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Vanillin is one of the most important flavour compounds used in foods, beverages, 

perfumes and pharmaceuticals industry through isolation from vanilla pods of Vanilla 

planifolia or chemical synthesis. An alternative biotechnology-based approach for 

biovanillin production is searched for due to the high price of natural vanillin that 

isolated from vanilla pods and rising on demand for naturally produced foods. Vanillin 

production through biotechnology routes is focused on the microbial bioconversion 

from precursors like ferulic acid and eugenol. However, the common problem 

regarding biovanillin production is the oxidation pathway of vanillin into vanillic acid. 
Thus, low vanillin is detected as the desired product. The objective of this study 

includes the construction of recombinant Escherichia coli that can be further utilized 

for biotransformation of ferulic acid into biovanillin by one step fermentation without 

further oxidation of vanillin into vanillic acid. The desired genes involving in 

biovanillin production, enoyl-CoA hydratase (ech) andferuloyl-CoA synthetase (fcs) 

are screened and isolated from locally isolated bacteria, later named as Pseudomonas 

sp. AZ10 UPM. It showed the highest degradation of ferulic acid as carbon source with 

the yield, Yp/s and productivity, Pr obtained were 1.08 mg/mg and 53.1 mg/L/h, 

respectively. Oxidation of vanillin into vanillic acid was observed lead to low vanillin 

production after 48 hours of incubation. Therefore, this strain was selected as the 

potential vanillin producer due to accumulation of vanillic acid at the end of 
fermentation process with assumption that vanillin was oxidized into vanillic acid. 

Further study was conducted on the isolation of biovanillin producing gene from 

Pseudomonas sp. AZ10 UPM. By using DNA walking strategy, full length of both 

enoyl co-A hydratase (ech) and feruloyl co-A synthetase (fcs) were successfully 

isolated. Analysis of the nucleotide sequences revealed the presence of an open reading 

frame of 906 bp with protein encoded 302 amino acids and 1869 bp with protein 

encoded 623 amino acids of ech and fcs, respectively. The deduced amino acids for ech 

and fcs about 62% and 98% homology with Pseudomonas sp., respectively. The 

recognition of GTG (Guanine-Thymine-Guanine) for both genes ech and fcs as start 

codon was assisted by the presence of Shine-Dalgarno sequence, which located at 8 bp 

for ech and 7 bp for fcs upstream the initiation codon. The pRSFDuet-1/ech-fcs 
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expression system has been constructed by cloning the full length of fcs and ech under 

the transcriptional control of T7 promoter of pRSFDuet-1 into an E. coli BL21 (DE3). 

In comparison to wild type, Pseudomonas sp. AZ10 UPM, this recombinant E. coli 

harbouring pRSFDuet-1/ech-fcs was able to produce vanillin in one step fermentation 

without further oxidation of vanillin into vanillic acid. In order to confirm the genes 

expression for vanillin production, fermentation was done in 2YT medium with 
supplementation of 0.1% (w/v) ferulic acid. From the observation, the recombinant 

Escherichia coli able to produce 165 mg/L vanillin by one step fermentation without 

further oxidation into vanillic acid. Furthermore, the recombinant shows the ability to 

convert agricultural waste containing ferulic acid into vanillin. It was able to convert 

200 mg/L oil palm empty fruit bunches (OPEFB) alkaline hydrolysate into 27 mg/L 

vanillin with no vanillic acid detected as the oxidized product. In conclusion, this study 

was successfully developed a recombinant Escherichia coli BL21 (DE3) with plasmid 

harbouring key genes for biovanillin production which were ech and fcs. The 

recombinant was able to produce biovanillin in one step fermentation without further 

oxidation of vanillin into vanillic acid. In fact, it shows potential to utilize agricultural 

waste, OPEFB alkaline hyrdrolysate as natural source of ferulic acid for biovanillin 
production.  
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Vanilin merupakan salah satu diantara sebatian perisa yang digunakan di dalam industri 

makanan, minuman, minyak wangi dan farmasi melalui pemencilan daripada pod 

vanila tumbuhan Vanilla planifolia atau sintesis kimia. Penghasilan vanilin secara 

alternatif berasaskan bidang bioteknologi sedang meningkat naik kerana harga vanilin 

yang tinggi apabila diesktrak dari pokok vanila semulajadi dan permintaan yang 

meningkat terhadap makanan yang diproses secara semulajadi. Penghasilan vanilin 

melalui kaedah bioteknologi memberi fokus terhadap penukaran mikrob daripada 
prekursor asid ferulik dan eugenol. Walaubagaimanapun, masalah yang biasa terjadi 

dalam penghasilan biovanilin ialah pengoksidaan vanilin kepada asid vanilik. 

Seterusnya menyebabkan vanilin tidak dapat dikesan sebagai produk yang dikehendaki 

atau hasil yang diperolehi adalah sangat rendah. Oleh itu, objektif kajian ini ialah untuk 

menghasilkan E. coli rekombinan yang mampu menggunakan asid ferulik bagi tujuan 

transformasi kepada biovanilin melalui kaedah satu langkah tanpa pengoksidaan 

vanilin kepada asid vanilik. Kajian ini adalah untuk menyaring dan mengasingkan gen 

yang di kehendaki bagi tujuan penghasilan biovanilin iaitu enoyl-CoA hydratase (ech) 

dan feruloyl-CoA synthase (fcs) daripada bakteria yang telah diasingkan, dan diberi 

nama sebagai Pseudomonas sp. AZ10 UPM. Ia menunjukkan tahap degradasi asid 

ferulik tertinggi sebagai sumber karbon. Pengoksidaan vanilin kepada asid vanilik 
dicerapi dan menyebabkan penghasilan vanilin sebagai produk yang dikehendaki 

menjadi rendah. Hasil degradasi asid ferulik, Yp/s dan produktiviti, Pr yang diperolehi 

masing-masing adalah 1.08 mg/mg and 53.1 mg/L/h. Hasil perolehan yang lebih tinggi 

berbanding kajian terdahulu berkaitan penukaran asid ferulik kepada asid vanilik 

dicerapi. Pengoksidaan vanilin kepada asid vanilik turut dilaporkan selepas tempoh 48 

jam. Strain ini telah dipilih atas potensi penghasilan vanillin dengan andaian asid 

vanilik yang terkumpul adalah hasil daripada pengoksidaan vanilin. Kajian seterusnya 

melibatkan pemencilan gen daripada Pseudomonas sp. AZ10 UPM untuk penghasilan 

biovanilin. Dengan menggunakan strategi perjalanan DNA, ia telah berjaya 

mendapatkan jujukan lengkap bagi kedua dua gen iaitu enoyl co-A hydratase (ech) and 

feruloyl co-A synthetase (fcs). Analisis terhadap jujukan nukleotida menunjukkan 



© C
OPYRIG

HT U
PM

iv 

 

kehadiran satu rangka terbuka sepanjang 906 bp dengan jujukan peptide masing-

masing sebanyak 302 asid amino dan 1869 bp berserta jujukan peptida sebanyak 623 

asid amino untuk ech dan fcs. Asid amino ech dan fcs dapat disimpulkan mempunyai 

persamaan masing-masing sebanyak 62% dan 98% dengan Pseudomonas sp. 

Pengesanan GTG (Guanin-Thiamin-Guanin) sebagai fungsi pemula gen ech dan fcs 

adalah dibantu melalui kehadiran jujukan Shine-Dalgarno yang terletak di kedudukan 8 
bp untuk gen ech and 7 bp bagi gen fcs di bahagian atas jujukan daripada fungsi 

pemula. Sistem ekspresi pRSFDuet-1/ech-fcs telah dibina melalui pengklonan jujukan 

lengkap fcs dan ech dibawah kawalan transkripsi pemula T7 yang terletak pada 

pRSFDuet-1 kepada E. coli BL21 (DE3). Jika dibandingkan dengan strain liar 

Pseudomonas sp. AZ10 UPM, E. coli rekombinan yang mengandungi pRSFDuet-

1/ech-fcs ini mampu menghasilkan vanilin dalam satu langkah tanpa pengoksidaan 

vanilin kepada asid vanilik. Bagi tujuan pengesahan maklumat tentang ekspresi gen 

bagi penghasilan vanilin, proses fermentasi telah dijalankan di dalam media 2YT 

dengan tambahan 0.1% (w/v) asid ferulik. Berdasarkan pemerhatian, E. coli 

rekombinan mampu menghasilkan vanilin sebanyak 165 mg/L melalui kaedah satu 

langkah fermentasi tanpa berlaku pengoksidaan vanilin kepada asid vanilik. Malahan, 
rekombinan ini juga menunjukkan kebolehan menggunakan sisa pertanian kepada 

penghasilan vanilin. Ia mampu menukarkan 200 mg/L asid ferulik yang terkandung di 

dalam hidrolisat alkali buah tandan kosong kelapa sawit kepada 27 mg/L vanilin. Asid 

vanilik juga tidak dikesan sebagai produk pengoksidaan. Kesimpulannya, kajian ini 

berjaya menghasilkan E. coli rekombinan yang mempunyai plasmid berserta gen-gen 

penghasil biovanillin iaitu ech dan fcs. Rekombinan ini juga mampu menghasilkan 

biovanilin dalam satu langkah tanpa berlaku pengoksidaan vanilin kepada asid vanilik. 

Malahan, kajian menunjukkan rekombinan berpotensi untuk menggunakan sisa 

pertanian, hidrolisat alkali buah tandan kosong kelapa sawit sebagai sumber semulajadi 

asid ferulik untuk penghasilan biovanilin.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

v 

 

ACKNOWLEDGEMENTS 
 

 

In the name of Allah, the most merciful and compassionate. My deepest gratitude and 

praise to Allah for his blessing throughout my research and studies journey. 

 
 

Million thanks dedicated to my supportive supervisory committee chairman, Prof. Dr. 

Suraini Abd Aziz, who is kind, encouraging and provide guidance throughout my 

study. Appreciation is extended to all my co supervisors, Prof. Dr. Raha Abdul Rahim, 

Assoc. Prof. Dr. Noorjahan Banu Alitheen, Assoc. Prof. Dr. Phang Lai Yee. 

 

 

I am thankful to the staffs of Faculty of Biotechnology for the advice and help in the 

laboratory. I do appreciate the knowledge from Assoc. Prof. Dr. Toshinari Maeda and 

all the lecturers, staffs and students in Kyushu Institute of Technology, Japan for the 

good hospitality and support during the JASSO program. Special thanks dedicated to 
lecturers and members in Environmental Biotechnology group for all the strong and 

kind support along the way of my PhD journey. 

 

 

Thank you so much to my beloved husband, parents, parents in law and all my family 

members who have strongly motivated me, provide endless support and encouragement 

for the completion of my research work. Lastly, thanks to myBrain15 from the Ministry 

of Higher Education (MOHE) for sponsoring my PhD study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vii 

 

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

accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

 

 

Suraini Abd. Aziz, PhD 
Professor 

Faculty of Biotechnology and Biomolecular Sciences  

Universiti Putra Malaysia 

(Chairman) 

 

 

Raha Abdul Rahim, PhD 

Professor 

Faculty of Biotechnology and Biomolecular Sciences  

Universiti Putra Malaysia 

(Member) 
 

 

Noorjahan Banu Alitheen, PhD  

Associate Professor 

Faculty of Biotechnology and Biomolecular Sciences  

Universiti Putra Malaysia 

(Member) 

 

 

Phang Lai Yee, PhD  

Associate Professor 

Faculty of Biotechnology and Biomolecular Sciences  
Universiti Putra Malaysia 

(Member) 

 

 

 

 

 

 

 

                                                                             ROBIAH BINTI YUNUS, PhD 

Professor and Dean 
School of Graduate Studies 

Universiti Putra Malaysia 

 

 

Date:  

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

viii 

 

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.: _________________________________________________ 



© C
OPYRIG

HT U
PM

ix 

 

Declaration by Members of Supervisory Committee 

 

 

This is to confirm that: 

 the research conducted and writing of this thesis was under our supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 
Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

 

 

 

 
 

 

Signature:  Signature:  

Name of   Name of  

Member of  Member of  

Supervisory  Supervisory  

Committee:  Committee:  

Signature:  Signature:  

Name of   Name of  

Chairman of  Member of  

Supervisory  Supervisory  

Committee:  Committee:  



© C
OPYRIG

HT U
PM

x 

 

TABLE OF CONTENTS 

 Page 

ABSTRACT i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES xiv 

LIST OF FIGURES xv 

LIST OF ABBREVIATIONS xviii 

  

CHAPTER  

1     INTRODUCTION  

1.1     Background of study           1 

1.2     Problem statement              2 

1.3     Objectives   3 

  

2      LITERATURE REVIEW   

2.1     Introduction to vanillin  4 

2.2     Comparison between natural vanillin, synthetic vanillin and  

          biovanillin 

6 

2.2.1     Natural vanillin                                                         7 

2.2.2     Synthetic vanillin  9 

2.2.3     Biovanillin 11 

2.3     Biovanillin natural precursor and bioconversion process        12 

2.3.1     Ferulic acid 12 

2.3.2     Vanillic acid 14 

2.4     Biovanillin production through fermentation approach 15 

2.4.1     Biovanillin producing microorganism 15 

2.4.1.1     Bacteria producing biovanillin from ferulic  

                acid 

17 

2.4.1.2     Filamentous fungi for bioconversion of  
                ferulic acid 

17 

2.4.1.3     Recombinant E. coli for vanillin production 

2.5     Biosynthesis pathway for biovanillin production 

18 

19 

2.5.1     Catabolic pathways of ferulic acid 19 

2.5.2     Involvement of gene of interest in biovanillin    

             production by recombinant E. coli 

22 

2.5.3     feruloyl co-A synthetase, fcs  23 

2.5.4     enoyl co-A hydratase, ech  23 

2.5.5     Escherichia coli expression system      24 

2.6     Vanillin application                   25 

2.6.1     Food flavour 26 
2.6.2     Medicine  27 

2.6.3     Pharmaceutical 28 

2.7     Agrowastes as potential substrate for biovanillin production 28 

2.7.1     Palm oil biomass  29 

2.7.2     Cereal bran 30 

2.7.3     Sugar beet pulp 30 



© C
OPYRIG

HT U
PM

xi 

 

2.7.4     Rice bran oil 31 

2.8     Concluding remarks  

 

31 

3      MATERIALS AND METHODS  

3.1     Chemical reagents      32 

3.2     Media 32 
3.2.1     Luria-Bertani (LB) broth and agar 32 

3.2.2     Luria-Bertani-kanamycin broth and agar     32 

3.3     Isolation, screening and identification of potential biovanillin  

          producing bacteria     

32 

3.3.1     Bacterial isolation and culture condition  32 

3.3.2     Colorimetric rapid screening to isolate potential ferulic   

             acid degrading bacteria for biovanillin production 

33 

3.3.3     Morphological characterization 34 

3.3.3.1     Gram staining 34 

3.3.4     Bacterial 16S ribosomal RNA (rRNA) identification    34 

3.3.4.1     Polymerase chain reaction (PCR)   
                amplification of 16S rRNA gene 

34 

3.3.4.2     DNA sequencing of 16S rRNA gene 35 

3.3.4.3     Sequence analysis of 16S rRNA gene 35 

3.3.5     Biotransformation of ferulic acid into vanillic acid and  

             vanillin by a growing culture 

35 

3.3.6     HPLC quantitative analysis of phenolic metabolites 36 

3.4     Isolation of biovanillin producing genes using DNA walking  

          strategy for construction of biovanillin expression system using   

          Escherichia coli 

36 

3.4.1     General DNA techniques             36 

3.4.1.1     Genomic DNA extraction         36 

3.4.1.2     Agarose gel preparation 36 
3.4.1.3     DNA quantification 36 

3.4.1.4     Plasmid purification 37 

3.4.1.5     Gel slice and PCR product purification 37 

3.4.2     Isolation of biovanillin producing genes, enoylcoA  

             hydratase (ech) and feruloylcoAsynthetase (fcs) 

37 

3.4.2.1     Isolation of  known sequence of ech and fcs  

                from Pseudomonas sp. AZ10 UPM 

37 

3.4.2.2     Isolation of full length of ech and fcs genes  

                from Pseudomonas sp. AZ10 UPM 

38 

3.4.2.3     Isolation of native ribosome binding site  

                (rbs) sequence and transcriptional terminator 

41 

3.4.2.4     Nucelotide sequence determination and  

                analysis 

43 

 

3.4.3     Construction of biovanillin expression system with  

             Escherichia coli 

43 

3.4.4     Construction of biovanillin expression system under the  

             control of T7 promoter 

43 

3.4.5     Ligation of DNA 46 

3.4.6     Transformation into Escherichia coli BL21 (DE3) 46 

3.4.7     Confirmation of insert  46 

3.4.7.1     Antibiotic plate screening 46 

3.4.7.2     Restriction enzyme digestion 47 



© C
OPYRIG

HT U
PM

xii 

 

3.4.7.3     Colony PCR 47 

3.4.7.4     DNA sequence determination and analysis 48 

3.5     Production of biovanillin from ferulic acid by recombinant  

          Escherichia coli  

48 

3.5.1     Recombinant bacterial strains and storage of cultures     48 

3.5.2     Production medium 48 
3.5.2.1     2YT medium 48 

3.5.3     Functional expression of the ech and fcs genes in  

             Escherichia coli BL21 (DE3)  

48 

3.5.3.1     Inoculum preparation 48  

3.5.3.2     Production of biovanillin from ferulic acid  

                by recombinant Escherichia coli BL21 (DE3)     

                harbouring pRSFDuet-1/ech-fcs   

49 

3.5.4      Factors that affect vanillin production 49 

3.5.4.1     Effects of ferulic acid concentration on  

                vanillin production 

49 

3.5.4.2     Effects of IPTG induction level on vanillin  
                production 

49 

3.5.4.3     Effects of media on vanillin production 49 

3.5.5     Preparation of natural substrate, oil palm empty fruit  

             bunches (OPEFB) alkaline hydrolysate 

50 

3.5.5.1     OPEFB alkaline hydrolysate production 50 

3.5.5.2     OPEFB alkaline hydrolysate preparation 50 

3.5.5.3     Production of biovanillin from OPEFB  

                alkaline hydrolysate by recombinant     

                Escherichia coli BL21 (DE3) harbouring   

               pRSFDuet-1/ech-fcs   

50 

3.5.6     Analytical methods   51 

  

4     RESULTS AND DISCUSSION  

4.1     Isolation, screening and identification of potential biovanillin  

          producing bacteria 

52 

4.1.1     Colorimetric rapid screening to isolate potential ferulic  

             acid degrading  bacteria for biovanillin production 

52 

4.1.2     Morphological characterization 54 

4.1.3     Molecular identification of the local isolate 55 

4.1.3.1     Bacterial 16S ribosomal RNA (rRNA)  
                Identification 

55 

4.1.3.2     Sequencing and analysis of 16S rRNA PCR  

                amplified fragment 

56 

4.1.4     Biotransformation of ferulic acid into vanillic acid and  

             vanillin by potential local isolate 

57 

4.2     Isolation of biovanillin producing genes using DNA walking  

          strategy for construction of biovanillin expression system using   

          Escherichia coli 

59 

 

4.2.1     Isolation of known sequence of ech and fcs genes from  

             Pseudomonas sp. AZ10 UPM 

59 

4.2.2     Isolation of full length of ech and fcs genes from  

             Pseudomonas sp.AZ10 UPM  

62 



© C
OPYRIG

HT U
PM

xiii 

 

          

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.3     Construction of biovanillin expression system in  

             Escherichia coli under the control of T7 promoter  

67 

4.2.4     Transformation and screening of the transformants 73 

4.2.5     Amino acid sequence analysis with other ech and  fcs  

             genes 

76 

4.3     One step biovanillin production from Escherichia coli BL21  

          (DE3) harbouring pRSFDuet-1/ech-fcs   

80 

4.3.1     Escherichia coli BL21 (DE3) harbouring pRSFDuet- 

            1/ech-fcs for one step biovanillin production   

80 

4.3.2     Effect of ferulic acid concentration on vanillin  

             production 

83 

4.3.3     Effect of IPTG induction level on vanillin production 85 

4.3.4     Effect of production media on vanillin production 86 

4.3.5     Production of biovanillin from OPEFB alkaline  

             hydrolysate by recombinant Escherichia coli BL21 

             (DE3) harbouring pRSFDuet-1/ech-fcs   

88 

  

5     SUMMARY, CONCLUSIONS AND RECOMMENDATIONS  

       FOR FUTURE WORKS               

 

5.1     Summary  91 

5.2     Conclusions  93 

5.3     Recommendations for future work        94 

  

REFERENCES 95 

APPENDICES  119 

BIODATA OF STUDENT 138 

LIST OF PUBLICATIONS 139 



© C
OPYRIG

HT U
PM

xiv 

 

LIST OF TABLES 

 

 

Table  
 

 Page 

2.1 Physico-chemical properties of vanillin 
 

7 

2.2 List of microorganisms that were used to produced vanillic acid 

from ferulic acid 

 

16 

3.1 Source of soil samples used for the isolation and screening of 

potential ferulic acid degrading bacteria for production of 

biovanillin and vanillic acid. 

 

33 

3.2 Universal primer used for PCR amplification of 16S rRNA gene. 

 

35 

3.3 Degenerate primers used for PCR amplification of ech and fcs 
genes 

37 
 

3.4 Primers with specific restriction enzyme sites for PCR 

amplification of full length of ech and fcs genes. 

 

44 

3.5  Double digestion reaction of ech gene template and vector  

pRSFDuet-1. 

45 

 

 

3.6 Double digestion reaction of fcs gene template and vector  

pRSFDuet-1/ech  

45 

 

 

3.7 DNA ligation reaction mixtures 

 

46 

 
4.1 The comparison between AZ10 and other strains related to yield and 

productivity for vanillic acid (VA) production based on ferulic acid 

(FA) reduced. 

 

59 

4.2 Sequence similarites of ech gene of Pseudomonas sp. AZ10 UPM in 

compared to other related strains 

 

77 

4.3 Sequence similarites of fcs gene of Pseudomonas sp. AZ10 UPM in 

compared to other strains 

 

78 

4.4 The unoptimized production of biovanillin from ferulic acid by 
recombinant 

E. coli 

 

82 

4.5 The optimized studies of biovanillin production from ferulic acid by  

recombinant E. coli 

 

83 

4.6 The difference of cultivation medium used for biovanillin production  

from ferulic acid 

 

 

88 

 



© C
OPYRIG

HT U
PM

xv 

 

LIST OF FIGURES 

 

 

Figure 

 

 Page 

2.1 
 

2.2 

Top main world vanilla producers (FAO-STAT, 2014) 
 

Vanillin structure. 

 

5 
 

6 

2.3 Vanilla plant at flowering stage and by-hand pollination. 

 

9 

2.4 Valorisation of Kraft lignin by a biorefinery concept: integration 

of producing vanillin and biopolymers 

 

10 

2.5 Two-step process of vanillin production from the petrochemical 

guaiacol 

 

11 

2.6 Ferulic acid structure 

 

13 

2.7 Vanillic acid structure 

  

14 

2.8 Coenzyme-A-independent (A) and coenzyme-A-dependent 

deacetylation (B) of ferulic acid to yield vanillin 

 

21 

2.9 The organization of structural genes involved in ferulic acid 

catabolism from different bacteria 

 

22 

2.10 The pathway for biovanillin from ferulic acid. 

 

24 

3.1 Designed TSPs for the amplification of full length of ech gene 

based on the known sequence of ech gene obtained from 

Pseudomonas sp. AZ10 UPM  

 

39 

 

 

3.2 Designed TSPs for the amplification of full length of fcs gene 

based on the known sequence of ech gene obtained from 

Pseudomonas sp. AZ10 UPM.  

 

40 

3.3 Designed TSPs for amplification of full length of ech gene.  41 

 

3.4 Designed TSPs for amplification of full length of fcs gene . 43 
 

4.1 Colour changes observed on the screening plate for ferulic acid-

degrading bacteria that has potential to produce vanillin and 

vanillic acid. 

53 

 

4.2 

 

pH comparison between VP medium supplemented with and 

without ferulic acid. 

 

 

54 

4.3 Amplified 1.5 kb PCR band on agarose gel.  

 

56 

4.4 The 16S rRNA gene of Pseudomonas sp. AZ10 UPM. 57 



© C
OPYRIG

HT U
PM

xvi 

 

4.5 The relationship between microbial growth, ferulic acid 

consumption and vanillic acid production throughout the 

fermentation process.  

 

58 

4.6 Amplified 530 bp PCR band on agarose gel. Lane 1: GeneRuler™ 

1 Kb DNA Ladder  
 

60 

4.7 Amplified 900 bp PCR band on agarose gel. Lane 1: GeneRuler™ 

1 Kb DNA Ladder  

 

61 

4.8 Partial fragment of Pseudomonas sp. AZ10 UPM ech gene 

consisting of 530 bp size product.   

 

61 

4.9 Partial fragment of Pseudomonas sp. AZ10 UPM fcs gene 

consisting of 827 bp size product    

 

62 

4.10 Nucleotide sequence of ech gene from Pseudomonas sp. AZ10 
UPM.  

 

63 

4.11 Nucleotide sequence of fcs gene from Pseudomonas sp. AZ10 

UPM.  

 

65 

4.12 Nucleotide sequences of the predicted translational stop codon of 

ech gene.  

 

66 

4.13 Nucleotide sequences of the predicted translational stop codon of 

fcs gene. 

 

67 

4.14 Amplified 915 bp ech PCR band on agarose gel. Lane 1: 1 Kb 
DNALadder. 

68 

 

4.15 

 

Amplified 3829 bp pRSFDuet-1 band on agarose gel.  

 

 

69 

4.16 Schematic representation of the pRSFDuet-1/ech expression 

system.  

 

70 

4.17 Amplified 1917 bp fcs PCR band on agarose gel.  71 

 

4.18 Purified digested pRSFDuet-1 and pRSFDuet-1/ech vectors.  

 

72 

4.19 

 

Schematic representation of the pRSFDuet-1/ech-fcs expression 

system.  

 

73 

4.20 Screening of the positive transformants using colony PCR (ech). 

 

74 

4.21 Screening of the positive transformants using colony PCR (fcs). 

 

75 

4.22 Restriction enzyme (BamHI) digestion of the extracted plasmid. 

 

76 

4.25 Ferulic acid degradation and vanillin production of the 

recombinant E. coli harbouring pRSFDuet-1/ech-fcs.  

81 



© C
OPYRIG

HT U
PM

xvii 

 

4.26 Effect of ferulic acid concentration on vanillin production from 

the E. coli harboring pRSFDuet-1/ech-fcs in 2YT medium. 

 

84 

4.27 Effect of IPTG concentration as an inducer on vanillin production 

from the E. coli harboring pRSFDuet-1/ech-fcs in 2YT medium 

containing 0.1% (w/v) ferulic acid. 
 

86 

4.28 Effects of media on vanillin production of the E. coli harboring 

pRSFDuet-1/ech-fcs. Ferulic acid was added 0.1% (w/v). 

87 

   

4.29 Vanillin production from OPEFB alkaline hydrolysate by 

recombinant E.coli BL21 (DE3) harboring pRSFDuet-1/ech-fcs. 

89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xviii 

 

LIST OF ABBREVIATIONS 

 

 

% v/v percentage volume per volume 

% w/v percentage weight per volume 

FA Ferulic acid 
VA Vanillic acid 

Ech enoyl co-A hydratase 

Fcs feruloyl co-A synthetase 

G Gram 

g/L gram per liter 

mg/L milligram per liter  

HPLC High Performance Liquid Chromatography 

KH2PO4 Potassium dihydrogen Phosphate 

L Liter 

LB Luria-Bertani 

M Molar 
Mg Milligram 

mL Milliliter 

mL/min milliliter per minute 

mM Millimolar 

NaCl sodium chloride 

NCBI National Center for Biotechnology Information 

ORF Open Reading Frame 

SD Shine-Dalgarno 

PCR  Polymerase Chain Reaction 

Rpm rotation per minute 

rRNA ribosomal RNA 

VP Vanillin producing  
TB Terrific Broth  

µL Microliter 

µg/mL microgram per milliliter 

µm micrometer  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

1 
 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

1.1 Background of study 

 

 

Vanillin is known as a major component that provides the taste and aroma for natural 

vanilla. Vanilla has been known for many years and used widely as flavouring agents 

worldwide. South and Central America were the first used this flavour before 

Europeans arrived in the sixteenth century (Lubinsky et al., 2006). This spice was 

brought back to Europe by the Spanish explorers which then became very popular there 

for flavouring of foods. Since then, vanilla became a well known flavouring material. 

Vanillin is obtained through vanilla beans extraction from Vanilla orchid of Vanilla 

planifolia, Vanilla tahitiensis and Vanilla pompona. 

 

 

Based on vanillin worldwide market, Priefert et al. (2001) reported that out of 10,000 

tons of vanillin, only 0.5% of the vanillin is isolated from vanilla pods annually. 

Traditionally, the flavour of vanillin for vanilla ice cream, yoghurt and cakes was 

extracted from the tropical orchid pods. The strong demand and the fact that this 

flavouring compound is expensive move the trends towards alternative sources 

research. Li and Rosazza (2000) also mentioned that the estimated vanillin world 

consumption is 12,000 tonne per year. However, the extracted natural vanillin from 

vanilla pods is only 50 tons and the remaining supplies are fromlignin or guaiacol 

which is the chemically synthesized vanillin (Clark, 1990). Through a reaction with 

guaiacol and glyoxylate, the production of synthetic vanillin was accomplished. 

Besides that, Dignum et al. (2001) reported that cell culture of microorganism has been 

used in order to preserve a “natural” additive claim. The estimated synthetic vanillin 

production is about 13000 tons per year. Vanillin that is produced synthetically is 

usually produced from guaiacol which is a petrochemical product. Natural vanillin 

supplies only 2% of the vanillin market (Havkin-Frenkel and Belanger, 2008). 

Synthetic vanillin costs approximately USD $11-15 per kg. However, natural vanillin 

has a significantly higher price where vanillin produced from microorganism has a 

price of about USD $1,000 per kg (Korthou and Verpoorte, 2007; Converti et al., 

2010).  

 

 

Ander et al. (1980), Chatterjee et al. (1999) and Civolani et al.(2000) have been 

reported that in n order to produce vanillin in an environmental friendly way, microbial 

conversion has been proposed by using bacteria and fungi to utilize eugenol and ferulic 

acid as the substrates. Besides that, previous study has adding the knowledge regarding 

the coding genes of biovanillin producing enzymes from ferulic acid (Overhage et al., 

1999; Narbad and Gasson, 1998; Venturi et al., 1998). The recombinant strains 

carrying target genes for vanillin production also created new opportunities for 

metabolic engineering routes to be developed. Okeke and Venturi (1999) mentioned 

that only a few literaturesreported on genetically engineered E. coli for the vanillin 

bioproduction and some of the reported work produced low amount of vanillin 
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(Achterholt et al., 2000). Previous study by Yoon et al. (2005a) has successfully 

inserted the fcs (feruloyl-CoA synthetase) and ech (enoyl-CoA hydratase/aldolase) 

genes from Amycolatopsis sp. strain HR104 and Delftia acidovorans. It further 

developed two recombinant E. coli strains under the control of the arabinose-inducible 

promoter PBAD into the pBAD24 expression vector. The E. coli strain carrying the 

Amycolatopsis genes produced the highest vanillin production of 580 mg/L from 1 g/L 

ferulic acid under optimized growing-cell conditions. The recombinant E. coli was 

constructed by cloning the desired genes that responsible to convert ferulic acid into 

vanillin. 

 

 

1.2 Problem statement 

 

 

Recently, biovanillin production from biotechnology routes has been considered as a 

potential source of natural vanillin as certified by FDA. Thus, the increasing market 

request for natural bioflavours has created a great potential in exploring vanillin 

through biotechnological approaches. One of the approaches is the microbial 

production of vanillin from ferulic acid. It has been reported that ferulic acid is the 

attractive precursors for natural vanillin production by Rosazza et al. (1995).  

 

 

The most available and promising substrates include, ferulic acid extracted from sugar 

beet pulp as reported by Lesage-Meessen et al. (1999), waste of rice bran oil processing 

(Zheng et al., 2007) glucose (Li and Frost, 1998; Hansen et al., 2013) and even lignin 

fragments (Havkin-Frenkel and Belanger, 2008). Separation technologies are 

maturing (Brazinha et al., 2011) and it is responsible for the industrial-scale production 

of vanillin from biotechnologies. These processes are still emerging technologies 

producing high-cost vanillin, which is suitable for the aroma and fragrances field for 

marketing reasons, but not for potential use in renewable resources-based polymers 

(Fache et al., 2015). 

 

 

Furthermore, the increasing worldwide demand for natural vanillin is because of the 

increasing concerns regarding nutritional and health issue (Ashengroph et al., 2011; 

Zhao et al., 2006). In addition, there is greater preference for natural vanillin due to the 

presence of racemic mixtures in synthetic vanillin production (Rana et al., 2013). 

Therefore, biovanillin that regarded as natural and involved non-chemically process has 

been investigated by the researchers which can be further utilized in the next future.  

 

 

Malaysia’s economic growth is experiencing a strong development in new oil palm 

plantations and palm oil mills. Oil palm wastes are highly generated as this industry 

becomes bigger. It will later provide waste heavy loads thus create the problem of 

disposal difficulties and will increase the operation cost. Awalludin et al. (2015) 

describes that the oil palm waste has significant potential in various applications. 

Moreover, the waste utilization will help to minimize the impacts caused to the 

environment by recycling oil palm empty fruit bunch (OPEFB). This is due to the 

serious thought on sustainability of palm oil industry triggers ways on the alkaline 

treatment strategy for ferulic acid (FA) release from OPEFB fibres (Mohd Aanifah et 
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al., 2014). Therefore, the FA obtained from these fibers can be great potential to be 

utilized for vanillin production. 

 

Pseudomonas sp. strains, has been described as the potential biovanillin producers as it 

has broad versatility in metabolic pathway. Apart from that, it has the ability to 

metabolize phenolic compound rapidly. Biotransformation of ferulic acid into vanillin 

has been reported in Pseudomonas putida. However, the major problem by using 

Pseudomonas sp. was the oxidation of vanillin into vanillic acid. Therefore, the amount 

of vanillin accumulated at the end of fermentation process was nearly undetectable 

(Mulheim and Lerch, 1999). As a result, it lowers vanillin production as the desired 

product. Moreover, Giraud et al. (2014) also described that the problem of ferulic acid 

conversion to vanillin is due to the vanillin degradation to vanillic acid and vanillyl 

alcohol and the low amount of vanillin detected is because of the oxidation or reduction 

process. Furthermore, the oxidation of vanillin was reported in the complex media 

(Panoutsopoulos and Beedham, 2005; Sachdev et al., 2008). Thus, a research is 

conducted in order to produce biovanillin through microbial fermentation without 

further oxidation of vanillin into vanillic acid.  

 

1.3 Objectives 

 

 

The general objective of this study was to develop recombinant Escherichia coli 

harbouring the biovanillin target genes for simple, faster and stable biovanillin 

production. This recombinant strain was then tested for its ability to utilize ferulic acid 

for production of biovanillin. In this work, the recombinant E. coli BL21 (DE3) strains 

transformed into pRSFDuet-1 vector with the insert of ech and fcs genes from locally 

isolated Pseudomonas sp. AZ10 UPM and named as E. coli BL2 (DE3)/ pRSFDuet-

1/ech-fcs. This recombinant strain was later tested for gene expression and biovanillin 

production from synthetic ferulic acid and OPEFB alkaline hydrolysate. 

 

 

The specific objectives of this study are: 

 

 

1. To screen, isolate and identify local biovanillin producing bacteria 

 

 

2. To isolate functional genes and construct recombinant E. coli for one step 

biotransformation of ferulic acid into biovanillin  

 

 

3. To utilize OPEFB as an alternative substrate for biovanillin production 

using recombinant E. coli. 
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