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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy 

VASE LIFE ENHANCEMENT OF MOKARA RED ORCHID WITH Jatropha 

curcas L., Psidium guajava L. AND Andrographis paniculata (Burm.f.) Wall. ex 

Nees LEAF EXTRACTS 

 

By  

 

MD. MUKLESUR RAHMAN 

 

 

May 2014 

 

 

Chairperson: Siti Hajar Binti Ahmad, PhD  

Faculty: Agriculture 

 

A study was conducted on the effect of leaf extracts from Jatropha curcas, Psidium 

guajava and Andrographis paniculata on longevity of cut Mokara Chark Kuan ʻRedʼ 

orchid flowers. A major problem in cut flowers is shortening of vase life due to 

blockage of xylem vessels by microorganisms or air bubbles (bacteria and their 

products), thus, reducing water uptake. Mature green leaves, below the youngest shoot 

of each J. curcas and P. guajava branches, were collected and used for this experiment. 

In case of A. paniculata, 6 to 8 weeks-old leaves and stems were collected. Bioactive 

antimicrobial phytochemical compounds were identified in leaf extracts by gas 

chromatography-mass spectrometry (GC-MS). Export-grade cut Mokara orchid flowers, 

with 75% opened florets, were purchased from a commercial grower. Each flower was 

treated with vase solutions containing a commercial flower preservative, 8-

Hydroxyquinoline citrate (8-HQC), and three natural flower preservatives from leaf 

extracts of J. curcas, P. guajava or A. paniculata. The flower preservative treatments 

comprised i) Control (125 mg 8-HQC/L) and, ii) Single leaf extract (SLE), iii) Double 

combinations leaf extracts (DCLE) and iv) Triple combinations leaf extracts (TCLE) at 

5, 10, 15 and 20 mg/L. Sucrose (2%) and citric acid (3%) were added to each vase 

solution. The experiments were conducted using a completely randomized design, with 

five replications.  

 

J. curcas leaf extract contained nine bioactive antimicrobial compounds identified by 

GC-MS. The five major antimicrobial compounds in the extract were 9-hexadecenoic 

acid; 10-octadecenoic acid, methyl ester; 9,12-octadecadienoicacid (Z,Z); 9,12-

octadecadienoicacid, methyl ester; and n-hexadecoic acid. Sixty-six bioactive 

antimicrobial compounds were identified in the P. guajava leaf extract. The most active 

antimicrobial compounds contained in the leaf extract were squalene; phytol; bicyclo; 

and azulene. In the A. paniculata leaf extract, 29 antimicrobial compounds were 
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identified. The three unique antimicrobial compounds were hexadecanoic acid, methyl 

ester; 9,12,15-octadecatrienoic acid, methyl ester (Z,Z,Z)-; and 9,12-

octadecadienoicacid, methyl ester. These findings indicate that the leaf extracts of J. 

curcas, P. guajava and A. paniculata could be used in agricultural applications as a 

source for natural flower preservative or biocide against microbes in the vase solution of 

cut flowers.  

 

The SLE treatments did not extend cut flower vase life due to high floret drop and 

fading of petals. Lower pH was found in the 15 mg DCLE-Pg+Ap/L treated vase 

solutions. Moreover, flowers in both vase solutions retained better petal colour than 

other treated flowers. However, in this study the SLE treatments had shorter flower shelf 

life compared to 8-HQC. Therefore, 15 mg DCLE-Pg+Ap/L were used for the 

subsequent experiments to evaluate longer shelf life of cut flower. The SLE treatments 

were not used for further experiments due to the short vase life of flowers. The 15 mg 

DCLE-Pg+Ap/L treated vase solution had lower bacterial count compared to the 15 mg 

DCLE-Jc+Ap/L. The 15 mg DCLE-Pg+Ap/L was more effective in vase solution uptake 

compared to other treatments. In P. guajava leaves extracts showed antimicrobial 

activities, while A. paniculata showed both antifungal and antibacterial activities. 

Therefore, DCLE-Pg+Ap had the potential as a natural preservative solution to extend 

vase life of cut flowers to 3 days compared to 8-HQC by reducing microbial growth.  

 

The pre-treatment pulsing with 5 mg AgNP/L for 24 h, was placed in leaves extract of P. 

guajava and A. paniculata (AgNP5+DCLE-Pg+Ap) treated vase solution effectively 

controlled microbial xylem blockage. AgNP5+DCLE-Pg+Ap had the potential as a 

natural preservative in minimizing microbial populations, and extending vase life of cut 

flowers. The results indicated that flowers treated with vase solution containing 

AgNP5+DCLE-Pg+Ap had a higher rate of solution uptake compared to flowers treated 

with 8-HQC. The 8-HQC vase solution contained trace amount of bacterial suspension 

of 5 × 10
8
 colony-forming units (CFU)/mL of gram positive and gram negative bacteria 

and fungi as well as in AgNP5+DCLE-Pg+Ap treatment vase solution. Flower stems in 

AgNP5+DCLE-Pg+Ap treated vase solution showed better petal colour, as indicated by 

the L*, C* and h° values compared to 8-HQC. Thus, leaf extracts of P. guajava and A. 

paniculata have the potential as a cut flower preservative to minimize microbial 

populations and extend 7 more days vase life of cut flowers compared to 8-HQC.  
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memenuhi keperluan untuk ijazah Doktor Falsafah 

 

PENINGKATAN JANGKA HAYAT KERATAN BUNGA ORKID MOKARA 

MERAH DENGAN EKSTRAK DAUN Jatropha curcas L., Psidium guajava L. 

AND Andrographis paniculata (Burm.f.) Wall. ex Nees 

 

Oleh 

 

MD. MUKLESUR RAHMAN 

 

Mei 2014 

 

 

Pengerusi: Siti Hajar Binti Ahmad, PhD 

Fakulti: Pertanian 

 

Satu kajian telah dijalankan ke atas kesan ekstrak daun Jatropha curcas, Psidium 

guajava dan Andrographis paniculata terhadap jangka hayat bunga keratan orkid 

Mokara Chark Kuan ʻRedʼ. Daun hijau matang yang berada di bawah pucuk J. curcas 

dan P. guajava telah dikumpulkan dan digunakan dalam eksperimen ini. Daun dan 

dahan A. paniculata, yang berumur enam hingga lapan minggu telah digunakan. Bioaktif 

sebatian antimikrob dikaji dalam ekstrak daun melalui kaedah gas kromatografi-

spektrometri jisim (GC-MS). Bunga keratan Mokara orkid bergred ekspot dengan 75% 

bunga terbuka telah diperolehi daripada pengusaha komersial. Setiap bunga dirawat 

dengan larutan jambangan yang mengandungi pengawet bunga komersial iaitu 8-

hidrooksikuilonin sitrat (8-HQC) dan tiga jenis pengawet semula jadi daripada ekstrak 

dedaun  J. curcas, P. guajava atau A. paniculata. Rawatan pengawet bunga terdiri 

daripada: i) Kawalan yang mengandungi (125 mg 8-HQC/L), ii) Ekstrak daripada satu 

daun (SLE) tanpa kombinasi iii) Kombinasi ekstrak dua daun (DCLE) dan iv) 

Kombinasi ekstrak tiga daun (TCLE) J. curcas, P. guajava atau A. paniculata pada 

kepekatan 5, 10, 15 dan 20 mg/L. Sukrosa (2%) dan asid sitrik (3%) telah ditambah pada 

setiap rawatan. Kajian telah dilakukan dengan reka bentuk rawak penuh lengkap, 

menggunakan lima replikasi. 

 

Berdasarkan analisis GC-MS, sejumlah sembilan sebatian antimikrob telah dikenal pasti 

dalam ekstrak daun J. curcas. Lima sebatian antimikrob utama iaitu asid 9-

heksadesinoik; asid 10-oktadekanoik, metil ester; asid 9,12-oktadekadienoik (Z,Z); asid 

9,12-oktadekadienoik, metil ester; dan asid n-heksadekoik. Dalam ekstrak daun P. 

guajava, sejumlah 66 sebatian antimikrob telah dikenal pasti. Di antaranya ialah empat 

sebatian antimikrob yang aktif iaitu squalena; fitol; bisiklo; dan azulena. Dalam ekstrak 

daun A. paniculata, sebanyak 29 bahan kimia anti-mikrob telah dikenal pasti. Tiga 

sebatian antimikrob iaitu asid heksadekanoik, metil ester; 9, 12,15-oktadekatrienoik, 
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metil ester, (Z,Z,Z)-; dan asid 9, 12-oktadekadienoik, metil ester merupakan sebatian 

yang unik ditemui daripada ekstrak tersebut. Penemuan ini menunjukkan bahawa ekstrak 

dedaun J. curcas, P. guajava dan A. paniculata boleh digunakan dalam aplikasi 

pertanian sebagai sumber pengawet bunga atau biosida semula jadi terhadap mikrob 

dalam larutan jambangan bagi bunga keratan. 

 

Rawatan SLE tidak melanjutkan jangka hayat bunga keratan disesabkan oleh keguguran 

kudup bunga yang tinggi dan kelopak bunga pudar. Selain itu, pH yang rendah telah 

diperolehi daripada larutan 15 mg DCLE-Pg+Ap/L. Warna bunga daripada kedua-dua 

larutan dikekalkan dengan lebih baik daripada rawatan lain. Walau bagaimanapun, 

rawatan SLE mempunyai jangka hayat jambangan bunga yang lebih singkat daripada 8-

HQC. Oleh itu, 15 mg DCLE-Pg+Ap/L telah digunakan untuk eksperimen berikutnya 

untuk menilai jangka hayat yang lebih lama bagi bunga keratan. Rawatan SLE tidak 

digunakan untuk uji kaji seterusnya oleh kerana prestasinya yang tidak memuaskan. 

Larutan 15 mg DCLE-Pg+Ap/L mempunyai kiraan bakteria yang lebih rendah 

berbanding larutan dengan 15 mg DCLE-Jc+Ap/L. DCLE sebanyak 15 mg DCLE-

Pg+Ap/L adalah lebih berkesan berbanding rawatan lain. DCLE-Pg+Ap didapati 

berpotensi sebagai larutan untuk bunga keratan dengan memanjangkan jangka hayat 

bunga melebihi tiga hari lebih berbanding dengan 8-HQC. 

 

Pra-rawatan seketika dengan 5 mg AgNP/L selama 24 jam pada kepekatan, ditambah ke 

dalam ekstrak daun P. guajava dan A. paniculata (AgNP5+DCLE-Pg+Ap) didapati 

mengawal mikrob di dalam xilem yang tersumbat dengan berkesan. AgNP5+DCLE-

Pg+Ap mempunyai potensi sebagai bahan pengawet semula jadi untuk bunga keratan 

dalam mengurangkan populasi mikrob dan memanjangkan jangka hayat bunga. 

Keputusan kajian menunjukkan bahawa bunga yang dirawat dengan larutan jambangan 

AgNP5+DCLE-Pg+Ap mempunyai kadar pengambilan larutan jambangan yang lebih 

tinggi berbanding dengan rawatan 8-HQC. Larutan 8-HQC mengandungi sejumlah 

bakteria 5×10
8
 koloni-membentuk unit (CFU)/mL gram positif dan gram negatif 

bakteria dan juga kulat, yang juga terdapat didalan larutan AgNP5+DCLE-Pg+Ap. 

Selain daripada itu, bunga yang dirawat dalam AgNP5+DCLE-Pg+Ap memberi kelopak 

warna yang lebih baik, seperti nilai yang ditunjukkan oleh L*, C* dan h° berbanding 8-

HQC. Oleh itu, ekstrak de daun P. guajava dan A. paniculata mempunyai potensi 

sebagai bahan pengawet bunga keratan untuk mengurangkan populasi mikrob dan dapat 

memanjangkan jangka hayat bunga melebihi 7 hari berbanding 8-HQC. 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vii 
 

ACKNOWLEDGEMENTS 

 

All praises and eternal thanks to God, the Almighty the most Beneficent and 

Compassionate to making this study achievable.  

 

I take this opportunity to express my deepest appreciation and thanks to my supervisor 

Associate Professor Dr. Siti Hajar Binti Ahmad, Department of Crop Science for her 

generous assistance, precious direction, perseverance and support towards the 

completion of this thesis. My sincere thanks also go to Professor Dr. Mahmud Tengku 

Muda Mohamed for his direction, important guidance and cooperative suggestions. I am 

also obliged and grateful to Associate Professor Dr. Zaki Ab Rahman for his useful help. 

I really appreciate them for helping me as my supervisory committee. 

 

I extend my sincere and deep appreciation to my beloved wife, Shammi Akhter for her 

unrestricted patience, love and moral support towards the completion of this study. I 

cannot find appropriate words to express my heartfelt gratitude to Dr. Helena Khatoon, 

my elder sister, for her untiring guidance, support, comments, moral and spiritual 

encouragement. Her in-depth criticisms always encouraged me to improve my writing 

skills. Without her support, I would not be able to complete my PhD. I am very much 

grateful to Dr. Hasina Begum, my younger sister to whom I enjoyed open access during 

the entire writing period. My heartfelt thanks goes to her for having a difficult time to 

read the first draft of my thesis and her useful suggestions to improve its quality.  

 

I would also like to thank all the staff of the Department of Crop Science, Faculty of 

Agriculture, Universiti Putra Malaysia (UPM) especially, Mr. Azhar Othman, the 

technician of postharvest laboratory. I would like to thank all my friends especially my 

Lab mates. Last but certainly not the least, I wish to convey my sincere appreciation to 

all those who were not mentioned here but had helped me in the completion of my study. 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

ix 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Doctor of Philosophy.  

 

The members of the Supervisory Committee were as follows: 

 

Siti Hajar Binti Ahmad, PhD  

Associate Professor  

Faculty of Agriculture  

Universiti Putra Malaysia  

(Chairperson) 

 

Mahmud Tengku Muda Mohamed, PhD 

Professor 

Faculty of Agriculture  

Universiti Putra Malaysia  

(Member) 

 

Mohamad Zaki Ab Rahman, PhD  

Associate Professor  

Faculty of Science  

Universiti Putra Malaysia  

(Member) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                 BUJANG BIN KIM HUAT, PhD 
                                              Professor and Dean 

                                                          School of Graduate Studies  

                                                       Universiti Putra Malaysia  

                                     

                        Date: 



© C
OPYRIG

HT U
PM

x 
 

DECLARATION 

 

 

Declaration by graduate student 

 

I hereby confirm that:  

 this thesis is my original work;  

 quotations, illustrations and citations have been duly referenced;  

 this thesis has not been submitted previously or concurrently for any other degree at 

any other institutions;  

 intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research) 

Rules 2012;  

 written permission must be obtained from supervisor and the office of Deputy Vice-

Chancellor (Research and Innovation) before thesis is published (in the form of 

written, printed or in electronic form) including books, journals, modules, 

proceedings, popular writings, seminar papers, manuscripts, posters, reports, lecture 

notes, learning modules or any other materials as stated in the Universiti Putra 

Malaysia (Research) Rules 2012;  

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies) 

Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research) 

Rules 2012. The thesis has undergone plagiarism detection software. 

 

 

 

Signature: _______________________                                Date: __________________ 

 

 

Name and Matric No.: Md. Muklesur Rahman; GS23783 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xii 
 

TABLE OF CONTENTS 

 

 

  Page 

 

DEDICATION 

ABSTRACT 

ABSTRAK 

ACKNOWLEDGEMENTS 

APPROVAL 

DECLARATION 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS 

ii 

iii 

v 

vii 

viii 

x 

xv 

xvii 

xxiii 

   

CHAPTER 

 

  

1 INTRODUCTION 1 

2 LITERATURE REVIEW 4 

 2.1   Plant Materials 4 

         2.1.1   Jatropha curcas 4 

         2.1.2   Psidium guajava 6 

         2.1.3   Andrographis paniculata 7 

 2.2   Orchid Mokara Chark Kuan ʻRedʼ 9 

 2.3   Factors Affecting Postharvest Quality of Cut Flower 10 

         2.3.1   Flower Maturity 10 

         2.3.2   Food Supply 11 

         2.3.3   Temperature 13 

         2.3.4   Water Supply 14 

         2.3.5   Xylem Blockage 15 

                    2.3.5.1  Microbial Blockage 15 

                    2.3.5.2  Physiological Blockage 16 

                    2.3.5.3  Physical Blockage 17 

         2.3.6   Growth Tropisms 17 

         2.3.7   Mechanical Damage 18 

         2.3.8   Disease 18 

 2.4   Preservative Solutions 19 

 2.5   Action of Silver Nanoparticles on Microbes 19 

   

 

 

 

 

  

 



© C
OPYRIG

HT U
PM

xiii 
 

3 ANTIMICROBIAL COMPOUNDS FROM LEAF EXTRACTS 

OF JATROPHA CURCAS, PSIDIUM GUAJAVA AND 

ANDROGRAPHIS PANICULATA 

22 

 

 

 3.1   Introduction 22 

 3.2   Materials and Methods 24 

         3.2.1   Plant Material 24 

                 3.2.1.1   Leaf Extraction 24 

                 3.2.1.2   Antimicrobial Chemical Compound Determination 25 

 3.3    Results and Discussion 25 

 3.4    Conclusions  33 

4 OPTIMUM CONCENTRATION OF JATROPHA CURCAS, 

PSIDIUM GUAJAVA AND ANDROGRAPHIS PANICULATA 

LEAF EXTRACTS ON THE POSTHARVEST 

PERFORMANCE OF CUT MOKARA RED ORCHID 

FLOWERS 

 

34 

 

 4.1   Introduction 34 

 4.2   Materials and Methods 36 

         4.2.1   Experiment 1:   Determination of Optimum 

Concentration of Single Leaf Extract to Extend Vase 

Life of Cut Mokara Red Orchid Flower 

36 

                    4.2.1.1   Plant Material 36 

                    4.2.1.2   Leaf Extraction 37 

                    4.2.1.3   Treatment of Flowers 37 

         4.2.2   Experiment 2:   Determining the Effect of Double  

                   Combination Leaf Extracts to Extend Vase Life of Cut  

                   Mokara Red Orchid Flowers 

39 

                    4.2.2.1   Treatment of Flowers   39 

                    4.2.2.2   Parameter Evaluation for Experiment 1 and 2 40 

         4.2.3   Experiment 3:   Effects of Selected Double Combinations 

of Leaf Extract on Microbial Populations in Vase 

Solution of Cut Mokara Red Orchid Flowers 

41 

                    4.2.3.1   Treatment of Flowers 41 

                    4.2.3.2   Parameter Evaluation 42 

         4.2.4   Experimental Design and Statistical Analysis 43 

 4.4   Results and Discussion 43 

         4.4.1   Optimum Concentration of SLE and DCLE to Extend  

                   Vase Life of Cut Mokara Red Orchid Flowers 

43 

                    4.4.1.1   Vase Life 43 

                    4.4.1.2   pH Measurement 47 

                    4.4.1.3   Floral Preservative Solution Uptake and Fresh 

Weight 

47 

                    4.4.1.4   Petal Colours 56 

                    4.4.1.5   Bud Opening and Floret Drop 65 

         4.4.3   Experiment 3:   Selection of Double Combination leaf  69 



© C
OPYRIG

HT U
PM

xiv 
 

                   Extracts (DCLE) on Microbial Populations in Vase  

                   Solution of Cut Mokara Red Orchid Flowers 

                    4.4.3.1   Vase Life as Affected by Microbes 69 

                    4.4.3.2   Microscopic Observations in Floral Preservative 

Solution 

72 

 4.5   Conclusion 74 

5 EFFICACY OF SILVER NANOPARTICLES AS AN 

ENHANCER OF PSIDIUM GUAJAVA AND ANDROGRAPHIS 

PANICULATA LEAF EXTRACTS IN ALLEVIATING XYLEM 

BLOCKAGE IN CUT MOKARA RED ORCHID FLOWERS 

75 

 

 

 

 

 5.1   Introduction 75 

 5.2   Materials and Methods 76 

         5.2.1   Plant Material 76 

         5.2.2   Leaf Extraction 77 

         5.2.3   Treatment of Flowers 77 

         5.2.4   Parameter Evaluation 79 

                    5.2.4.1   Determining Flower Vase Life 79 

                    5.2.4.2   Determination of pH 79 

                    5.2.4.3   Determining Flower Fresh Weight and Floral 

Preservative Solution Uptake Rate 

79 

                    5.2.4.4   Determination of Flower Petal Colours 79 

                    5.2.4.5   Determination of Bud Opening 80 

                    5.2.4.6   Determination of Floret Drop 80 

                    5.2.4.7   Determining Microbial Population in Floral 

Preservative Solution 

80 

         5.2.5   Experimental Design and Statistical Analysis 80 

 5.3   Results and Discussion 81 

                    5.3.1   Vase Life 81 

                    5.3.2   pH Measurement 83 

                    5.3.3   Floral Preservative Solution Uptake Rate and 

Fresh Weight of Flowers 

86 

                    5.3.4   Petal Colours 89 

                    5.3.5   Bud Opening and Floral Drop 91 

                    5.3.6   Vase Life as Affected by Microbes 94 

 5.4   Conclusion 99 

6 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 100 

REFERENCES 

APPENDICES 

BIODATA OF STUDENT 

LIST OF PUBLICATIONS 

102 

134 

143 

144 

 



© C
OPYRIG

HT U
PM

xv 
 

LIST OF TABLES 

 

 

Table  Page 

 

3.1 Antimicrobial compounds, retention times and percentages on 

methanol leaf extract of Jatropha curcas analyzed by a gas 

chromatography mass spectrometry. 

 

27 

3.2 Antimicrobial compounds, retention times and percentages on ethanol 

leaf extract of Psidium guajava analyzed by a gas chromatography 

mass spectrometry. 

 

30 

3.3 Antimicrobial compounds, retention times and percentages on 

methanol leaf extracts of Aandrographis paniculata analyzed by a gas 

chromatography mass spectrometry. 

 

32 

4.1 Composition of flower floral preservative solution in the control (125 

mg/L 8-hydroxyquinoline citrate, 8-HQC) and single leaf extract 

(SLE) treatments. Leaf extracts comprised Jatropha curcas (Jc), 

Psidium guajava (Pg) and Aandrographis paniculata (Ap). 

 

38 

4.2 Composition of flower floral preservative solution in the control (125 

mg/L 8-hydroxyquinoline citrate, 8-HQC), double combinations of leaf 

extracts (DCLE) and triple combinations of leaf extracts (TCLE). Leaf 

extracts comprised Jatropha curcas (Jc), Psidium guajava (Pg) and 

Aandrographis paniculata (Ap). 

 

39 

4.3 Composition of flower floral preservative solution in the control (125 

mg/L 8-hydroxyquinoline citrate, 8-HQC) and selected double 

combination of leaf extracts (DCLE). Leaf extracts comprised 

Jatropha curcas (Jc), Psidium guajava (Pg) and Aandrographis 

paniculata (Ap). 

 

41 

4.4 Effects of floral preservative solution containing control (125 mg/L 8-

hydroxyquinoline citrate, 8-HQC), single leaf extract (SLE) on cut 

Mokara Red orchid flowers vase life and final pH. Leaf extracts 

comprised Jatropha curcas (Jc), Psidium guajava (Pg) and 

Aandrographis paniculata (Ap). 

 

44 

4.5 Effects of floral preservative solution containing control (125 mg/L 8-

hydroxyquinoline citrate, 8-HQC), double combination leaf extracts 

(DCLE) and triple combination leaf extracts (TCLE) on vase life and 

final pH. The DCLE combination contains two leaf extracts and TCLE 

combination contains three leaf extracts on cut Mokara Red orchid 

flower. Leaf extracts comprised Jatropha curcas (Jc), Psidium guajava 

(Pg) and Aandrographis paniculata (Ap). 

46 



© C
OPYRIG

HT U
PM

xvi 
 

4.6 Effects of floral preservative solution containing control (125 mg/L 8-

hydroxyquinoline citrate, 8-HQC), single leaf extract (SLE) on cut 

Mokara Red orchid flowers on bud opening and floret drop. Leaf 

extracts comprised Jatropha curcas (Jc), Psidium guajava (Pg) and 

Aandrographis paniculata (Ap). 

 

66 

4.7 Effects of floral preservative solution containing control (125 mg/L 8-

hydroxyquinoline citrate, 8-HQC), double combination leaf extracts 

(DCLE) and triple combination leaf extracts (TCLE) on bud opening 

and floret drop. The DCLE combination contains two leaf extracts and 

TCLE combination contains three leaf extracts on cut Mokara Red 

orchid flower. Leaf extracts comprised Jatropha curcas (Jc), Psidium 

guajava (Pg) and Aandrographis paniculata (Ap). 

 

68 

5.1 Floral preservative solution containing control (125 mg/L 8-

hydroxyquinoline citrate, 8-HQC) and double combinations of leaf 

extracts (DCLE) of Psidium guajava (Pg) and Andrographis 

paniculata (Ap). Flowers were initially pulsed with 0, 5 and 10 mg 

AgNP/L for 24 h at ambient temperature before being positioned in 

the floral preservative solution. 

78 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xvii 
 

LIST OF FIGURES 

 

 

Figure  Page 

 

3.1 Gas chromatography mass spectrometry chromatogram peak profile of 

Jatropha curcas leaf extract. 

 

26 

3.2 Gas chromatography mass spectrometry chromatogram peak profile of 

Psidium guajava leaf extract. 

 

29 

3.3 Gas chromatography mass spectrometry chromatogram peak profile of 

Aandrographis paniculata leaf extract. 

 

31 

4.1 Mokara Chark Kuan ʻRedʼ orchid flower. 36 

4.2 Relationship between rate of floral preservative solution uptake and 

days in floral preservative solution containing (♦) control (125 mg/L 

8-hydroxyquinoline citrate, 8-HQC), and single leaf extract (SLE) of 

J. curcas (A), P. guajava (B) and A. paniculata (C) at concentrations 

of 5 (■), 10 (▲), 15 (x) and 20 (x) mg/L on cut Mokara Red orchid 

flower. Each of the floral preservative solution contains 2% sucrose 

and 3% citric acid. A solid line indicates a significant relationship at p 

≤ 0.05. n=5. 

 

49 

4.3 Relationships between the rate of floral preservative solution uptake 

and days flowers were in the vase solution containing (♦) a control  

with 125 mg/L 8-hydroxyquinoline citrate (8-HQC), double 

combination of leaf extracts (DCLE) of J. curcas+P. guajava (A), J. 

curcas+A. paniculata (B) and P. guajava+A. paniculata (C) and triple 

combination of leaf extracts (TCLE) J. curcas+P. guajava+A. 

paniculata (D) (each at concentrations of 5 (■), 10 (▲), 15 (x) and  20 

(x) mg/L) on cut Mokara Red orchid flowers. Each of the floral 

preservative solution contains 2% sucrose and 3% citric acid. A solid 

line indicates a significant relationship, p ≤ 0.05. n=5. 

 

51 

4.4 Relationship between fresh weight and days in vase solution 

containing (♦) control (125 mg/L 8-hydroxyquinoline citrate, 8-HQC), 

and single leaf extract (SLE) of J, curcas (A), P. guajava (B) and A. 

paniculata (C) at concentrations of 5 (■), 10 (▲), 15 (x) and 20 (x) 

mg/L on cut Mokara Red orchid flower. Each of the floral 

preservative solution contains 2% sucrose and 3% citric acid. A solid 

line indicates a significant relationship p ≤ 0.05. n=5. 

 

53 



© C
OPYRIG

HT U
PM

xviii 
 

4.5 Relationship between fresh weight and days in floral preservative 

solution containing (♦) control (125 mg/L 8-hydroxyquinoline citrate, 

8-HQC), and double combination leaf extracts (DCLE) of J. 

curcas+P. guajava (A), J. curcas+A. paniculata (B) and P. 

guajava+A. paniculata (C) and triple combination leaf extract (TCLE) 

J. curcas+P. guajava+A. paniculata (D) at concentrations of 5 (■), 10 

(▲), 15 (x) and 20 (x) mg/L on cut Mokara Red orchid flower. Each 

of the floral preservative solution contains 2% sucrose and 3% citric 

acid. A solid line indicates a significant relationship p ≤ 0.05. n=5. 

 

55 

4.6 Relationship between the h⁰ colour values and days in floral 

preservative solution containing (♦) control (125 mg/L 8-

hydroxyquinoline citrate, 8-HQC), single leaf extract (SLE) of J. 

curcas (A), P. guajava (B) and A. paniculata (C) at concentrations of 

5 (■), 10 (▲), 15 (x) and 20 (x) mg/L on the cut Mokara Red orchid 

flower. Each of the floral preservative solution contains 2% sucrose 

and 3% citric acid. A solid line indicates a significant relationship      

p ≤ 0.05. n=5. 

57 

   

4.7 Relationship between the C* colour values and days in floral 

preservative solution containing (♦) control (125 mg/L 8-

hydroxyquinoline citrate, 8-HQC), single leaf extract (SLE) of J. 

curcas (A), P. guajava (B) and A. paniculata (C) at concentrations of 

5 (■), 10 (▲), 15 (x) and 20 (x) mg/L on the cut Mokara Red orchid 

flower. Each of the floral preservative solution contains 2% sucrose 

and 3% citric acid. A solid line indicates a significant relationship      

p ≤ 0.05. n=5. 

58 

   

4.8 Relationship between the L* colour values and days in floral 

preservative solution containing (♦) control (125 mg/L 8-

hydroxyquinoline citrate, 8-HQC), single leaf extract (SLE) of J. 

curcas (A), P. guajava (B) and A. paniculata (C) at concentrations of 

5 (■), 10 (▲), 15 (x) and 20 (x) mg/L on the cut Mokara Red orchid 

flower. Each of the floral preservative solution contains 2% sucrose 

and 3% citric acid. A solid line indicates a significant relationship      

p ≤ 0.05. n=5. 

59 

   

4.9 Relationship between h° colour values and days in floral preservative 

solution containing (♦) control (125 mg/L 8-hydroxyquinoline citrate, 

8-HQC), and double combination leaf extracts (DCLE) of J. 

curcas+P. guajava (A), J. curcas+A. paniculata (B) and P. 

guajava+A. paniculata (C) and triple combination leaf extracts 

(TCLE) J. curcas +P. guajava+A. paniculata (D) at concentrations of 

5 (■), 10 (▲), 15 (x) and 20 (x) mg/L on cut Mokara Red orchid 

flower. Each of the floral preservative solution contains 2% sucrose 

and 3% citric acid. A solid line indicates a significant relationship p ≤ 

0.05. n=5. 

61 



© C
OPYRIG

HT U
PM

xix 
 

4.10 Relationship between C* colour values and days in floral preservative 

solution containing (♦) control (125 mg/L 8-hydroxyquinoline citrate, 

8-HQC), and double combination leaf extracts (DCLE) of J. 

curcas+P. guajava (A), J. curcas+A. paniculata (B) and P. 

guajava+A. paniculata (C) and triple combination leaf extracts 

(TCLE) J. curcas+ P. guajava+A. paniculata (D) at concentrations of 

5 (■), 10 (▲), 15 (x) and 20 (x) mg/L on cut Mokara Red orchid 

flower. Each of the floral preservative solution contains 2% sucrose 

and 3% citric acid. A solid line indicates a significant relationship p ≤ 

0.05. n=5. 

62 

   

4.11 Relationship between L* colour values and days in floral preservative 

solution containing (♦) control (125 mg/L 8-hydroxyquinoline citrate, 

8-HQC), and double combination leaf extracts (DCLE) of J. 

curcas+P. guajava (A), J. curcas+A. paniculata (B) and P. 

guajava+A. paniculata (C) and triple combination leaf extracts 

(TCLE) J. curcas+ P. guajava+A. paniculata (D) at concentrations of 

5 (■), 10 (▲), 15 (x) and 20 (x) mg/L on cut Mokara Red orchid 

flower. Each of the floral preservative solution contains 2% sucrose 

and 3% citric acid. A solid line indicates a significant relationship p ≤ 

0.05. n=5. 

63 

   

4.12 Effects of bacterial count on floral preservatives solution containing 

(■) control (125 mg/L 8-hydroxyquinoline citrate, 8-HQC), and 

double combination leaf extracts (DCLE) of (■) J. curcas+A. 

paniculata (Jc+Ap) and (■) P. guajava+A. paniculata (Pg+Ap) on cut 

Mokara Red orchid flower. Each of the floral preservative solution 

contains 2% sucrose and 3% citric acid. The DCLE of Jc+Ap and 

Pg+Ap contain 15 mg/L leaf extracts each. Means on each column, 

followed by a different letter, are not significantly different by DMRT 

(p ≤ 0.05). n=5. 

 

70 

 

4.13 Effects of fungal growth on floral preservatives solution containing 

(■) control (125 mg/L 8-hydroxyquinoline citrate, 8-HQC), and 

double combination leaf extracts (DCLE) of (■) J. curcas+A. 

paniculata (Jc+Ap) and (■) P. guajava+A. paniculata (Pg+Ap) on cut 

Mokara Red orchid flower. Each of the floral preservative solution 

contains 2% sucrose and 3% citric acid. The DCLE of Jc+Ap and 

Pg+Ap contain 15 mg/L leaf extracts each. Means on each column, 

followed by a different letter, are not significantly different by DMRT 

(p ≤ 0.05). n=5. 

 

71 

 

4.14 Microscopic observation of fungi and bacteria: A) Fusarium spp.   

morphological features represents micro conidia and a single 

chlamydospore B) Penicillium spp. represent single and branching of 

conidiophores C) Alternaria spp. represents hyphae with 

conidiophores single or branching, and  club-like appearance of the 

73 



© C
OPYRIG

HT U
PM

xx 
 

conidia D) Gram-negative Coccus spp. represents pink-rod shaped or 

chain forming bacteria and E) Gram-positive Coccus spp. represents a 

purple chain forming bacteria. Scale bar 100 µm. 

 

5.1 Effects of vase life on floral preservative solution containing (■) 

control (125 mg/L 8-hydroxyquinoline citrate, 8-HQC) and double 

combination leaf extracts (DCLE) of P. guajava+A. paniculata 

(Pg+Ap) after pre-treatment pulsing with 0 (■), 5 (■), 10 (■) mg 

AgNP/L on cut Mokara Red orchid flower. Each of the floral 

preservative solution also contained 2% sucrose and 3% citric acid. 

Means followed by a different letter are significantly different by 

DMRT (p ≤ 0.05). n=5.  

 

82 

5.2 Effects of final pH on floral preservative solution containing            

(■) control (125 mg/L 8-hydroxyquinoline citrate, 8-HQC) and double 

combination leaf extracts (DCLE) of P. guajava+A. paniculata 

(Pg+Ap) after pre-treatment pulsing with 0 (■), 5 (■), 10 (■) mg 

AgNP/L on cut Mokara Red orchid flower. Each of the floral 

preservative solution contained 2% sucrose and 3% citric acid. Means 

followed by the different letter are significantly different by DMRT (p 

≤ 0.05). n=5. (The floral preservative solution had initial  pH 3.0). 

 

84 

 

5.3 Relationships between rate of floral preservative solution uptake and 

days in floral preservative solution containing (♦) control (125 mg/L 

8-hydroxyquinoline citrate, 8-HQC) and double combination leaf 

extracts (DCLE) of P. guajava+A. paniculata (Pg+Ap) after pre-

treatment pulsing with 0 (■), 5 (▲), 10 (x) mg AgNP/L on cut Mokara 

Red orchid flower. Each of the floral preservative solution contains 

2% sucrose and 3% citric acid. A solid line indicates a significant 

relationship (p ≤ 0.05). n=5.  

 

87 

 

5.4 Relationship between fresh weight and days in floral preservative 

solution containing (♦) control (125 mg/L 8-hydroxyquinoline citrate) 

and double combination leaf extracts (DCLE) of P. guajava+A. 

paniculata (Pg+Ap) after pre-treatment pulsing with 0 (■), 5 (▲), 10 

(x) mg AgNP/L on cut Mokara Red orchid flower. Each of the floral 

preservative solution contains 2% sucrose and 3% citric acid. A solid 

line indicates a significant relationship (p ≤ 0.05). n=5. 

 

88 

 

5.5 Relationship between h°, C* and L* colour values and days in floral 

preservative solution containing (♦) control (125 mg/L                       

8-hydroxyquinoline citrate, 8-HQC) and double combination leaf 

extracts (DCLE) of P. guajava+A. paniculata (Pg+Ap) after pre-

treatment pulsing with 0 (■), 5 (▲), 10 (x) mg AgNP/L on cut Mokara 

Red orchid flower. Each of the floral preservative solution contains 

2% sucrose and 3% citric acid. A solid line indicates a significant 

relationship (p ≤ 0.05). n=5. 

90 

 



© C
OPYRIG

HT U
PM

xxi 
 

5.6 Effects of bud opening on floral preservative solution containing      

(♦) control (125 mg/L 8-hydroxyquinoline citrate) and double 

combination leaf extracts (DCLE) of P. guajava+A. paniculata 

(Pg+Ap) after pre-treatment pulsing with 0 (■), 5 (▲), 10 (x) mg 

AgNP/L on cut Mokara Red orchid flower. Each of the floral 

preservative solution contains 2% sucrose and 3% citric acid. Means 

followed by the different letter are significantly different by DMRT (p 

≤ 0.05). n=5.  

 

92 

 

5.7 Effects of floral drop on floral preservative solution containing         

(♦) control (125 mg/L 8-hydroxyquinoline citrate, 8-HQC) and double 

combination leaf extracts (DCLE) of P. guajava+A. paniculata 

(Pg+Ap) after pre-treatment pulsing with 0 (■), 5 (▲), 10 (x) mg 

AgNP/L on cut Mokara Red orchid flower. Each of the floral 

preservative solution contains 2% sucrose and 3% citric acid. Means 

followed by the different letter are significantly different by DMRT (p 

≤ 0.05). n=5.  

 

93 

 

5.8 Effects of bacterial count on floral preservative solution containing  

(♦) control (125 mg/L 8-hydroxyquinoline citrate, 8-HQC) and double 

combination leaf extracts (DCLE) of P. guajava+A. paniculata 

(Pg+Ap) after pre-treatment pulsing with 0 (■), 5 (▲), 10 (x) mg 

AgNP/L on cut Mokara Red orchid flower. Each of the floral 

preservative solution contains 2% sucrose and 3% citric acid. Means 

followed by the different letter are significantly different by DMRT (p 

≤ 0.05). n=5. 

 

95 

 

5.9 Effects of fungal growth on floral preservative solution containing   

(♦) control (125 mg/L 8-hydroxyquinoline citrate, 8-HQC) and double 

combination leaf extracts (DCLE) of P. guajava+A. paniculata 

(Pg+Ap) after pre-treatment pulsing with 0 (■), 5 (▲), 10 (x) mg 

AgNP/L on cut Mokara Red orchid flower. Each of the floral 

preservative solution contains 2% sucrose and 3% citric acid. Means 

followed by the different letter are significantly different by DMRT (p 

≤ 0.05). n=5.   

 

96 

 

5.10 SEM micrograph of stem-end cut surface of Mokara Red orchid at the 

end of vase life of flowers treated in floral preservative solution 

containing A,E) control (8-hydroxyquinoline citrate, 8-HQC), B,F) 

AgNP0+DCLE-Pg+Ap, C,G) AgNP5+DCLE-Pg+Ap and D,H) 

AgNP10+DCLE-Pg+Ap. The bacteria (Ba) blocking the xylem vessel 

(V). Arrowheads indicate cracks on biofilm due to bacterial colonization. 

Bars=5µm, 50 µm indicated for cross and longitudinal section of stem-

end. Scale bars: A-C) 5 µm; D) 10 µm; E-H) 50 µm. 

97 

 



© C
OPYRIG

HT U
PM

xxii 
 

5.11 TEM micrograph of stem-end cut surface of Mokara Red orchid at the 

end of vase life of flowers treated in floral preservative solution 

containing A) control (8-hydroxyquinoline citrate, 8-HQC), B) 

AgNP0+DCLE-Pg+Ap, C) AgNP5+DCLE-Pg+Ap and D) 

AgNP10+DCLE-Pg+Ap. The plasma membrane (pm), mitochondria 

(mc), and plastoglobuli (pg) were close to the cell wall (cw), with 

bacteria (Ba) blocking the xylem vessel (V). Arrowheads indicate cracks 

on biofilm due to bacterial colonisation. Bars=5µm, 50 µm indicated for 

cross section of stem-end. Scale bars: A and C) 5 µm; B) 1 µm and D) 2 

µm. 

98 



© C
OPYRIG

HT U
PM

xxiii 
 

LIST OF ABBREVIATIONS 

 

 

8-HQC 8-hydroxyquinoline citrate 

AgNP Silver nanoparticles 

ANOVA Analysis of variance 

Ap Andrographis paniculata 

Ba Bacteria 

C* Chroma 

CA Citric acid 

CFU Colony forming units 

CRD Completely randomized design 

CW Cell wall 

DCLE Double combination leaf extracts 

DMRT Duncanʼs multiple range test 

eV Electron volts 

GC-MS Gas chromatography-mass spectrometry analysis 

h Hour 

h° Hue angle 

ISHS International Society for Horticultural Science 

Jc Jatropha curcas 

kV Accelerating voltage 

L* Lightness 

MAS Malaysian Agricultural Statistics 

mg/L Milligram/liter 

mM Millimolar 

µm Micrometer 

m/z Mass-to-charge ratio value 

NA Nutrient agar 

NIST National Institute of Standards and Technology 

NS Nanosilver  

p Probability value of test statistics 

PDA Potato dextrose agar 

Pg P. guajava 

ppm Parts per million 

RH Relative humidity  

RHS Royal Horticultural Society 

SAS Statistical Analysis System 

SEM Scanning electron microscopy 

SLE Single leaf extract 

STS Silver thiosulphate  

Suc Sucrose 

TEM Transmission electron microscopy 

UPM Universiti Putra Malaysia 

V Xylem vessel 

v/v Volume per volume 

 



© C
OPYRIG

HT U
PM

 

1 
 

CHAPTER 1 

 

INTRODUCTION 

 

Orchids have a very special place along with all ornamental crop plants in Malaysia. A 

total of 214 million ornamental crop plants was grown in 2011 (Malaysian Agricultural 

Statistics, 2012). The number of cultivated orchids had increased by 11 times in the last 

2007 to 2011. The orchid industry occupied 46% of the total floriculture industry in 

Malaysia. The most popular orchid types cultivated are 11.17% Dendrobium, 8.0% 

Aranda, 5.01% Oncidium and 3.5% Mokara, generally grown in Johor and Selangor 

(Malaysian Agricultural Statistics, 2012). Mokara Chark Kuan (Pink, Orange, Red), with 

a generic name Mokara, is a hybrid that progenitors from Singapore in 1969. The Grex 

epithet is Chark Kuan, and the cultivar epithet is Orange. Mokara is a trigeneric 

produced from the hybridization of Arachnis flosaeris, Ascocentrum ampullaceum and 

Vanda peduncularis (Yew-Hwa, 1995; Yam and Thame, 1999). The plant has a 

monopodial growth habit and continues to grow infinitely from the tip or crown of the 

plant. The Mokara flowers are very appealing with substantial colours such as red, pink, 

purple, yellow, or white.  

 

The postharvest life of a cut orchid flower is limited by several elements like yellowing 

or discolouration and wilting and shedding of individual unopened buds and florets. 

Floret shedding has been reported to occur when the rate of water loss fell below 1.0 

g/day per spray (Dai and Paul, 2003). Microbial contamination at the stem base or in the 

vase solutions has been reported to cause xylem blockage, especially when 

microorganisms such as bacteria and fungi build up in the vase solutions or in the sap-

conducting tissue of xylem (Botelho et al., 2007; Martinez-Romero et al., 2007; 

Yahyazadeh et al., 2008). This xylem blockage has not been documented well in the 

locally grown cut orchid industry. Besides, when a stem is cut, air is immediately 

aspired into all opened xylem conduits. This air will be restricted to the opened conduits. 

Since vase water bacteria cannot move from one xylem vessel to the other, and 

polysaccharides excreted by bacteria only moves partially up the stem, the blockage that 

occurs further up the stem is mainly due to air bubbles in the xylem conduits (Heleen et 

al., 2003). Usually, a floral vase solution is acidified and includes a biocide (8-

hydroxyquinoline citrate, 8-HQC) to inhibit bacterial proliferation. The effects of 

biocides on flower life of Alstroemeria pelegrina L. was 20.4 days when treated with 

0.05 g acetyl pyridinium chloride/L and 0.2 g 8-HQC/L. Although, flower vase life of 

carnation was 22 days when treated with 0.05 g acetyl pyridinium chloride/L and 0.05 g 

dantogard/L. Moreover, the vase life of cut rose flower was 9.6 days when treated with 

0.05 g isocil/L (Knee, 2000). However, there is limited information in the literature on 

the relative effectiveness of different natural biocide, derived from plants, which can be 

environmentally friendly and not harmful to human health.  
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Malaysia is one of the countries in Asia that has high diverse biological resources. In 

Malaysia, Jatropha curcas, Psidium guajava and Aandrographis paniculata are also 

known as jarak pagar, jambu batu and hempedu bumi, respectively (Gübitz et al., 1999; 

Chen et al., 2006; Savitha and Rathnavijaya, 2011). J. curcas, P. guajava and A. 

paniculata belongs to the family of Euphorbiaceae, Myrtaceae and Acanthaceae, 

respectively. They are widely cultivated in Central and South America, Southeast Asia, 

India and Africa. Previous studies have shown that none of the compounds had a 

consistent and high anti-bacterial effect on concentrations that are not toxic to flowers. J. 

curcas leaf extracts showed antimicrobial activity (Okoh et al., 2009). P. guajava leaf 

extracts showed antibacterial activity, and polyphenolic compounds are the active 

antimicrobial components in the leaves (Suhaila et al., 2009). Leaf extracts of A. 

paniculata inhibit both gram-positive and gram-negative bacteria by the active 

compound andrographolide (Singha et al., 2003). Presently, extraction is the vital step 

for the recovery and separation of bioactive chemicals from plant resources. Plant 

derived metabolites are key sources of different phytochemicals used for the production 

of pharmaceuticals. These natural products make obtainable input to produce new 

structural types of antimicrobial and antibacterial chemicals. In addition, there are no 

recognized criteria for the selection of a particular compound. 

 

In vase solutions of cut Dendrobium ʻPompadourʼ flowers, silver nitrate (AgNO3),            

8-HQC, sucrose and citric acid (CA) have been used for enhancing the longevity of cut 

flowers (Ketsa et al., 1995). The sucrose acts as a food source while CA (stabilizes pH 

to 3-4), AgNO3 and 8-HQC act as antimicrobial agents preventing the blockage of 

xylem vessel (Meman and Dabhi, 2006). Currently, AgNO3 is no longer used in 

commercial vase solutions because it is a synthetic germicide containing silver, a heavy 

metal that can pollute the environment and cause damage to human health (Damunupola 

and Joyce, 2006). Silver nanoparticles (AgNP) have been found to be ten times less 

toxic than the soluble AgNO3, a soluble silver salt (Griffith et al., 2008). The AgNP, or 

nanosilver (NS), is a cluster of silver atoms that range in diameter from 1-100 nm. It is 

the most commonly used in nano material for microbial control (Morones et al., 2005;  

Chaloupka et al., 2010) because it has large surface area-to-volume ratio, great efficacy 

against a large number of bacterial species (Jiang et al., 2004) and low toxicity to human 

(Foldbjerg et al., 2009). AgNP has the ability to anchor to the bacterial cell wall and 

subsequently penetrate it, thus causing structural changes in the cell membrane like the 

permeability of the cell membrane and cell death. There is a formation of ʻpitsʼ on the 

cell surface, and accumulation of the nanoparticles on the cell surface (Sondi and 

Salopek-Sondi, 2004). The AgNP in a preservative solution that extended the vase life of 

Gerbera, thus, each of the compounds has the potential to act as novel alternatives to 

common chemicals as floral preservatives. The 5, 10, 20 and 50 mg AgNP/L in 

preservative solutions showed promising prospects for the utilization of natural plant 

extracts in extending flower vase life (Li et al., 2012). Pre-treatment pulse with 50 mg 

NS/L for 1 h had significantly alleviated bacteria related blockage in the stem-ends of 

cut Movie Star roses due to its strong antibacterial efficacy (Li et al., 2012).  
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However, J. curcas, P. guajava and A. paniculata leaf extracts reduce xylem blockage 

with enhancer of AgNP in cut Mokara Red orchid flower that are new and not clear. So, 

more research is required to reach a clear understanding regarding the safety of AgNP. 

Thus, it is important to develop a new substance of floral solutions from a biological 

origin, leaf, stem, and/or root as an alternative biocide for the floriculture industry. 

Therefore, this research is determined to find out the effectiveness of biocide 

formulations from leaf extracts of J. curcas, P. guajava and A. paniculata and their 

combinations as natural biocide. This study also seeks to find out if pre-treatment pulse 

with the AgNP in vase solutions could extend the vase life and maintain quality of cut 

flowers. Finally, the leaf extracted compounds restricted the growth of microorganisms 

(bacteria and fungi), which destroyed the vessel cells and, as a result, no xylem 

occlusion took place. Consequently, leaf extracts inhibit the growth of bacteria in the 

vase water or inside the xylem vessels of the flower stem. According to Siva et al. 

(2008), Kalimuthu et al. (2010) and Rahman et al. (2011) the inhibition of fungal growth 

by J. curcas extracts. P. guajava leaves extracts showed antimicrobial activities, while 

A. paniculata showed both antifungal and antibacterial activities (Kumar et al., 2010; 

Long et al., 2010). 

 

The main objective of this study is to evaluate the efficacy of plant extracts from J. 

curcas, P. guajava and A. paniculata leaves in prolonging longevity of cut Mokara Red 

orchid flowers. Therefore, this study was carried out with the following specific 

objectives: 

 

1) To determine the antimicrobial compounds from leaf extracts of Jatropha curcas, 

Psidium guajava and Andrographis paniculata. 

2) To determine optimum concentration of Jatropha curcas, Psidium guajava and 

Andrographis paniculata leaf extracts on postharvest performance of cut Mokara Red 

orchid flowers. 

3) To determine the efficacy of silver nanoparticles as an enhancer of Psidium guajava 

and Andrographis paniculata leaf extracts in alleviating xylem blockage in cut 

Mokara Red orchid flowers. 
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