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SUBSTRA 

3 160 

1 96 

2 96 

3 96 

4 96 

MIC 

5 96 

1 240 SUB_SUBS 

2 240 

1 288 PH 

2 192 

 



 
Dependent Variable: PROTEIN  

SUBSTRA MIC SUB_SUBS PH Mean Std. Deviation N 

1 5.2950 2.78897 8 
2 6.0825 2.18769 8 

1 

Total 5.6888 2.45535 16 
1 5.3350 3.03557 8 
2 6.6638 2.07477 8 

2 

Total 5.9994 2.60382 16 
1 5.3150 2.81612 16 
2 6.3731 2.08144 16 

1 

Total 

Total 5.8441 2.49452 32 
1 5.7350 2.64548 8 
2 6.1775 2.21468 8 

1 

Total 5.9562 2.36794 16 
1 5.2413 2.88605 8 
2 6.0437 2.14338 8 

2 

Total 5.6425 2.49051 16 
1 5.4881 2.68663 16 
2 6.1106 2.10656 16 

2 

Total 

Total 5.7994 2.39579 32 
1 6.0600 2.34422 8 
2 6.6188 1.97033 8 

1 

Total 6.3394 2.11174 16 
1 5.5700 2.83055 8 
2 6.1250 2.41402 8 

2 

Total 5.8475 2.55746 16 
1 5.8150 2.52338 16 
2 6.3719 2.14388 16 

3 

Total 

Total 6.0934 2.32057 32 
1 6.0594 2.28504 16 1 
Total 6.0594 2.28504 16 

2 1 6.0075 2.79924 8 
2 6.9925 1.95315 8 
Total 6.5000 2.38656 16 
1 6.0421 2.40638 24 
2 6.9925 1.95315 8 

4 

Total 

Total 6.2797 2.30923 32 
5 1 6.4638 1.89914 16 1 

Total 6.4638 1.89914 16 
2 1 6.1925 2.42090 8 

2 6.3250 2.31700 8 
Total 6.2587 2.29019 16 
1 6.3733 2.03789 24 
2 6.3250 2.31700 8 

Total 

Total 6.3613 2.07218 32 
Total 1 6.0195 2.26584 56 

2 6.2929 2.04643 24 
1 

Total 6.1015 2.19305 80 
1 5.6693 2.68094 40 
2 6.4300 2.10226 40 

2 

Total 6.0496 2.42416 80 
1 5.8735 2.43990 96 
2 6.3786 2.06622 64 

1 

Total 

Total 6.0756 2.30436 160 



 
2 1 6.2688 3.73801 8 

2 7.2600 3.10323 8 
1 

Total 6.7644 3.35807 16 
1 6.4788 3.52313 8 
2 7.2363 3.27454 8 

2 

Total 6.8575 3.30899 16 
1 6.3738 3.51068 16 
2 7.2481 3.08189 16 

1 

Total 

Total 6.8109 3.27975 32 
1 6.1650 3.43803 8 
2 6.9913 3.05164 8 

1 

Total 6.5781 3.16921 16 
1 6.2013 3.61854 8 
2 7.1400 3.14812 8 

2 

Total 6.6706 3.31216 16 
1 6.1831 3.40981 16 
2 7.0656 2.99612 16 

2 

Total 

Total 6.6244 3.18911 32 
1 6.8425 3.13320 8 
2 7.6775 2.60335 8 

1 

Total 7.2600 2.81602 16 
1 6.8125 3.38382 8 
2 7.2350 3.28306 8 

2 

Total 7.0238 3.22816 16 
1 6.8275 3.15038 16 
2 7.4563 2.87140 16 

3 

Total 

Total 7.1419 2.98226 32 
1 7.4475 2.94118 16 1 
Total 7.4475 2.94118 16 

2 1 7.4413 3.09480 8 
2 7.7600 2.92152 8 
Total 7.6006 2.91202 16 
1 7.4454 2.92517 24 
2 7.7600 2.92152 8 

4 

Total 

Total 7.5241 2.88010 32 
5 1 7.8450 2.38321 16 1 

Total 7.8450 2.38321 16 
2 1 6.7525 3.56650 8 

2 7.5738 3.09784 8 
Total 7.1631 3.25488 16 
1 7.4808 2.80218 24 
2 7.5738 3.09784 8 

Total 

Total 7.5041 2.82745 32 
Total 1 7.1230 2.97888 56 

2 7.3096 2.81265 24 
1 

Total 7.1790 2.91351 80 
1 6.7373 3.28799 40 
2 7.3890 2.99166 40 

2 

Total 7.0631 3.14053 80 
1 6.9623 3.10035 96 
2 7.3592 2.90347 64 

Total 

Total 7.1211 3.02017 160 
3 1 3.4875 1.68956 8 

2 3.8738 1.60855 8 
1 1 

Total 3.6806 1.60605 16 



 
1 3.8875 2.31885 8 
2 4.6288 1.84961 8 

2 

Total 4.2581 2.06212 16 
1 3.6875 1.97082 16 
2 4.2513 1.71929 16 

Total 

Total 3.9694 1.84167 32 
1 3.6488 1.50042 8 
2 3.7450 1.50443 8 

1 

Total 3.6969 1.45233 16 
1 3.6488 2.34689 8 
2 4.5688 1.91289 8 

2 

Total 4.1088 2.12218 16 
1 3.6488 1.90288 16 
2 4.1569 1.71603 16 

2 

Total 

Total 3.9028 1.80100 32 
1 3.9213 1.46560 8 
2 3.9925 1.57546 8 

1 

Total 3.9569 1.47039 16 
1 4.2113 2.16591 8 
2 4.6838 1.98691 8 

2 

Total 4.4475 2.02264 16 
1 4.0662 1.79277 16 
2 4.3381 1.76863 16 

3 

Total 

Total 4.2022 1.75722 32 
1 3.9394 1.49936 16 1 
Total 3.9394 1.49936 16 

2 1 4.2113 2.19870 8 
2 5.0438 1.76286 8 
Total 4.6275 1.97258 16 
1 4.0300 1.71889 24 
2 5.0438 1.76286 8 

4 

Total 

Total 4.2834 1.75862 32 
5 1 4.1306 1.38343 16 1 

Total 4.1306 1.38343 16 
2 1 4.6925 1.95596 8 

2 4.9338 1.94846 8 
Total 4.8131 1.89012 16 
1 4.3179 1.57663 24 
2 4.9338 1.94846 8 

Total 

Total 4.4719 1.66582 32 
Total 1 3.8854 1.45190 56 

2 3.8704 1.49746 24 
1 

Total 3.8809 1.45619 80 
1 4.1303 2.11596 40 
2 4.7718 1.80372 40 

2 

Total 4.4510 1.98005 80 
1 3.9874 1.75305 96 
2 4.4338 1.73957 64 

Total 

Total 4.1659 1.75594 160 
Total 1 5.0171 2.97897 24 

2 5.7387 2.68902 24 
1 

Total 5.3779 2.83093 48 
1 5.2338 3.06460 24 
2 6.1763 2.63081 24 

1 

2 

Total 5.7050 2.86526 48 



 
1 5.1254 2.99177 48 
2 5.9575 2.64089 48 

Total 

Total 5.5415 2.83789 96 
1 5.1829 2.76997 24 
2 5.6379 2.64584 24 

1 

Total 5.4104 2.68949 48 
1 5.0304 3.05821 24 
2 5.9175 2.58578 24 

2 

Total 5.4740 2.83721 48 
1 5.1067 2.88747 48 
2 5.7777 2.59186 48 

2 

Total 

Total 5.4422 2.74993 96 
1 5.6079 2.62769 24 
2 6.0962 2.55023 24 

1 

Total 5.8521 2.57341 48 
1 5.5312 2.92038 24 
2 6.0146 2.71916 24 

2 

Total 5.7729 2.80205 48 
1 5.5696 2.74845 48 
2 6.0554 2.60818 48 

3 

Total 

Total 5.8125 2.67626 96 
1 5.8154 2.69627 48 1 
Total 5.8154 2.69627 48 

2 1 5.8867 2.93140 24 
2 6.5987 2.46344 24 
Total 6.2427 2.70265 48 
1 5.8392 2.75632 72 
2 6.5987 2.46344 24 

4 

Total 

Total 6.0291 2.69379 96 
5 1 6.1465 2.44425 48 1 

Total 6.1465 2.44425 48 
2 1 5.8792 2.75837 24 

2 6.2775 2.63122 24 
Total 6.0783 2.67430 48 
1 6.0574 2.53687 72 
2 6.2775 2.63122 24 

Total 

Total 6.1124 2.54857 96 
Total 1 5.6760 2.66918 168 

2 5.8243 2.59927 72 
1 

Total 5.7205 2.64384 240 
1 5.5122 2.91901 120 
2 6.1969 2.57420 120 

2 

Total 5.8546 2.76759 240 
1 5.6077 2.77220 288 
2 6.0572 2.58316 192 

Total 

Total 5.7875 2.70443 480 

       



  
Dependent Variable: PROTEIN  

Source 
Type III Sum of 
Squares df Mean Square F Sig. 

Corrected Model 826.352(a) 53 15.592 2.481 .000 

Intercept 14688.103 1 14688.103 2337.337 .000 

SUBSTRA 657.277 2 328.638 52.297 .000 

MIC 36.942 4 9.235 1.470 .210 

SUB_SUBS .429 1 .429 .068 .794 

PH 32.264 1 32.264 5.134 .024 

SUBSTRA * MIC 3.461 8 .433 .069 1.000 

SUBSTRA * SUB_SUBS 10.476 2 5.238 .834 .435 

MIC * SUB_SUBS 3.105 4 .776 .124 .974 

SUBSTRA * MIC * 
SUB_SUBS 

6.433 8 .804 .128 .998 

SUBSTRA * PH 1.724 2 .862 .137 .872 

MIC * PH 2.702 4 .676 .107 .980 

SUBSTRA * MIC * PH 2.639 8 .330 .053 1.000 

SUB_SUBS * PH .840 1 .840 .134 .715 

SUBSTRA * SUB_SUBS * 
PH 

1.552 2 .776 .123 .884 

MIC * SUB_SUBS * PH .573 2 .287 .046 .955 

SUBSTRA * MIC * 
SUB_SUBS * PH 

.287 4 .072 .011 1.000 

Error 2677.035 426 6.284 

  

Total 19581.177 480 

   

Corrected Total 3503.387 479 

   

a  R Squared = .236 (Adjusted R Squared = .141)     



 
OD

 
Dependent Variable: ODBA  

SUBSTRA MIC SUB_SUBS

 
PH Mean Std. Deviation N 

1 2.6425 .80979 8 
2 2.3587 .66604 8 

1 

Total 2.5006 .73110 16 
1 3.0950 1.34288 8 
2 2.4212 .98663 8 

2 

Total 2.7581 1.19032 16 
1 2.8688 1.09644 16 
2 2.3900 .81384 16 

1 

Total 

Total 2.6294 .98047 32 
1 2.4400 .70283 8 
2 2.3325 .64100 8 

1 

Total 2.3862 .65218 16 
1 3.1000 1.28722 8 
2 2.1525 .83875 8 

2 

Total 2.6262 1.15799 16 
1 2.7700 1.05826 16 
2 2.2425 .72711 16 

2 

Total 

Total 2.5063 .93248 32 
1 2.7213 .86241 8 
2 2.2863 .67016 8 

1 

Total 2.5038 .77919 16 
1 3.0638 1.22096 8 
2 2.2800 .83224 8 

2 

Total 2.6719 1.08752 16 
1 2.8925 1.03636 16 
2 2.2831 .72995 16 

3 

Total 

Total 2.5878 .93453 32 
1 2.3731 .67690 16 1 
Total 2.3731 .67690 16 

2 1 2.6025 1.12471 8 
2 2.2738 .84503 8 

 

Total 2.4381 .97590 16 
1 2.4496 .83427 24 
2 2.2738 .84503 8 

4 

Total 

Total 2.4056 .82682 32 
5 1 2.2156 .60253 16 1 

Total 2.2156 .60253 16 
2 1 2.5100 1.12877 8 

2 2.1575 .80121 8 

 

Total 2.3338 .96296 16 
1 2.3137 .80289 24 
2 2.1575 .80121 8 

 

Total 

Total 2.2747 .79244 32 
Total 1 2.4259 .70582 56 

2 2.3258 .63062 24 
1 

Total 2.3959 .68172 80 
1 2.8743 1.18935 40 
2 2.2570 .82381 40 

2 

Total 2.5656 1.06293 80 
1 2.6127 .95839 96 
2 2.2828 .75262 64 

1 

 

Total 

Total 2.4807 .89416 160 



 
2 1 2.8663 .87037 8 

2 2.4963 .69636 8 
1 

Total 2.6813 .78506 16 
1 3.4263 1.40776 8 
2 2.5638 1.03646 8 

2 

Total 2.9950 1.27457 16 
1 3.1462 1.16704 16 
2 2.5300 .85371 16 

1 

Total 

Total 2.8381 1.05342 32 
1 2.3863 .70686 8 
2 2.5125 .67724 8 

1 

Total 2.4494 .67191 16 
1 3.2075 1.43794 8 
2 2.3913 .95237 8 

2 

Total 2.7994 1.25134 16 
1 2.7969 1.17386 16 
2 2.4519 .80077 16 

2 

Total 

Total 2.6244 1.00386 32 
1 2.7912 .85693 8 
2 2.4138 .73387 8 

1 

Total 2.6025 .79500 16 
1 3.1487 1.29728 8 
2 2.4575 .90635 8 

2 

Total 2.8031 1.13848 16 
1 2.9700 1.07802 16 
2 2.4356 .79699 16 

3 

Total 

Total 2.7028 .97127 32 
1 2.5569 .76428 16 1 
Total 2.5569 .76428 16 

2 1 2.9275 1.23114 8 
2 2.3875 .89418 8 

 

Total 2.6575 1.07621 16 
1 2.6804 .93494 24 
2 2.3875 .89418 8 

4 

Total 

Total 2.6072 .91961 32 
5 1 2.3813 .68477 16 1 

Total 2.3813 .68477 16 
2 1 2.8088 1.25997 8 

2 2.3100 .82421 8 

 

Total 2.5594 1.06028 16 
1 2.5238 .91178 24 
2 2.3100 .82421 8 

 

Total 

Total 2.4703 .88263 32 
Total 1 2.5600 .75879 56 

2 2.4742 .67308 24 
1 

Total 2.5342 .73097 80 
1 3.1038 1.27831 40 
2 2.4220 .88085 40 

2 

Total 2.7629 1.14341 80 
1 2.7866 1.03768 96 
2 2.4416 .80396 64 

  

Total 

Total 2.6486 .96344 160 
3 1 2.1975 .74250 8 

2 1.9100 .60903 8 

 

1 1 

Total 2.0537 .67262 16 



 
1 3.0312 1.35421 8 
2 2.1075 .84498 8 

2 

Total 2.5694 1.19020 16 
1 2.6144 1.13950 16 
2 2.0088 .71881 16 

Total 

Total 2.3116 .98639 32 
1 1.7688 .54914 8 
2 1.7038 .49269 8 

1 

Total 1.7363 .50511 16 
1 2.6575 1.18324 8 
2 1.7763 .56495 8 

2 

Total 2.2169 1.00469 16 
1 2.2131 1.00236 16 
2 1.7400 .51345 16 

2 

Total 

Total 1.9766 .81944 32 
1 1.9100 .57086 8 
2 1.7713 .52031 8 

1 

Total 1.8406 .53250 16 
1 2.3450 .90927 8 
2 2.0550 .73356 8 

2 

Total 2.2000 .81202 16 
1 2.1275 .76705 16 
2 1.9131 .63161 16 

3 

Total 

Total 2.0203 .69970 32 
1 1.8719 .56781 16 1 
Total 1.8719 .56781 16 

2 1 2.4825 1.03279 8 
2 2.0163 .78678 8 

 

Total 2.2494 .91903 16 
1 2.0754 .78826 24 
2 2.0163 .78678 8 

4 

Total 

Total 2.0606 .77554 32 
5 1 1.7425 .51335 16 1 

Total 1.7425 .51335 16 
2 1 2.2425 .90637 8 

2 1.9419 .66570 8 

 

Total 2.0922 .78376 16 
1 1.9092 .69272 24 
2 1.9419 .66570 8 

 

Total 

Total 1.9173 .67550 32 
Total 1 1.8721 .57608 56 

2 1.7950 .52617 24 
1 

Total 1.8490 .55939 80 
1 2.5517 1.07078 40 
2 1.9794 .69731 40 

2 

Total 2.2656 .94288 80 
1 2.1553 .88107 96 
2 1.9102 .64045 64 

 

Total 

Total 2.0573 .80053 160 
Total 1 2.5687 .82374 24 

2 2.2550 .67887 24 
1 

Total 2.4119 .76336 48 
1 3.1842 1.31963 24 
2 2.3642 .93724 24 

 

1 

2 

Total 2.7742 1.20570 48 



 
1 2.8765 1.13178 48 
2 2.3096 .81144 48 

Total 

Total 2.5930 1.02013 96 
1 2.1983 .70069 24 
2 2.1829 .68113 24 

1 

Total 2.1906 .68364 48 
1 2.9883 1.27232 24 
2 2.1067 .80881 24 

2 

Total 2.5475 1.14489 48 
1 2.5933 1.09169 48 
2 2.1448 .74071 48 

2 

Total 

Total 2.3691 .95493 96 
1 2.4742 .84614 24 
2 2.1571 .68080 24 

1 

Total 2.3156 .77643 48 
1 2.8525 1.16325 24 
2 2.2642 .80802 24 

2 

Total 2.5583 1.03444 48 
1 2.6633 1.02425 48 
2 2.2106 .74111 48 

3 

Total 

Total 2.4370 .91789 96 
1 2.2673 .72190 48 1 
Total 2.2673 .72190 48 

2 1 2.6708 1.09900 24 
2 2.2258 .82112 24 

 

Total 2.4483 .98568 48 
1 2.4018 .87917 72 
2 2.2258 .82112 24 

4 

Total 

Total 2.3578 .86416 96 
5 1 2.1131 .65148 48 1 

Total 2.1131 .65148 48 
2 1 2.5204 1.08479 24 

2 2.1365 .74886 24 

 

Total 2.3284 .94231 48 
1 2.2489 .83639 72 
2 2.1365 .74886 24 

 

Total 

Total 2.2208 .81301 96 
Total 1 2.2860 .74308 168 

2 2.1983 .67192 72 
1 

Total 2.2597 .72219 240 
1 2.8433 1.19440 120 
2 2.2195 .81835 120 

2 

Total 2.5314 1.06838 240 
1 2.5182 .99426 288 
2 2.2115 .76497 192 

 

Total 

Total 2.3955 .92101 480 

   



 
OD

 
Dependent Variable: ODBA  

Source 
Type III Sum of 
Squares df Mean Square F Sig. 

Corrected Model 77.867(a) 53 1.469 1.906 .000 

Intercept 2487.996 1 2487.996 3226.963 .000 

SUBSTRA 26.326 2 13.163 17.072 .000 

MIC 6.829 4 1.707 2.214 .067 

SUB_SUBS 7.761 1 7.761 10.067 .002 

PH 14.328 1 14.328 18.584 .000 

SUBSTRA * MIC .870 8 .109 .141 .997 

SUBSTRA * SUB_SUBS 1.034 2 .517 .670 .512 

MIC * SUB_SUBS .825 4 .206 .268 .899 

SUBSTRA * MIC * 
SUB_SUBS 

.085 8 .011 .014 1.000 

SUBSTRA * PH .110  2 .055 .071 .931 

MIC * PH 1.991 4 .498 .646 .630 

SUBSTRA * MIC * PH .929 8 .116 .151 .997 

SUB_SUBS * PH 5.404 1 5.404 7.009 .008 

SUBSTRA * SUB_SUBS * 
PH 

.011 2 .006 .007 .993 

MIC * SUB_SUBS * PH 1.078 2 .539 .699 .498 

SUBSTRA * MIC * 
SUB_SUBS * PH 

.112 4 .028 .036 .997 

Error 328.447 426 .771 

  

Total 3160.828 480 

   

Corrected Total 406.314 479 

   

a  R Squared = .192 (Adjusted R Squared = .091)      



  
N 

1 48 

2 48 

SUBSTRA 

3 48 

1 48 

3 48 

MIC 

4 48 

1 72 RPM 

2 72 

   



 
Dependent Variable: ODBA  

SUBSTRA MIC RPM Mean Std. Deviation N 
1 2.7025 1.16010 8 
2 2.1600 .95650 8 

1 

Total 2.4312 1.06465 16 
1 2.5538 1.07549 8 
2 2.0300 .94146 8 

3 

Total 2.2919 1.01319 16 
1 2.1813 .97338 8 
2 1.7075 .58938 8 

4 

Total 1.9444 .81493 16 
1 2.4792 1.04888 24 
2 1.9658 .83167 24 

1 

Total 

Total 2.2225 .97166 48 
1 2.9913 1.27493 8 
2 2.3000 .99241 8 

1 

Total 2.6456 1.15999 16 
1 2.7663 1.19047 8 
2 2.2362 .99109 8 

3 

Total 2.5012 1.09301 16 
1 2.4163 1.06489 8 
2 1.8625 .63970 8 

4 

Total 2.1394 .89551 16 
1 2.7246 1.15307 24 
2 2.1329 .87298 24 

2 

Total 

Total 2.4288 1.05497 48 
1 2.1112 1.07169 8 
2 1.7775 .81414 8 

1 

Total 1.9444 .93541 16 
1 1.9988 .96437 8 
2 1.5675 .62250 8 

3 

Total 1.7831 .81513 16 
1 1.8088 .82874 8 
2 1.4588 .52759 8 

4 

Total 1.6337 .69504 16 
1 1.9729 .92622 24 
2 1.6012 .65011 24 

3 

Total 

Total 1.7871 .81358 48 
1 2.6017 1.18061 24 
2 2.0792 .91149 24 

1 

Total 2.3404 1.07627 48 
1 2.4396 1.08428 24 
2 1.9446 .87648 24 

3 

Total 2.1921 1.00689 48 
1 2.1354 .95279 24 
2 1.6763 .58638 24 

4 

Total 1.9058 .81629 48 
1 2.3922 1.07904 72 
2 1.9000 .81107 72 

Total 

Total 

Total 2.1461 .98270 144 

  



 
OD

 
Dependent Variable: ODBA  

Source 
Type III Sum of 
Squares df Mean Square F Sig. 

Corrected Model 24.376(a) 17 1.434 1.589 .077 

Intercept 663.234 1 663.234 734.857 .000 

SUBSTRA 10.302 2 5.151 5.707 .004 

MIC 4.685 2 2.342 2.595 .079 

RPM 8.722 1 8.722 9.664 .002 

SUBSTRA * MIC .276 4 .069 .076 .989 

SUBSTRA * RPM .298 2 .149 .165 .848 

MIC * RPM .024 2 .012 .013 .987 

SUBSTRA * MIC * RPM .068 4 .017 .019 .999 

Error 113.719 126 .903 

  

Total 801.329 144 

   

Corrected Total 138.095 143 

   

a  R Squared = .177 (Adjusted R Squared = .065)        



  
Dependent Variable: PROTEIN  

SUBSTRA MIC RPM Mean Std. Deviation N 
1 5.1663 2.60945 8 
2 6.1388 1.97831 8 

1 

Total 5.6525 2.29265 16 
1 5.5488 2.57103 8 
2 6.0038 2.23119 8 

3 

Total 5.7763 2.33733 16 
1 5.6900 2.51149 8 
2 6.0888 2.16806 8 

4 

Total 5.8894 2.27585 16 
1 5.4683 2.46068 24 
2 6.0771 2.03471 24 

1 

Total 

Total 5.7727 2.25470 48 
1 6.1412 3.52229 8 
2 6.7875 3.28510 8 

1 

Total 6.4644 3.30716 16 
1 7.0887 3.10020 8 
2 7.3163 3.05019 8 

3 

Total 7.2025 2.97334 16 
1 7.1575 3.01160 8 
2 7.4075 3.01937 8 

4 

Total 7.2825 2.91610 16 
1 6.7958 3.11220 24 
2 7.1704 2.99476 24 

2 

Total 

Total 6.9831 3.02731 48 
1 3.1650 1.70422 8 
2 3.4763 1.70503 8 

1 

Total 3.3206 1.65465 16 
1 3.4163 1.53783 8 
2 3.9125 1.47153 8 

3 

Total 3.6644 1.47642 16 
1 3.5538 1.70155 8 
2 4.0713 1.42755 8 

4 

Total 3.8125 1.54064 16 
1 3.3783 1.58490 24 
2 3.8200 1.49334 24 

3 

Total 

Total 3.5992 1.53959 48 
1 4.8242 2.88684 24 
2 5.4675 2.73904 24 

1 

Total 5.1458 2.80272 48 
1 5.3513 2.83243 24 
2 5.7442 2.65626 24 

3 

Total 5.5477 2.72364 48 
1 5.4671 2.80103 24 
2 5.8558 2.60567 24 

4 

Total 5.6615 2.68338 48 
1 5.2142 2.81417 72 
2 5.6892 2.63485 72 

Total 

Total 

Total 5.4517 2.72687 144 

 



  
Dependent Variable: PROTEIN  

Source 
Type III Sum of 
Squares df Mean Square F Sig. 

Corrected Model 301.064(a) 17 17.710 2.927 .000 

Intercept 4279.776 1 4279.776 707.439 .000 

SUBSTRA 282.249 2 141.125 23.328 .000 

MIC 7.045 2 3.522 .582 .560 

RPM 8.122 1 8.122 1.343 .249 

SUBSTRA * MIC 1.951 4 .488 .081 .988 

SUBSTRA * RPM .349 2 .175 .029 .972 

MIC * RPM .510 2 .255 .042 .959 

SUBSTRA * MIC * RPM .837 4 .209 .035 .998 

Error 762.259 126 6.050 

  

Total 5343.099 144 

   

Corrected Total 1063.323 143 

   

a  R Squared = .283 (Adjusted R Squared = .186)   



 
Abstract  

The alarming rate of population growth has increased the demand for food production in third-world 
countries leading to a yawning gap in demand and supply. This has led to an increase in the number of hungry 
and chronically malnourished people. This situation has created a demand for the formulation of innovative and 
alternative proteinaceous food sources. Single cell protein production is a major step in this direction. SCP is the 
protein extracted from cultivated microbial biomass. Algae, fungi and bacteria are the chief sources of microbial 
protein that can be utilized as SCP. Produced proteins from these microbes have various nutrition values. SCP is 
the manufacture of cell mass using microorganisms by culturing on available agriculture, industrial wastes and 
fisheries by products. Fish wastes due to high protein are the most important substrates for SCP production. In 
this study, SCP production was done from Silver carp and tuna fish wastes (head, tail and vise versa) and cooked 
water of canned tuna factories. The used microbes were six genus and species of yeasts include Candida utilis, 
Saccharomyces cereviceae, Rhodotorula, Khyveromyces marxians, Zygosaccharomyces rouxii and Bacillus 

subtilis and B.licheniformis. The examination was done in bench scale and CSTR bioreactor (Continuous Stirred 
Tank Reactor). The effects of various parameters such as pH, temperature, time, supplemented substrates, 
method of inoculation of microbes, rpm were evaluated. Changes of microbial growth and protein contents were 
tested by using Optical Density (OD) and Makrokjeldal methods respectively. In end of examination, produced 
protein were extracted and lyophilized.  

The results showed that protein percentage in bacterial protein was than yeast protein but wet percentage in 
bacterial protein was low. Production value produced from tuna fish wastes was higher than (30-45 g/l) to Silver 
carp wastes (25-29 g/l) and cooked water (10-15 g/l). By adding supplemented substrates, production value has 
been increased. Candida utilis, in comparison other yeasts, has high activation. B.licheniformis has also had 
more activation than Bacillus subtilis. The results of the effect some parameters on fermentation showed that 
yeasts and Bacillus in pH= 5.4 and 32oC and pH=6.9 and 35oC were better than growth pH=6 and 25oC and 
pH=6.5 and 30oC respectively. Time of fermentation in batch and bioreactor was 54 and 21 hours respectively. 
High rpm has been caused increasing of microbial growth in bioreactor.  

The conclusion showed that with optimizing of the growth condition such as some parameters (pH, 
temperature, substrates and so on) produced SCP with high efficiency. However, produced SCP should be 
exanimated with other specific tests such as amino acid and fatty acid profiles, minerals, nucleic acids and so on. 
After full examination, this SCP as probiotic could be used in fish and poultry feed.    

Key words: single cell protein, marine and culture fish wastes, yeast, bacteria  
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