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Effects of direct salt reduction on the quality characteristics of Harbin red sausage during storage

HU Yue, LIU Haotian, XIA Xiufang, CHEN Qian, KONG Baohua*®
{ College of Food Science, Northeast Agricultural University, Harbin 150030, China )

Abstract: The effects of different salt additions (3.00%, 2.75%, 2.50%, 2.25% and 2.00%) on the quality and
storage characteristics of Harbin red sausages were investigated. The results showed that with the decrease of salt
addition, the pH, moisture content and thiobarbituric acid reactive substances (TBARS) values of Harbin red
sausages gradually increased, a* value decreased and B* value increased, but there was no significant difference
(P = (1.05). At the end of storage (35 d), the L* value of 3.00% weatment was significantly lower than that of
2.00% treatment (P < 0.05). In addition, the high salt concentration treatments (3.00%, 2.75% and 2.50%) showed
higher hardness and tightness while lower total viable count throughout the storage period. The results of
electronic tongue showed that the saltiness, umami and aftertaste B (aftertaste bitterness) of Harbin red sausage
decreased while the sourness increased with the decrease of salt addition. Compared with 2.00% treatment, the
odour characteristic of 2.50% and 3.00% was more similar. The sensory evaluation results showed that the 2.50%
treatment had moderate saltiness and had the highest overall acceptability score among all the samples.
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Table 2 Effects of direct salt reduction on pH and water content (% Jof Harbin red sausage during storage

2.00% 2.25% 2.50% 2.75% 3.00%
pH 0 635 E0.024% 634 £003%  f30£00280  A29 200240 628 + 0044
7 634 = 0030 6.34 = 0028 6.31 £ 00750 6.27 + 0024 6.26 + 0.02%
14 620003 §£27£002M% 270028  §25 0018 623+ 0030
21 62300450 621200250 62000250 G18£0.0280 617 £ 0028
28 61TH0.MT™ 6162004 514003 6130010 607 +£0.045
35 6.10£0.03™ 6.10 + 0,02 608 £0.02%F 606 +0.0300 603 +0.020
AdrEE 0 4187£062%  4139£058% 414520654 41342 038% 4141 £031M
(%) 7 4158£056° 41252066 4116+ 05840 4078 £0.5308 4082 £ (.6148
14 41080504 40 a0+ 06358 4055 £06148 4001 £0.66%% 3006 + () 5848
21 4067 £0.68% 4035 055 4016 £0.5240 3077 £(.788 30,65 £ (7148
28 40222065 4008 £067485  30RT 07048 3051 £0488 3046 £ 0958
35 3996 £(.52% 39,68 +1().565 39.53 £ (1598 39,38 £ ().848 3924 £0).738

¥ FRKSF R AR SRR FARRE SN AR EER (P<0.05); AR ERERE R A A B i
2R ES R (P<05).

Note: Uppercase letters indicate significant differences (P < 0,05) among the same NaCl concentration at different storage time and

lowercase letters indicate significant differences (P < 0.05) among the same storage time at different NaCl concentrations,
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Table 3 Effects of direct salt reduction on L* values, a* values and #* values of Harbin red sausages during storage

2.00% 2.25% 2.50% 2.73% 3.00%
LEvalue 0 60.43 £ (0154 BL.60 £ 0.274 6064 2 (1.T8M™ 60.21 £0.39% 60,32 £ (L6T™
T 6031 £ 0134 6014 £ .60 60L16 £ 01848 50,96 £ 0.46% 59.97 £ 0.2848
14 395540128 50840134 59830090 5076 £ (.26M 59.48 & ().3748a
2] 59.42+055% 5041 0714 595705048 5377 +02]% 59,24 = 0,608
28 5913 +0.62% 58.91 + 0,400 58,80 £ (1,845 58.57 (.38 58.58 2 0.16%
33 50.00 +0.33% SERS £ 01185 SER1 =015 5856 +0.0450 5851 20218

a*value 0

11.53 £0.28%

11.54 £0.47%

11,78 £ 0.29%

11.67 £ 0.55%

11.73 £ 0.28%

11.59 & 020

1161 £ 0.40%

11.78 £ (.19%

11.76 £ 0. 22%

11.74 £ 0.22%
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14 1142 £0.07% 11.56 + 0,154 [1.55 £ 014 11.76 £ 0,13 11.77 £0,32%

2l 1134 £041% 11.53 + 0430 11.38 + 0.53% 1138 2 0.11% 11.68 £0.37M

28 1126 +£0.374 11.40 + 0444 11.37 £ 0347 11.33 £ 0.40% 1130 +0.2]5
35 1212007 11.27 £ 0.36% 1133 £ 0.03% 11.28 £ 0,074 11.42 £0.36%
bEvalue 0 9.27£0.13™® 9.33 £ 0.06% 9.43 2 0.165 9.45 £ 0,195 9.72 £ 0.208¢
7 9.68 +0.1180 936 + .65 9.46 + (.04 9.59 & ().2080 978 0118
14 078+ 04008 973 +0,] 68 9.57 £0.374 9.69 +0,2088C 074 + (1,08~
21 978 £0.36%8Ch 074 + (0,298 9.79 2 (.168% 9.78 006785 0.9 £(.3]AM
28 1050074 [04 £ 0054 (020 29,0048 1027 +(0.55Me 000 20 ] |M
35 1037£0.13% 1034 £0.15% 10.55 £ 0,30 10.35 £ 0.074 10.24 £ (L16%

fEe ARG BER A B S A R A R B2 [P R S (P <0.08): [R5 BEF AR R — s M A 1A e R
LEAEE R FEER (P<0.05).

Naote: Uppercase letiers indicaie significant differences (P< 0,050 among the same NaCl conceniration at different storage time and
lowercase letters indicate significant differences (P < 0.05)
2.3 ECRRUERIEN G R £ N AT (1 B

e RVE AT 7E I JEURH P (I BT AR AL R 4 PR, o b PR LB FE AL B e 20 B 35 1 ) (P < 0.05),
PELREEAT AT N (E A R F TR R (P> 0.05), HUEBE BRI W] (19 284 1 2 % . (P <0.05), IGIR
VER T B W A ) R A AR v R S K RO RIS S DTG . AP AL 23 B VR FE AL FR AL (3.00% 2.75%
fil 2.50%) MBEEEMBECGE MM ES, 5 Ros-Polski 5B AE R B BEA NaCl MREEMIH

among the same storage tme at different NaCl concentrations.

(0-2.50%), MPIAGEERE, PEEHE. mHMRPEEFIN (P<0.05),
Fd4 ELEREERTE T I R £ T A ) g )

Table 4 Effects of direct salt reduction on texture profile analysis of Harbin red sausages during storage

2,008 2.25% 2.50% 2.75% 3.00%
MR (g) 0 36675+ 15300  3TLOR+1690% 37093+ 17085 36169 £ 10425 37656+ 19.18%
7 38306+ 138950 37723203160 38415+ 145657 3R096+ 11715 30110 £ 17,1780
14 40270+ 1323480 408.59 + 14.954%  414.67 £ 11.0646 413,15 14,158 42592 + 94548
21 41421 £ 116548 41814212424 42338 £ 10.59% 42689+ 11.67B 432,61 £9.29%
28 42266 £ 6.96M 422014 11068 431,36 212264 439,57 £ 9850 45331 + 10,394
35 43249+ 14088 430.20 £ 7,78 439.86 % 11,2745 44581 6,820 461,38 & 13,844
it (gsec) 0 10850+ 5958 10,05 £ 564885 116,33 £ 49680 114,37 £ 484000 122.61 + 4,586
7 H245+560M 11417256888 1002 6088 120,21 £526%00 2827 + 6,650
14 11898 £4.5548  |]6.0] £43248h  [233] £ GOTABR  [28.00+6,TRABCI 3227 & 5,67ABC
21 121026514 12431 £57248 (2847 + 5460 3408 £ 58048 136,10  6.0§AAC
28 12522 £ 6,20 120.86 + 12.24% 13297 £ 6,041 37,53 + 6,038 142,67 £ B.46AB
35 12822 £ 788N 132,93 £ 5,11 13527 + 100134 14018 £ 7,294 146.66 + 5,934
o (%) 0 6561+ 101 £5.32 % (.25 66,98 + 0,220 68,49 & (),H2A8 66.64 + 1,034
7 6TME00M 66.93 + 0,47 66,23 + 0,594 66.62 = 100 67,19 + 1 59%
14 6452+ 1520800 483 1053 66,73 + 1.29% 67.33 % 1174 6612 + 1 3148
21 6454 £ 043080 7570+ | 240 65,74 + () 88" 65.19 £ (), 72484 65.22 + ] .04r8s
28 6418+ 1158 65,27 + 0,65 65,40 + | 2548 65.23 + 1,2]48 66,78 + 1 69w
35 6188+ 1265 61.51 = 1.60% 73,23+ 031 63,38 £ (1.408 63.06 + 0.15%
PHEFE  (gsee) O 1941 & 138 2138 + 1114 2119 + |34 2030 + 1488 2143 + 675
T 1982+ |H0M 2157 £ |2740 2179 £ 117 2134 £ 145480 2207 + 15478
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14 2120 % 135M 2210 £ 174 2237 £ |54 2154 = 17448 2380 £ 17508
21 2209 £ 2094 2357 £ 119M 2293 = 2694 2260 = (AR 2458 + B3N
18 2320 % 1410 2417 £ 1400 2385 £ 180" 2329 £ Qg0 2435 £ 108
35 2371 190 2466 £ 1054 2420 £ 165% 2444 £ g™ 2554 £ 179M

i FEAXSFHERHBELRE T ARAY#EHZAFERERR (P<005): TENSFEERE—RRIHMA A FERRE
ZRFERERR (P<005).

Note: Uppercase letters indicate significant differences (P < 0.03) among the same NaCl concentration at different storage time and
lowercase letters indicate significant differences (P < 0.05) among the same storage time at different NaCl concentrations.
24 BEHEMSRIEM IS RIEL ) TBARS #1520

TBARS /& 2 NG A SEE 21 gy e 340 1) A o LR R A B b, I U7 000 S ) o 1 3 R R
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e
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; 0.5
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0.3 -
14 il
L& LTRSS

e RS IR SR F AR @2 A R E R (P<0.05): AR50 fr F - W F F e
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Note: Uppercase letters indicate significant differences (P < 0.05) among the same NaCl concentration at different storage time and
lowercase letters indicate significant differences (P < (0L05) among the same storage time at different NaCl concentrations.
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Figure 1 Effects of direct salt reduction on TBARS of Harbin red sausages during storage
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Naote: Uppercase letiers indicate significant differences (7 < 0.05) among the same NaCl concentration at different storage time and
lowercase letters indicate significant differences (P < 0.03) among the same storage time at different NaCl concentrations.
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Figure 2 Effects of direct salt reduction on total viable count of Harbin red sausages during storage
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Mote: Different lowercase letiers indicate significant difference (P < 0.03).
Figure 3 Effects of direct salt reduction on taste assessment (A} and the principal component analysis (B) of E-tongue response
data of Harbin red sausages during storage (0. 14 and 35 d)
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Figure 4 Effects of direct salt reduction on radar chart (A)  and principal component analysis (B)  of E-nose response data
of Harbin red sausages during storage (0. 14 and 35 d)
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Figure 5 Effects of direct salt reduction on sensory evaluation of the Harbin red sausages levels
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