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Abstract

10

This study examined the measurement conditions of the TPA (texture profile

11

analysis) experiments that are typically used to measure the physical properties of

12

sausage. As the measurement conditions (compression ratio and cross-head speed) were

13

changed, the significant differences between the values of textural parameters (hardness,

14

adhesiveness, springiness, cohesiveness, chewiness) of samples changed. Furthermore,

15

among the measurement conditions, there was more variation in the significant

16

difference between the value of samples due to a change in the compression ratio than

17

due to a change in the cross-head speed. The highest variation in significant difference

18

was observed between the values of cohesiveness of samples due to changes in

19

measurement conditions, whereas the lowest variation in significant difference was

20

observed between the values of springiness of samples due to change in measurement

21

conditions. Therefore, it is desirable to provide a clear basis for setting specific

22

measurement conditions for TPA test, since significant differences in the values of

23

textural parameters of samples were caused by differences in cross-head speed or

24

compression ratio, not by a difference in samples, when analyzing the cohesiveness of

25

sausage, especially.

26
27
28

Keywords: sausage, texture profile analysis, measurement conditions, variation in
significant differences

29
30

Introduction

31

With development of the meat processing industry, the consumption of processed

32

meat products has been increasing steadily. The production of processed meat in Korea
2

33

has almost doubled, from 119,000 tons in 1996 to 228,000 tons in 2016, and the

34

processed meat products increased in the order of sausage, ham, and bacon (Lim and

35

Chin, 2018).

36

Various studies have been conducted on sausages, including studies on: fat-reducing

37

or substituting agents, nitrite-reducing or substituting agents, and use of low-

38

consumption by-products or various materials (Lim and Chin, 2018, Lim et al., 2017,

39

Kim et al., 2011, Chin and Lee, 2002, Choi and Chin, 2002, Kim and Kim, 2017, Lee et

40

al., 2015, Rhyu et al., 2003, Yoo and Kim, 2017, Kang et al., 2014, Han et al., 2001)

41

Texture is a very important sensory factor for sausages that greatly affects its

42

palatability and quality. Among the several studies mentioned above, most included

43

information about the texture of sausages, but the method of texture profile analysis

44

(TPA) was performed under different measurement conditions rather than standardized

45

measurement conditions.

46

Texture analyzer, rheometer, and universal testing machine are devices for imitative

47

test that measure texture of food products by imitation of the mouth’s biting or chewing

48

activity, and can only provide meaningful data based on the similarity between the

49

mechanical and sensory measurements of a food product, unlike devices for

50

fundamental tests (e.g. dynamic mechanical analyzer) (Choi and Choi, 2015). In many

51

cases, the textural measurements obtained with TPA are different under different the

52

measurement conditions. Nevertheless, it is common to refer to the significant

53

differences between the values of textural parameters of samples measured by TPA

54

under a specific measurement condition, without mentioning the similarity between the

55

mechanical and sensory measurements of the product, or the reason for selecting a

56

specific measurement condition. Thus, it is common to mention the comparative

57

superiority or inferiority of a specific sample on this basis. It is unclear whether the

3

58

significant differences between the textural parameters obtained for samples are due to

59

differences in sample characteristics or differences in measurement conditions.

60

Therefore, in this study, TPA was performed for four brands sausages under different

61

measurement conditions of the compression ratio and cross-head speed to investigate

62

whether there was variation in the significant difference between the values of textural

63

parameters of the samples as the conditions of measurement changed. The study intends

64

to provide basic data for establishing standardized measurement conditions necessary

65

for the textural analysis of sausages.

66

67

Materials and Methods

68

Materials

69

Four brands of Frank sausages (Frank sausage a (fat; 19.0%, protein; 14.0%); FSA,

70

Frank sausage b (fat; 23.3%, protein; 13.3%); FSB, Frank sausage c (fat; 24.0%,

71

protein; 14.0%); FSC, and Frank sausage d(fat; 25.0%, protein; 13.0%); FSD) sold in a

72

supermarket located in Yongin city, Gyeonggi-do, Korea, were purchased separately on

73

three or more occasions to obtain sausages with different shelf lives as experimental

74

materials.

75

The sausages were tested immediately after storage for a minimum time at

76

refrigeration temperature (2℃). The sausage samples were left at room temperature (26-

77

28°C) for 10 min. placed horizontally and middle section except for both ends of the

78

sausages were cut at 20 mm intervals using the Twin Blade Sample Preparation Tool

79

(Stable Micro Systems Ltd., Godalming, U.K.). The casings of the sausage samples

80

were removed with a cork borer No. 9 (diameter 20 mm, ChangShin Sci., Seoul, Korea)

81

so that all samples had the same thickness (diameter).
4

82
83

Texture Profile Analysis (TPA)

84

Texture Profile Analysis (TPA) of the sausages was performed using a Texture

85

analyser (TA-XT2i, Stable Micro Systems Ltd., Godalming, U.K.). An aluminum

86

cylinder probe with a diameter of 35 mm was used. With reference to the preliminary

87

tests and the above-mentioned various texture-measurement sausage papers, the

88

experiments were performed at room temperature with measurement conditions of 20%

89

and 30% compression ratio, and cross-head speed of 1.0 mm/s, 2.0 mm/s, and 5.0 mm/s.

90

These are the conditions in which the sausage did not break. Among the various textural

91

parameters analyzed during a TPA test, only the hardness, adhesiveness, cohesiveness,

92

chewiness, and springiness were assessed in this study. To give the representation of the

93

same brand commercial sausage on the market, commercially available sausages of the

94

same brand with different expiration dates were purchased and the experiments were

95

repeated so that the total number of experiments per each brand of sausage was at least

96

13 times.

97
98

Statistical analysis

99

The SPSS statistical program was used for the statistical analysis of the results of this

100

study. The statistical analysis of the significant difference between the measured values

101

of the textural parameters obtained for four brands of sausage samples, under different

102

measurement conditions, was performed by the one-way analysis of variance (ANOVA)

103

at an α=0.05 confidence level. If there was a significant difference between the values

104

of the textural parameters obtained for samples, a Levene’s test for equal variances was

105

conducted. A post-hoc analysis was conducted using either the Scheffe’s method or

106

Dunnett’s T3 multiple comparison method.

5

107

108
109
110

Results and Discussion
Comparison of textural parameters of sausage samples measured by TPA under
different conditions

111

Values of textural parameters of hardness, adhesiveness, cohesiveness, chewiness,

112

and springiness of commercial sausages from four brands measured under different

113

conditions are shown in Table 1.

114

As the measurement conditions were varied, the values of the textural parameters of

115

the samples changed. The important thing was that the significant difference between

116

the values of the textural parameters of samples also changed. Under the conditions of

117

20% compression ratio and 1 mm/s cross-head speed, no significant differences were

118

observed between the values of the samples in terms of adhesiveness and springiness.

119

However, when cross-head speed was changed to 2 mm/s at the same compression ratio,

120

significant differences were observed between the values of the samples for all

121

parameters, except springiness (p<0.05). Furthermore, when the cross-head speed was

122

increased to 5 mm/s at the same compression ratio, there was no significant differences

123

between the values of the samples in term of adhesiveness and springiness, as also seen

124

under the condition of cross-head speed of 1 mm/s (Table 1).

125

Variations of significant differences were observed between the values of the textural

126

parameters of the samples even when the compression ratio was changed, at the same

127

cross-head speed. For example, as mentioned above, there was no significant difference

128

between the values of the samples in adhesiveness and springiness under a cross-head

129

speed of 1 mm/s, and a compression ratio of 20%, however, when the compression ratio

130

was changed to 30% at the same cross-head speed (1 mm/s), significant differences
6

131

were observed between all values of the textural parameters of the samples (p<0.05).

132

Lee et al. (2020) manufactured chicken-breast sausage using seawater instead of

133

NaCl, and performed TPA under a cross-head speed of 2.0 mm/s and a compression

134

ratio of 40% to measure the texture of the chicken-breast sausage. When the

135

concentration of seawater instead of NaCl, in the sausages was increased to 10%, 15%,

136

and 20%, there were many variations of significant differences in the values of hardness,

137

cohesiveness, and chewiness of the sausage when compared to the values of the control.

138

Meanwhile, Kavusan et al. (2020) manufactured chicken sausages using gelled

139

emulsions as a beef fat substitute and performed TPA of the sausages under cross-head

140

speed of 1.0 mm/s, and a compression ratio of 40%. conditions. When the concentration

141

of gelled emulsions in the sausages was increased to 50%, 75%, and 100%, there were

142

many significant differences in the values obtained for hardness of the sausages when

143

compared to the control, however, there was only one significant difference in the

144

values obtained for cohesiveness of the sausages, and no significant difference change

145

in the values of springiness of the sausages.

146

Jeong and Han (2019) manufactured sausage using Wanggasi-Chunnyuncho Fruits as

147

dietary fiber and performed TPA in cross-head speed 2.0 mm/s, compression ratio 40 %

148

conditions to measure the texture of sausage. As a result, if the concentration of

149

Wanggasi-Chunnyuncho Fruit was increased to 1%, 5%, and 10%, there were

150

significant differences in the values of springiness, chewiness, and gumminess of the

151

sausage when compared to the values of the control.

152

In the case of studies that analyzed the change in rheological properties according to

153

the change in the content of sausage additives, there was a difference in TPA test

154

conditions between the studies. Therefore, it is necessary to set appropriate test

155

conditions (ultimately, test conditions that provide results similar to sensory test results).

7

156
157
158

Variation in significant differences between the values of textural parameters of
the sausages samples measured by TPA under different conditions

159

As mentioned above, there were variations in significant differences between the

160

values of textural parameters (hardness, adhesiveness, cohesiveness, chewiness, and

161

springiness) of the four brands of sausage samples under different measurement

162

conditions.

163

In the case of hardness, under the measurement conditions of 1 mm/s and 2 mm/s of

164

cross-head speeds at a same compression ratio of 20%, there were four significant

165

differences (①) between the values of the textural parameter (hardness) obtained for the

166

samples (p<0.05)(Fig 1. a & b). However, under 5 mm/s of cross-head speed, there were

167

six significant differences (②) between the samples (p<0.05) (Fig 1. c). These two (②-

168

①) variations in significant differences (marked by oblique line in Fig. 1) compared to

169

the values of hardness obtained under the cross-head speed of 1 mm/s and 2 mm/s are

170

shown in Fig. 1. This is because of the variation in the number of significant differences

171

between the values of the hardness obtained for the samples as the measurement

172

conditions change. In the theoretical model of Fig. 1, the maximum number of

173

significant differences under conditions a), b), and c), were 6, 5, and 0 respectively and

174

total was 11. Thus, four variations in significant differences under conditions a), b), and

175

c) occurred, resulting in a significant difference variation rate of 18.18% ((2/11)×100)

176

(③).

177

Meanwhile, unlike the case of Fig. 1, if a significant difference model of a different

178

type was generated under each measurement condition, then any one of the three

179

measurement conditions was used as a reference, and the number of variation in the

180

significant difference was investigated by comparing the other two conditions to the
8

181

reference, and then changing the criteria and comparing again. This procedure was

182

performed three times. Among these three values, the maximum variation value in

183

significant difference was selected and used for calculated. In the case of hardness, at a

184

compression ratio of 30%, as the cross-head speed changed from 1 mm/s to 2 mm/s and

185

5 mm/s, the number of variation in significant differences were 3, 4, and 5 respectively,

186

of which the maximum value was 5 were selected. Therefore, as the cross-head speed

187

changed under the condition of 30% compression ratio, the variation rate in significant

188

differences between the values of hardness obtained for samples was calculated as

189

45.45% ((5/11)×100) (③').

190

The variation rate in of significant differences between the value of hardness obtained

191

for samples, when the compression ratio was different at the same cross-head speed, for

192

example, at 1 mm/s, was calculated in the same way and found to be 33.33%

193

((2/6)×100) (④), Further, when cross-head speeds were at 2 mm/s and 5 mm/s, the

194

variation rate in significant differences between the values of hardness obtained for

195

samples due to changes in the compression ratio was calculated as 50.00% ((3/6)×100)

196

(④') and 33.33% ((2/6)×100) (④″), respectively.

197

Overall, the total variation rate in significant differences between the values of

198

hardness obtained for samples was averaged 38.89% ((④+④′+④″)/3), when measured

199

under a different compression ratio (20% and 30%) at the same cross-head speed (Fig.

200

2(A) ‘original’). Further, when the cross-head speed was changed (1, 2, and 5 mm/s) at

201

the same compression ratio, the total variation rate in significant differences between

202

the values of hardness obtained for samples was calculated to be 31.82% ((③+③′)/2)

203

on average (Fig. 2(B) ‘original’).

204

However, this method of calculation does not consider that the rate of change of

205

compression ratio of 1.5 (30%/20%) in this study is relatively smaller than the rate of
9

206

change of cross-head speed of 5 ((5 mm/s)/(1 mm/s)). When these calculations are

207

standardized with the same rate of change, the standardized variation rate in significant

208

differences between the values of hardness obtained for samples is calculated as 25.93%

209

(38.89%/1.5, Fig. 2(A) ‘standardization’) and 6.36% (31.82%/5, Fig. 2(B)

210

‘standardization’), respectively. Thus, for the hardness of sausage, the changes in

211

compression ratio causes more variation in significant differences between the values of

212

hardness obtained for samples than the changes in cross-head speed.

213

In the same way, the results of the variation rate in significant differences between

214

the values obtained for samples in terms of adhesiveness, springiness, cohesiveness, and

215

chewiness due to changes in measurement condition were as follows: when the

216

compression ratio was changed at the same cross-head speed, the average variation rates

217

in significant difference between the values of adhesiveness, springiness, cohesiveness,

218

and chewiness of the samples were 33.33%, 16.67%, 55.56%, and 33.33%, respectively

219

(Fig. 2(A) ‘original’), and the values calculated by standardizing them were 22.22%,

220

11.11%, 37.04%, and 22.22%, respectively (Fig. 2(A) ‘standardization’). Further, when

221

measured by changing the cross-head speed at the same compression ratio, the variation

222

rate in significant differences between the values of adhesiveness, springiness,

223

cohesiveness, and chewiness of the samples were 36.36%, 13.64%, 45.45%, and

224

13.64%, respectively (Fig. 2(B) ‘original’), and the values calculated by standardizing

225

them were 7.27, 2.73, 9.09, and 2.73%, respectively (Fig. 2(B) ‘standardization’).

226

These results, based on the standardized calculation values, confirm that for hardness,

227

adhesiveness, springiness, cohesiveness, and chewiness, more variation rates in

228

significant difference between the values obtained for sample were generated due to

229

changes in the compression ratio than due to changes in cross-head speed.

230

The highest variation rate in significant difference between the values obtained for

10

231

samples that was caused by changes in the compression ratio and cross-head speed was

232

observed for cohesiveness (50% ((20/40)×100)), followed by hardness (35%

233

((14/40)×100)),

234

((9/40)×100)). The lowest variation rate was observed for springiness (15.00%

235

((6/40)×100) (Fig. 3).

adhesiveness

(35%

((14/40)×100))

and

chewiness

(22.50%

236

In conclusion, there were variations in significant difference in the values of textural

237

parameters of sausage samples due to changes of measurement conditions (compression

238

rate and cross-head speed) rather than differences in sample components (such as

239

protein content), which is an important factor in determining the quality of sausages

240

(Sun and Holley, 2011). Furthermore, it was confirmed that there were variations in

241

significant difference between the values of textural parameters of samples such as

242

cohesiveness, hardness, and adhesiveness due to changes of measurement conditions

243

rather than differences in sample characteristics.

244

This means that significant differences in the values of cohesiveness, hardness,

245

adhesiveness between the sausage samples due to differences in measurement

246

conditions may be misunderstood to be due to the differences in protein content of

247

sausages. In particular, since cohesiveness has been reported to be an important factor in

248

determining the quality of sausages (Kwak et al., 2010), it is necessary to distinguish

249

whether the cohesiveness of sausages has been changed by protein content or by

250

measurement conditions.

251

Therefore, in the case of studies that analyzed the change in rheological properties

252

according to the change in the content of sausage additives, appropriate test conditions

253

(ultimately, test conditions similar to sensory test results) should be set, and it is

254

necessary to mention the basis for selecting specific measurement conditions when

255

measuring the texture of sausages using TPA, especially when measuring cohesiveness,

11

256

hardness, and adhesiveness of sausages. If significant differences are observed between

257

the values of textural parameters of samples measured by TPA under specific conditions

258

without mentioning the basis for selection, it is necessary to be cautious in referring to

259

the comparative superiority or inferiority of a specific sample based on this significant

260

difference.

261
262
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311

Figure legends

312
313

Fig. 1. A Significant difference in the values of hardness of four brands of frank sausage

314

samples measured by TPA at 20% compression ratio and cross-head speed of: a) 1, b) 2,

315

and c) 5 mm/s.

316

1)

317

sausage d

318

2)

319

FSA=Frank sausage a, FSB=Frank sausage b, FSC=Frank sausage c, FSD=Frank

*: significant difference at p<0.05.
; difference from other measurement conditions.

320
321

Fig. 2. Variation rate in significant differences between values of textural parameters of

322

sausage samples measured by TPA with:

323

A) when the compression ratios were changed (20 and 30%) at the same cross-head

324

speed, B) when the cross-head speeds were changed (1, 2, and 5 mm/s) at the same

325

compression ratio.

326
327
328

Standardization : (original variation rate of change in significant difference) / (rate of
change in compression ratio (1.5=30%/20%) or cross-head speed (5=5 mm/1 mm))

329
330
331

Fig. 3. Variation rate in significant differences between values of textural parameters of

332

sausage samples measured by TPA under different conditions.

333
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334

Figure legends

335
336

Fig. 1. A Significant difference in the values of hardness of four brands of frank sausage

337

samples measured by TPA at 20% compression ratio and cross-head speed of: a) 1, b) 2,

338

and c) 5 mm/s.

339

1)

340

sausage d

341

2)

342

FSA=Frank sausage a, FSB=Frank sausage b, FSC=Frank sausage c, FSD=Frank

*: significant difference at p<0.05.
: difference from other measurement conditions.

343
344

Fig. 2. Variation rate in significant differences between values of textural parameters of

345

sausage samples measured by TPA with:

346

A) when the compression ratios were changed (20 and 30%) at the same cross-head

347

speed, B) when the cross-head speeds were changed (1, 2, and 5 mm/s) at the same

348

compression ratio.

349

Standardization : (original variation rate of change in significant difference) / (rate of

350

change in compression ratio (1.5=30%/20%) or cross-head speed (5=5 mm/1 mm))

351
352
353

Fig. 3. Variation rate in significant differences between values of textural parameters of

354

sausage samples measured by TPA under different conditions (compression ratio and

355

cross-head speed).

356
357
358
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Fig. 1
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Fig. 2.
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372
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Fig. 3.
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376

Table 1. Variation in the values of texture parameters of four brands of frank sausage

377

samples as a function of compression ratio and cross-head speed in TPA
Frank sausage samples

Test conditions1)
FSA2)

FSB

FSC

FSD

14.74±2.153),b4)

14.70±1.71b

19.26±2.78a

18.13±1.73a

-0.10±0.06a

-0.10±0.05a

-0.11±0.10a

-0.12±0.05a

a

a

a

0.92±0.04a

b

0.88±0.02ab

20% 1.0 mm/s
Hardness (N)
Adhesiveness (N·sec)
Springiness
Cohesiveness
Chewiness (N)

0.94±0.03

ab

0.88±0.02

11.98±1.85

b

0.93±0.03

a

0.89±0.01

12.36±1.29

b

0.89±0.09
0.87±0.01

15.45±2.34

a

14.76±1.42a

20% 2.0 mm/s
Hardness (N)
Adhesiveness (N·sec)
Springiness
Cohesiveness
Chewiness (N)

14.64±2.24b

14.03±1.31b

19.69±3.16a

17.78±2.21a

ab

b

ab

-0.19±0.20a

a

0.93±0.04a

bc

0.89±0.01c

-0.07±0.04

a

0.93±0.08
0.89±0.01

b

12.34±2.32

b

-0.04±0.02

a

0.94±0.03

a

0.91±0.01

11.91±1.27

b

-0.07±0.04
0.93±0.02
0.89±0.02

16.61±2.20

a

15.03±1.23a

20% 5.0 mm/s
Hardness (N)
Adhesiveness (N·sec)
Springiness

13.12±1.97d

15.24±1.75c

21.55±2.05a

19.43±2.39b

a

-0.03±0.02

a

-0.02±0.01

a

-0.09±0.09a

a

a

a

0.96±0.03

0.95±0.04a

a

d

-0.03±0.02
0.99±0.05

0.97±0.06
0.92±0.01

0.89±0.0

0.90±0.01c

12.14±1.84b

13.63±1.65b

18.48±1.81a

16.68±2.42a

25.51±3.79c

32.72±3.56b

39.01±5.00a

36.58±3.04ab

b

-0.12±0.10

b

-0.36±0.27

a

-0.47±0.26a

a

a

b

0.90±0.02ab

c

0.83±0.01b

Cohesiveness

0.91±0.01

Chewiness (N)

b

30% 1.0 mm/s
Hardness (N)
Adhesiveness (N·sec)
Springiness

-0.14±0.09
0.92±0.02

Cohesiveness

0.83±0.01

Chewiness (N)

b

0.90±0.02

a

0.88±0.04

0.85±0.01

0.81±0.02

19.53±2.85b

25.03±2.67a

27.64±3.80a

27.51±2.51a

31.73±4.22c

35.85±2.79b

41.61±4.66a

36.35±3.09b

b

ab

a

-0.26±0.20ab

a

0.90±0.09a

0.81±0.02b

0.85±0.01a

30% 2.0 mm/s
Hardness (N)
Adhesiveness (N·sec)

-0.15±0.19

a

Springiness

0.94±0.02

Cohesiveness

0.85±0.03a

Chewiness (N)

25.20±3.47

b

-0.23±0.20

a

0.93±0.01

0.86±0.01a
28.53±2.16

a

-0.37±0.21
0.91±0.02

30.69±3.20

a

28.73±2.98a

30% 5.0 mm/s
Hardness (N)
Adhesiveness (N·sec)

31.46±2.58b

35.51±3.70b

45.70±6.19a

41.72±5.18a

a

a

-0.19±0.19

a

-0.29±0.22a

-0.15±0.17

-0.15±0.19

Springiness

0.95±0.03a

0.94±0.03ab

0.92±0.03b

0.93±0.02ab

Cohesiveness

0.86±0.01b

0.87±0.01a

0.83±0.03c

0.85±0.01b

Chewiness (N)

25.66±2.08

b

29.03±2.72

b

34.46±4.48

a

33.03±3.91a

378
379

1)

Compression rate (%), cross-head speed (mm/s).

380

2)

FSA=Frank sausage a, FSB=Frank sausage b, FSC=Frank sausage c, FSD=Frank sausage d

381

3)

means±SD (n>13).

382

4)

Mean with different superscripts in the same row indicate a significant difference at p<0.05.

383
384
385
386
20

