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W), B34 7% Susanne ZEME S R T 005
W EARM FLEER R 4ERS 11 #
AR R X A AT IR R, A S )
XEIKE A P il B BT K 3 R AR AR RS
UEIEZE TV NN - g = IR 4 = R e S
HE R W AR T KRR A AR S R, UH
109 19 52 43 18 25 1 IR JBEAE 7 it 1) O 90l 236 IR
80% ., Dogan S5 M K L3 BE R F FLIE 7 B R H
& SR =RAYITE A3 i A s - S DD IR 0]
THKE SN BERIXG A B BT 52, 4 R R 3 AR
F B el b e R ig s i, b 3L oy
AR R R T AR B R BRI AR

ARV A F ISR . AN T ol s
mkEES FUFEH HFEA OREA E
B I 40 o A 2R R B ik o FE A
Wehel, SR TEASE AR AR AR (R SR /N2 E
oy M/ IN A T A3 4 ) R IS AR B, WS AR B
il &1 2 Rl £ A TR R ik K o AR v i i 2 o A AL
R ULHRIE AN T S /N2 R /N T A
FAHBAE A A5 2 & R HL i ATE R, A
UV 3 T R R | NS R o SN - - S I
FLI 8 AT ROR 8 1 (B 2 28 o B 70 % 6%)
2 170 CHIKE 40 s J5 190 ‘CHEHE 30 s, il fE i 1E
ShERI A B A5 b AR 15T Y 2R T K
PR H A B DOG IR A
22 VER n AR GEAE Yl K SRR 0 B i) 2 T v AR A
B AR & B SOm AR B 3 5 o0 A LA A
BT 2 8] b £ S5 /N 22 E R AR B AR R AR
JE BRI AR A B AR L A
T S A T RS AR P AR A B AR A

1 MRlEH®E
1.1 MRS F

b fo fa JBE LI L B R A RA &
1 KM, 259 5 L (E D0 R Tk A BRA 5/
FVER KI5 10.9% ,JE R & i 87.2%) /INF
T 7377 2 1 (K43 75 i 7.5% , AR 3 i 81.9%) ,db
I Kty 22 7% AR A PR A 5 AL CRLAR <2 mm)
T XA EIR R A AR KEEA (K&
T 6.3%, F AR SR 87.4%) , 111 Z- 40 2 A My 5 R
ARRA A EEEA K& 52%, EARS &

81.6%), KiEZKHHEMARIRARAF; FIHER
(KArE ik 5.3% , B A& ik 81.8%) , ¥l pg Jg& 2 1
T ST BR A W) 5 ROK 1 OK 43 & 1 5.5% , 3 F1 T
itk 77.4%) , SR AEYRHEABRAF

# O G250, REER A 5
R LB HTal) IR PG WAk 2E Tk A PR 7 51—
7R M -8 - ZE i 12 (1 —Anilino —8 —naphthalisene
sulfonate, ANS) B2 EE 2% P (0.01 mol/L, pH
7.0), LR AR YR A BR A A Ellman’s 32457 ,
Jb U B A MR AT BR S Bl Lo ek K5, il
B YR A B2 ] Nile Red Y4k, Sigma 23
A (RS .
12 UR5EF

F-4600 #5665 4L, H A% Hitachi 23w ;
FD-1-50 B2 A 0T AL, bl BESC g (4
AR E] 57200 BURT UL A3 GBI, i JE e AT
148 H PR 7] ;Bruker D8 Venture X-—$f £& A1 4
A, faf 22 WA B2 w5 A B 2T A A, S e
1o FIALER 28 7] 5 SZF-06C i 1 i 5 A8, @7 VLB 4%
PEA PR ) XSP-BM-4C 62 Wi, Lg%
i (BM) S22 AL #8418 23 7] 5 Cryotome  E 3 VRV
ML, 2&[E Thermo 28 7 ; LYMPUS FV1200 #45% 3t 5
SR W, H AR B AR A ]
1.3 REH*
1.3.1 RS RI o b i i R

i JE— i VR — 28 i — 3 o — WE W — 1 Rl
Bl e H BT E— B R A

1
TR A — MK A5

1) Hlssaligls 2% Weng & 7 vk IE
VERE R, W KBS VR 1 BE V) L/ N B (29 500 ) 25 it
(25 C)f# % ,1 200 r/min %5 51 5 min, RN 1%
L ,2 000 r/min FHHT 7 min, B S A
MLEEATHE I B 10 B 18 CUKAR A R 45 H .

2) WHISER K NETEN (91.67 g) /INE
Tl 7 2 11 (8.33 ) FITAS Jin 8 115 (6% , LA /N2 VE #3
/N2 T A5 2 1 R B ) RO AN BB N 2,
PR AR A S GBI A 98 ¢ 1K, 1 nik
Pk R FTOR A, IO R AT 2 1B 1k oK o3 4
g AEHEFEHLLLT 000 v/min $iEHE 10 min, 34 ) 5%
YIS AR
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3) R MKE R R BB S IR (25 °C)
W, VIR RN S g (MIREE M (HE 25
em, K2 1.5cm), RETEBLHILHSNERM T, 2
10s JG & B, frfadl o B2 A LR T
FHEAT R K 2L A A R ) B A A
T AR AN 5 A v, B sl b ol T A AR 2 )
RHBHAE f0 e % R BN M f e, ¥ 3 LT RER
AR, R T E 170 CRCA SN
e BRI AR 4 e BIHE 40 s J5 85 e DR
W H e TR R TR 2 190 CCE E 30 s, HLih ke A2 A
AW B sl e (A2 33 5 ke 58 s
FHIRE 95 e AR5 40 8 X % 38 (25 °C)
W1 h, BRI AR EZ R .
1.3.2  ZotnmfE

1) EARERGE S HAERFARIE
SRR T 7E-80 CHY MR VKAR 2 R 4 h, TOA
BURTHEAL NS % T 0 48 b, FFH s R RE AL
i, B 2.5 ¢ AR APSEICA 100 mL 2.0 i
A 25 mL BEFRER 22 v (0.01 mol/L,pH 7.0), ¥k
IR S 4 BHLLL 20 000 t/min )3 1 min, F
£ 4 °C,8 000 r/min 50> 15 min, B L35, EE
B0 R PSR . RN S i e g
W AR B B, AR RS T R B
JoT ot it v B 3R 2] 0.1 mg/mlL,

2) ME N R F-4600 B 755 618
FE LSO E R K 280 nm; & ST 6 TE 300~
450 nm; FEEE T 2.5 nm; R HE E 240 nm/min;
HL 700 V., DABERR 5 2% 4 (0.01 mol/L,pH 7.0)
M s 0 RS
1.3.3 REHKE S8 Tang S5 J7 5 IF T4
YEME S, R FH ANS 1 S 28 S I i 4h 5% v 2
TR MH KT, $ I 1.3.2 55 (1) A5
R, JF 5 I i I R
FE, 4y 0.4,1.2,2,2.8,3.6 mL |5, AW
TR FZhAERIR G £ 4.0 mL, FEAIA 40 wl. ANS
(8 mmol/L) , iR IR FH IR A 5§ & 5 min, 7
WA WA 390 nm R TS 490 nm R I H
S (FT) o AR 10T B R 8 A A | 20 B Sl 90
AR BRAE R, W ke B R B R b v B 1 Y 3R
T B K HEHE B (H) .
1.3.4  HIEM it 2 W Tang 0 J5 kI

R, R Ellman’s 32871 o (5 3k 000 & 41 7% b
AR -SH 1 S-S &,

1) BCHIE W Tris—GCly 22 vh i . A5 00 PR &
5.2085 g Tris.3.3781 g Gly.0.5855 g £ 4 Z,
iz (EDTA), F 0.1 mol/L. HC1 75 pH {E % 8.0,/
RIBKE R E 500 mL,

£ 8 mol/L JR Z 1) Tris—Gly & ¥ . £ 200 mL
Tris—Gly B HINA 96.096 g JR %

12% = LR (TCA) W - Fr it 12 g =5 &
2, INZE K E 25 2 100 mL,

2) mMEHEWRMH &S 132 PR
(1)1 75 ik 4 2 1 VA0, O 2% S 3l i ke
SE AR BB (C) o

3) MAEGREMWE  FE 1 mL & AR
A 4 mL Tris—Gly 2% #f ¥ #1 0.05 mL. Ellman’s
5 (4 mg/ml,, H Tris—Gly % W BEC ) | TR
PRSI IS AE 25 CHARIE S 10 min, JH 43060
BT 22 9% 4 A 412 nm Ab B OEAE (A siom) o HREE
AN D) TR B B i

73.53xA,,, XD,

11111

Hsp = C (1)
Y g, — 0% B9 5 Ak & B (umol/g) ; C——
R R W (mg/mL) s D—— BB B,
4) “HESENNE 71 mL & H R
T 4 mL Tris=Gly 28 #h % F1 0.05 mL #i 5 &
Fist | i it 4 37 TR &) 5 7R 2 I (25 °C) N AR 1 h, 7
A 10 mL 12%1 TCA %, e i 4% 3% 1R 21 )5 4%
S48 1 h,8 000 r/min B0 10 min, 3725 L1,
DUVEM 5 mL 129%TCA #W LG , B 150 H8 5 125
O, HE 2 RBEEFILE, BOLEY N 10 mL
Tris—Gly ZZ sl s it IR 5 51 J5 B 4 mLL, fin 0.04
mL Ellman’s 37, ek %R 57E 25 CF 4
IRV 10 min, 2366 E 7E 412 nm R W
TCEEAA (A gon) o B (2)THAE B RS B, 5
AT
. 73.53xA,,,,. %D,
Msy= C

(2)

s =/*L SHZ_/‘LSH (3 )

AP ply——EHAE T T (mol/g) jue—
TR A (wmol/g ) ; C—— 8K 1A T VA IR A R
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(mg/mL) ; D, R A5,

1.3.5 HEAM L5 B30 g 4 A,
FHIE OB T B JBE il 5 9 78722 VR T 15 48 h, if
FH s LR L 3 100 B i, 25, BGE &4
TR AR S IRALET OGS4 # 1:100 it b T 35 3
WFER IR A B 2R AR, 2R I R il a8 P 7
A B 2D ARG R A A4 I B A
LA S 2SO IR S EORCE L D BGE
4 000~400 cm™ , FHFHXREL 16 K, 73 P 4.0 em™,
FEM 1 700~1 600 em™ P EERE T 3%47, R
Peakfit FF X BERE 1 47 47805 (R*>0.99),
1.3.6 /NETEM B SIAGR B30 g 224 15k
7, I IE O e BT, A4 AF S I 2 100 B i , %5
FH o BGE AP e R B Tl AR Y MR G & FH 3
A H, A Bruker D8 X—HF& A7 S il i | 4%
TESFEREERE Co $, B0 E LK 40 kV, LI 40
mA | A B 20 M 3°~60°, 4 K 0.02°, & 1l
B R BN 1 mm, 252845 0.1 mm, F14%
WK 4°/min, BT A 15 min,
MDI Jade 6 A58 UE By () A X 25 & B, LA =X
(4B,

sis”m (4)

A, S,——XRD A7 45 El 45 & X R S,
——XRD 74 e T XA,
1.3.7 SR R0 T2 % i s

IR SN2 U (S NS RN | DA
21 B e il A 7] 5T vk B (0.4,0.5,0.6,0.7,0.8 ¢f
L) A IR PHLCIM IR, 76 30 CHE 7 A L% L m#k
itk 24 h, (R FHLT B 58 A T ik DR R
FORE BE SV A 90 P LTI TR BR 40 4%, 4R )5 AT
UL 43 56 0% BE 31 78 I K 510 nm Ab 0 H 0% O (E
(Asiom) o VAIROGAB AR AR B | 5 PHLL 00 WOk 2 R
AR AR AR HE T 2k

2) FRMEMAE SR E R BT R
0.4 /L J5 PHET MBI A 0 KA BE M fa e HEI S
J 5 mo. 1E 250 mL T EHEEAR th A 100 mL
(A A MR, F T KR D SR f0 B A A i ik PR I
10 s 7 BRECHY P vl ik 2 B 28] 4 5 7 o B2 06K
rp (P T S my ), R R U O s S [ oA i
IR 5 B Tl B A 105 CC LA b T4 = 4E

HHXF 45 (%)

(my) , LT IB B B/ m = mo—m, o ARIE A (5)TT
ARG & &

MG S (%)="2 T

3) REBEMESTENNE BLogkk
2% THI TH BB 0 T KR AN SERT B i 2 H AR AN 3
mm FURE A 5 00 A B BT I, 75 31 BR 2 3%
TT T B4 il KR S B2 R A T 55 B4 ik g B ms,
PEIBUAY Tk B FH A T ik DL AR B LL A B 40 £ (VIV),
TEPEAS 510 nm AL D SCAE (A sin) o AR HERTZETT
BAL X I P IR PR LTI R B C, AR R A K
(6)THHA F 5 33 T g 1) & 52

SIS A (%)=

x100 (5)

x100 (6)

my XLy,

K, C,—— ke S R A e i) 95 P21 B I
VESVRI) JOT H VAR E (g/L)
1.3.8 RS- SR AL R B HOC B
(CLSM ) 52 43 B7 i K &b 52 40 £0 He o 3 B 19 43
AP Bk | mg JE B LW MAE 10 mL N R,
BC i 0.01% Y IR G4 . 7E-20 CF , R %)
F AL DA 3 K A B0 B e i DD R S B R A (1
emx1 emx8 wm) , [ % 76 8 HUBE 4088 b BGE &
Yo TR R L, IR 4 CUKAR BBk g
4 3 h, Yt g o 7 BUAE ORE S 0 1 i bae
JERIGE R, 3 LR A, KR A
CLSM &M & LW, S8R E AR R
800x800 , 1 HRAE AR 1 024x1 024 ; 14 5 5 Hy
400 Hz; 6454 0.14 Hz; Je ¥ 208 &% 14K 543 nm;
KEFIE K 638~768 nm , HURAEEL 10%,
1.4 HELE

M. Excel \Origin 1 SPSS # 4 % fr A %% $ig
HEAT AL BRI A3 AT , 25 P S bR o 25 < 2R
Hob oy 22 90 B R JH ANOVA, 3 7E 20 B % H
Duncan £ % , P>0.05 $| 7& h 22 5 K8 I % |, P<0.05
FlE 2T 0,

2 HRE5SM
21 REEKMEFRNERE

KIRE A T4 5%, Bk 2 5 1 45
BT 00T NS, Ho B R /INBCER T 7 1 2 1] 5 R
FEFEPY LR B J 2R GATR (Trp) FR L 5
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Z ) LR i 5 a8 H SO AR R R R
AT, R 51 R 6 U ) B RIS (A )
B R sl /N s B R R LA A%, 2078

5 g
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g
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Fig.1 H, and tryptophan fluorescence emission spectra of protein in the crust
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BN Hy B8 MIOKREAAN Hy BAL, K9
F G KBE Ty B, AR b R I K
iR S T e R RO K, R EEA S
2 T AR AL, FAME TR R A
AR PR JE T, BB K M S A R R A H, b
e, EEEA FUEFEASAKWEE T RE
B, T b LR8N B R T R
AR ROKE AL BRI BE T e s, R A R R IF 2
FERAR Hy Je/h o /INETEM S 5 P A BT K53
W, o 25 T DL T 2.,

X HEE A M 349 nm, KGEHHMETE
FIZLAY A A\ 349 nm 39 £ 351 nm, K4 T A%,
FLIHE A M KK E A A A A 349 nm U8 2
341 nm, &4 T W UL K 7 88 A AR W 2R
P, A 205 v B 1R A 45 R A8 A5 b 1, T 3L AR
FROKEE g Bs . FLIEE AL, ENEA
41 K TR AL 28 6 B /N T B T ROK B
e R TR, XA TRREALS S
KB RE T e 2 BEAR T B B4 F =2 I 2 A L3
R EAT S TRER D, AR R E
N, PRI SO e S
22 HmEM-WHE

G R 7 P o W R R (R e B S i
P et 1) A8 bR e B 1T 43 TR B AH BLAE

=3
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=

—— NEEH
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T kR
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Fig.2 Moisture adsorption isotherms for wheat starch
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it A P10 B 2 1) B A B Ak e g KR AR
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BEOHRMSIEM s m g 1,

5 R AR A SR e B A K
N REEBESTNEEA>/NE R EA>EFE
F>HIOKREH /N2 i & F > E A >HIF &
H>IOKREHSKEEH, M55 o & H
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XS EAHASEFEAN AL EALSKE
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®1 HEDEARMNREN _HRESE (umolg) bl 7O 1187 T - = W5 R e o [ e 5 2 2 P S RN
Table 1 Free-SH and S-S contents of protein ﬁn%ﬁ)ﬂ\%ﬁ@éﬁ%yj{ ) BE 7 Al gm , @ﬁ%[ﬂ:@ﬁ@ﬁ}}g
in_the crust (pmollg) TR BE MRS 355 52 T B K P R R 1 25
— AEEE i B AE 4 RN 1R R R TLIN E (AN
rRREES R | | R T B B A R R BLDTY I 1R
e FL54 B EEE RE LS T 4h5 8 1 0 e
EikEau 1.45 £ 0.01° 422+ 0.05 K FRE A G & PRI T G X1
o . . HE L 0 R N R KR R B
LEEGM 1.65 + 0.00 7.07 = 0.03 TR A A A PR S — B
xKEGMm 2.35 + 0.00° 3.74 +0.02°
RE G SR SZ IR /N T AOKRE A B
ARG 12.80 + 0.04° 56.01 + 1.10° 23 EHRRK &MY
xaEn 16.22 + 0.01° 2261 + 046" 8 L 2T AP S 3k 1 43 B B T R
EikEa 10.64 + 0.06" 48.69 + 0.80° Gt . T T (1700~1 600 em™) 47 58 2L
LAEG 145240220 50.63 % 0.20" M, PR T A ROk b B B 2k
X EEG 776 £0.17° 34.26 + 0.02" ZER L TEBERE T A, 1 615~1 637 em™ .1 700~

VE AU 3 U SR (T S RTbR iz 2% . 6l — 41 R[]
FHERRZER L E (P<0.05),

I L AR 5 R A, RARE IS H E A5
SE R, O S R, N E A 4 Ah e
OGS RN T RS AR, LA R R
TEMM KRR p, USR5 /A2 T 8 A

1 682 cm™ B M}y B-FT & ,1 637~1 645 cm™ i1
FBI N M JC R, 1 646~1 664 cm™ 5 I N K a—12,
JiE, 1 664~1 681 em™ i [l Nk B-H5 A, a—1RJiE
Hl BT & Lb B-T6 f T4 1 A HES B8 A5 )%
e T DU oS8 5E A1 BT B 19 HH XF 5 2 ok 1 I 2R
BT A e PR, A5 v B BT Y A A8 1Y A
X LR 2,

x2 MEPEERH-_REHMHNENSE

Table 2 The relative content of secondary structure of protein in the crust

28 51 a—¥23%/% B4 %1% B-%5 1 /% 7 A% W /%
I B G R
At 1 25.79 37.59 21.95 14.67
xekau 24.37 36.74 26.30 12.59
EhEOM 24.54 3573 26.59 13.14
LAk Eaa 26.07 34.99 26.12 12.82
X kEGM 24.61 38.96 24.26 12.17
RAREG R

N E@HEG 22.96 37.86 30.34 8.84
X8EG 18.22 4221 23.33 16.24
EAEG 21.98 30.96 35.30 11.76
Lk EG 35.24 31.89 19.89 12.98
XEEG 30.75 36.26 19.34 13.65

XA, WINE A R s H R
B—FT B AR & 5 W]\ AR, BT A 1) R X 5
S 38 0, e — R R DG UL A i 40 R o 5 o R Rl
%, Herp RO S 2L B—3T 8 1 HH X &5 i AL i
A a— 1R 1A X TR X AT g

A~ LRy
HBZE

4 E e

kA

AN F FUR S A TS A R K oy A T
B B K A, ST 5 /N A T R
HHELACHR Al i 2 1 I AR IR SR AR B, 3 R
T REH Z AR L AL M AEOIE T A B, B
Ak PRAE L 8 AR PE I A A EAR T a1
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JiE B ARG 5 R I, BT # B AR X 55 B T v, £ i
T I E AR RN, B -5 A 1 PR AR
PRAGTE G e b HAT B Z AR . Bock SFPIRTSE £
O AR R T AT A OR RS AT S AR
SN, KA BG4y E A A S
VI S P S =R A1) i S UG T
A (A 0 S B AR e AR BT &
FITCHLE: i, AR T 4% 38 B BE I IR 254, 53
AT 2 B 1A A A

1E 5 P A B, REE AR B-Pr &AM X &
R, HUOR /N A ROKRE AL &
F, W 8 B & AR & B R AR (R U T
FUHE ) ;0 E W & A0 B MM & 8 i,
Hyde /N mfhEA KRG EAMILEER, OK
B B-H AR & AR (CRMIKT L &
F) . @ A BUS , REEAH EEEAA AL
T 8 H AR B3 B B AR & i B T X B i B
Sty A O R T ROR E AL BT & A
Xt d g T AR L g A T R, 2 —
A BTSN EE 1 BT B9 25 5 /K BE 0 A A B BRI PE fig

1800 -
1600 -
1400 -
1200 -

1000 -

U i B
Peak intensity (counts)

800 -

600 -

400 -

200

0

0w w e % ®
R st s

Diffraction angle 26/°
(a)

1800 -

1400 -
1200 -

1000 -

U 5
Peak intensity (counts)

800 -

600 |

400t

200 -

0

0 10 » 30 m % &

st

Diffraction angle 26/°
(c)

A NI R S DS R 3 s A S R 1 A S D
L5 GKIBE J) B 55 , B 2549 ) AN B 2540 i
il 22 | A B0 B8 IS 25 R B FRURE
2.4 INEEMBEEN

HNFEH/INGE TE M I X =5 4 A7 5 IS LA 3
/INFETE B X - I AT O B T 20 Oy 15.22°,
17.02°,18.06°,23.05° &b A # wm fit 4 06, HAF
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Effect of the Protein Added to the Batter on Oil Penetration
of Battered and Breaded Fish Nuggets during Deep—fat Frying

Cui Lulu', Chen Jiwang"*, Wang Yuhuan', Liao E'?, Wang Qi'?, Xia Wenshui'?
(‘College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023
*Key Laboratory for Deep Processing of Major Grain and Oil, Ministry of Education
(Wuhan Polytechnic University), Wuhan 430023
School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu)

Abstract To provide a scientific guideline for the scale—up manufacture of low—fat fried breaded and battered fish
nuggets (BBFNs), four proteins (soybean protein, egg white protein, whey protein, and rice protein) with 6% were
separately added to a batter composed of wheat starch and wheat gluten blends. BBFNs were prepared by treating fish
with the batter, frying at 170 C (40s) followed by 190 °C (30s). Fried BBFNs were evaluated for the surface hydropho-
bicity, free —SH and S-S contents, fluorescence intensity, and secondary structure of the proteins, the crystal structure
of wheat starch, as well as the surface oil and penetrated surface oil contents and the oil penetration and distribution, to
investigate the effect of protein added on oil penetration of BBFNs during deep—fat frying. The results showed that the H,
of soy protein group, egg white protein group, and whey protein group was greater than the control (without protein
added), while the H, of rice protein group was smaller than the control; the maximum absorption wavelength of trypto-
phan fluorescence emission spectra (A,.) with soy protein and egg white protein groups increased from 349 nm to 351
nm, while A, of whey protein and rice protein groups decreased from 349 nm to 341 nm; the content of S-S converted
by -SH of whey protein group was higher than that of soy protein group, egg white protein group, and the rice protein
group. Furthermore, the S-S content of four protein groups were higher than the control. In addition, soy protein group
had the highest amount of B-turn, which was transformed by B-sheet, and the lowest fluorescence intensity, relative
crystallinity, surface oil  (except rice protein group) and penetrated surface oil contents, followed egg white protein
group, whey protein group, rice protein group, and the control. The results indicated that the addition of protein in the
batter significantly influenced the exposure of hydrophobic group in the protein and the gelatinization of wheat starch,
leading to the changes in oil penetration of BBFNs deep—fat frying.

Keywords battered and breaded fish nuggets; deep—fat frying; protein; wheat starch; oil penetration



