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Microorganism Substrate Product Reference
Halomonas salina HSL5 Ferulic acid  Vanillic acid 3)
Bacillus licheniformis SHL1 Ferulic acid  Vanillic acid (15)
Schizophyllum commune Ferulic acid  4-vinylguaiacol (70)
Streptomyces sannanensis MTCC 6637 Ferulic acid Vanillic acid (28)
Halomonas elongata Ferulic acid  Vanillic acid @)
Streptomyces halstedii Ferulic acid  Vanillic acid (18)
Bacillus coagulans Ferulic acid  4-vinylguaiacol 37
Haematococcus pluvialis Ferulic acid  Vanillin (72)
Pycnoporus cinnabarinus Ferulic acid Vanillin (53)
Streptomyces setonii ATCC 39116 Ferulic acid  Vanillin (50)
Amycolatopsis sp. HR 167 Ferulic acid  Vanillin (60)
Spirulina platensis Ferulic acid  Vanillin (62)
Aspergillus niger + Pycnoporus cinnabarinus  Ferulic acid  Vanillin (43)
Pseudomonas fluorescens Ferulic acid  Vanillic acid 8)
Polyporus versicolor Ferulic acid  Vanillin (63)
Alcaligenes paradoxus Ferulic acid  Vanillin 41
Pycnoporus cinnabarinus Ferulic acid  Vanillin (24)
Rhodotorula rubra Ferulic acid  Vanillic acid (32)
Corynebacterium glutamicum Ferulic acid  Vanillin (42)
Paecilomyces variotii Ferulic acid  Vanillin 61)
Escherichia coli Ferulic acid Vanilllin (54)
Streptomyces setonii Ferulic acid  Vanillin (66)
Pseudomonas acidovorans Ferulic acid Vanillin (69)
Fomes fomentaris Ferulic acid  Vanillin (34)

Jodol v a8 s andlas 53 . (VA) Conl ol
Halomonas a4 YorA Jlo 5o 2S5 S
o (¥ 50 o Ve chale) S 5 ol elongate
S Sy ASTs sl VSl el g Ll 2
ot S s AY e Ol L Sl il
(10) (LS 5 0 Sosl Slidos ol (0) ool
) Sl b el i) 53 08 3l ealinl L o 315 0L
oS e YAF Clale s Sils dod (1 e g Ol
o )t G (Usn P Jge 0L, L) 2] s
s AJ g5 Bacillus licheniformis SHL1 alws a4 o is
0 Ll g a S oy andllas p dide ol
Halomonas salina HSLS 3l eslazal b o(¥) il
Al G 3 o8 ) ko) S b el (Sl g
(o3 VWA (Jgo SLadily b 23 53 0 5 V/TA) S

Jol el wg byl 5 cou (JASTy el YA 51

Yy

L ool am Sdob dal s 4 506 s a5 )
S S5 dls Ol 50350 Ao VO J5e Olekil
AV Sl L aS es 5058 1dys e S0
=0 e Al s el S50l il a5 Ole
5 e omly gl OIS 4 4 b YL Ol
b ol WS e e S e msV
SSd dl Bl b s ek |l s e Oy s
Cdnle K3 A eslys il el o3l gxis anw s
s ladllas (S5 5 el SIS Al 2500 L
L s Slllas Ol oo ol o 5 50 5145 48 8 &5
SSspwgan S, ol j3 el
Streptomyces 3l eslar ol Ly Yoo ¥ o o 2
(s o 8V Clale) Sy 3 ded (5l s s halstedii
Gy oSy Sl YT 5l g ol i bl 3 ol
e o3 A e DLty b il Al & s



AT ol TV s

(\ Jg..::) Sl 0 dbu

2
~

‘@'

4-Hydroxy-3-methoxyphcnyl-
Nhudeaxy propionic acid

FensiopEen- “
e i
et
e T‘ o

Conan oy 13 el Yooty

- PP, oy o
Ty st sl 3ol ase

on TeE >

Feruloy |-Cos

A-Winylguaiacol

Dihydrofemnlic schd

Enol-form

34" -Hydroxy-3"-methoxyphenyl}-
JF-keto-propionic acid

¥_® Cech
HO—C—C Iyl Cos-
: - Fydrataciakdolase

(Ol ol o tlme) (JsST 50 5 s sletins e

&;(_‘.p‘ e )LR IR rl;u\ Sldlas g_)""L"""f Sl 0
el A S 3 el s s ¢l oo ke

wanillin

2

Wanillic acid wvanillin

wvanlillin

Koto-form

L=
4-Hydroxy-3-mcthox yphenyl-

B-hydroxypropiony -CaoA

ekl S5 Sl el S5 0 sl sl 5 g ool (Sl e =) IS5

o e 895 Kb Ogplyder ol p o s (V) 3513
Lolpls G IS5 4 oo oS 005 S 4 el b
U S TS eodes ST el LS
Gt S st e el S Sk -l
o s bl kil 4 VT T S s
Sheslial bl s S b denl polemr s 5o 250
5 ATP a3 sl A w3lS Lo
Lo oFlS Guie 4 Jia5 (CoA-SH) A o 35S
1S sl il e & G 253 2 A w31
oSk balsis S b YT 6Las A
S aoted —l = b S g V- S Y ol
S Sy g s S s A ;ﬁ}'bs S0
Ol Jels SS S5 asd e ekenST S

23,5 o ks
“V) Jsisl s odsls & Sl mu S ks cme)

C1oH102 atey J g0 3 L (13 (J:L-;j,_g -Y) ¥ S

53 Olsl 3 sl 4 a5 o35 S Sadd sl s

v

oy 4 S8 ol OS50 85 Jol U5l s
S o3 dSUE Jous -F 4 NS850 il S
RN N WK PP R
oaie 3ol 4 b lily 4 JSLE Lo -Y bas
3B s ol osh 4l ST ol e
o9 dlad 53 Jb ol b sl s sdaline s jose
Jols oSL gla w5

s Pseudomonas cepacia ; Lactobacillus plantarum

Bacillus  pumilus

aﬁ?d)' Lgl:" JAL\; f}J P (V) Sl 0l U;’)‘J§
VoS -Y S5 4 S Al
(ool S5 8 5oden (62) Aol Sismsp Jed S 520
Oekls 4 Sl Al Gk 5l S S5 aS ey
2 S Sose a5l pl e S asd e S
Ll das o 5 ool S50 Gl (0 s kil
olsls 4 SIs el Gl b Bl s LIS
Phanerochate | s <5 ;5 jlsa Lyl s co

55> 5 Psedomonas fluorescens , chrysosporium



AT ol TV s

—d55sl 5 Bl =d g3l JSa5 V) 55 e oS
Jsissl 4 5l Jols adsl ¥ same Olsis & Jps
OeleeS| 335 el Il ol b ol ks sl
gaia Sy S LSS w J5sl Sl e
Tl b gl ojlass BN cal sl
Jews =¥ 4 Jsi5sl Ogamley 52l 5 5 Fusarium solani
ol 5 el S5 Gk Sl sl 5 JSLE
Psedomonas sp. HR199 (s :SU 4 g 5 .(0)) ol
(F0) ol ads glalis IS5l e e 335 0ilSa
Jpisl sl abms & Jdsl bl oSL cpl o
o S5 e fdd S LA S 4 DS
SU5aodens IS Lis S ol Al 4 SO L hs S
Jers S O 5 258 o Jets T ks S
SU5ssaes ST i S w5l S 4 Jol> A
bl sl 4 ol 5s a8 e el S 5w LS
53 ek 4l e gl Lo s Kos 3l 55 s
SIAE e 4 OIS o I3 e b B
Penicillium S A S s Jsll
bl =06 el 02 YY) 5505 oLl simplicissimum
Gk 3l s St S Bl T s 4 J 5
IS oS 0 Jos Gy lalpie S LS
Psedomonas e silis pos b aslie Culg 55 oS ol
(1) JSe o5 sd o odkils 4 s sp. HRI99
Ol abils 4 Jsdsl odd antlid e plie (gla s

sl 0l 03l
o Oalely Shale (J 85l s e b BLSSI s el
sled plie 5035 7l sl ol e plie S Ol g

03 s ol Sebils b S s 58 el S5 3 Lol

(Ydsd) el

wj\ﬁ)l_?ejéjfl_.él_aqj_wc\);l

YYY

(Ol ol s alome) I8 50 5 Jshos (gl sy ales

Py S Lty s e Sl S Lty 8,
Sl e Yode Jl s Bl e g5l il
SSA Sl e S s Sl S )
Dot Cood rizmed 5 Gl S a5 L aS ol sl
2005 e O3 Y 60 o Sk o cud) ol
Pl b sl S s plSl A5 sl e ol
SHOY 5 V) 5500 el Sl desl 5 udils 055 @
G OF e S Ry ek JSI5 ol DS 5
WO B0 ) Jsdslanl « (doys &0 B Ve ) Il
3 3ad o )Lal b g S e 5 J 555l Jute  (As o
53 ol Dby Il immen 5 D3g L3 4 a5 L
Sl sl U155 o O Sl S8 wy b IO
Lol 0o e eolinal Sohue oot Sl e 85
ol 5 oy e ol e oS w0 b 5l esliza
KBt L b5 s s bsbien ST L &S 5 sl
ol s L dsssl Sl s e daes LY
b emen 5 2L SL AS ol (st i
91> (T mbo ohs 4wl 3l ol 3 L3
Syh e eslital (SIS 3 (el ysk 4 oames
5 kS Gateds Olge 4 Jsl 5l (Sl s
b asd s peoeslamad Ol 3y SS Glp eeen
S5 OlE e (SEps I3l Sas sles 8
ST 5 J550) 3 S se sl esle oS (g5 LSt -d 55!
S 0355 Slp Sl 2se8 el e )
08 n 4 sl Gl p Slee 4l Sose 4 L5 Ol
oslizal Oy L Cliblos 5l cimad 5 S350 Ol
23 s osk & 85 S s LOF) 55
s Pseudomonas . 3l o9 4 5 ,SL sls 4 s ¢l
Sl ol andllas 5B sla 4 g 5 S g3 romen
Sl s 3 Jp5sl ds Cans 3l andllas ness (7))
@ Ol 3 .l edi 5158 Corynebacterium |
JissS 5 S LSS 4 0s LS Sl ey g5
ded S5 5 oalsls 4 el S b 1 sl



AT ol TV s

JRE o 5 axdlae )50 (5l Olizee Lavs 5 5550 L
sl aalllas gl ol aled L3 oJl= cpl b il 4 S
23 ol S sl Ole g kil oS Sl islie

() sl odd LS5 s Sy ST b gls

(Ol ol o tlme) (JsST 50 5 s sletins e

3l s gl ax . Corynebacterium

Byssochlamyces Rhodococcus [Pseudomonas

o ¢> Pencillium s Amycolatopsis [Fusarium
sleld St i o5yl bSOl

OH

Eugenol oxide Eugenol diol
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| Euvgenal hydroxylase (e em)
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Substrate Microorganism Vanillin yield (g/1) Reference
Eugenol Pseudomonas resinovorans SPR1 0.24 g/1 (12)
Eugenol Pseudomonas nitroreducens Trace amount® 71)
Eugenol Rhodococcus opacus PD630 Trace amount (59)
Eugenol Amycolatopsis sp. HR167 Trace amount (57)
Eugenol Pseudomonas sp. HR199 0.3 (56)
Eugenol Pseudomonas putida Trace amount (49)
Eugenol Pseudomonas spp Trace amount (26)
Eugenol Pseudomonas sp. TK2102 0.28 (73)
Eugenol Penicillium simplicissimm Trace amount (22)
Eugenol Serratia spp Trace amount (59)
Eugenol Fusarium solani Trace amount (51)
Eugenol Coynebacterium gltamicum Trace amount (63)
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Abstract

The rising popularity of natural aroma products has triggered off significant research
activities to use biocatalysts for the production of natural flavor compounds. Vanillin is
of major interest for the flavor and fragrance industry. It has been widely used as a
flavoring agent in foods, perfumes, beverages, pharmaceuticals and medical industries.
Two main approaches for the production of natural vanillin are direct extraction from
botanical sources and microbial bioconversion. Considering the various applications of
vanillin and increasing consumer-led demand for natural vanillin and also due to the
fact that the extraction from botanic sources is very time consuming, expensive and
does not satisfy the worldwide demand, alternative biotechnological methods for its
production are being constantly explored. Microbial bioconversion has been extensively
exploited to make modifications in the structure of the organic compounds. Microbial
cells can be efficiently used as a eco-friendly biocatalyst in the conversion of substrates
as precursors into value-added products. The current review emphasizes the microbial
bioconversion routes involved biological production of natural vanillin based on the
microbial conversion of henylpropanoids.

Keywords: Natural vanillin, Biotransfromation, Microbial cells, Phenylpropanoid
substrates
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