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Effect of curdlan addition on the quality of Frankfurt sausage
JIANG Shuai,NIU Hai-li, LIU Qian,ZHANG Hong-wei, KONG Bao-hua "

(College of Food Science ,Northeast Agricultural University , Harbin 150030, China)

Abstract: In the preparation of the Frankfurt sausage , curdlan was added at 0,0.1% ,0.2% ,0.3% ,0.4% and 0.5% ( mass ratio
of curdlan to total meat weight).The effects were studied by measuring cooking loss, emulsion stability, colors, texture profiles
and rheological properties.The mobility regularity of water molecules in Frankfurt sausage were measured by low field nuclear
magnetic resonance( LF-NMR) , and the microstructures were observed by confocal laser scanning microscopy ( CLSM ) . The
results showed that cooking loss of Frankfurt sausage decreased significantly with the increased addition of curdlan(p <0.05).
However,the L" —value, hardness and adhesiveness of Frankfurt sausage obviously increased with the increased addition of
curdlan(p <0.05).Moreover, LF=NMR results confirmed that the incorporated curdlan restricted the mobility of the aqueous
phase during the heating progress of Frankfurt sausage meat batter, and increased water binding capacity. Compared with control
group, the addition of curdlan significantly increased the storage modulus values (G'), and loss modulus values ( G") and
elasticity of Frankfurt sausage meat batter upon heating(p <0.05).CLSM results showed that the addition of curdlan facilitated
the formation of a closer microstructure in Frankfurt sausage. Therefore , curdlan could be used as quality improver to incorporate
into Frankfurt sausage and its optimal dosage was 0.3%.
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Table 1  Formula of Frankfurt sausage
[ii%e] i (kg) (%8 B (g) L% i (g) PRk Hig(g)
JEIE R 2.5 JEEN 75 SRR 15 LM 15
Jila 1.25 AV AR R 0.375 TR S5 ) 12.5 IS 25
K G 1.25 SEAHIRER 20 ARG 12.5 SEHUIR I FR A 5
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Table 2 The standard of sensory evaluation
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Table 3  Cooking losses and emulsion stability of Frankfurt sausage meat batter added with different concentration of curdlan
AR AL UG TERES LIRS KTy BT K e
(%) (%) (%) (%) (% /%)

0 5.29 £0.09* 13.81 £0.33" 1.34 £0.02° 10.33 £0.36°
0.1 4.28 £0.04" 11.01 £0.32" 1.19 +0.02" 9.28 £0.33"
0.2 1.06 +£0.05° 2.59 +£0.02° 043 +£0.01° 6.02 £0.11°
0.3 0.94 £0.03" 2.30 £0.07 0.35 +0.02" 6.66 +0.45"
0.4 0.81 +0.05" 2.02 +0.02" 0.29 +0.01° 6.97 +0.17°
0.5 0.09 £0.03° n.d n.d n.d

TE B R I (E £ ARiE2E (n =3) o a~e TR —FI TR MR RS 22 5 A8 B35 (p > 0.05) , AR RN 28 52 3% (p <

0.05) o nd FrRARKEH, K 4~3 6 [,

F 5 URIRIATASFER I AR I o Xk 22 S AR 7 A 1 5 T
Table 5 Texture profiles of Frankfurt sausage added with different concentration of curdlan
FELGR RS Y = 7 | 45
R WEE(N) 4 (mm) o Rt e

0 17.03 +0.03° 0.92 +0.01° 0.76 £0.01° 12.48 +0.02° 0.41 0.01°
0.1 17.85 +0.02* 0.93 +0.01" 0.78 £0.01° 12.91 £0.03° 0.44 +0.01"
0.2 18.94 +0.02° 0.94 £0.01° 0.79 +0.01" 12.98 +0.02" 0.43 £0.01"™
0.3 19.13 £0.01" 0.94 +0.01° 0.80 £0.01* 13.19 £0.03" 0.45 £0.01"
0.4 19.17 £0.01" 0.93 +0.01" 0.81 £0.01° 12.73 £0.03* 0.43 £0.01*
0.5 19.36 +0.03* 0.93 +0.01" 0.81 +0.01° 12.36 +0.02" 0.43 £0.01

F 5 % BT T 15 SR e 1 1 SBLE 4 g AT — 5 1
e PR IHE FC A5 i o 77 KB B 8
BT L5 45 5 22 1 7K 43, DR K il 52 5 1A T 1 5

RKEAG, WU W] T 8 B A0 X 25 P 7K o 25 4
o, PRGN T R (52 BE AR Jung A5 R WIRE A
B L1 RE AR RN i BR UL B85 11 A & R G AR U0, T AR 52
By IS JIN AT A5 9K JBE %5 25 i 21 BEAE S i AN i 35, 53X 158
B IAT A5 SR X v R LT 7R A 35 2 )
F 4 AR TTAFERBET N XE 22 SE AR 1 ) F2
Table 4  Color of Frankfurt sausage added

with different concentration of curdlan

AR

(%) ‘ ’
0 64.41 £0.15"° 1042 £0.29°  14.24 +0.27*
0.1 64.81 +0.17°  10.54 £0.54* 14.71 £0.19*
0.2 6542 +0.15"  10.86 £0.17*  15.07 0.12"
0.3 66.36 £0.12° 1092 £0.21*  15.09 £0.28"
0.4 66.86 +0.05" 10.88 £0.22°  15.59 +0.17"
0.5 67.26 +0.09°  11.23 £0.52*  16.30 £0.34"

2.3 FBHWRES

S R AT A5 8R4 00 o 9 22 54 7 i ST R G B
W ANEE 5 B3, 5 %5 BEZEAR L, BE 25 7T £5-4 I8 4% Jn
BRI , 75 iz AR J3E Sk S5 AR (p < 0.05) o LIBLLT 4
T TR I PG B, B B4 Tl AR M, 4 T4
BEFTFEIG , BB 43 1 P 5L P 5% 588t ok , i 45 UL BT 2F 4 75
P12 ELA 4 v 1 38 T 09 1 L B P 4 D) K A A BV
JHTE i = 4 W2 45k o AE TSI T 754K 58 B Ak B 2H
i, T AT AR AR M T RS S T 2, HOAS B HL

A5 A hT 0 B I M, v T K B AT TR N 4 A R R I B
Jie P PR H I A B WUB LT 4 2 v, 2T 5
WU LT 4 25 11 7] LLAH B 28 B i T 5 i fa s id = 4k
D) 2% 25 ), WA T Aok L JBE 2T 0 2 1 2 S i 2 40, 2 725
TP I B R RO [T AT L Y B 2 T A R
JRE S I (A I, 75 g % R RE S Kl 4% M | MEL g
T[] A P S 3 1 R (p < 0.05) , 3 2t bl T 1T A5 4R i
B 7K RE S B 5 L TN A e A% W WA 2 T 1 T
24 100 7k i, A It B oA 3% TR JBE 1 5 B, SR
TE AT A5 SR AR AN AN 0.3 % H5 N3] 0.5% B}, 3 22 5o 4
1 R S5 M A 25 SR 3% (p > 0.05) , H. 0.3% 4]
B B A | LR e v L PR B, 0.3 % i ] 45
SRS VAR IINAE — 5 P2 B 1 Sk R 0% W 35 48 25 1 22 T4
W V) ST FR R

2.4 NF LF-NMR MEZEFBF NPT

LF-NMR figfig 52 me Hy #4155 5 19 LR 2T 4 25 11 5
JiE PR BRI 43 KR 3 B P K% 43 T 22 8K s Ak, LIS 2T 4
T 11 P LS K R R L 22 253 8] 5 457K M G 2 L LS
TSR PR HR K PETE 28 2 S A b i AR A R Ik TE
PA) 2% PR B 0 ek P 22 AR 1 St R s ) T, SR g
BHK 2309 @ R L S ] Ab PR ZH 5 22 T 4R R
4 T, At BRI ) S04 P 1, 5 ke i ot 74 B 1) DL
*6,

r 22 6 1l UL, 7 B A% G R A5 S il 3 A4
g, HY FRAE 4.20~9.00,43.23~58.60 .184.00~217.00 ms
Z Al S R R B W AR TE RIS B K (Ty) A5
WBNZK (Ty) 1A FK (Ty,) B9 504 B0, B = Fhk 43
SRS B SRR, E 1 ATF
5 BELELAF FU, %8 00 AT 45 R JBE %) Ak B 2H vp 4 ok 43
) St T4 A 0 5 1) 3t 45 s 0 462 649 7 1) e 2 EL G B i
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Table 6 Changes of relaxation times(T,, ,T,, ,and T,, ) and amplitudes

(A, A, ,and A,, ) of Frankfurt sausage added with different concentration of curdlan

Py
{ﬁ?j;g,}((g) T,, (ms) T,, (ms) T,, (ms) A,, A, A,,

0 8.00 = 1.00" 58.00 +0.60" 211.00 +6.00° 1.00 £0.01° 41.00 +1.00° 9.90 +0.36"

0.1 5.80 +1.00" 47.20 £0.30° 192.00 +6.00™ 1.00 £0.01° 37.67 +0.58° 7.50 £0.50"

0.2 5.60 +0.90" 51.40 +0.20" 205.00 +6.00™ 1.00 £0.01° 40.67 +0.58" 8.33 +0.58"

0.3 4.90 +0.70" 47.90 £0.20° 190.00 = 10.00" 1.00 £0.01° 44.00 +1.00° 8.67 £0.58

0.4 5.57 +0.42" 51.80 £0.20"  206.00 +10.00" 0.67 +0.57" 4733 +0.58" 9.33 £0.58"

0.5 7.00 +0.90" 52.30 +0.60" 192.00 +5.00" 1.00 +£0.01° 49.33 +1.15" 9.17 +0.76"

FFER(p <0.05) , JUHIEAS 5 it sl /K 1) 5t BRI 6] 72
S, X UL & P A AN B i sk 5 A
SRk {SEL R D) | A (Ve i RS PN S By S B
A, & 5 57K 53 g K B AN SR AR 45 A, DRI AR
ZRAINPGS T P Rl AR AR S ORI A K &S,
HELAS AN Gy 8K ™ o ARAE AT A5 8RR N 458 05
(0.4% F1°0.5% ) Isf , A5 160 5t 35 s 1] i A2 Bl 22 53 AN ik
F o XA HE SR TE A AR, A A3 AR K TE i SRR i
Bl 7] — MR S5 4G e AR A G A b S U AT 4E R AR
SRR I U i Yk 25 2 A DA T R
REEAE AR A B i Bl K, i LR A8 S 455 0K (B ik
TS5 B WLUET 4 35 1 45 R 70 T RO — 52, Bl
H ATAFERIE B AL B9 30, h A M e R S E A
B R = 2 9 255 235 A 28 B AR AT, T LA B i 30
IRBCRAS PR AU

10 60
?mf%wra](ms)
1 SIS [l B2 AT A AR IR v =2 T A &
BB 1) st TR I 1] (T, ) A 19 A2 £
Fig.1 Distribution of T, relaxation times of Frankfurt

sausage added with different concentration of curdlan
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XF ISR EE (A ) BE S 2 A8 S et X — AR S0 e UL
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FH AT AT LA ] 422 19 S5z e 45 bR 25 7K 43 19 A X Bl
Bl B AN TRPAR 7K S0 ] R 5 A2 A AR T DL o

HER 6 AT, BEAE T AS SR BN & A, A, 5
Bz HE IR H (p < 0.05) , iX Ut W BEF Al 1528 i
HOES N, M BRI o AN B T 30 K 10 55 B 38 O, SR m]
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Table 7 Sensory quality of Frankfurt sausage added with different concentration of curdlan

AR SR IR N (% ) SRES R HEVRES H g SRS
0 6.20 £0.27° 6.46 +0.46" 6.10 £0.42" 6.50 £0.35" 6.30 £0.76"

0.1 6.62 +0.39" 6.96 +0.36" 6.90 +0.42° 6.96 +0.36" 6.86 +0.22"

0.2 7.10 £0.42" 7.00 £0.61" 6.92 +0.40" 7.36 £0.35° 7.20 £0.57*

0.3 730 £0.45" 7.20 £0.57" 7.40 +0.65° 7.56 +0.44° 7.40 £0.42°

0.4 7.56 £0.38" 7.20 £0.57° 7.46 +0.46" 7.40 £0.42° 7.50 £0.50°

0.5 7.10 £0.42" 730 £0.27° 7.46 +0.46" 7.20 £0.27" 7.40 £0.42°

T ME 7.5~8 ARUF;7~7.5 Bl 56.5~7 —JB56~6.5 A[55256 LUF 22, A5z . Bl 2 m P ME + drifE2E (n=3)

a~e fE[A]—F 7Rk MR 2257 A B35 (p > 0.05) AR R 257 8% (p <0.05) .

#8 LT EN S FEALTE AR A LS BT

Table 8 Correlation analysis among five physicochemical indexes in Frankfurt sausage

GH s memx SO0 MW bt EEE W R T, A,
o 1R p (H 1.000**  0.991°* -0.903" -0.860" -0.989"" -0.664 -0.935"" 0.329 -0.740
PR R’ 0.000 0.000 0.014 0.028 0.000 0.150 0.006 0.524 0.093

e e AL fH 1,000 1 0991 -0902° -0.861° -0.990"" -0.667 -0936"" 0335  -0.737
7J< /}*J'—l 9%$ 2
R 0.000 0.000 0.014 0.028 0.000 0.148 0.006 0516 0.095
ISR % BRI p{H 0991°° 09917 1 -0.937"" -0903° -0972"" -0574 -0936"" 0253 -0.813"
AR R 0.000 0.000 0.006 0.014 0.001 0.234 0.006 0.629 0.049
T BRI p{H -0.903* -0.902* -0.937*" 1 0.936** 0900 0351 0960** -0237 0917*
R 0.014 0.014 0.006 0.006 0.014 0.496 0.002 0.652 0.010
b WAl p{H -0.860° -0.861" -0.903" 0.936°" 1 0.852° 0280 0906 -0.199 0.855"
R 0.028 0.028 0.014 0.006 0.031 0.590 0.013 0.705 0.030
s MR p fH -0.989" -0.990** -0.972" 0.900* 0.852" 1 0703  0961°* -0454  0.693
- R’ 0.000 0.000 0.001 0.014 0.031 0.119 0.002 0.365 0.127
s Bl pfH -0664 -0.667 -0.574 0351 0.280 0.703 1 0.525  -0.698  0.020
R 0.150 0.148 0.234 0.496 0.590 0.119 0.285 0.123 0.970
o BRI p fH -0.935" -0.936"" -0.936"" 0.960°" 0906 0961°"  0.525 1 -0442  0.780
A R 0.006 0.006 0.006 0.002 0.013 0.002 0.285 0.381 0.068
T A p 0329 0.335 0253  -0237 -0.199 -0454 -0.698 -0.442 1 0.154
B R 0.524 0516 0.629 0.652 0.705 0.365 0.123 0.381 0.771
A iRl p{H -0740 -0.737 -0813* 0917 0.855" 0.693 0.020 0.780 0.154 1
B R 0.093 0.095 0.049 0.010 0.030 0.127 0.970 0.068 0.771

TE:p<O.1 BATAHRMEIUR) , = FRRTE p =0.05 BFEFIKC(WR) ; * = FIRTE p =0.01 BEMHL(BUR) .

o Wu S5 RSTUER , B T AS SR AR N
TEAAEEBEN HH B AT A3 AR K- 5 ] AR T S IE n
E AR I A R e VAR AL S & A0 Y A N
FEFEAR W REIR A IE T IX — Ko
2.7 EBWEREEN

riER 7 W LIFE H, 5 %0 BEZELAR LU, 380 nT 4558 i
ARSI I6 20, 7 i DG L SUIRES L 1B Sk 4252
PR EIHESE (p <0.05) o X R L ™ il B0 A 5
HYVIRZS BN 22 £L 11 A S s PR R g 4 2, G
SVEAEAZVE2E . BEAT AT AR AR U B B N, e H
HYVIRAS RS AR 32 32 1 R B I 35 i 38 i (p
<0.05) , B0 AT #5358 B2 1) Ak BRZH A AT 6 PF | 1 A
JB T Ml 2y — E %, B W I AR A i i SRR PR (p <
0.05) ,iX—45 R W 5 B 3 Hr i 45 A — . itk
AL, AE AT g RS AT A5 SR S RE Va2 7 i B 7K 53
TR IS , SR A8 AT 0T 22 0 38 37 00 o DA 11T o4 55 7 il o
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FIEASE, X5 =& M pih a0 a %, WEM
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