 1A
EAA JvT WP F1 SP Z ], SEiJLA 1 EAA &

®1 SBIHAAERED (%, BE; n=3)

Table 1 Compositions of eel muscle (%, wet weight; n=3)
K4 s Wy Eam 4y
67.06 + 19.72 15.78 = 0.97 =
.
3.83 1.21 0.95 0.02

*2 BHIARESEEANEERER LEEE
ER 15 8 (EAAl) (B AR ELL (p-PER) f1E# i (p-BV)
(g/100 g, EBFE;n=3)

Table 2 Amino acid profiles, essential amino acid index
(EAAI), predicted protein efficiency ratio (p—PER), and
predicted biological value (p—BV) of eel muscle and
its isolated protein (g/100 g, dry weight basis; n=3)

N\ SP AL A
Lys 7.98 £0.32" 9.52+0.12* 8.69 +0.30"
Leu 6.77 £0.10c  8.04 £0.18" 7.30£0.03"
Val 4.67+0.03*  4.44+0.06" 4.79+0.18
Ile 4.07£0.10° 4.73+0.11* 4.30+0.11"
Thr 3.75+£0.03° 4.35+0.100 4.24+0.03"
Phe 4.67+0.01° 3.53+0.08" 3.71+0.10"
Met 2.01 £0.02° 3.12+0.01* 2.71 £0.02"
Trp 2.69+0.40" 525+1.13* 2.07+0.33"
& EAA 36.53+0.76 4271 £0.50 37.81 £1.26
Glu 10.11 £0.21° 18.50 £ 0.42* 15.35+0.07"
Asp 9.30+0.21*  9.39+0.34* 9.22+0.07
Arg 11.86 £0.78*  6.33+0.14° 8.33 £0.04"
Ala 536+0.11" 526+0.10" 5.66 +0.04*
Gly 4.64 £0.17*  3.12+0.05> 4.99+0.13
His 10.22 £0.64* 2.22+0.03* 4.76+0.07"
Ser 3.29+0.100  3.87£0.09° 3.80 +0.06*
Pro 295+0.07" 2.85£0.33" 3.77+021°
Tyr 2.77£0.04°  3.66 £0.07* 3.30 +0.09"
Hyp 2.26 £0.08" 1.89£0.26" 2.31 £0.02°
Cys 0.70 £0.04*  0.19£0.00" 0.71 £0.02°
& NEAA 63.47+245 5729+149 62.19+0.82
EAAI 80.72 98.72 84.27
p-BV 76.29 95.91 80.16
p—PER 1.58 3.90 1.93

VE EAA 67 EIE s NEAA 5 267 B 5 455 R ) 788 241 )
[A] 4G i 3 1 2% 5% (P<0.05) .

AR L)L 3] 37.81%, =T FAO/WHO(2013)
B S N 0 22 1 s 1R A =X (27.60% ) , 156 FH 2 fii JTL 1A)
SRR NP L, LA T
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KRR (EAAL) N 84.27 /i T H B M
(72.43 )14 3 F 8 fig L 1) 199 0 T S B TR 2 LK Ky
HHLEFMER R, B EAALEA SR i8]
L % IR 6 i SP i) 8 FRANE = T WP, & H B A
KB BV 5 EAA 9 &% UIAH G, Kk p-BV 1H
K/NEHE EAALAHIF . %, PER KT 2.0 #IA
h R R R A R, 1.5~2.0 O A TR I A
BT, /T 1.5 A R A 5 i i) 2 1 i), 68 g L
WA p-PER & 1.93, 5% 4k (1.93) AHE™ L T
fifs 0 5 1027 33 R P U B8 5 AE AR IR K A
LU E =M SRR AT, (H,SP 1) p—
PER #&1ik 3.90, AT DL 5 /K f0 28 85 I ARIE 5E |
2% FAO/WHO (2013) i 45 i S LR AR AY | X
1% B L PR B G IR, 1 B 1 3 R I (R A T VA
SEIRANFE 3 PR JWP 955 — B il 2 L R oy Y B 24
FR+P e e, BB EmLA F SP i 2 — PR 2 &R
R R R . BROR TN AR+ B = R 4N, SP h b &
B VE 4 (EAAS) ¥ 55 T WP, 88 6 JJL A EAAS /i~
T WP F1 SP Z[0], B8 (1) EAAS PF-53 55 e
O IR, P HE 2 R T LA SR N AR 1 0 B
71, FARH T Ak R R R B LA b
LR EFDIRER, A EEN R, BRI,
TR D2 TR + i B2 TR 1 Vo AR R, 5 S 2 B 68 g JUL
PR 5 5 P X A P A
2.3 fRSMEIEL
2.3.1 Tricine=SDS-PAGE 4] i Tricine —=SDS —
PAGE i 8 fii 2 1 1) 44 A5 S0 7 Ak 2o 72 00 47 9 411
(1), 62 WP 2T i~ 12~97 ku [ 4 Af
MR ZREW RN &0, 4 WP & B HAM
HAk 15 min J5, HA 97,55,45 Fl 12 ku M UL R
WL IR I B AR . B S ARE R] Y RE K
SDS-PAGE i 8 1 A B i i > (K 1a),
ML I A ) 4 RS AL 15 min J5AXAE 55
ku A PR IR A 2R 1 ARl Y B SP 22 R
AL 15 min J& , KT 100 ku F9 8 45 37 BT
& (E b)), KA B F B AL R P RE R BR T
80 ku BfF T (4 25 1 25 LA B 8 A 4kt 15 i AR
R YIRS A Y2 R LS 30 ku DL L
4 25 A5 LR 2K, 30 ku LATR BT A IR 2k Bt
AT AT R) A A 2 AR R X eSS R R WP

*3 EBMANERESBSEANULESERITS
(EAAS, %)
Table 3 Essential amino acid scores (EAAS, %)

of eel muscle and its isolated protein

R WP Sp LA FAOAVHO
(2013)

Lys 145.16  173.11 15791 55
Ile 101.63 11824  107.55 40
Leu 96.72 114.80  104.32 70
Val 93.31 88.87 95.78 50
Thr 93.65 108.76  106.08 40

Met+Cys  77.45 94.64 97.67 35

Phe+Tyr  124.04 11979  116.73 60
Trp 261.95  498.81  206.64 10

Lt SP T2 5 9l B U EHE AL A% . Minkiewicz 252
TE b s i 0 LA A4 LK 25 1 R0 UL 41 4 28 1 AR
HMELIE AT, b B B ) L LR 2 4 2
By Ak, WBERNLARR T WP A SP LISk A E &
Ji SR 1 PRI A i R T T A R R R
T B e Ak O 95 if oR , 7E SDS-PAGE Hr2s 22 3t 4
— 5 WP FI SP IEEA —FERY R 1 55 (B 1),
SR, 3K 4 B 1 454 70 T b rh L &1 1 i %

&t WP 1 SP 5 ARIR & 5 Sl n#g | ik
HMERLE AL 45 R e, 1d, 1 s, eI
WP 7£ SDS-PGAE H HUH BN T 10 ku #9234
e, AR B AR 0 T A AR AR B S e
W (B 1d) o X AT RE R TE 5 AR At 72 v WP
PSR RIS HE, (FAE AR A o A
ke, SR, SR LRI WP B R i AR
) WP A5 B B AL (B 1a F11d) . AR
SP 5 AR s B A B WP BB RE = A KA,
B2 53 g 3L 1R n B i SP 7 B 2R P T Ak b ke
KIMAH SP £ T — L8 [ 5540 (K le), BEHLE
A=Y 2 EEHE LS WP HATE 55 ku BT A7
TE—LeE 4505, TSP A I 2R 1 5
XS gh R T 59 Ag k F S SP g 2
WP ANZE 5 A, AT A A ) 68 i LA 2655
T ) 6 i L PR A S BT WP SP 5 i A 3 T
KA LG (B 1)
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M 0 15 30 45 60 75 90 105 120
AL I ] /min
(a) RIEPEE 1

eSS Ity

M 0 15 30 45 60 75 90 105 120
T AL BT ] /min
(h#HEHEA

RSl Ity

M 0 15 30 45 60 75 90 105120
T4 AL [E] /min
(HNMAEN

HEE e

M 0 I5 30 45 60 75 90 105 120
T AL ] /min
(D)5 AR A UG K EHEE

M 0 I5 30 45 60 75 90 105 120
TH AL ] /min
(e) S ARIR A G M Eh s TEE A

M 0 15 30 45 60 75 9 105 120
T AL ] /min
() mn#A 5 LA &

TE M H B 7 R br i b

B 1 tBERAl AR EE B FIMERUE L= Tricine-SDS-PAGE Ei&
Fig.1 Tricine—-SDS-PAGE patterns of in vitro digested products of eel muscle and its isolated protein

232 liEESE LR % g L P K B AR AR
T Ak 7= 9 v i U 5 S LR AL E AT 0 AT, A5 R
W 4 B, RIEAR) WP Al SP 2 AR ST 1k
Je, AR Py AR R S R AR TN &
i A6 U B A LR WP T AL = h i & ks R
AR, TSP AL e T8 AR R 2R
SEER RN R MRl b 5 LR R AR
FIK SR & T T =i, W BN R E H
VEEFRA ], EAIENUA SR e T i 3 5 LA
A LS o i bR 2 E B AR 20 )
B, E B8 AL AR R0 £ 74 vh 32 B S A R
IR K =R R 2R RN E R |5 2= R FI
W, 5 R LR B Y 66.60% , £ W X st
Ui 15 22 1 T R mT LAAE SN DT 68 i JUL PR3 £k =
1) S8R

NG BN WP, ¥ &8 iLIA SP, EM15
JHAR 3 R AR 2 RN RLTE AL JS BRI 1k
PR B A L R Y — o R 3

i, Z WA Al LU 2E 3 P AL o Semedo A5
FEAE AL MG KX 21 P A DL A 5 e
e BEAN SR TR b i £ T O R 114 £ P R B
B WHAC o T EL RS (8 68 UL A 5 I AR
Y e E IR S I - E TR TR (R 4),
X AT RE 2 £ A 7R FAIN T PP B0 B IR B A A
AT RS AR, (AR AR, 2ad ik
Je BEADLI A 7 ) v ) T S R R R 14 L A9
BTN RER S, LR a8 LA 2 5 ol 3k
Al I E 2 S BOE SR E I — 2 R T R

3 it

36 Ao X6} 6 i L PA) WP T SP %) 24 5 iR 21 8
Hr, I FHAA S EARLTE A6 43 BT 26 115 9 g n A8 S
AT AL AR 25 S, B8 WP HoRs R 7 1]
5 F SP, M SP H T 24 3 R A bR S LR
T WP, H SP (R LR E M E = T WP, AR
IR R A B8 LY WP 4 L SP 45 5 0 IH
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x4 SBEHAAREEEEMEBIEU MRS SEBARN (9/100 g, FE;n=3)
Table 4 Free amino acid in vitro digested products of eel muscle and its isolated protein (g/100 g dry weight; n=3)

K e 5 i g A A
Wp SP MR wp SP LA
Asp - - - - -
Glu - - - - -
Ser 0.16 £ 0.01" 0.13 £0.02" 0.16 £ 0.01" 0.26 = 0.02* 0.28 +0.03° 0.28 = 0.06
His 0.44 + 0.04° 0.42 +0.04° 0.55 £ 0.04" 0.71 £ 0.12° 0.60 = 0.04" 0.82 +0.11*
Gly 0.39 + 0.03¢ - 0.45 £ 0.03" 0.48 +0.02" 0.67 + 0.05* 0.73 £ 0.02¢
Thr 0.38 £0.02" 0.15 +0.02¢ 0.32 £ 0.08" 0.56 + 0.04* 0.52 +0.02¢ 0.37 £0.07"
Arg 1.18 £0.03 0.16 + 0.04° 0.60 = 0.12° 1.58 £0.10° 0.27 £ 0.02* 0.66 =0.11°
Ala 0.99 + 0.04° 1.04 + 0.05¢ 1.02 + 0.05° 1.77 £ 0.06 1.32 £0.10° 1.46 £ 0.01"
Tyr 1.17 £ 0.15* 0.95 + 0.03* 1.11 £ 0.08* 1.05 + 0.06* 0.87 £ 0.07" 0.99 +0.10®
Cys 0.26 £ 0.02" 0.27 £ 0.03" 0.30 £ 0.03" 0.49 + 0.07* 0.50 + 0.04* 0.48 + 0.08*
Val 0.37 £ 0.02¢ 0.30 £ 0.03¢ 0.31 £0.03¢ 0.82+0.11* 0.85 + 0.08* 0.58 £0.02"
Met 0.20 = 0.02° 0.26 £ 0.01° 0.30 £ 0.03" 0.41 +0.05* 0.33 £0.02" 0.45 + 0.05°
Phe 1.31 £0.09" 1.08 + 0.08° 1.19 £ 0.23¢ 1.71 £0.17* 1.41£0.13" 1.45 £ 0.08"
Ile 0.23 £ 0.04" 0.14 + 0.04° 0.21 £ 0.04" 0.34 + 0.06* 0.35 +0.07* 0.24 £ 0.03
Leu 1.16 £ 0.05¢ 1.27 £0.11° 1.59 £ 0.08" 1.87 £0.16° 1.45+0.12" 1.65 = 0.09°
Lys 1.14 £ 0.10¢ 0.76 £ 0.04' 0.91 +0.07° 1.90 = 0.18* 1.39 £ 0.13¢ 1.61 £ 0.09"
Hyp 0.42 + 0.09° 0.44 + 0.06° 0.55 £ 0.05° 1.35+0.18° 1.29 +0.10° 092 £0.11"
Pro 0.07 £ 0.01° 0.07 £ 0.01" 0.07 +0.01" 0.14 +0.01* 0.14 £ 0.01* 0.14 +0.01*
TFAA 9.87 +0.32¢ 7.44 £0.29¢ 9.64 +0.33¢ 15.44 + 0.64* 12.24 £ 047" 12.83 £0.51"
MFAA/TFAA (%) 70.42 70.70 66.60 63.99 54.82 60.95

TETFAA B 2 R R AR MFAA ;528 i o R R R (LA R R T &R I 2 R R TN IR e B RR AV IR ) 5 b AT AN [] 7 B 14 21 531 18] A7
3 PE2E R (P<0.05) .,

e Gl IR 8 R0 A 7= 1 v it 8 R R
i FE TR, SR T DL 6% L DY £
3t EA T A A A SR, ARG S HULT A ™ 0 ) 1 B
SRR TR, RV 2 S g LY 5
Jot B SRR R
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Nutritional Evaluation and in Vitro Digestion Characteristics of Muscle Protein
in European Eel

Sun Mengying', Shi Linfan'??, Ren Zhongyang'*?, Chen Jun'??, Hao Gengxin'*?, Weng Wuyin'?**"
("College of Food and Biological Engineering, Jimei University, Xiamen 361021, Fujian
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Abstract To investigate the nutritional properties of European eel muscle protein, the amino acids composition and in
vitro digestion characteristics of muscle and its isolated water—soluble protein(WP) and salt—soluble protein (SP) were an-
alyzed. The essential amino acids of muscle, WP and SP accounted for 37.81%, 36.53% and 42.71%, respectively. Va-
line was the first limiting amino acid of muscle protein and SP, while that of WP was methionine + cysteine. The es-
sential amino acid index, biological value and protein efficiency ratio of SP were 98.72, 95.91 and 3.90, respectively,
which were significantly higher than those of WP. The SDS-PAGE result indicated that WP was more digestible by
pepsin than SP. After being heated with eel muscle oil, the free amino acids in the in wviiro digested products of WP
and SP increased significantly, while the digestion of casein were inhibited. Based on the present result, it is concluded
that the nutritional value of SP in the European eel muscle is higher than that of WP, and heating treatment can pro-
mote the digestion of WP and SP.

Keywords FEuropean eel; muscle protein; amino acids; nutrition evaluation; in vitro digestion



