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ABSTRACT

In the process of livestock farming for human consumption, it creates the pollution to damage the
environment. This also consumes the large amount of agricultural area, water and natural resources.
Vegetarian food is one of the alternative choices to help preventing human-made pollution. In addition,
people are increasingly interested in vegan food and the vegan food market has significantly grown over the
last few years. Nowadays, sausage has become one of the most popular food in the market. Unfortunately,
meat sausage contains high saturated fatty acid and cholesterol which cause obesity, cardiovascular disease
and increase the risk of cancer. This study aims to develop the plant-based sausage using all plant ingredients
(meat-free), including pea protein, rice protein, rice bran oil, canola oil. That is rich in omega-3 and healthier
nutrition value than meat product because of its fat content is lower by 70%. In this study, the plant-based
sausage was determined the effect of 3 different protein ratios, which are Pea protein 100% (Peal00), Pea
protein 50% and Rice protein 50% (Pea50Rice50) and Rice protein 100% (Rice100), on textural parameters,
water activity (a,) and color parameter (L*, a* and b*) compared with the commercial meat control sample
and vegan control sample. The results showed that there was no significant difference (p<0.05) of hardness
among the treatments. The PealO0 sample had no significant difference (p<0.05) in firmness and
adhesiveness in comparison with commercial vegan control sample. Moreover, the Rice100 showed no
significant difference (p<0.05) in a, compared with meat control sample and vegan control sample.

Considering color parameters, the inclusion of rice protein resulted in an increase of L*, a* and b*.
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?157197 2.1 Protein Content and Amino Acid Composition of Selected Cereal, Legume, and Animal

Foods
Amino Acids Food
Content (mg/100 | Rice (Oryzaspp.) |  Soybean Chickpea Pea Lentil
g Product) brown of husked | (Glycine max) | (Cicer arietinum) | (Pisum sativum) | (Lens culinaris)

Ile 300 1889 891 961 1045
Leu 648 3232 1505 1530 1847
Lys 299 2653 1376 1692 1739

Met 183 525 209 205 194

Cys 84 552 238 252 221
Phe 406 2055 1151 1033 1266

Tyr 275 1303 589 616 789

Thr 307 1603 756 914 960

Trp 98 532 174 202 231

Val 433 1995 913 1058 1211

Arg 650 3006 1891 2142 2101

His 197 1051 531 514 662

Ala 474 1769 872 918 1041
Asx 808 4861 2332 2466 2798
Glux 1622 7774 3187 3632 4013
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TaeTa511n53 IBM SPSS version 22.0 Statistic

1. onsnavesrtauazlsuia Tisau

Multiple Comparisons

Dependent

Variable: Firmness

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

CcpP Peal00 3133 .02530 | .000 .2570 .3697
Pea50 4433 .02530 | .000 .3870 4997
Rice100 5067 .02530 | .000 .4503 .5630
SPA 2667 .02530 | .000 .2103 .3230

PealO0 cp -.3133" .02530 | .000 -.3697 -.2570
Pea50 .1300" .02530 | .000 .0736 .1864
Rice100 .1933" .02530 | .000 .1370 .2497
SPA -.0467 .02530 | .095 -.1030 .0097

Pea50 cpP -.4433" .02530 | .000 -.4997 -.3870
Peal00 -.1300" .02530 | .000 -.1864 -.0736
Rice100 .0633" .02530 | .031 .0070 1197
SPA -.1767" .02530 | .000 -.2330 -.1203

Rice100 cpP -.5067" .02530 | .000 -.5630 -.4503
Peal00 -.1933" .02530 | .000 -.2497 -.1370
Pea50 -.0633" .02530 | .031 -.1197 -.0070
SPA -.2400" .02530 | .000 -.2964 -.1836

SPA cp -.2667" .02530 | .000 -.3230 -.2103
Peal00 .0467 .02530 | .095 -.0097 .1030
Pea50 1767 .02530 | .000 .1203 .2330
Rice100 .2400" .02530 | .000 .1836 .2964

Based on observed means.
The error term is Mean Square(Error) = .001.

*. The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent

Variable: Toughness

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cpP Peal00 .9500" 14504 | .000 6268 1.2732
Pea50 1.9833" .14504 | .000 1.6602 2.3065
Rice100 2.8233" .14504 | .000 2.5002 3.1465
SPA -.5400" .14504 | .004 -.8632 -.2168

PealO0 cp -.9500" .14504 | .000 -1.2732 -.6268
Pea50 1.0333" .14504 | .000 7102 1.3565
Rice100 1.8733" .14504 | .000 1.5502 2.1965
SPA -1.4900" .14504 | .000 -1.8132 -1.1668

Pea50 cpP -1.9833" .14504 | .000 -2.3065 -1.6602
Peal00 -1.0333" .14504 | .000 -1.3565 -.7102
Rice100 .8400° .14504 | .000 .5168 1.1632
SPA -2.5233" .14504 | .000 -2.8465 -2.2002

Rice100 cpP -2.8233" .14504 | .000 -3.1465 -2.5002
Peall0 -1.8733" .14504 | .000 -2.1965 -1.5502
Pea50 -.8400" .14504 | .000 -1.1632 -.5168
SPA -3.3633" .14504 | .000 -3.6865 -3.0402

SPA cp .5400" 14504 | .004 .2168 .8632
Peal00 1.4900° .14504 | .000 1.1668 1.8132
Pea50 2.5233" .14504 | .000 2.2002 2.8465
Rice100 3.3633" .14504 | .000 3.0402 3.6865

Based on observed means.
The error term is Mean Square(Error) = .032.

*, The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent
Variable: Hardness
LSD
Mean 95% Confidence Interval
Difference Lower Upper
() TRT (I-J) Std. Error Sig. Bound Bound
CcpP Peall0 72.56467 | 439.797018 | .872 | -907.36416 | 1052.49349
Pea50 340.64500 | 439.797018 | .457 | -639.28382 | 1320.57382
Rice100 736.63900 | 439.797018 | .125 | -243.28982 | 1716.56782
SPA 102.26400 | 439.797018 | .821 | -877.66482 | 1082.19282
Peal00 CP -
-72.56467 | 439.797018 | .872 | j0cs 4ga4g | 907.36416
Pea50 268.08033 | 439.797018 | .556 | -711.84849 | 1248.00916
Rice100 664.07433 | 439.797018 | .162 | -315.85449 | 1644.00316
SPA 29.69933 | 439.797018 | .947 | -950.22949 | 1009.62816
Pea50 CP -
-340.64500 | 439.797018 | 457 | 1oo0 cona, | 639.28382
Peal00 -
-268.08033 | 439.797018 | 556 | 1,0 00 o | 711.84849
Rice100 395.99400 | 439.797018 | .389 | -583.93482 | 1375.92282
SPA .
-238.38100 | 439.797018 | 600 | 1,10 500as | 741.54782
Rice100 CP -
-736.63900 | 439.797018 | .125 | 1 o cooas | 243.28982
Peal00 -
-664.07433 | 439.797018 | 162 | 1014 00316 | 315-85449
Pea50 -
-395.99400 | 439.797018 | .389 | jo e gongs | 583.93482
SPA -
-634.37500 | 439.797018 | 180 | ;o1 3020, | 345.55382
SPA CcP -
-102.26400 | 439.797018 | 821 | ;10 190y | 877.66482
Peal00 -
-29.69933 | 439.797018 | 947 | ;110 sroqc | 950.22949
Pea50 238.38100 | 439.797018 | .600 | -741.54782 | 1218.30982
Rice100 634.37500 | 439.797018 | .180 | -345.55382 | 1614.30382

Based on observed means.

The error term is Mean Square(Error) = 290132.126.




Multiple Comparisons

Dependent

Variable: Adhesiveness

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cp PealO0 -.69767 3.667005 | .853 -8.86826 7.47293
Pea50 -19.93367 3.667005 | .000 | -28.10426 | -11.76307
Rice100 -19.34033" 3.667005 | .000 | -27.51093 | -11.16974
SPA .95467 3.667005 | .800 -7.21593 9.12526

Peal00 cpP .69767 3.667005 | .853 -7.47293 8.86826
Pea50 -19.23600" 3.667005 | .000 | -27.40660 | -11.06540
Rice100 -18.64267" 3.667005 | .000 | -26.81326 | -10.47207
SPA 1.65233 3.667005 | .662 -6.51826 9.82293

Peas0 cpP 19.93367" 3.667005 | .000 11.76307 28.10426
Peal00 19.23600° 3.667005 | .000 11.06540 27.40660
Rice100 .59333 3.667005 | .875 -7.57726 8.76393
SPA 20.88833" 3.667005 | .000 12.71774 29.05893

Rice100 CcpP 19.34033" 3.667005 | .000 11.16974 27.51093
Peall0 18.64267" 3.667005 | .000 10.47207 26.81326
Pea50 -.59333 3.667005 | .875 -8.76393 7.57726
SPA 20.29500" 3.667005 | .000 12.12440 28.46560

SPA cp -.95467 3.667005 | .800 -9.12526 7.21593
Peal00 -1.65233 3.667005 | .662 -9.82293 6.51826
Pea50 -20.88833" 3.667005 | .000 | -29.05893 | -12.71774
Rice100 -20.29500" 3.667005 | .000 | -28.46560 | -12.12440

Based on observed means.
The error term is Mean Square(Error) = 20.170.

*, The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent

Variable: Springiness

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cp PealO0 45900 .020373 | .000 41361 .50439
Pea50 48267 .020373 | .000 43727 .52806
Rice100 60767 .020373 | .000 56227 .65306
SPA .04533 .020373 | .050 -.00006 .09073

Peal00 cpP -.45900" .020373 | .000 -.50439 -.41361
Pea50 .02367 .020373 | .272 -.02173 .06906
Rice100 .14867 .020373 | .000 .10327 .19406
SPA -.41367" .020373 | .000 -.45906 -.36827

Peas0 cpP -.48267" .020373 | .000 -.52806 -.43727
Peall0 -.02367 .020373 | .272 -.06906 .02173
Rice100 .12500° .020373 | .000 .07961 .17039
SPA -.43733" .020373 | .000 -.48273 -.39194

Rice100 CcpP -.60767" .020373 | .000 -.65306 -.56227
Peall0 -.14867" .020373 | .000 -.19406 -.10327
Pea50 -.12500" .020373 | .000 -.17039 -.07961
SPA -.56233" .020373 | .000 -.60773 -.51694

SPA cp -.04533 .020373 | .050 -.09073 .00006
Peal00 41367 .020373 | .000 .36827 .45906
Pea50 43733 .020373 | .000 .39194 48273
Rice100 .56233" .020373 | .000 .51694 .60773

Based on observed means.
The error term is Mean Square(Error) = .001.

*, The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent

Variable: Cohesiveness

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cpP Peal00 .53433" .035272 | .000 45574 61292
Pea50 .54333" .035272 | .000 46474 .62192
Rice100 .54833" .035272 | .000 46974 .62692
SPA .22300 .035272 | .000 .14441 .30159

PealO0 cp -.53433" .035272 | .000 -.61292 -.45574
Pea50 .00900 .035272 | .804 -.06959 .08759
Rice100 .01400 .035272 | .700 -.06459 .09259
SPA -.31133" .035272 | .000 -.38992 -.23274

Pea50 cpP -.54333" .035272 | .000 -.62192 -.46474
Peal00 -.00900 .035272 | .804 -.08759 .06959
Rice100 .00500 .035272 | .890 -.07359 .08359
SPA -.32033" .035272 | .000 -.39892 -.24174

Rice100 cpP -.54833" .035272 | .000 -.62692 -.46974
Peall0 -.01400 .035272 | .700 -.09259 .06459
Pea50 -.00500 .035272 | .890 -.08359 .07359
SPA -.32533" .035272 | .000 -.40392 -.24674

SPA cp -.22300" .035272 | .000 -.30159 -.14441
Peal00 .31133" .035272 | .000 .23274 .38992
Pea50 .32033" .035272 | .000 24174 .39892
Rice100 .32533" .035272 | .000 24674 40392

Based on observed means.
The error term is Mean Square(Error) = .002.

*, The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent
Variable: Chewiness
LSD
Mean 95% Confidence Interval
Difference Lower Upper
() TRT (I-J) Std. Error Sig. Bound Bound
CcpP Peall0 1662.71800° | 65.755158 | .000 | 1516.20638 | 1809.22962
Pea50 1621.56167° | 65.755158 | .000 | 1475.05004 | 1768.07329
Rice100 1679.98333° | 65.755158 | .000 | 1533.47171 | 1826.49496
SPA 314.70733° | 65.755158 | .001 | 168.19571 | 461.21896
Peal00 CP - - -
1662.71800° | 6°:799158 | .000 | 1549 59962 | 1516.20638
Pea50 -41.15633 | 65.755158 | .545 | -187.66796 | 105.35529
Rice100 17.26533 | 65.755158 | .798 | -129.24629 | 163.77696
SPA - } B
1348.01067" | 02799158 | 000 | 4 194 52229 | 1201.49904
Pea50 CP - - -
162156167 | 62799158 | .000 | 4760 07329 | 1475.05004
Peal00 41.15633 | 65.755158 | .545 | -105.35529 | 187.66796
Rice100 58.42167 | 65.755158 | .395 | -88.08996 | 204.93329
SPA - } B
1306.85433" | 09795158 1 000 | 4 153 36506 | 1160.34271
Rice100 CP - - -
1679.98333 | 6°-799158 | .000 | 1556 49496 | 1533.47171
Peal00 -17.26533 | 65.755158 | .798 | -163.77696 | 129.24629
Pea50 -58.42167 | 65.755158 | .395 | -204.93329 88.08996
SPA - - -
1365.27600° | 02795158 | 000 | 1514 78762 | 121876438
SPA cp -314.70733° | 65.755158 | .001 | -461.21896 | -168.19571
Peal00 1348.01067° | 65.755158 | .000 | 1201.49904 | 1494.52229
Pea50 1306.85433" | 65.755158 | .000 | 1160.34271 | 1453.36596
Rice100 1365.27600" | 65.755158 | .000 | 1218.76438 | 1511.78762

Based on observed means.
The error term is Mean Square(Error) = 6485.611.

*. The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent

Variable: aw

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cpP Peal00 .00867" .003070 | .018 .00183 .01551
Pea50 .00800" .003070 | .026 .00116 .01484
Rice100 .00567 .003070 | .095 -.00117 .01251
SPA .00600 .003070 | .079 -.00084 .01284

PealO0 cp -.00867 .003070 | .018 -.01551 -.00183
Pea50 -.00067 .003070 | .832 -.00751 .00617
Rice100 -.00300 .003070 | .351 -.00984 .00384
SPA -.00267 .003070 | .405 -.00951 .00417

Pea50 cpP -.00800" .003070 | .026 -.01484 -.00116
Peal00 .00067 .003070 | .832 -.00617 .00751
Rice100 -.00233 .003070 | .465 -.00917 .00451
SPA -.00200 .003070 | .529 -.00884 .00484

Rice100 cpP -.00567 .003070 | .095 -.01251 .00117
Peal00 .00300 .003070 | .351 -.00384 .00984
Pea50 .00233 .003070 | .465 -.00451 .00917
SPA .00033 .003070 | .916 -.00651 .00717

SPA cp -.00600 .003070 | .079 -.01284 .00084
Peal00 .00267 .003070 | .405 -.00417 .00951
Pea50 .00200 .003070 | .529 -.00484 .00884
Rice100 -.00033 .003070 | .916 -.00717 .00651

Based on observed means.

The error term is Mean Square(Error) = 1.41E-005.
*, The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent

Variable: L*

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cp PealO0 24.6667 72362 | .000 23.0543 26.2790
Pea50 21.4267 .72362 | .000 19.8143 23.0390
Rice100 19.4433" 72362 | .000 17.8310 21.0557
SPA 14.5233" 72362 | .000 12.9110 16.1357

Peal00 cpP -24.6667" .72362 | .000 -26.2790 -23.0543
Pea50 -3.2400" 72362 | .001 -4.8523 -1.6277
Rice100 -5.2233" .72362 | .000 -6.8357 -3.6110
SPA -10.1433" .72362 | .000 -11.7557 -8.5310

Pea50 cpP -21.4267 .72362 | .000 -23.0390 -19.8143
Peall0 3.2400° 72362 | .001 1.6277 4.8523
Rice100 -1.9833" 72362 | .021 -3.5957 -.3710
SPA -6.9033" .72362 | .000 -8.5157 -5.2910

Rice100 cpP -19.4433" .72362 | .000 -21.0557 -17.8310
Peall0 5.2233" .72362 | .000 3.6110 6.8357
Pea50 1.9833" 72362 | .021 .3710 3.5957
SPA -4.9200" .72362 | .000 -6.5323 -3.3077

SPA cp -14.5233" .72362 | .000 -16.1357 -12.9110
Peal00 10.1433" .72362 | .000 8.5310 11.7557
Pea50 6.9033" .72362 | .000 5.2910 8.5157
Rice100 4.9200" .72362 | .000 3.3077 6.5323

Based on observed means.
The error term is Mean Square(Error) = .785.

*, The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent

Variable: a*

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cp PealO0 12.8833" 46524 | .000 11.8467 13.9200
Pea50 12.1800° 46524 | .000 11.1434 13.2166
Rice100 11.1100° 46524 | .000 10.0734 12.1466
SPA -3.8967" 46524 | .000 -4.9333 -2.8600

PealO0 cp -12.8833" 46524 | .000 -13.9200 -11.8467
Pea50 -.7033 46524 | 162 -1.7400 .3333
Rice100 -1.7733" 46524 | .003 -2.8100 -.7367
SPA -16.7800" 46524 | .000 -17.8166 -15.7434

Peas0 cpP -12.1800" 46524 | .000 -13.2166 -11.1434
Peall0 .7033 46524 | 162 -.3333 1.7400
Rice100 -1.0700" 46524 | .044 -2.1066 -.0334
SPA -16.0767" 46524 | .000 -17.1133 -15.0400

Rice100 cpP -11.1100 46524 | .000 -12.1466 -10.0734
Peall0 1.7733 46524 | .003 7367 2.8100
Pea50 1.0700° 46524 | .044 .0334 2.1066
SPA -15.0067" 46524 | .000 -16.0433 -13.9700

SPA cp 3.8967" 46524 | .000 2.8600 4.9333
Peal00 16.7800° 46524 | .000 15.7434 17.8166
Pea50 16.0767" 46524 | .000 15.0400 17.1133
Rice100 15.0067" 46524 | .000 13.9700 16.0433

Based on observed means.
The error term is Mean Square(Error) = .325.

*, The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent

Variable: b*

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cpP Peal00 25.3900 1.15907 | .000 22.8074 27.9726
Pea50 23.153%3 1.15907 | .000 20.5708 25.7359
Rice100 20.3267" 1.15907 | .000 17.7441 22.9092
SPA 3.6467" 1.15907 | .010 1.0641 6.2292

PealO0 cp -25.3900" 1.15907 | .000 -27.9726 -22.8074
Pea50 -2.2367 1.15907 | .082 -4.8192 .3459
Rice100 -5.0633" 1.15907 | .001 -7.6459 -2.4808
SPA -21.7433" 1.15907 | .000 -24.3259 -19.1608

Pea50 CcpP -23.153%" 1.15907 | .000 -25.7359 -20.5708
Peall0 2.2367 1.15907 | .082 -.3459 4.8192
Rice100 -2.8267" 1.15907 | .035 -5.4092 -.2441
SPA -19.5067" 1.15907 | .000 -22.0892 -16.9241

Rice100 cpP -20.3267" 1.15907 | .000 -22.9092 -17.7441
Peal00 5.0633" 1.15907 | .001 2.4808 7.6459
Pea50 2.8267 1.15907 | .035 .2441 5.4092
SPA -16.6800" 1.15907 | .000 -19.2626 -14.0974

SPA cp -3.6467" 1.15907 | .010 -6.2292 -1.0641
Peal00 21.7433" 1.15907 | .000 19.1608 24.3259
Pea50 19.5067" 1.15907 | .000 16.9241 22.0892
Rice100 16.6800" 1.15907 | .000 14.0974 19.2626

Based on observed means.
The error term is Mean Square(Error) = 2.015.

*, The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent

Variable: Ml

LSD

Mean 95% Confidence Interval
Difference Lower Upper

() TRT (I-J) Std. Error Sig. Bound Bound

cp PealO0 .7900" .05877 | .000 .6591 .9209
Pea50 7667" .05877 | .000 .6357 .8976
Rice100 7667" .05877 | .000 .6357 .8976
SPA -.2500" .05877 | .002 -.3809 -.1191

Peal00 cpP -.7900" .05877 | .000 -.9209 -.6591
Pea50 -.0233 .05877 | .700 -.1543 .1076
Rice100 -.0233 .05877 | .700 -.1543 .1076
SPA -1.0400 .05877 | .000 -1.1709 -.9091

Pea50 CcpP -.7667" .05877 | .000 -.8976 -.6357
Peall0 .0233 .05877 | .700 -.1076 .1543
Rice100 0.0000 .05877 | 1.000 -.1309 .1309
SPA -1.0167 .05877 | .000 -1.1476 -.8857

Rice100 CcpP -.7667" .05877 | .000 -.8976 -.6357
Peall0 .0233 .05877 | .700 -.1076 .1543
Pea50 0.0000 .05877 | 1.000 -.1309 .1309
SPA -1.0167" .05877 | .000 -1.1476 -.8857

SPA cp .2500" .05877 | .002 1191 .3809
Peal00 1.0400° .05877 | .000 .9091 1.1709
Pea50 1.0167 .05877 | .000 .8857 1.1476
Rice100 1.0167 .05877 | .000 .8857 1.1476

Based on observed means.
The error term is Mean Square(Error) = .005.

*, The mean difference is significant at the .05 level.
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