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Abstract 

Ebofiavin production with Evenwrhecium mhbyii was investigated with molasses as t b   arbo on source. 
PretIeatment of molasses by steam, chemical and active carbon methods improved y:eld, wMe ion- 
oxchange and inveision were inb.ibitory. Of the low-grade nitrogen sources, lentil, oil seed cake and 
beef washings favoured ilavinogenesis. 

1. Introduction 

In spite of the competition from a number of highly efficient chemical syntheses, 
a considerable quantity of pure riboflavin or riboflavin concentrates is produced by 
fermentation'. Nearly 20% of total production of riboflavin in U.S. is by microbial 
synthesis2. Most of this is consumed in the form of crcde concentrate for animal feed 
supplements. Pure crystalline therapeutic grade is made by chemical syntheses starting 
from a-xylene, and at present only the chemical route is adopted in our countrya. 

Wereport here our investigations on the production of riboflavin by fermentation with 
molasses as carbon source and various inorganic and organic indigenous and low-grade 

.nitrogenous wastelby-product resources. 

2. Methods 

Organism 

Eremothecium ashbyii and Ashbya gosjypii were obtained from Central Bureau Voor 
~himmelcu~tures, Baarn (Nethezlands), Czeohoslovakian collection of yeasts, and 

address : Care Dr. J. C. Soidel, Department of Muscle Research, Boston BIomcdical 
Re~arch htitute, 20, Staniford Strcct, Boston, Massachusetts 02114, USA. 
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Northern Regional Reaearch Centre, Illinois, U.S.A. 'The cultures were ~ a i ~ l ( ~ i ~ ~ ~  
on YMPG medi11.m composed of yeast extract 3 g, malt extract 3 g, peptone 5 g, g[l!cost 
I0 g, agar 15 g per litre water, pH 5.8. 

Cnlturai conditions 

Combinations of 3.0% w/v molasses with I .5% (malt extract ( -MI ) :  or malt extract pliiS 
0.3;; yeast exiract (M, ) ;  or I .  5% beef extract plus I.  5% peptone ( M a ) ;  or 0.30,; yeast 
extract plus 1.5% beef extract plnr 0.5% peptone ( M d ;  sterilized a1 121" C for 20 lilin 

were tested for growth of E. mhbyii. The media and ci!ltiTal cond~tions are induted 
under appropriate tables. A loopfnl of 48-72 hr old cultures from YMPG slants ~ s a i  

nscd a s  inocul~!m. 

Molasses treatment 

Molasses was procrred from the Madnrandakam Cooperalive Sugar Factory, Tanill 
Nadv.. After solid sediments from sv.itahly d.ilv.tcd samples wcre removed, thcy werc 
treated as rollowi to remove pigmentation and inhibitory faitors. 

' 

(0) Chenticul treatmen14,i : To 250 1111 molasses containing 37.5 g, 75 ~ n l  of lORpl 
neutral lead acetate and 175 ml water was added and sample filtered. To 200 ml ol 
filtrate, 150 ml of sodinm phos7hatc (70 g)-potassium oxalate (30 $) and 150 in1 aaqer 
werc added -to remove excess heavy metal ions. Samples wcre filtered and OiliLled fur . .. .. . . . .  
use. . .  . 

(b) Stearn tuea!nzent6 : Diluled molasses (25% w/v) was steamed for 30-60niir. 
and allowed to settle overnight for sedimentation. 

( c )  Ion exchange7 : Qitarternary amine type Amnberlitc IRA-400 anion cxcliai~~r 
-yeain was used a t  3 g/100 ml syrup and catioi~ exchauger s~clfonated coal type Zeocarb 
resin at 6.6 g/iOO in1 syrup. 

( d )  Acfivutetl curboiz li'eutment8.g : Diluted molasses (25% u'/v or 15% w/\O a1 
80" C (pH 5.0) was passed through 1 partlwt. activated carbon. 

( 5 )  lnwrsio?z6: Af~er relnoval of solid sediments 40 in1 molasse~ coutainmg 3 1  
was inverted by IS1 methodz and used directly. 
. . . .  

.Sugw an@yses of mo~asses. . . 

Aftcr inversion according to IS1 methoe, totat carbohydrate sugar was estimated by tb 
antltrone methodlo. 

RibofLut in assay 

Riboflavin was assayed fluorimetrically by the method of Radhakrishnamurih~ an1 
Sar1na1,l ill the clilture filtrate after washing Lhe cells. Fluorescence was meaa!r& ~1 

-365 nm excilation filter and 530 nrn cmission wavelenglh in a Carl Zeiss PMQ 11 s~ecir~ 
photometei with fl!!orescence attachment. Val~!es were compared with riboflavin (US] 
grade) standards of I-lOpg/~nl. 
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3, Results and discu~sion 

~h~ total sugar conlen! in molasses war 64.2y4 by the anthrone method. Preliminary 
stl&s with various combinations of media constituents showed M, medium to be a 
coed basic medimn for fcrther studies. Of the strains tested E. ashbyii (CBS 269.75) 

the best choice for fermentation as  with less biomass the prodtrtion of riboflavin 
was madmum indicating high efficiency of conversion (Table I). 

The riboflavin prodoction on M,, medium with 1.5, 3.0 and 7.5% w/v activated 
garban treated molasses (50 ml medium in 500 ml flasks sterilized a t  121" C), incubated 
under stationary conditions for 16 days was 33.0, 21.0 and 2:.3~1g/ml respectively. 
The riboflavin yield on 1.5% molasses-M,, medium sterilized a t  1 lO0 C for 25 min 
war only 21 .0&nl  indicating no improvement of yield. Riboflavin prod~rction is 
reported to be affexed Iry sterilization temperatare~'~--l% , 

Table I 

Growth and yield of riboflavin by E. ashbyh and A. pssjjpji strains from different calture 
collections" 

Organism Final" Dry wt. Riboflavin 
pH ingilnl t&nl 

Demsthecium ashby;; 
CBS 269.75 7 . 5  2' l l 33.0 

E, ashbyii 
NRRL Y-1363 7.0 3.83 15.0 

E. Ashbyii ' 

CCY 24-1-1 7.0 2.86 13.3 

Ashbya gossypi, 
NRRL Y-1056 7.2 3.93 , 9.0 

50ml of Mq insdium wit!.. 1.5% wlv carbon trcnted ~nolisses in 500 ml Erlenmeyer flask3 iucubate? 
for 16 days at room tem?eraturc undw stationary co~iditions. 

hitial pH was 5.5 in all the Rnsks 



The time co11.rse of riboflavin production is shown in Fig. 1. Periodic pH correchan 
did not result in increased yield. Aeration by incubation on shaker increases yield as 
seen in Fig. 1 compared with Table 1. 

f, 

Hours 

Fro. 1 .  Time course of rihotlavin produciion by E. ashbyii". 

O 3 0  ml of M4 medium with 1 .5% w/v carbon treated molasses in 150 ml flasks incubated on a shaker 
with 106 strokeslmir. 

0-(3 A - Riboflavain in pH uncorrected medium. 

x - x B =RiboA;lvin in medium where pH was cometed to 7.0 wIienever it rose to 7.5 or abow 
with sterile IN HCI. 

a-b C - pH cl?anges rn uncorrected medium 

Effects of various pre-treatments of molasses on riboflavin production is shown ia 
Table 11. Pretreatment appears necessary for better yield. Active charcoal ahsorbs 
a large amount of p;gments, some ions and organic toxic materials, whereas ion exchan- 
gers remove only charged ions. Inverted molasses gave low yield. A comparative study 
of the pretreatments of molasses for riboflavin production is not reported. 

At the concentration of nitrogen tested urea and a~nmonirun salts were inhibitory 
to flavogenesis (Tahle III), even in the presence of vitamins. The vitamins, thiamine, 
biotin and inositol are essential in the synthetic glucose medium", Natwal organic 
sources of nitrosen like sesame oil seed cake, ground lentils, beef washings and boiled 
beef extract enhanced yield. Higher concentrations of boiled extract tried, gave 
yield of riboflavin. 



RlROFLAVlN FERMENTATION OF MOLASSES 

meet of various pretreatments of lnolnsses on growth and riboflavin 
of E. Ashbyii -~ 

Tieatn~cllt' Final Dry wt. Riboflavin pg/ml 
pH" mg/ml 

Uninocu- Experi- 
lated mental 
control 

- 
U.~treated 8.5 3.10 5.00 6S.."O 

Cltem:cal 9.0 2.16 5.00 81.73 

Steam 7.R 5.92 6.25 78.00 

Anion exchariged 5.5 0.74 3.75 1730 

Anton t Cation 

exchanged 5-5 0.13 3.75 5.00 

Activated carbon 9.0 5.09 4.37 88.50 

Inverted 5.5 5.00 8.75 

O T1.e treatment psocedurcs are indicated in Mett.ods. 30ml of 1.5 per cent w/v molasses 
medium in 150ml flasks incubated for 108 hoi'rs on a shaker witl? 106 strokeslmin. 

' Initial pH in all rases was 5.5 

With complex carbon and nitrogenons materials different media have been tested for 
flavinogenesis16 and are of indastrial importance. The nutritional requirements of 
E. whbyii far growth and riboflavin production has bean studied with regard to carbm 
so~~ce~9",~Qrowth factors'G,"P nitrogen sou rce l~P5 . 'A~~  surface active agents, amino 
acids2', lipids16 and pH optimumz2 and yet several inconsistencies still remain in  reported 
litetatare. Mathematical modelling of riboflavin fermentation is also reportedz3. 
Sanchez-Marroq~!in~j used bla& strap molasses and ob'tained riboflavin concentrates 
using a mixtl!re of A. gossypii and E. ashbyii of 20% protein in dry product and 2.8%. 
riboflavin. The yield of riboflavin on various media are reported to range from lOOpg/ 
ml to 2,480 ,ug/m11.nJ6. Variations in riboflavin yield even mder similar conditions of 
experimentation are noted". 

Our preliminary observations on riboflavin production with molasses and a few indi- 
genous was!eszG,27 are encouraging. Further work on  impr~vement of yield by, strain 
improvement, media and cultural optimization is under progress. 
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Table I11 

Effect of various nitrogen sources on riboflavin 
production with E. ashbyit 

Nitrogen" souvce Ribo(L~vin +g/ml 

Uninocu- Experi- 
lated mental 
control 

-- 

No added nitrogen 
soume 0 18.50 
Ammonium wiphate 0 3.30 
Ammo.~ium sulpbtc 
-t Vitamins" 2 . 5  3.75 
Ammnni~tm acetate 0 11.50 
Urea 2' 5 2.50  
Sodium ni t~atc  0 18.50 
Lentils* 1 75.40 
Oil seed cake 3 58.00 
Beef washing? 
(45 per cenl) 0 56.00 
Boiled extract 
(90 per cent) 0 83.00 
Boiled extract 
(45 per cent) 0 46.00 

a MA~sses concentration was 1 .5  per cent w/v and was active carbon treated. All alnnlonia 
com?ounds, urea and sodium nitrate were added at nitrogen equiv;llen( e of 0.106 g nitrogen Per 
100ml medium. Ground Lentils (-200 mesh) and ground semme oil seed cake (-60 mesh) were 
used at 4 pet; cent w/v as is basis. Urea and ammonium acetate alone were filter sterdized and 
added aseptically. 250 g beef was waslied with 750 ml water and liitered washings used at 45 percent 
w/v basis. Boiled extract was prepared by boiling SO g beef in 120 ml water for 2 hours, filtered 
and used at 90 per Gent w/v and 45 per cent vlv basis. Cultural conditions as in Table 11. 

' ,Vitamins viz. thiamine, hiotin and inositol were 0.05, 0.6 and 5 rng/100 ml respectively. 

* The protein content of dry lentil is reported to be 24 g/100 p. 
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