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APPENDICES

Appendix A: Gas chromatograms of hydro distilled cinnamon oil at different

drying temperatures
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Figure A.1: Air drying at ambient temperature (a) Trial 1, (b) Trial 2, (¢) Trial 3 and
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Figure A.2: Air drying at 35 °C temperature (a) Trial 1, (b) Trial 2, (¢) Trial 3 and (d)
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Figure A.3: Air drying at 40 °C temperature (a) Trial 1, (b) Trial 2, (c) Trial 3 and (d)

Trial 4
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Figure A.4: Air drying at 45 °C temperature (a) Trial 1, (b) Trial 2, (c) Trial 3 and (d)
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(©) (d)

Figure A.5: Air drying at 50 °C temperature (a) Trial 1, (b) Trial 2, (c) Trial 3 and (d)
Trial 4

Appendix B: Standard & obtained mass spectra of different volatile organic

compounds of cinnamon bark oil

Source: National Institute of Standards and Technology (NIST08. LIB)
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Figure B.1: Mass spectra for (a) 1, 4-dimethyl benzene (p-xylene), (b) styrene, (c)

benzene, 1, 2, 3-trimethyl and (d) a-phellandrene
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Figure B.2: Mass spectra for (a) benzene,1-methyl-4-(1-methylethyl) (p-cymene), (b)

(d)

B-phellandrene, (c) 1,6-octadiene-3-0l,3,7-dimethyl-(linalool) and (d)

benzenepropanal
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Figure B.3: Mass spectra for (a) 3-cyclohexene-1-ol,4-methyl-1-(1-methylethyl)

(terpinen -4-ol), (b) 2-propenal,3-phenyl (cinnamldehyde), (c¢) cinnamaldehyde-E

and (d) eugenol
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Figure B.4: Mass spectra for (a) caryophyllene, (b) 2-propen-1-ol 3-phenyl acetate

(cinnamyl acetate), (c) 2-Propenal,3-(2-methoxyphenyl)- (2-methoxy-

cinnamadehyde) and (d) benzyl benzoate
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Appendix C: Gas chromatogram data sheets of hydro distilled cinnamon oil at

different drying temperatures
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Figure C.1: Air drying at ambient temperature (a) Trial 1, (b) Trial 2, (c) Trial

3 and (d) Trial 4
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Figure C.2: Air drying at 35 °C temperature (a) Trial 1, (b) Trial 2, (c) Trial 3

and (d) Trial 4
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Figure C.3: Air drying at 40 °C temperature (a) Trial 1, (b) Trial 2, (c) Trial 3
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Figure C.4: Air drying at 45 °C temperature (a) Trial 1, (b) Trial 2, (c) Trial 3

and (d) Trial 4
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Appendix D: One-Way ANOVA and principal components analysis (PCA) steps
in IBM SPSS statistics 19

8, spssoriginal edit!-graph.sav [Dataset7] - I SPSS Sttistics Data Editor

T T e e T T T T T T 2 One-Way ANOVA
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Figure D.1: (a) Calculating one way ANOVA, (b) One-way ANOVA

window, (c) Post Hoc Multiple Comparisons window and (d) Options window
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Figure D.2: (a) Testing the normality, (b) Statistics window, (¢) Explore

window and (d) Plots window
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Figure D.3: (a) Factor Anaysis window, (b) Descriptive window, (c)

Extraction window, (d) Rotation window and (e) Option window

77


http://www.abbyy.com/buy
http://www.abbyy.com/buy

Appendix E: Matlab code for plotting the drying curves

Appendix E.1: Matlab code for plotting moisture content on dry basis against time

function drying=drying_data()

%Importing data from excel file into defined arrays
timel=[xlsread('Drying curve graph.xlsx',1,'/A4:A31")]";

moisture_dry basisl=[xlsread('Drying curve graph.xlsx',1,'B4:B31")]';
time2=[xlsread('Drying curve graph.xlsx',1,'A4:A23")]";

moisture dry basis2=[xlsread('Drying curve graph.xlsx',1,'C4:C23")]'";
time3=[xIsread('Drying curve graph.xlsx',1,'/A4:A18")]";

moisture_dry basis3=[xlsread('Drying curve graph.xlsx',1,'D4:D18")]';
time4=[xlsread('Drying curve graph.xlsx',1,'/A4:A14")]';

moisture dry basis4=[xlsread('Drying curve graph.xlsx',1,'E4:E14")]';
time5=[xlsread('Drying curve graph.xlsx',1,'/A4:A12")]';

moisture_dry basisS=[xlsread('Drying curve graph.xlsx',1,'F4:F12")]";

%Plot the curves in same figures

fl=figure(1);

plot(timel,moisture dry basisl,'kx',time2,moisture dry basis2,'k. time3,moisture d

ry _basis3,'k™ time4,moisture dry basis4,'k+',time5,moisture dry basis5,'k*");

xlabel('time(hr)');ylabel('moisture content-dry basis (kgH20/Kg dry solid)")...
;title('Dry basis moisture content Vs time');grid on;

End
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Appendix E.2: Matlab code for plotting drying rate against moisture content on dry

basis

function drying=drying_data()

%Importing data from excel file into defined arrays
timel=[xlsread('Drying curve graph.xlsx',1,'/A4:A29")]";

moisture_dry basisl=[xlsread('Drying curve graph.xlsx',1,'B4:B29")]';
time2=[xlsread('Drying curve graph.xlsx',1,'A4:A22")]';

moisture_dry basis2=[xlsread('Drying curve graph.xlsx',1,'C4:C22")]";
time3=[xlsread('Drying curve graph.xlsx',1,'/A4:A17")]";

moisture dry basis3=[xlsread('Drying curve graph.xlsx',1,'D4:D17")]';
time4=[xlsread('Drying curve graph.xlsx',1,'/A4:A14")]';

moisture dry basis4=[xlsread('Drying curve graph.xlsx',1,'E4:E14")]';
time5=[xlsread('Drying curve graph.xlsx',1,'A4:A12")]";

moisture_dry basisS=[xlsread('Drying curve graph.xlsx',1,'F4:F12")]";

%Plot the curves in same figures

fl=figure(1);

plot(timel,moisture dry basisi,'kx',;time2,moisture dry basis2,'k. ,time3,moisture d
ry _basis3,'k™ time4,moisture dry basis4,'k+',time5,moisture dry basis5,'k*");
xlabel('time(minutes)');ylabel('moisture content-dry basis (kgH20O/Kg dry solid)")...

;title('Dry basis moisture content Vs time');grid on;

end
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Table F.1: Test of homogeneity of variances

Appendix F: SPSS Output of the One-Way ANOVA

Levene .

Statistic dft di2 Sig.
p-xylene 531 4 15 715
styrene 2.071 4 15 136
benzene, 1,2,3-trimethyl 2.983 4 15 .054
a-phellandrene 4.047 4 15 .020
[p-cymene 2.793 4 15 .065
B-phellandrene 15.185 4 15 .000
linalool 7.340 4 15 .002
benzenepropanal 1.102 4 15 391
terpinen-4-ol 707 4 15 .600
cinnamaldehyde 710 4 15 .598
cinnamaldehyde-E 1.502 4 15 251
eugenol 17.042 4 15 .000
caryophyllene 7.397 4 15 .002
cinnamyl acetate 760 4 15 567
2-methoxy-cinnamaldehyde 1.367 4 15 292
benzyl benzoate 2.939 4 15 .056

80



http://www.abbyy.com/buy
http://www.abbyy.com/buy

Table F.2: Tests of Normality

Temperature Kolmogorov-Smirnov* Shapiro-Wilk

Statistic  df Sig. Statistic  df Sig.

p-xylene Ambient 187 4 . 990 4 957
35 .260 4 .903 4 448

40 192 4 .989 4 .953

45 227 4 .940 4 .653

50 .249 4 921 4 .544

styrene Ambient .359 4 746 4 .036
35 224 4 938 4 .641

40 214 4 .956 4 755

45 230 4 955 4 747

50 175 4 .980 4 .900

benzene, 1,2,3- Ambient .190 4 979 4 .893
trimethyl 35 237 4 941 4 .658
40 185 4 .993 4 971

45 204 4 972 4 .854

50 183 4 983 4 919

a-phellandrene Ambient 288 4 934 4 .619
35 .196 4 976 4 .878

40 257 4 .920 4 .536

45 234 4 .895 4 406

50 297 4 831 4 .169

p-cymene Ambient 407 4 732 4 .026
35 .189 4 978 4 .892

40 251 4 925 4 .564

45 250 4 923 4 552

50 250 4 .939 4 .650

B-phellandrene Ambient 272 4 .891 4 .390
35 301 4 812 4 126

40 212 4 .965 4 812

45 331 4 793 4 .091

50 271 4 .855 4 243

linalool Ambient 258 4 916 4 517
35 .203 4 971 4 .847

40 272 4 .885 4 361

45 .149 4 .994 4 978

50 271 4 .949 4 .708

Benzenepropanal Ambient 298 4 875 4 319
35 .269 4 .900 4 433

40 271 4 871 4 301

45 232 4 910 4 481

50 .233 4 .970 4 .843

terpinen-4-ol Ambient 201 4 951 4 725
35 386 4 770 4 .059

40 222 4 979 4 .896

45 255 4 .879 4 335

50 202 4 .966 4 .816

cinnamaldehyde Ambient .303 4 .806 4 113
35 254 4 922 4 .546

40 204 4 .968 4 .832

45 256 4 .849 4 222

50 175 4 995 4 983

cinnamaldehyde-E Ambient 267 4 875 4 318
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35 .366 4 768 4 .056
40 242 4 .968 4 .827
45 237 4 .930 4 594
50 241 4 .968 4 .828
eugenol Ambient 266 4 .870 4 296
35 296 4 923 4 .555
40 .269 4 917 4 522
45 264 4 .860 4 .260
50 227 4 .949 4 .708
caryophyllene Ambient 271 4 .890 4 383
35 .259 4 .881 4 345
40 .289 4 .867 4 .286
45 267 4 .884 4 355
50 156 4 .994 4 976
cinnamyl acetate Ambient 198 4 963 4 795
35 211 4 .934 4 .616
40 .260 4 955 4 748
45 298 4 784 4 077
50 .248 4 .905 4 455
2-methoxy- Ambient 142 4 997 4 989
cinnamaldehyde 35 227 4 957 4 760
40 194 4 976 4 .879
45 142 4 .997 4 991
50 333 4 .828 4 .163
benzyl benzoate Ambient 233 4 967 4 822
35 276 4 .870 4 298
40 218 4 .938 4 .640
45 .240 4 .875 4 316
50 219 4 954 4 743

a. Lilliefors Significance Cotrection
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Table F.3: Descriptives table

95% Confidence
Std. Interval for Mean

N Mean . . Std. Error Minimum Maximum
Deviation Lower Upper
Bound Bound

p-xylene ambient 4 95100 .018815 .009407 92106 .98094 927 972
35 4 .87025 .030739 .015370 82134 91916 .827 .897

40 4 81975 022111 .011056 718457 .85493 795 .848

45 4 .88175 .020288 .010144 .84947 91403 .859 .903

50 4 .66450 012662 .006331 .64435 .68465 .652 .679

Total 20 .83745 .100448 .022461 79044 .88446 .652 972

styrene ambient 4 .11700 .029017 .014509 .07083 16317 .099 .160
35 4 .17900 015122 .007561 15494 20306 165 .199

40 4 .14075 .004856 .002428 13302 .14848 136 .147

45 4 20425 .015305 .007653 .17990 .22860 .189 225

50 4 15200 .013191 .006595 13101 17299 137 167

Total 20 .15860 .034701 .007759 .14236 17484 .099 225

benzene, 1,2,3- ambient 4 .19400 .020199 .010100 .16186 22614 172 218
trimethyl 35 4 15550 .019672 .009836 12420 .18680 132 175
40 4 20925 .004573 .002287 20197 21653 204 215

45 4 .19700 017378 .008689 .16935 22465 174 215

50 4 23775 .030934 .015467 .18853 28697 204 275

Total 20 .19870 .032714 .007315 18339 21401 132 275

a-phellandrene ambient 4 75550 .089363 .044681 .61330 .89770 .662 877
35 4 94175 .099033 .049517 78417 1.09933 .837 1.063

40 4 .50425 .013426 .006713 48289 52561 492 523

45 4 .26450 .012557 .006278 24452 .28448 254 282

50 4 .16200 025232 .012616 12185 20215 135 .184

Total 20 52560 304681 068129 .38300 .66820 135 1.063

p-cymene ambient 4 149125 042789 1021395 1.42316  1.55934 1.463 1.555
35 4 1.78875  .016701 .008350 1.76218  1.81532 1.769 1.807

40 4 73825 .010689 .005344 72124 75526 728 751

45 4 .59300 026646 .013323 .55060 .63540 .562 .619

50 4 .52700 .014514 .007257 .50390 .55010 .507 541

Total 20 1.02765  .527133 117871 78094 1.27436 .507 1.807

B-phellandrene ambient 4 1.66350  .166874 .083437 1.39797  1.92903 1.522 1.876
35 4 2.55275 188772 .094386 2.25237  2.85313 2.389 2.748

40 4 1.24525  .023386 .011693 1.20804  1.28246 1.214 1.269

45 4 96975 .035255 .017628 91365 1.02585 918 .994

50 4 .54525 .043254 021627 47642 .61408 512 .607

Total 20 1.39530  .709065 158552 1.06345  1.72715 512 2.748

linalool ambient 4 451850  .310145 155072 4.02499  5.01201 4.230 4.894
35 4 5.17375  .073794 .036897 5.05633  5.29117 5.082 5.250

40 4 4.14900  .010708 .005354 4.13196  4.16604 4.139 4.161

45 4 4.59775 226170 113085 4.23786  4.95764 4.345 4.878

50 4 3.69675  .081439 .040719 3.56716  3.82634 3.588 3.785

Total 20  4.42715  .528227 118115 4.17993  4.67437 3.588 5.250

Benzenepropanal ambient 4 .33400 .016733 .008367 30737 .36063 320 358
35 4 46675 020726 .010363 43377 49973 441 485

40 4 46600 .009416 .004708 45102 48098 456 AT5

45 4 44625 .032786 .016393 39408 49842 418 491

50 4 .37200 .022949 .011475 33548 40852 343 399

Total 20 41700 .058841 013157 .38946 44454 320 491

terpinen-4-ol ambient 4 49225 .030347 015173 44396 .54054 463 .533
35 4 46150 .027343 .013672 41799 .50501 421 481
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40 4 44100 .014024 .007012 41869 46331 425
45 4 47375 .018464 .009232 44437 50313 459
50 4 39125 .023157 .011579 .35440 42810 368
Total 20 45195 .041172 .009206 43268 47122 368
cinnamaldehyde ambient 4 .66650 .034083 .017042 .61227 72073 617
35 4 .56075 .019973 .009986 .52897 59253 542
40 4 50175 .014477 .007238 47871 .52479 487
45 4 .62625 .020516 .010258 .59360 .65890 611
50 4 .53200 .021150 .010575 49835 .56565 .507
Total 20 57745 .065478 .014641 .54681 .60809 487
Cinnamaldehyde-E ambient 4  63.75025 .280284 140142 63.30426 64.19624  63.352
35 4  67.17075 395313 197656 66.54172  67.79978  66.585
40 4 7333625 .188850 .094425  73.03575 73.63675  73.122
45 4 7627800 .081976 .040988  76.14756 76.40844  76.194
50 4 78.64375 .195606 097803  78.33250 78.95500  78.420
Total 20 71.83580 5.725439  1.280247 69.15621 74.51539  63.352
eugenol ambient 4 4.35200  .187302 .093651 4.05396  4.65004 4.169
35 4 3.70725  .072131 036066  3.59247  3.82203 3.635
40 4 3.33450  .010344 .005172 3.31804  3.35096 3.325
45 4 3.50875  .089842 .044921 3.36579  3.65171 3.420
50 4 223775  .055036 027518  2.15018  2.32532 2.168
Total 20  3.42805 .711164 159021 3.09521  3.76089 2.168
caryophyllene ambient 4 1.67875  .042836 .021418 1.61059  1.74691 1.618
35 4 1.38375  .010308 .005154 1.36735  1.40015 1.373
40 4 1.04925  .063751 .031876 .94781 1.15069 995
45 4 75850 .011676 .005838 73992 77708 743
50 4 .64300 .012410 .006205 .62325 .66275 .628
Total 20  1.10265  .396882 .088746 .91690 1.28840 .628 .
cinnamyl acetate ambient 4 1434250 283688 141844 13.89109 14.79391 14.025 14.656
35 4 1024900 :219218 109609 9.90017 10.59783 9.952 10.450
40 4 8:25650 111256721 1128360 7.84800  8.66500 7.913 8.532
45 4 5:88650" " 166144 .083072 5.62213  6.15087 5.738 6.044
50 4 8.00425  .132193 0660096  7.85390  8.27460 7.930 8.206
Total 20  9.35975 2.929241  .654998 7.98882  10.73068 5.738 14.656
2-methoxy- ambient 4 .92250 .023302 .011651 .88542 .95958 .896 951
cinnamaldehyde 35 4 .28400 .017010 .008505 .25693 31107 261 301
40 4 21575 .007411 .003705 .20396 22754 .208 225
45 4 27225 .008921 .004460 .25805 .28645 262 283
50 4 .24600 .014376 .007188 22312 .26888 .235 267
Total 20 38810 275535 .061612 25915 51705 .208 951
benzyl benzoate ambient 4 2.14775  .100234 .050117 1.98825  2.30725 2.028 2.273
35 4 98125 117854 .058927 79372 1.16878 .813 1.076
40 4 75800 .013880 .006940 73591 .78009 743 773
45 4 .66750 .013229 .006614 .64645 .68855 .657 .686
50 4 73300 .008602 .004301 71931 74669 724 743
Total 20 1.05750  .573052 128138 78930 1.32570 .657 2.273
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Table F.4: ANOVA table

SS(;lliIz:r‘:efs df Mean Square F Sig.
p-xylene Between Groups 185 4 .046 97.800 .000
Within Groups .007 15 .000
Total 192 19
styrene Between Groups .018 4 .005 15.284 .000
Within Groups .005 15 .000
Total .023 19
benzene, 1,2,3- Between Groups .014 4 .004 8.501 .001
trimethyl Within Groups .006 15 .000
Total .020 19
a-phellandrene Between Groups 1.707 4 427 113.724 .000
Within Groups .056 15 .004
Total 1.764 19
p-cymene Between Groups 5.270 4 1.318 2094.795 .000
Within Groups .009 15 .001
Total 5.280 19
B-phellandrene Between Groups 9.351 4 2.338 174.093 .000
Within Groups 201 15 .013
Total 9.553 19
linalool Between Groups 4.823 4 1.206 37.788 .000
Within Groups 479 15 .032
Total 5.301 19
benzenepropanal ~ Between Groups .059 4 .015 30.514 .000
Within Groups .007 15 .000
Total .066 19
terpinen-4-ol Between Groups 024 4 .006 10.930 .000
Within Groups .008 15 .001
Total .032 19
cinnamaldehyde  Between Groups 074 4 .018 34.844 .000
Within Groups .008 15 .001
Total .081 19
cinnamaldehyde-E Between Groups 621.886 4 155.471 2464.070 .000
Within Groups .946 15 .063
Total 622.832 19
eugenol Between Groups 9.455 4 2.364 229.521 .000
Within Groups 154 15 .010
Total 9.609 19
caryophyllene Between Groups 2.974 4 743 590.460 .000
Within Groups .019 15 .001
Total 2.993 19
cinnamyl acetate  Between Groups 162.310 4 40.578 847.059 .000
Within Groups 719 15 .048
Total 163.029 19
2-methoxy- Between Groups 1.439 4 360 1532.758 .000
cinnamaldehyde =~ Within Groups .004 15 .000
Total 1.442 19
benzyl benzoate = Between Groups 6.166 4 1.542 316.176 .000
Within Groups .073 15 .005
Total 6.239 19
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F.5: Post hoc test

Student-Newman-Keuls (SNK) -Uses Harmonic Mean Sample Size = 4.000

Means for groups in homogeneous subsets are displayed.

Table F.5.1: Multiple comparisons of p-xylene

Subset for alpha = 0.05

Temperature N 1 > 3 2
50 4 .66450
40 4 .81975
35 4 .87025
45 4 88175
Ambient 4 95100
Sig. 1.000 1.000 466 1.000

Table F.5.2: Multiple comparisons of styrene

Subset for alpha = 0.05

Temperature N 1 5 3
Ambient 4 .11700
40 4 .14075 .14075
50 4 .15200
35 4 .17900
45 4 20425
Sig. 072 373 .057

Table F.5.3: Multiple comparisons of benzene, 1,2,3-trimethyl

Subset for alpha = 0.05

Temperature N 1 > 3
35 4 15550
Ambient 4 .19400
45 4 .19700
40 4 20925 20925
50 4 23775
Sig. 1.000 553 .067

Table F.5.4: Multiple comparisons of a-phellandrene

Temperature

Subset for alpha = 0.05

N I 2 3 4 5
50 4 .16200
45 4 26450
40 4 .50425
Ambient 4 75550
35 4 94175
Sig. 1.000 1.000 1.000 1.000 1.000

86


http://www.abbyy.com/buy
http://www.abbyy.com/buy

Table F.5.5: Multiple comparisons of p-cymene

Subset for alpha = 0.05

Temperature N 1 > 3 7 5
50 4 .52700
45 4 .59300
40 4 73825
Ambient 4 1.49125
35 4 1.78875
Sig. 1.000 1.000 1.000 1.000 1.000
Table F.5.6: Multiple comparisons of B-phellandrene
Temperature N Subset for alpha = 0.05
1 2 3 4 5
50 4 .54525
45 4 96975
40 4 1.24525
Ambient 4 1.66350
35 4 2.55275
Sig. 1.000 1.000 1.000 1.000 1.000
Table F.5.7: Multiple comparisons of linalool
Temperature N Subset for alpha = 0.05
3 4
50 4 3.69675
40 4 4.14900
Ambient 4 4.51850
45 4 4.59775
35 4 5.17375
Sig. 1.000 .540 1.000

Table F.5.8: Multiple comparisons of benzene-propanal

Subset for alpha = 0.05

Temperature N I > 3
Ambient 4 .33400
50 4 .37200
45 4 44625
40 4 46600
35 4 46675
Sig. 1.000 1.000 405
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Table F.5.9: Multiple comparisons of terpinen-4-ol

Subset for alpha = 0.05

Temperature N 1 > 3
50 4 39125
40 4 44100
35 4 46150 46150
45 4 47375 47375
Ambient 4 49225
Sig. 1.000 152 185

Table F.5.10: Multiple comparisons of cinnamaldehyde

Subset for alpha = 0.05

Temperature N I > 3
40 4 50175
50 4 .53200 .53200
35 4 56075
45 4 .62625
Ambient 4 .66650
Sig. .082 .097 1.000 1.000

Table F.5.11: Multiple comparisons of cinnamaldehyde-E

Subset for alpha = 0.05

Temperature

N 1 2 3 4 5
Ambient 4 63.75025
35 4 67.17075
40 4 73.33625
45 4 76.27800
50 4 78.64375
Sig. 1.000 1.000 1.000 1.000 1.000
Table F.5.12: Multiple comparisons of eugenol
Subset for alpha = 0.05
Temperature N 1 3 3 7] 5
50 4 2.23775
40 4 3.33450
45 4 3.50875
35 4 3.70725
Ambient 4 4.35200
SiH. 1.000 1.000 1.000 1.000 1.000
Table F.5.13: Multiple comparisons of caryophyllene
Subset for alpha = 0.05
Temperature N 1 3 3 7] 5
50 4 .64300
45 4 75850
40 4 1.04925
35 4 1.38375
Ambient 4 1.67875
Sig. 1.000 1.000 1.000 1.000 1.000
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Table F.5.14: Multiple comparisons of cinnamy] acetate

Subset for alpha = 0.05

Temperature N I > 3 1
45 4 5.88650
50 4 8.06425
40 4 8.25650
35 4 10.24900
Ambient 4 14.34250
Sig. 1.000 233 1.000 1.000

Table F.5.15: Multiple comparisons of 2-methoxy-cinnamaldehyde

Subset for alpha = 0.05

Temperature N I > 3 4
40 4 21575
50 4 .24600
45 4 27225
35 4 .28400
Ambient 4 92250
Sig. 1.000 1.000 295 1.000

Table F.5.16: Multiple comparisons of benzyl Benzoate

Temperature

Subset for alpha = 0.05

N 1 2 3
45 4 .66750
50 4 73300
40 4 75800
35 4 98125
Ambient 4 2.14775
Sig. .193 1.000 1.000
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