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ABSTRACT

Drying process has been identified as one of the most important preprocessing techniques in
cinnamon oil production industry. Drying at closed and controlled environment was selected
as a solution to mitigate the drawbacks of conventional sun drying of cinnamon. The
common drawbacks are long processing times, labor cost and the deterioration of the quality
due to several factors such as dust, moisture and insects. Optimizing the drying operation can
reduce the post harvesting losses. This research focuses on investigation of the drying
behavior of cinnamon chips and the effect of drying on the yield and quality of cinnamon
bark oil. Drying process was experimentally investigated using a tray dryer which provided
convective drying with hot air. This dryer consisted of a stove, heat exchanging system and
drying chamber and is driven by biomass. Hot air temperatures of 35°C, 40°C, 45°C and
50°C were selected while the air velocity was kept constant. The applicability of three
commonly used mathematical models was evaluated by examining the best fit for drying at
each tray of the dryer separately.

The particle size of cinnamon chips available in the market was having a large range from
less than 1/8 inches to greater than 6 inches. However about 29.7% of cinnamon chips were
in the range of 1 inch to 2 inches. The moisture content of cinnamon chips available in the
market was found to be within a range of 14.12% to 28.56% with mean and standard
deviation of 19.97% and 4.58% respectively. The common practice in the industry is to keep
the cinnamon chips under wet conditions before drying until a considerable amount is
collected. This process seriously affects the oil yield as mould and fungi develops under wet
conditions. The maximum number of days in storage under wet conditions without affecting
the quality of cinnamon chips was found to be 3 days.

The drying behavior of cinnamon chips in a tray dryer had well agreed with the existing
drying models for thin layer drying. Considering the total drying time and the oil yield,
drying temperature of 35°C was found to be the most suitable temperature for drying of
cinnamon chips. Drying at temperatures above 35°C gave lower yield and the high volatile
components had escaped during drying operation. Drying was not even within the tray dryer
and results of the variation of moisture content at each tray clearly indicated the non-uniform
drying behavior. Non-uniform drying had considerably reduced the yield which was
significant when the drying temperature was maintained above 35°C.

Keywords: cinnamon chips, drying, cinnamon bark oil, tray dryer



DEDICATION

This thesis is dedicated to my beloved MOTHER and FATHER



ACKNOWLEDGEMENT

| take this opportunity to acknowledge to those who have done an immense support
to enable my thesis work a success from its start to the end. First of all my sincere
thanks goes to my supervisor Dr. ADUS Amarasinghe, Head, Department of
Chemical & Process Engineering, University of Moratuwa for his continuous in
depth guidance throughout my research. The valuable comments, suggestions and
encouragement given by my co-supervisor, Dr. Shantha Walpalage Senior Lecturer,
Department of Chemical & Process Engineering, University of Moratuwa is
remarkable. | am grateful to Prof. Padma Amarasinghe, a member of my Progress
Review Committee for her advices which made me encouraged during my Progress
Review sessions. | also thank to Dr. Jagath Premachandra, former Head of
Department of Chemical & Process Engineering, University of Moratuwa for his
cooperation given to me. This MSc Research project was supported by University of
Moratuwa Senate Research Grant under the “Number 308 and coordinated by Post
Graduate Division, of University of Moratuwa. | sincerely thank to both these parties

for their cooperation extended throughout my research period.

It is a great pleasure to mention the support given to me by the people in
Urgasmanhandiya area during the period of my research; specially noted with thanks
the support given by Mr. Thilina Gunawardhane and his family. All the staff
members in the Dept. of Chemical & Process Engineering, specially, Mr. Shantha
Peiris, Mr. Abeywardhane, Mr. R.Maskorala, Mr. J. Wijesinghe, Ms. A.
Wahalathanthri, Mr. Sirimal Fernando and Mr. Asanka Kumara are gratefully
acknowledged for their support in various occasions. Cooperation given by staff
members at Cinnamon Research Institute, Thihagoda is appreciated specially in the

areas of literature survey, problem identification and gas chromatography analysis.

I am grateful to my mother, father, brother and wife for giving me their best support
and encouragement. Finally, my warm thanks go to all post graduate colleagues
especially in the Department of Chemical & Process Engineering as they were with

me to share my research experiences.

K Amila Chandra



TABLE OF CONTENTS

DECLARATION OF THE CANDIDATE AND SUPERVISOR.....ccccccociiiiiin. |
AB S T R A CT 11
DEDICATION . ..o, 11
ACKNOWLEDGEMENT ..o v
LIST OF TABLES ... .o VI
LIST OF FIGURES ... IX
ABBREV I AT IONS L. Xl
LIST OF APPENDICES ... X1l
CHAPTER 1: INTRODUCTION ...t 1

1.1 CINNAMON TRADE AND COMMERCE IN SRI LANKA ... 2
1.2 RESEARCH AND DEVELOPMENT EFFORTS IN CINNAMON ....covvvveeeeeeeeeeeeveeenn 3
1.3 IMPORTANCE OF RESEARCH TO REDUCE POST-HARVESTING LOSSES............ 4
1.4 OBJECTIVES AND SCOPE OF THE RESEARCH ....cvveiieee et 6
CHAPTER 2: LITERATURE REVIEW. ...t 8

2.1 CINNAMON PRODUCTS ..ttt e s 8
2.2 CINNAMON CHIPS ..ottt te e e e e e e e e e ee e ee e e e e e e e e eeeeaeeeeeeeeennnnns 10
2.2.1  PEEIING PrOCESS ... .ctitiitieieeiieiieie ettt 11
2.2.2  Drying and StOMA0E .......ccvevueeieiieiecie s e ste e sre e sraesre e nreas 12

2.3 CINNAMON BARK OIL 1. teeteteeetetesseeeeeseessssssssessssessssnnsaseesssessssnnnsssessseesssnns 13
2.3.1  Physicochemical Properties. .......cccovviriiiniiniiieienesese e 13
2.3.2  Extraction of cinnamon Dark Oil..... ... 17
2.3.3  Methods of 0il @NalysiS ........ccccovveveiiieiiececcee e 19

24 DRYING OF CINNAMON CHIPS ...eteitetieie et ee ettt seseeereeestenseeeesseesnssnnseeeeeees 19
241 DryING tNEOIY ....oviiiiiiiiiiciee e 19
2.4.2  IMOISTUIE CONTBINE. ..ttt 21
2.4.3  Factors affecting drying ........cccooveve i 22
2.4.4  Drying MOeling .....ccooiiiiiiiiie s 22
CHAPTER 3: MATERIALS AND METHODOLOGY ....uiieeieeeeeeeeeeeaeaenn 24

3.1 I AT ERIALS ..ottt et e ettt e e e e e e e e e et e e e e e e e e e eeeneeeeeenaaeeeees 24
3.2 DESIGN AND FABRICATION OF CINNAMON CHIPS DRYER ....coeeevvveeiiiieneeeeeens 24
3.2.1  Heating unit and StOVE........ccccvuiiiieiie e 26



3.2.2  Design of drying Chamber..........ccooiiieiiiniiie s 28

3.2.3  Air heating and diStribution ...........ccccceeieviiie i 29
3.2.4  Instrumentation and CONEIOl .........ccooeviiiiiiiiinee e 29
3.3 PARTICLE SIZE ANALYSIS OF CINNAMON CHIPS ......ccoiiiiiieiiiniie e eiee s 32
3.4 EXPERIMENTAL PROCEDURE ......uvtiiiiiiesitieesiieeesiteeesiseeesineessiseesssseesnneessneens 33
341 WEIGNING ...eeeiice e 33
3.4.2  Measuring teMPEratUre..........cccevvereerieieereeseseeseesre e seesee e sae e ens 34
3.4.3  Determination of relative humidity Value ............ccoooeviiiiiiiniien 34
344 MOISTUIE CONTENT.....cuiiiiiitieieiiesiee et enes 34
KR T AN GV [0 o] | SR 34
346 Oll BXIACTION......cviiiieie e e 35
34T Ol VIl s 36
3.4.8 Identification OF COMPONENTS.......cceiviiiiiiiiieieieee e 37
3.4.9  Experimental procedure for temperature conditions..............cccccveuvenne. 37
3.5 IMIODELING ...ttt ittt sttt b bbbt 37
3.6 OPTIMIZATION OF STORAGE TIME ... .ciiiiiiiiiiiieiiii ettt 38
CHAPTER 4: RESULTS AND DISCUSSION ....c.cocoiiiiiiieseseseeeeieien 39
4.1  ANALYSIS ON CINNAMON CHIPS AVAILABLE IN THE MARKET ....ccveveriennnn 39
4.1.1  Particle Size analysis .......ccccvevieiieiicie e 39
O |V, 0T 15 (U £ ol ] (=1 o | TS 39
4.2 MODELING OF DRYING BEHAVIOR .......cciiiiiiieiiiieiiie et 40
4.3 SIGNIFICANCE OF DRYING TEMPERATURE ...cctveriiiaiiesireaieesiresieesieeasnee e 42
4.3.1  Experimental CONAItIONS...........cccveviiiiiiieiecie e 42
4.3.2  Effect on relative NUMITITY........ccooeriiiiiiiiiiicee e 43
4.3.3  Effect on moisture content of cinnamon Chips...........ccccocvvvvvviniennn 44
4.3.4  Effect on drying rate and drying time ..........cccocevveveiieie e 45
435 Effect on0il Yield..........coooooiiiiie e 46
4.3.6  Effect on composition of the Oil..........cccocvriiiiiiiiii 47
4.4 SIGNIFICANCE OF UNIFORM DRYING ...cuvviiieaiiesireaieesineasieesieeesseessnessnee e 48
4.4.1 Effect ondrying time .....ccooovviiiiiiiecccee e 49
442  Effect on Ol Yield. ... 50
4.4.3  Effect on composition of the Oil..........cccoovriiiiiiiii 50
4.5 SIGNIFICANCE OF SUPPLY CHAIN MANAGEMENT ...ccuveiiiaiieniieenieesieeeniee e 51
45.1  Supply chain of cinnamon ChipsS .........ccccevieiie i, 51
452  Drawbacks of existing supply chain ..........c.ccoovviiiiiiiniiiee 53
453  Effect 0f StOrage time ........cooieiiieieseseee e 53

Vi



4.5.4  Proposed SUPPIY Chain .......cccooiiiiiiiiiiie s 54

CHAPTER 5: CONCLUSIONS AND RECOMMENDATION .................. 56

5.1 CONCLUSIONS ....ctitiriieteteseesesiete ettt sttt b b 56
5.2 RECOMMENDATIONS ....ctiiiiiiiiesiri et nnne s 57
REFERENGCE LIST ..ottt 58
APPENDIX A e 61
APPENDIX B ..ot 63
APPENDIX € ..ottt sttt 65

vii



LIST OF TABLES

Table 1.1 : Exports of cinnamon leaf and bark oil from Sri Lanka (Quantity in
L0041 1= USRS 3

Table 1.2 : Loss of exportable volume of products and the corresponding value at the

opportunity value of individual Product.............ccccciveviiieie e 5
Table 2.1: Specification of different cinnamon grades..............cccevevviieviiesecce e, 9
Table 2.2 : Chemical composition of different types of cinnamon oil...................... 14
Table 2.3 : Composition of major components in different grades..............ccccveeveneee. 16
Table 2.4: Properties of selected components of cinnamon Oil ............cc.cecveienneen. 17
Table 2.5: Widely used mathematical models to describe drying Kinetics................. 23
Table 4.1: Results of statistical analysis at room temperature drying.............cc.co...... 41
Table 4.2: Experimental conditions for non-uniform and uniform drying ................ 43

Table 4.3: Percentage reduction in moisture content during the first hour of drying 44

Table 4.4: Composition of cinnamon oil dried at different temperatures for uniform
and using NON-UNITOIrM dryiNg........cccooiiiiiiieiee e 51

viii



LIST OF FIGURES
Page

Figure 1.1 : Percentage of product volume with high moisture level and mould at the

EXPOILEN TEVEL.......eeeeiee ettt ne e 6
Figure 2.1: Flow diagram of cinnamon ProCesSiNg.........cccevvevvereereeieesieeseeseeseesnenn, 10
Figure 2.2: Steps of cinnamon harvesting ProCeSS..........ccuveeeierienerieseneseeeeeeee s 11
Figure 2.3: A typical drying CUIVE .......ccveiieiieieseeseee e 20
Figure 3.1: Cinnamon chips dryer (a)photograph; (b)schematic view ...................... 25
Figure 3.2: Internal arrangement of the heating unit..............ccccooveviiie i, 26
Figure 3.3: a- cross section and b- longitudinal section of the heating unit .............. 27

Figure 3.4: (a)Stove; (b) flame passing through the center section of the heating unit

.................................................................................................................................... 27
Figure 3.5: drying Chamber............ooo i 28
Figure 3.6: Drying trays, air inlet and outlet arrangement in the chamber ................ 29
Figure 3.7: Cinnamon chips dryer and its temperature measuring locations (T1, T2,

T3 and T4 are therMOMELEIS) ........coiiiiiiieieiee e 30
Figure 3.8: Location of the air control valve no 01 and valve no 03.......................... 31
Figure 3.9: Weighing balanCe ..........ccccooveiiiii i 33
Figure 3.10 : MOIStUre DalanCe............couiiiiiiiii e 34
FIQUre 3.11: ANEIMOMETET ....ocuviiiieiieite sttt bbbt 35
Figure 3.12: Steam distillation column ............ccooviiiiic i, 35
Figure 3.13: Laboratory Centrifuge ..........cooveviiieiicie e 36
Figure 3.14:Large CentrifUge.........ooeiiiiriiieieie e 36
Figure 4.1: Analysis of particle length distribution .............ccooeviiiiiinice 39
Figure 4.2: Moisture content of conventionally dried cinnamon chips samples........ 40

Figure 4.3: Variation of moisture content as a function of drying time for 3A tray at

FOOM TEMPEIALUIE ....eie ittt ettt e e e e s e e e sb e e e nse e e e sseeanseeeanses 41
Figure 4.4: Variation of relative humidity as a function of drying time.................... 43
Figure 4.5: Final moisture content at different drying temperatures .............ccccevee. 45
Figure 4.6: Variation of initial drying rate for different trays...........ccoccoevvvviiiniennenn 46


file:///G:/May%2019-12.docx%23_Toc325196913
file:///G:/May%2019-12.docx%23_Toc325196914
file:///G:/May%2019-12.docx%23_Toc325196915
file:///G:/May%2019-12.docx%23_Toc325196916
file:///G:/May%2019-12.docx%23_Toc325196917
file:///G:/May%2019-12.docx%23_Toc325196918
file:///G:/May%2019-12.docx%23_Toc325196919
file:///G:/May%2019-12.docx%23_Toc325196920

Figure 4.7: Time required for achieving constant moisture content at different trays

.................................................................................................................................... 46
Figure 4.8: Variation of the oil yield with the drying temperature .............c.ccccveneen. 47
Figure 4.9: Analysis of the variation of COMPOSItION...........cceveieiiieniiirecee 48
Figure 4.10: Variation of drying time with the temperature for uniform and non-
UNTFOIM AIYING 1ot 49
Figure 4.11: Comparison of non-uniform drying vs. uniform drying with respect to
oil yield at different drying temMPEratures..........ccceeveieerenieerieesese e 50
Figure 4.12: (a) and (b) Existing supply chain of cinnamon bark oil production...... 52
Figure 4.13 : Change of sample weight with storage time...........ccccocevvvnivniiiniienenn, 54
Figure 4.14: Change of cinnamon bark oil yield with storage time..............c.c.cco...... 54
Figure 4.15: Proposed supply chain of cinnamon chips .........ccccccevvveieninneniesinnnnn, 55
Figure B 1: Analysis of variation of Campnene..........cccocvirineiene s 63
Figure B 2: Analysis of variation of B-PINENE...........ccoooiiiiiiniiiieie e 63
Figure B 3: Analysis of variation of MYICENE ...........cccooviiiiiicieie e 64

Figure C 1: Chromatogram of cinnamon oil, which was steam distilled in non-
uniform drying at temperature 0f 35 °C.....cocoiiiiiicie e 65
Figure C 2: Chromatogram of cinnamon oil, which was steam distilled in non-
uniform drying at temperature 0f 50 °C........cccoiiiiiiiiccee e 66
Figure C 3 :Chromatogram of cinnamon oil, which was steam distilled in uniform
drying at temperature of 35 °C (SAMPIE 1) ....oovveiiiiiiiieceeeeee e 66
Figure C 4: Chromatogram of cinnamon oil, which was steam distilled in uniform
drying at 35 °C temperature (SAMPIE 2) ........ooveiieieiiece e 66
Figure C 5: Chromatogram of cinnamon oil, which was steam distilled in uniform
drying at 50 °C temperature (SAMPIE 1) .....cc.ooieiiiieiieceee e 66

Figure C 6: Chromatogram of cinnamon oil, which was steam distilled in uniform
drying at 50 °C temperature (SAMPIE 2) .......ooeiiiiiiiiie e, 66


file:///G:/May%2019-12.docx%23_Toc325196937
file:///G:/May%2019-12.docx%23_Toc325196937
file:///G:/May%2019-12.docx%23_Toc325196938
file:///G:/May%2019-12.docx%23_Toc325196938
file:///G:/May%2019-12.docx%23_Toc325196939
file:///G:/May%2019-12.docx%23_Toc325196939
file:///G:/May%2019-12.docx%23_Toc325196940
file:///G:/May%2019-12.docx%23_Toc325196940
file:///G:/May%2019-12.docx%23_Toc325196941
file:///G:/May%2019-12.docx%23_Toc325196941
file:///G:/May%2019-12.docx%23_Toc325196942
file:///G:/May%2019-12.docx%23_Toc325196942

ABBREVIATIONS

Abbreviation

Adj R Sq
CA
CBOP
CFD
DEA
EAC
EOA
ERU
FID
GLC
IR

KP
KT
MS
PSD
RH

RI
RSME
SCF
SG
SLS
SSR
SSE

M
Me

Description

Adjusted root square
Cinnamic Aldehyde
Cinnamon bark oil producer
Computational fluid dynamics
Department of Export and Agriculture
Export Agricultural Crops
Essential Oil Association
Economical Research Unit
Flame iodization detector

Gas liquid chromatography
Infrared

Katta peelers

Katta traders

Mass spectroscopy

Particle size distribution
Relative humidity

Refractive index

Root means squared error
Super critical fluid

Specific gravity

Sri Lankan Standards

Sum of squares of the regression
Sum of squares of errors
Initial moisture content
Moisture content at time t

Equilibrium moisture content

Xi
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