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ABSTRACT

The expired carbonated soft drink is an one type of wastes from carbonated soft
drink industry. The main composition of this waste is sugar which could be used as a carbon
source for the microorganisms culture. This study was the determination of the ethanol production
from expired carbonated soft drink by Zymomonas mobilis Z4 that was done in laboratory scale.
The experiments were divided to 2 parts; the study of culture preparation and the culture
condition for ethanol production from expired carbonated soft drink by Z. mobilis Z4.
The preliminary results showed that Z. mobilis Z4 can grow in nondiluted expired carbonated soft
drink which contains 120 g/ of sugar. Hence the experiments using nondiluted sample were
conducted. The result of an appropriate culture formula investigation showed that the Z. mobilis
Z4 culture prepared from nondiluted expired carbonated soft drink added with 1 g/L of (NH,),SO,
and adjusted initial pH to 5.5 yielded the highest ethanol concentration of 5.14 g/L with ethanol
yield (Yp/s) 0.09 g /g.. Then the appropriate culture formula obtained was used to optimize the
culture conditions. The optimal conditions was found that incubation under agitation rate
of 100 rpm at 30°C for 36 hr. At this condition, Z. mobilis Z4 produced ethanol concentration
of 6.72 g/L and yield of 0.11 g/g. But the ethanol yield was low when comparing with
theoretical yield. Therefore the later experiment was conducted with diluted expired carbonated
soft drink sample and the optimization of (NH,),SO, concentration and initial pH were done
again. The results found that the optimal (NH,),SO, concentration and initial pH did not changed
from that obtained from the previous study but the dilution of expired carbonated soft drink could
gave the higher ethanol production and increase ethanol yield by Z. mobilis 7Z4. The expired
carbonated soft drink culture with initial sugar of 60 g/L added with 1 g/L of (NH,),SO,, adjusted

initial pH to 5.5 and incubated with 100 rpm of agitation rate at 30°C for 36 hr yielded the
&)



highest ethanol production, 10.67 g/L with 0.35 g/g. In addition, the using of potassium
metabisulfite (KMS) in stead of autoclaving for medium sterilization was studied. The 0.5 g/L of
KMS decreased ethanol production by Z. mobilis Z4 to be 7.90 g/L with 0.26 g /g of yield in

comparing to autoclaving at 115°C under pressure 10 psi for 15 min, that produced 10.67 g/L of

ethanol and yielded 0.35 g /g..

Keyword : Zymomonas mobilis, Ethanol, Expired Carbonated Soft Drink
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1.1 Pmnawmadlulasou (NH,),S0, ) Tanzan

d‘ = a 1 d‘ o % dy dy
A1519% A-1 MsaneSuaumas lulasu ((NH,),SO,) NtHNNeaUaIIUDINTLAYUYD

ANOVA
Sum of
df Mean Square F Sig.
Squares
Between Groups 3.550 5 710 78.889 .000
ethanol Within Groups .108 12 .009
Total 3.658 17
Between Groups .003 5 .001 23.726 .000
yield Within Groups .000 12 .000
Total .003 17
Between Groups .010 5 .002 201 956
biomass  Within Groups A17 12 .010

Total 127 17




Multiple Comparisons

Mean
Dependent D Q) 95% Confidence
Difference  Std. Error  Sig.
Variable = ammonium ammonium Interval
I-D
Upper Lower
Bound Bound
ethanol .00 .50 -.00183 07746 982 -.1706 .1669
1 -1.18500(*) 07746 .000  -1.3538 -1.0162
1.50 -.10750 .07746 .190 -.2763 0613
3 .00000 07746 1.00 -.1688 .1688
4.50 .09217 07746 257 -.0766 .2609
.50 .00 .00183 07746 .982 -.1669 1706
1 -1.18317(*) 07746 .000  -1.3519 -1.0144
1.50 -.10567 07746 .198 -.2744 .0631
3 .00183 07746 .982 -.1669 1706
4.50 .09400 07746 248 -.0748 2628
1 .00 1.18500(*) 07746 .000 1.0162 1.3538
.50 1.18317(*) 07746 .000 1.0144 1.3519

1.50 1.07750(*) .07746 .000 .9087 1.2463

3 1.18500(*) .07746 .000 1.0162 1.3538
4.50 1.27717(*) .07746 .000 1.1084 1.4459
1.50 .00 .10750 .07746 .190 -.0613 2763
.50 .10567 .07746 .198 -.0631 2744
1 -1.07750(*) .07746 .000 -1.2463 -.9087
3 .10750 .07746 190 -.0613 2763
4.50 .19967(*) .07746 .024 .0309 3684
3 .00 .00000 .07746 1.00 -.1688 .1688
.50 -.00183 .07746 982 -.1706 .1669
1 -1.18500(*) .07746 .000 -1.3538 -1.0162

1.50 -.10750 .07746 190 -.2763 .0613




Mean

Dependent D @) 95% Confidence
Difference  Std. Error  Sig.
Variable = ammonium ammonium Interval
(I-7)
Upper Lower
Bound Bound
4.50 .09217 07746 257 -.0766 2609
4.50 .00 -.09217 07746 257 -.2609 .0766
.50 -.09400 07746 248 -.2628 .0748
1 -1.27717(*) 07746 .000  -1.4459 -1.1084
1.50 -.19967(*) 07746 .024 -.3684 -.0309
3 -.09217 07746 257 -.2609 .0766
yield .00 .50 -.00455 .00408 287 -.0134 .0044
1 -.03572(*) .00408 .000 -.0446 -.0268
1.50 -.00540 .00408 211 -.0143 .0035
3 -.00302 .00408 473 -.0119 .0059
4.50 .00269 .00408 523 -.0062 0116
.50 .00 .00455 .00408 287 -.0044 0134
1 -.03117(*) .00408 .000 -.0401 -.0223
1.50 -.00086 .00408 .837 -.0098 .0080
3 .00152 .00408 716 -.0074 .0104
4.50 .00724 .00408 .102 -.0017 .0161
1 .00 .03572(%) .00408 .000 .0268 .0446
.50 .03117(*%) .00408 .000 .0223 .0401
1.50 .03032(*) .00408 .000 .0214 .0392
3 .03270(*) .00408 .000 .0238 .0416
4.50 .03841(*) .00408 .000 .0295 .0473
1.50 .00 .00540 .00408 211 -.0035 .0143
.50 .00086 .00408 .837 -.0080 .0098
1 -.03032(*) .00408 .000 -.0392 -.0214
3 .00238 .00408 571 -.0065 0113




Mean

Dependent D @) 95% Confidence
Difference  Std. Error  Sig.
Variable = ammonium ammonium Interval
(I-7)
Upper Lower
Bound Bound
4.50 .00809 .00408 .071 -.0008 .0170
3 .00 .00302 .00408 473 -.0059 0119
.50 -.00152 .00408 716 -.0104 .0074
1 -.03270(*) .00408 .000 -.0416 -.0238
1.50 -.00238 .00408 571 -.0113 .0065
4.50 .00571 .00408 187 -.0032 .0146
4.50 .00 -.00269 .00408 523 -.0116 .0062
.50 -.00724 .00408 102 -.0161 .0017
1 -.03841(*) .00408 .000 -.0473 -.0295
1.50 -.00809 .00408 071 -.0170 .0008
3 -.00571 .00408 187 -.0146 .0032
biomass .00 .50 .06000 .08076 472 -.1160 2360
1 -.01000 .08076 .904 -.1860 .1660
1.50 .04000 .08076 .629 -.1360 2160
3 .02000 .08076 .809 -.1560 .1960
4.50 .02000 .08076 .809 -.1560 .1960
.50 .00 -.06000 .08076 472 -.2360 1160
1 -.07000 .08076 403 -.2460 .1060
1.50 -.02000 .08076 .809 -.1960 1560
3 -.04000 .08076 .629 -.2160 1360
4.50 -.04000 .08076 .629 -.2160 1360
1 .00 .01000 .08076 .904 -.1660 1860
.50 .07000 .08076 403 -.1060 2460
1.50 .05000 .08076 547 -.1260 2260
3 .03000 .08076 717 -.1460 2060




Mean
Dependent D @) 95% Confidence
Difference  Std. Error  Sig.
Variable  ammonium ammonium Interval

(I-1)

Upper Lower

Bound Bound

4.50 .03000 .08076 17 -.1460 .2060

1.50 .00 -.04000 .08076 .629 -.2160 1360
.50 .02000 .08076 .809 -.1560 .1960

1 -.05000 .08076 .547 -.2260 1260

3 -.02000 .08076 .809 -.1960 1560

4.50 -.02000 .08076 .809 -.1960 1560

3 .00 -.02000 .08076 .809 -.1960 1560
.50 .04000 .08076 .629 -.1360 2160

1 -.03000 .08076 717 -.2060 .1460

1.50 .02000 .08076 .809 -.1560 .1960

4.50 .00000 .08076 1.000 -.1760 1760

4.50 .00 -.02000 .08076 .809 -.1960 1560
.50 .04000 .08076 .629 -.1360 2160

1 -.03000 .08076 717 -.2060 .1460

1.50 .02000 .08076 .809 -.1560 .1960

3 .00000 .08076 1.000 -.1760 1760

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



1.2 pH Nvianzay

v ' Y Y
A13197 A-2 MIANEIA pH Nz aud M3 Ue11151a09%e

ANOVA
Sum of
df Mean Square F Sig.
Squares
Between Groups 19.387 4 4.847 433.517 .000
ethanol ~ Within Groups 056 5 011
Total 19.443 9
Between Groups .005 4 .001 9.036 .016
yield Within Groups .001 5 .000
Total .006 9
Between Groups .054 4 014 156 952
biomass  Within Groups 434 5 .087
Total 489 9
Multiple Comparisons
Mean
Dependent (D ) Std. 95% Confidence
Difference Sig.
Variable pH pH Error Interval
I-D
Upper Lower
Bound Bound
ethanol 450  5.00 -1.57000(*) 10574 .000  -1.8418 -1.2982
5.50 -3.55500(*) .10574 .000  -3.8268 -3.2832
6.00 -3.56000(*) .10574 .000  -3.8318 -3.2882
6.50 -3.15500(*) 10574 .000  -3.4268 -2.8832
5.00 4.50 1.57000(*) .10574 .000 1.2982 1.8418
5.50 -1.98500(*) 10574 .000  -2.2568 -1.7132
6.00 -1.99000(*) 10574 .000  -2.2618 -1.7182
6.50 -1.58500(*) 10574 .000  -1.8568 -1.3132




Mean

Dependent (D ) Std. 95% Confidence
Difference Sig.
Variable pH pH Error Interval
(I-1)
Upper Lower
Bound Bound
550 4.50 3.55500(*) .10574 .000  3.2832 3.8268
5.00 1.98500(*) .10574 .000 1.7132 2.2568
6.00 -.00500 10574 964 -.2768 2668
6.50 .40000(*) .10574 .013 1282 6718
6.00 4.50 3.56000(*) 10574 .000  3.2882 3.8318
5.00 1.99000(*) .10574 .000 1.7182 2.2618
5.50 .00500 10574 964 -.2668 2768
6.50 40500(*) 10574 012 1332 .6768
6.50 4.50 3.15500(*) .10574 .000  2.8832 3.4268
5.00 1.58500(*) .10574 .000 1.3132 1.8568
5.50 -.40000(*) .10574 .013 -.6718 -.1282
6.00 -.40500(*) 10574 .012 -.6768 -.1332
yield 450 5.00 -.02000 01183 .152 -.0504 .0104
5.50 -.06000(*) .01183 .004 -.0904 -.0296
6.00 -.05500(*) .01183 .006 -.0854 -.0246
6.50 -.02500 .01183 .088 -.0554 .0054
5.00 4.50 .02000 01183 .152 -.0104 .0504
5.50 -.04000(*) .01183 .020 -.0704 -.0096
6.00 -.03500(*) .01183 .032 -.0654 -.0046
6.50 -.00500 .01183 .690 -.0354 .0254
550 4.50 .06000(*) .01183 .004 .0296 .0904
5.00 .04000(*) .01183 .020 .0096 .0704
6.00 .00500 .01183 .690 -.0254 .0354
6.50 .03500(*) .01183 .032 .0046 .0654
6.00 4.50 .05500(*) .01183 .006 .0246 .0854




Mean

Dependent (D ) Std. 95% Confidence
Difference Sig.
Variable pH pH Error Interval
(I-1)
Upper Lower
Bound Bound
5.00 .03500(*) 01183 .032 .0046 .0654
5.50 -.00500 .01183 .690 -.0354 .0254
6.50 .03000 .01183 .052 -.0004 .0604
6.50 4.50 .02500 .01183 .088 -.0054 .0554
5.00 .00500 .01183 .690 -.0254 .0354
5.50 -.03500(*) .01183 .032 -.0654 -.0046
6.00 -.03000 .01183 .052 -.0604 .0004
biomass 450 5.00 -.08000 29472 797 -.8376 6776
5.50 -.16500 29472 .600 -.9226 .5926
6.00 -.10000 29472 748 -.8576 .6576
6.50 -.21500 29472 498 -.9726 5426
5.00 4.50 .08000 29472 797 -.6776 .8376
5.50 -.08500 29472 785 -.8426 6726
6.00 -.02000 29472 949 -7776 7376
6.50 -.13500 29472 666 -.8926 .6226
550 4.50 .16500 29472 .600 -.5926 9226
5.00 .08500 29472 785 -.6726 .8426
6.00 .06500 29472 834 -.6926 .8226
6.50 -.05000 29472 872 -.8076 7076
6.00 4.50 .10000 29472 748 -.6576 .8576
5.00 .02000 29472 949 -.7376 7776
5.50 -.06500 29472 834 -.8226 .6926
6.50 -.11500 29472 712 -.8726 .6426
6.50 4.50 21500 29472 498 -.5426 9726
5.00 13500 29472 666 -.6226 .8926




Mean

Dependent (D ) Std. 95% Confidence
Difference Sig.
Variable pH pH Error Interval
(I1-J)

Upper Lower

Bound Bound
5.50 .05000 29472 872 -.7076 .8076
6.00 11500 29472 712 -.6426 .8726

* The mean difference is significant at the .05 level.
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ANOVA
Sum of
df Mean Square F Sig.
Squares
Between Groups 9.012 3 3.004 21.079 .007
ethanol ~ Within Groups 570 4 143
Total 9.582 7
Between Groups .001 3 .000 .596 .650
yield Within Groups .002 4 .000
Total .002 7
Between Groups 279 3 .093 3.093 152
biomass  Within Groups 120 4 .030
Total 399 7




Multiple Comparisons

Dependent ) )] Mean Difference Std. . 95% Confidence
Variable rpm rpm §8)) Error e Interval

Lower Upper

Bound Bound

ethanol 50.00 -.39000 37751 360 -1.4381 .6581

0.00  100.00 -.59000 37751 193 -1.6381 4581

150.00 2.07500(*) 37751 .005 1.0269 3.1231

.00 .39000 37751 360 -.6581 1.4381

50.00 100.00 -.20000 37751 .624  -1.2481 .8481

150.00 2.46500(*) 37751 .003 1.4169 3.5131

.00 .59000 37751 193 -.4581 1.6381

100.00  50.00 .20000 37751 .624  -.8481 1.2481

150.00 2.66500(*) 37751 .002  1.6169 3.7131

.00 -2.07500(*) 37751 .005  -3.1231 -1.0269

150.00 50.00 -2.46500(*) 37751 .003  -3.5131 -1.4169

100.00 -2.66500(*) 37751 .002  -3.7131 -1.6169

yield 0.00  50.00 -.01000 .02031 .648  -.0664 .0464

100.00 -.01500 .02031 .501 -.0714 .0414

150.00 .01000 02031 .648  -.0464 .0664

50.00 .00 .01000 .02031 .648  -.0464 .0664

100.00 -.00500 .02031 .818  -.0614 .0514

150.00 .02000 .02031 .381 -.0364 .0764

100.00 .00 .01500 .02031 .501 -.0414 0714

50.00 .00500 .02031 .818  -.0514 .0614

150.00 .02500 .02031 286  -.0314 .0814

150.00 .00 -.01000 02031 .648  -.0664 .0464

50.00 -.02000 .02031 .381 -.0764 .0364

100.00 -.02500 .02031 286  -.0814 .0314




Dependent D @) Mean Difference Std. ' 95% Confidence
Variable rpm rpm (I-D) Error e Interval
Lower Upper
Bound Bound
biomass 0.00  50.00 40500 17342 .080  -.0765 .8865
100.00 .05000 17342 787 -.4315 5315
150.00 -.08500 17342 650  -.5665 3965
50.00 .00 -.40500 17342 .080  -.8865 .0765
100.00 -.35500 17342 110 -.8365 1265
150.00 -.49000(*) 17342 .048  -9715 -.0085
100.00 .00 -.05000 17342 787 -.5315 4315
50.00 35500 17342 110 -.1265 .8365
150.00 -.13500 17342 480  -.6165 .3465
150.00 .00 .08500 17342 650  -.3965 .5665
50.00 .49000(*) 17342 .048 .0085 9715
100.00 13500 17342 480  -.3465 .6165
* The mean difference is significant at the .05 level.
2.2 qmwgﬁﬁmmzau
31971 A4 mi?imgwqmwgﬁﬁmmzﬁuﬁm%”umiwﬁmamuaa
ANOVA
Sum of
df Mean Square F Sig.
Squares
Between Groups 5.153 1 5.153 103.058 .010
ethanol Within Groups .100 2 .050
Total 5.253 3
Between Groups .001 1 .001 309 .634
yield Within Groups .004 2 .002

Total .005 3




Sum of

df Mean Square F Sig.
Squares
Between Groups .002 1 .002 .028 .883
biomass  Within Groups .145 2 .072
Total 147 3
23 ﬁ%ﬂ%!?ﬁﬂﬂﬂ]ﬁﬁﬁﬂ‘ﬁ!ﬁ&ﬂ%ﬁ&l
@ﬂﬁN‘ﬁ f-5 ﬂTiﬁﬂ‘HﬁgEl%L']ﬁTﬁL‘I"iﬂﬂ%ﬁﬂﬁWW%‘UﬂﬁWﬁﬁl@‘ﬂ?U@ﬁ
ANOVA
Sum of
df Mean Square F Sig.
Squares
Between Groups 10.890 3 3.630 9.200 .029
ethanol Within Groups 1.578 4 395
Total 12.468 7
Between Groups .002 3 .001 572 .663
yield Within Groups .005 4 .001
Total .007 7
Between Groups .034 3 011 452 .730
biomass  Within Groups .100 4 .025

Total .134 7




Multiple Comparisons

Dependent ) ()  Mean Difference Std. . 95% Confidence
Variable time time ) Error Sie Interval

Lower Upper

Bound Bound

ethanol 12.00  24.00 -.29500 62815  .663 -2.0390 1.4490

36.00 -2.56500(*) 62815 015  -4.3090 -.8210

48.00 -2.37000(*) 62815 .020  -4.1140 -.6260

24.00 12.00 .29500 62815  .663 -1.4490 2.0390

36.00 -2.27000(*) 62815 .022  -4.0140 -.5260

48.00 -2.07500(*) 62815  .030  -3.8190 -.3310

36.00 12.00 2.56500(*) 62815 .015 .8210 4.3090

24.00 2.27000(*) 62815 .022 .5260 4.0140

48.00 .19500 62815 772 -1.5490 1.9390

48.00 12.00 2.37000(*) 62815 .020 .6260 4.1140

24.00 2.07500(*) 62815 .030 3310 3.8190

36.00 -.19500 62815 772 -1.9390 1.5490

yield 12.00  24.00 .02000 .03446  .593 -.0757 1157

36.00 -.02500 .03446  .508 -.1207 .0707

48.00 .00000 .03446  1.000  -.0957 .0957

24.00 12.00 -.02000 .03446 593 -.1157 0757

36.00 -.04500 03446 262 -.1407 .0507

48.00 -.02000 .03446 593 -.1157 0757

36.00 12.00 .02500 .03446 508 -.0707 1207

24.00 .04500 .03446 262 -.0507 .1407

48.00 .02500 .03446 508 -.0707 1207

48.00 12.00 .00000 .03446  1.000  -.0957 .0957

24.00 .02000 .03446 593 -.0757 1157

36.00 -.02500 .03446 508 -.1207 .0707




Dependent 1)) €)) Mean Difference Std. 95% Confidence

Variable time time I-D Error Sie Interval
Lower Upper
Bound Bound
biomass 12.00 24.00 -.04000 15827 813 -.4794 .3994
36.00 -.11000 15827  .525 -.5494 3294
48.00 -.17000 15827 343 -.6094 2694
24.00 12.00 .04000 15827 813 -.3994 4794
36.00 -.07000 15827  .681 -.5094 3694
48.00 -.13000 15827 458 -.5694 3094
36.00 12.00 .11000 15827  .525 -.3294 5494
24.00 .07000 15827 681 -.3694 .5094
48.00 -.06000 15827 724 -.4994 3794
48.00 12.00 .17000 15827 343 -.2694 .6094
24.00 .13000 15827 458 -.3094 .5694
36.00 .06000 15827 724 -.3794 4994

* The mean difference is significant at the .05 level.
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ANOVA
Sum of
df Mean Square F Sig.
Squares
Between Groups ~ 142.524 6 23.754 500.688 .000
ethanol ~ Within Groups 332 7 .047

Total 142.857 13




Sum of

df Mean Square F Sig.
Squares
Between Groups 137 6 .023 26.556 .000
yield Within Groups .006 7 .001
Total .143 13
Between Groups 5.033 6 .839 14.247 .001
biomass  Within Groups 412 7 .059
Total 5.445 13

Multiple Comparisons

(D )] Mean
Dependent Std. 95% Confidence
sucrose  sucrose Difference Sig.
Variable Error Interval
type type {1-7
Upper Lower
Bound Bound

ethanol 10.00 20.00 -2.67000(*) 21781 .000 -3.1850 -2.1550
30.00 -4.25000(*) 21781 .000 -4.7650 -3.7350
40.00 -6.22000(*)  .21781 .000 -6.7350 -5.7050
60.00 -8.98500(*)  .21781 .000 -9.5000 -8.4700
80.00 -9.38000(*)  .21781 .000 -9.8950 -8.8650

100.00 -3.06500(*)  .21781 .000 -3.5800 -2.5500

20.00 10.00 2.67000(*) 21781 .000 2.1550 3.1850
30.00 -1.58000(*)  .21781 .000 -2.0950 -1.0650
40.00 -3.55000(*)  .21781 .000 -4.0650 -3.0350

60.00 -6.31500(*)  .21781 .000  -6.8300 -5.8000
80.00 -6.71000(*)  .21781 .000  -7.2250 -6.1950
100.00 -.39500 21781 113 -.9100 .1200
30.00 10.00 4.25000(*) 21781 .000 3.7350 4.7650
20.00 1.58000(*) 21781 .000 1.0650 2.0950
40.00 -1.97000(*)  .21781 000  -2.4850 -1.4550




D )] Mean
Dependent Std. 95% Confidence
sucrose sucrose Difference Sig.
Variable Error Interval
type type I-J
Upper Lower
Bound Bound
60.00 -4.73500(*) 21781 .000  -5.2500 -4.2200
80.00 -5.13000(*) 21781 000  -5.6450 -4.6150
100.00 1.18500(*) 21781 .001 .6700 1.7000
40.00 10.00 6.22000(*) 21781 .000 5.7050 6.7350
20.00 3.55000(*) 21781 .000 3.0350 4.0650
30.00 1.97000(*) 21781 .000 1.4550 2.4850
60.00 -2.76500(*) 21781  .000  -3.2800 -2.2500
80.00 -3.16000(*) 21781  .000  -3.6750 -2.6450
100.00 3.15500(*) 21781 .000 2.6400 3.6700
60.00 10.00 8.98500(*) 21781 .000 8.4700 9.5000
20.00 6.31500(*) 21781 .000 5.8000 6.8300
30.00 4.73500(*) 21781 .000 4.2200 5.2500
40.00 2.76500(*) 21781 .000 2.2500 3.2800
80.00 -.39500 21781 113 -.9100 .1200
100.00 5.92000(*) 21781 .000 5.4050 6.4350
80.00 10.00 9.38000(*) 21781 .000 8.8650 9.8950
20.00 6.71000(*) 21781 .000 6.1950 7.2250
30.00 5.13000(*) 21781 .000 4.6150 5.6450
40.00 3.16000(*) 21781 .000 2.6450 3.6750
60.00 39500 21781 113 -.1200 9100
100.00 6.31500(*) 21781 .000 5.8000 6.8300
100.00 10.00 3.06500(*) 21781 .000 2.5500 3.5800
20.00 .39500 21781 113 -.1200 9100
30.00 -1.18500(*)  .21781  .001 -1.7000 -.6700
40.00 -3.15500(*) 21781  .000  -3.6700 -2.6400




D )] Mean
Dependent Std. 95% Confidence
sucrose sucrose Difference Sig.
Variable Error Interval
type type I-J
Upper Lower
Bound Bound
60.00 -5.92000(*)  .21781 .000  -6.4350 -5.4050
80.00 -6.31500(*) 21781 .000  -6.8300 -5.8000
yield 10.00 20.00 -.00500 .02928  .869 -.0742 .0642
30.00 .01500 .02928  .624 -.0542 .0842
40.00 .06000 .02928  .080 -.0092 1292
60.00 -.00500 .02928  .869 -.0742 .0642
80.00 .02000 02928 516 -.0492 .0892
100.00 .29000(*) .02928  .000 2208 3592
20.00 10.00 .00500 .02928  .869 -.0642 .0742
30.00 .02000 .02928 516 -.0492 .0892
40.00 .06500 02928  .062 -.0042 1342
60.00 .00000 02928  1.000  -.0692 .0692
80.00 .02500 02928 421 -.0442 .0942
100.00 .29500(*) .02928  .000 2258 3642
30.00 10.00 -.01500 02928  .624 -.0842 .0542
20.00 -.02000 .02928 516 -.0892 .0492
40.00 .04500 .02928  .168 -.0242 1142
60.00 -.02000 .02928 516 -.0892 .0492
80.00 .00500 .02928  .869 -.0642 .0742
100.00 .27500(*) .02928  .000 2058 3442
40.00 10.00 -.06000 .02928  .080 -.1292 .0092
20.00 -.06500 .02928  .062 -.1342 .0042
30.00 -.04500 .02928  .168 -.1142 .0242
60.00 -.06500 .02928  .062 -.1342 .0042
80.00 -.04000 02928 214 -.1092 .0292




D )] Mean
Dependent Std. 95% Confidence
sucrose sucrose Difference Sig.
Variable Error Interval
type type I-J
Upper Lower
Bound Bound
100.00 .23000(*) .02928  .000 .1608 2992
60.00 10.00 .00500 .02928  .869 -.0642 .0742
20.00 .00000 02928  1.000  -.0692 .0692
30.00 .02000 .02928 516 -.0492 .0892
40.00 .06500 .02928  .062 -.0042 1342
80.00 .02500 02928 421 -.0442 .0942
100.00 .29500(*) .02928  .000 2258 3642
80.00 10.00 -.02000 02928 516 -.0892 .0492
20.00 -.02500 02928 421 -.0942 .0442
30.00 -.00500 .02928  .869 -.0742 .0642
40.00 .04000 02928 214 -.0292 .1092
60.00 -.02500 02928 421 -.0942 .0442
100.00 .27000(*) .02928  .000 .2008 3392
100.00 10.00 -.29000(*) .02928  .000 -.3592 -.2208
20.00 -.29500(*) .02928  .000 -.3642 -.2258
30.00 -.27500(*) .02928  .000 -.3442 -.2058
40.00 -.23000(*) .02928  .000 -.2992 -.1608
60.00 -.29500(*) .02928  .000 -.3642 -.2258
80.00 -.27000(*) .02928  .000 -.3392 -.2008
biomass 10.00 20.00 -.02500 24265 921 -.5988 .5488
30.00 -.82000(*) 24265  .012  -1.3938 -.2462
40.00 -.51500 24265  .071 -1.0888 .0588
60.00 -1.13500(*) 24265  .002  -1.7088 -.5612
80.00 -1.46500(*) 24265  .001 -2.0388 -.8912
100.00 -1.60000(*)  .24265  .000  -2.1738 -1.0262




D )] Mean
Dependent Std. 95% Confidence
sucrose sucrose Difference Sig.
Variable Error Interval
type type I-J
Upper Lower
Bound Bound
20.00 10.00 .02500 24265 921 -.5488 .5988
30.00 -.79500(*) 24265 014 -1.3688 -2212
40.00 -.49000 24265  .083  -1.0638 .0838
60.00 -1.11000(*)  .24265  .003  -1.6838 -.5362
80.00 -1.44000(*)  .24265  .001 -2.0138 -.8662
100.00 -1.57500(*) 24265  .000  -2.1488 -1.0012
30.00 10.00 .82000(*) 24265 012 2462 1.3938
20.00 .79500(*) 24265  .014 2212 1.3688
40.00 .30500 24265 249 -.2688 .8788
60.00 -.31500 24265 235 -.8888 2588
80.00 -.64500(*) 24265  .033  -1.2188 -.0712
100.00 -.78000(*) 24265 015 -1.3538 -.2062
40.00 10.00 .51500 24265  .071 -.0588 1.0888
20.00 49000 24265  .083 -.0838 1.0638
30.00 -.30500 24265 249 -.8788 2688
60.00 -.62000(*) 24265  .038  -1.1938 -.0462
80.00 -.95000(*) 24265  .006  -1.5238 -.3762
100.00 -1.08500(*)  .24265 .003  -1.6588 -5112
60.00 10.00 1.13500(*) 24265  .002 5612 1.7088
20.00 1.11000(*) 24265  .003 5362 1.6838
30.00 31500 24265 235 -.2588 .8888
40.00 .62000(*) 24265  .038 .0462 1.1938
80.00 -.33000 24265 216 -.9038 2438
100.00 -.46500 24265  .097  -1.0388 .1088




D )] Mean
Dependent Std. 95% Confidence
sucrose sucrose Difference Sig.
Variable Error Interval
type type I-J
Upper Lower
Bound Bound
80.00 10.00 1.46500(*) 24265  .001 .8912 2.0388
20.00 1.44000(*) 24265  .001 .8662 2.0138
30.00 .64500(*) 24265  .033 0712 1.2188
40.00 .95000(*) 24265  .006 3762 1.5238
60.00 .33000 24265 216 -.2438 9038
100.00 -.13500 24265 595 -.7088 4388
100.00 10.00 1.60000(*) 24265  .000 1.0262 2.1738
20.00 1.57500(*) 24265  .000 1.0012 2.1488
30.00 .78000(*) 24265  .015 2062 1.3538
40.00 1.08500(*) 24265  .003 S112 1.6588
60.00 46500 24265  .097 -.1088 1.0388
80.00 .13500 24265  .595 -.4388 7088

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

3.2 YSnamvaslulasiou (NH,),S0, ) fitnanzan

d‘ = a 1 d‘ o % dy dy
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ANOVA
Sum of
df Mean Square F Sig.
Squares
Between Groups 4.332 3 1.444 142 934
etanol Within Groups 446.667 44 10.152
Total 450.999 47




Sum of

df Mean Square F Sig.
Squares
Between Groups .004 3 .001 .603 617
yield Within Groups .109 44 .002
Total 113 47
Between Groups .092 3 .031 .108 955
biomass  Within Groups 12.465 44 283
Total 12.557 47
Multiple Comparisons
)] )] Mean
Dependent 95% Confidence
ammonium ammonium Difference  Std. Error  Sig.
Variable Interval
type type I
Upper Lower
Bound Bound
etanol 0.00 0.50 -.51750 1.30074  .693  -3.1390 2.1040
1.00 -.82250 1.30074  .530  -3.4440 1.7990
1.50 -.30417 1.30074 816  -2.9256 2.3173
0.50 0.00 51750 1.30074  .693  -2.1040 3.1390
1.00 -.30500 1.30074 816  -2.9265 2.3165
1.50 21333 1.30074  .870  -2.4081 2.8348
1.00 0.00 .82250 1.30074  .530  -1.7990 3.4440
0.50 .30500 1.30074 816  -2.3165 2.9265
1.50 51833 1.30074  .692  -2.1031 3.1398
1.50 0.00 30417 1.30074 816  -2.3173 2.9256
0.50 -21333 1.30074 870  -2.8348 2.4081
1.00 -.51833 1.30074  .692  -3.1398 2.1031
yield 0.00 0.50 .01750 .02031 393 -.0234 .0584
1.00 -.00333 .02031 .870 -.0443 .0376
1.50 .01750 .02031 393 -.0234 .0584




1)) @) Mean
Dependent 95% Confidence
ammonium ammonium Difference Std. Error  Sig.
Variable Interval

type type Q)]

Upper Lower

Bound Bound

0.50 0.00 -.01750 .02031 393 -.0584 .0234
1.00 -.02083 .02031 311 -.0618 .0201

1.50 .00000 .02031 1.000  -.0409 .0409

1.00 0.00 .00333 .02031 .870 -.0376 .0443
0.50 .02083 .02031 311 -.0201 .0618

1.50 .02083 .02031 311 -.0201 .0618

1.50 0.00 -.01750 .02031 393 -.0584 .0234
0.50 .00000 .02031 1.000  -.0409 .0409

1.00 -.02083 .02031 311 -.0618 .0201

biomass 0.00 0.50 -.01250 21729 .954 -.4504 4254
1.00 -.05500 21729 .801 -.4929 3829

1.50 - 11167 21729 .610 -.5496 3263

0.50 0.00 .01250 21729 954 -4254 4504
1.00 -.04250 21729 .846 -.4804 3954

1.50 -.09917 21729 .650 -.5371 .3388

1.00 0.00 .05500 21729 .801 -.3829 4929
0.50 .04250 21729 .846 -.3954 4804

1.50 -.05667 21729 795 -.4946 3813

1.50 0.00 11167 21729 .610 -.3263 .5496
0.50 .09917 21729 .650 -.3388 5371

1.00 .05667 21729 795 -.3813 4946




3.3 pH NNz ay
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ANOVA
Sum of
df Mean Square F Sig.
Squares
ethanol Between Groups 33.990 4 8.497 36.244  .001
Within Groups 1.172 5 234
Total 35.162 9
yield Between Groups .045 4 011 14.597  .006
Within Groups .004 5 .001
Total .049 9
biomass  Between Groups 375 4 .094 1.390 357
Within Groups 337 5 .067
Total 711 9
Multiple Comparisons
Dependent ) ()  Mean Difference Std. . 95% Confidence
Variable pH pH {I-n Error e Interval
Upper Lower
Bound Bound
ethanol 4.50 5.00 -3.55000(*) 48420 .001  -4.7947 -2.3053
5.50 -4.68500(*) 48420 .000  -5.9297 -3.4403
6.00 -4.54000(*) 48420 .000  -5.7847 -3.2953
6.50 -1.38000(*) 48420 .036  -2.6247 -.1353
5.00 4.50 3.55000(*) 48420 .001 2.3053 4.7947
5.50 -1.13500 48420 .066  -2.3797 .1097
6.00 -.99000 48420 .096  -2.2347 2547
6.50 2.17000(*) 48420 .007 9253 3.4147




Dependent D €)) Mean Difference Std. ' 95% Confidence
Variable pH pH 17 Error e Interval
Upper Lower
Bound Bound
5.50 4.50 4.68500(*) 48420  .000 3.4403 5.9297
5.00 1.13500 48420  .066 -.1097 2.3797
6.00 .14500 48420 777 -1.0997 1.3897
6.50 3.30500(*) 48420  .001 2.0603 4.5497
6.00 4.50 4.54000(*) 48420  .000 3.2953 5.7847
5.00 99000 48420  .096 -.2547 2.2347
5.50 -.14500 48420 777 -1.3897 1.0997
6.50 3.16000(*) 48420 .001 1.9153 4.4047
6.50 4.50 1.38000(*) 48420  .036 1353 2.6247
5.00 -2.17000(*) 48420 .007  -3.4147 -.9253
5.50 -3.30500(*) 48420 .001  -4.5497 -2.0603
6.00 -3.16000(*) 48420 .001  -4.4047 -1.9153
yield 450 5.00 -.13000(*) 02775 .005 -2013 -.0587
5.50 -.17000(*) 02775 .002  -.2413 -.0987
6.00 -.15000(*) 02775 .003 -2213 -.0787
6.50 -.03500 02775 263 -.1063 .0363
5.00 4.50 .13000(*) 02775  .005 .0587 2013
5.50 -.04000 02775 209 -.1113 .0313
6.00 -.02000 02775 .503 -.0913 .0513
6.50 .09500(*) 02775 .019 .0237 .1663
5.50 4.50 .17000(*) 02775  .002 .0987 2413
5.00 .04000 02775 209 -.0313 1113
6.00 .02000 02775  .503 -.0513 .0913
6.50 .13500(*) 02775  .005 .0637 .2063
6.00 4.50 .15000(*) 02775 .003 .0787 2213
5.00 .02000 02775 503 -.0513 .0913




Dependent D €)) Mean Difference Std. ' 95% Confidence
Variable pH pH 17 Error e Interval
Upper Lower
Bound Bound
5.50 -.02000 02775  .503 -.0913 .0513
6.50 .11500(*) .02775  .009 .0437 .1863
6.50 4.50 .03500 02775 263 -.0363 .1063
5.00 -.09500(*) 02775 .019 -.1663 -.0237
5.50 -.13500(*) 02775  .005 -.2063 -.0637
6.00 -.11500(*) 02775  .009 -.1863 -.0437
biomass 4.50 5.00 .35000 25956 235 -.3172 1.0172
5.50 .30500 25956 293 -.3622 9722
6.00 .22000 25956 435 -4472 .8872
6.50 -.16000 25956 565 -.8272 .5072
5.00 4.50 -.35000 25956 235 -1.0172 3172
5.50 -.04500 25956 .869  -.7122 .6222
6.00 -.13000 25956 638  -.7972 5372
6.50 -.51000 25956 107 -1.1772 1572
550 4.50 -.30500 25956 293 -9722 3622
5.00 .04500 25956  .869  -.6222 7122
6.00 -.08500 25956 757 -.7522 5822
6.50 -.46500 25956 133 -1.1322 2022
6.00 4.50 -.22000 25956 435 -.8872 4472
5.00 .13000 25956  .638 -.5372 7972
5.50 .08500 25956 757 -.5822 7522
6.50 -.38000 25956 203 -1.0472 2872
6.50 4.50 .16000 25956  .565 -.5072 .8272
5.00 51000 25956  .107 -.1572 1.1772
5.50 46500 25956  .133 -.2022 1.1322
6.00 .38000 25956 203 -2872 1.0472




X
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ANOVA
Sum of
df Mean Square F Sig.
Squares
Between Groups 7.317 1 7.317 36.783 .026
ethanol Within Groups 398 2 .199
Total 7.715 3
Between Groups .008 1 .008 81.000 .012
yield Within Groups .000 2 .000
Total .008 3
Between Groups 490 1 490 10.595 .083
biomass  Within Groups .093 2 .046

Total .583 3
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12 0.53 1.10
24 0.56 1.16
36 0.85 1.33
48 0.83 1.35
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