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JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 6 ( 7 ) ,  1227-1238 (1983) 

ROUTINE HPTLC I N  INDUSTRIAL ANALYSIS: 

PROCESS CONTROL OF FERMENTATIONS 

F. Kreuz ig  
Research and Development, Biochemie Ges.m.b.H. 

A-6250 Kundl /Aus tri a 

ABSTRACT 

Q u a n t i t a t i v e  HPTLC i s  a c o s t  sav ing  and r e l i a b l e  chromatoaraphic 
r o u t i n e  method f o r  t h e  c o n t r o l  o f  many fe rmen ta t i on  processes, as f o r  
example t h e  fe rmen ta t i on  o f  p e n i c i l l i n  V. The f o l l o w i n n  substances a r e  
analyzed: l a c t o s e  o r  sucrose, soya o i l  ( a g a i n s t  foaming),  phenoxyace- 
t i c  a c i d  ( p r e c u r s o r ) ,  p e n i c i l l i n  V and p - h y d r o x y p e n i c i l l i n  V, as f i n a l  
p roduc ts .  The d e r i v a t i z a t i o n  a f t e r  chromatography i s  per fo rmed w i t h  an 
automated s p r a y i n g  dev ice ,  t h e  measurement - p e r p e n d i c u l a r l y  t o  t h e  
d i r e c t i o n  o f  chromatoqaphy - and e v a l u a t i o n  a r e  computer ized. The 
t ime  requ i rements  p e r  sample range f rom 6 t o  15 minutes,  t h e  pure  
a n a l y s i s  t ime p e r  sanp le  f rom 5 t o  12 minu tes .  The break-down t ime  o f  
t h e  conipleteHPTLC apparatus system i s  about  0,6 7L o f  t h e  work ing  t ime ,  
a l l  substances t o  be determined can be measured w i t h  one scanner, i n  
eve ry  i n t e r v a l  and sequence des i red .  The accuracy, expressed by t h e  
c o e f f i c i e n t s  o f  v a r i a t i o n  (N = 8 - 9, on one p l a t e ) ,  ranges f rom 1,6 
t o  3,O %, fo r  ve ry  low concen t ra t i ons  up t o  6,6 I. 

INTRODUCTION 

Reducing cos ts  i s  a must i n  a l l  f i e l d s  o f  economy; i t  i s  a l s o  

a d v i s a b l e  t o  l ook ,  where a n a l y t i c a l  cos ts  i n  research, development and 
p r o d u c t i o n  can be decreased. E s p e c i a l l y  f o r  process c o n t r o l ,  add i -  

t i o n a l  methodic c r i t e r i a , b e s i d e s  cos ts ,a re  o f  importance, namely: 

speed, s i m p l i c i t y ,  r e l i a b i l i t y  and accuracy. 

Lec tu re ,  p resen ted  a t  t h e  "Second I n t e r n a t i o n a l  Symposium on Ins t rumen ta l  
HPTLC" ( 2  - 5 May, 1982, i n  I n t e r l a k e n )  
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1228 KREUZIG 

A chromatographic method f u l f i l l i n g  these requ i rements  i s  q u a n t i -  

t a t i v e  HPTLC, a method, wh ich  has a l ready  been used f o r  6 yea rs  i n  many 

l a b o r a t o r i e s .  Th is  method a l l ows  t h e  r o u t i n e  process c o n t r o l  o f  many 

substances i n  eve ry  sequence w i t h  o n l y  one measur ing i ns t rumen t .  

I n d u s t r i a l  f e rmen ta t i ons  f o r  t he  p r o d u c t i o n  o f  a n t i b i o t i c s  a r e  

c h a r a c t e r i z e d  by t h e  need o f  i n f o r m a t i o n  about  t h e  c o n c e n t r a t i o n  of 

d i f f e r e n t  substances i n  t h e  f e r m e n t a t i o n  l i q u i d  d u r i n g  fe rmen ta t i on  i n  
c e r t a i n  i n t e r v a l s :  carbohydra tes  and p recu rso rs  f o r  t h e  b i o s y n t h e s i s  
o f  t h e  a n t i b i o t i c ,  o i l s  a g a i n s t  foaming and t h e  a n t i b i o t i c  t o  be p ro -  

duced as w e l l ,  so t h a t  add ing  d i f f e r e n t  substances,batch by ba tch  o r  
cont inuous ly ,  can be performed i n  t h e  fe rmen te r  i f  necessary.  

An o n - l i n e  c o u p l i n g  o f  anHPLC dev ice  d i r e c t l y  t o  a fe rmen te r  f o r  a 

cont inuous  and automated ana lys i s  

o f  automat ion - an optimum, b u t  c o n t r a d i c t i o n s  t o  t h i s  concept a r e  t h e  
u n c e r t a i n t y  o f  r e p r e s e n t a t i v e  sampl ing,  t h e  e x t r a c t i o n  and d i l u t i o n  

s teps  ( l ) ,and t h e  break-down t i m e  o f  HPLC dev ices .  A l though q u a n t i t a t i v e  
HPTLC can be o n l y  p a r t i c u l a r l y  automated, t h i s  method o f f e r s  an e x t r e -  

mely h i g h  r e l i a b i l i t y .  Th is  r e l i a b i l i t y  i s  a " c o n d i t i o  s i n e  qua non", 

because t h e  l i q u i d  i n  a fe rmen te r  rep resen ts  an enormous f i n a n c i a l  

value; an i n c o r r e c t  o r  delayed process c o n t r o l  would r e s u l t  i n  h i g h  

f i n a n c i a l  l o s s .  I n  t h i s  paper, t h e  process c o n t r o l  o f  a p e n i c i l l i n  V 

f e  rme n t a  t i on i s  presented. 

would be - f rom t h e  D o i n t  o f  v iew 

The i n t e r e s t i n g  parameters o f  a p e n i c i l l i n  f e r m e n t a t i o n  a r e  t h e  
C-sources l a c t o s e  o r  sucrose, vegetab le  o i l s ,  as soya o i l  f o r  example, 
t h e  p recu rso r  phenoxyacet ic  ac id ,  and t h e  f i n a l  p roduc t  p e n i c i l l i n  V 
and p -hyd roxyphen ic i l  l i n  V,  a by-produc t ,  i n  low concen t ra t i on ,  n o t  

des i red.  

EXPERIMENTAL 

The p l a t e s  used were commerc ia l l y  a v a i l a b l e  HPTLC-plates; samples 

and s tandards ,  d i s s o l v e d  i n  ch lo ro fo rm,  were a p p l i e d  w i t h  a P t - I r -  
c a p i l l a r y  (250 nm), w h i l s t  s o l u t i o n s  o f  wate r  o r  water/rnethanol were 

a p p l i e d  w i t h  a CAMAG-Nan0 A p p l i c a t o r  o r  CAMAG-Nanomat. Fo r  chromato- 
graphy,TLC chambers ( f r o m  TLC k i t  Merck no  11622) or  tw in - th rough  

chambers (CAMAG), l i n e d  w i t h  f i l t e r  paper, were used. 
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ROUTINE HPTLC I N  INDUSTRIAL ANALYSIS  1229 

The cleaning up of the samples from the penicil l in fermenters i s  
done i n  d i f fe ren t  ways, according to  the biological matrix and the 
substances t o  be determined. The separations are performed conventionally 
i n  the l inear manner over 3 t o  5 cm, the derivatizations for  several 
reasons preferably w i t h  a special spraying device (2 ,  3). 

The measurement of the spots with a Zeiss-chromatogram-spectro- 
photometer i s  performed perpendicular 
graphy, t o  and  from, the technique of automated evaluation i s  the same 
as 
the fermentation broth samples) i s  coupled to  the computer, and a 
f a s t  integrator (HP 3390 A) i s  used, so tha t  the speed of scanning 
can be raised t o  100 mm/min. As function fo r  the calibration l ine  that 
of area /concentration, sometimes l o g  a/log c have proved: the compu- 
tation of the calibration l i ne  was n o t  done by the least-square method, 
b u t  by the percentual method, as described ea r l i e r  ( 3 ) .  

t o  the direction of chromato- 

shown ea r l i e r  (21 ,  w i t h  two exceptions: a balance ( fo r  weiahing 

2 

Determination of lactose/sucrose 

Materi a1 s : HPTLC plates s i l i cage l  60 F254, 20 x 10 cm, Merck 
no 5642 
CAMAG-Nan0 Applicator, 230 n l  

Standards: 1 actose and/or sucrose 
1 
2 2 mg/ml - I' - 
3 3 mg/ml - 'I - 

Solvent system: 1-butanol/acetic a c i d h a t e r  = 40/50/7,5 

Spray reagent: 

1 mg/ml CH30H/H20 = 1/1 

2 ml aniline t 2 g diphenylamine t 10 ml H3P04 + 
88 ml CH30H 

The fermentation l iquid is  diluted w i t h  CH30H/water = 

1/1 and f i l t e r ed  or  centrifugated. 

Samples A - I and standards 1 - 3 are applied as 
fol 1 ows : 
A B l C D 2 E F 3 G H I A B l C D 2 E F 3 G H I  

The separation (distance 5 cn!) takes about 30 minutes. 
The plate i s  dried fo r  30 minutes a t  120°C, sprayed 
automatically w i t h  the reagent and placed i n  a drying 

Sampl es : 

Procedure: 
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1230 KREUZIG 

standards 
1 2 

sample standards and 
sample (1  actose) 

1 a r ly  t o  chroma- 
tography 

3 scanned perpendicu- 

FIGURE 1 
Chromatogram of Lactose/Sucrose Separation 

oven fo r  15 minutes (110OC). Lactose ( R f  = 0,16) 
shows grey-blue spots, sucrose (Rf  = 0,26) brown-green 
spots. 
Cond i t ions :  M-Pry A/I/7,  h = 523 nm,  remission, s l i t  

length 3,5 mm, s l i t  w i d t h  0,5 mm, calibra- 
tion l ine :  a /c 2 

Determination of soya o i l  

Materials : HPTLC plates s i l i c a  gel 60 F254, 20 x 10 cm, Merck 
no 5642 
Pt-Ir-capillary 250 nl 

Standards: soya o i l  
1 0,6 mg/ml CHC13 
2 1 ,2  mg/ml - 'I - 
3 1 ,8  mg/ml - I' - 
petrol ether/diethyl ether/acetic acid = 135/15/1,5 

The broth is  extracted and diluted with CHC13. 

Sol vent system: 

Sampl es : 
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ROUTINE HPTLC I N  INDUSTRIAL ANALYSIS  1231 

standards sample standards and 
sample scanned 
perpendicularly 
to chromato- 

1 2 3 

- .C graphy 
0 

4 
h 0 
VI 

c, 

FIGURE 2 
Chromatogram of Soya Oil Separation 

Spray reagent: 3 g NH4 molybdate + 25 ml water + 30 ml 0,l  N HC1 + 
15 ml HC104 (60 %) + 70 ml CH30H 

After spraying the plate automatically,it is  heated fo r  
2 minutes a t  115OC i n  a drying oven. Rf = 0,16, the spots 
are b l  ue. 
Conditions: M-Pr, A / I / 7 ,  h = 630 nm, simultaneously i n  

transmission and reflectance mode, 
f R  : fT = 100 : 20, s l i t  length 6 mm, s l i t  

2 w i d t h  1,0 mm, calibration l ine:  a /c 

Determination of phenoxyacetic acid 

Materials : HPTLC plates s i l i c a  gel 60 FZs4, 20 x 10 cm, Merck 
no 5642 
CAWG-Nan0 Appl i ca tor, 230 nl 

Standard: phenoxyacetic acid 
1 2 mg/ml water 
2 4 mg/ml water 
3 6 mg/ml water 
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KREUZIG 1232 

1 

c, 
L LL 

standards sample standards and 
sample scanned 

to chromato- 
graphy 

2 3 perpendi cul a r ly  

si, 
FIGURE 3 

Chromatogram of Phenoxyacetic Acid Separation 

To raise the so lubi l i ty  of the standard, the water must 
contain 1 mg NaHC03/ml. 

Sol vent system: butyl acetate/me;thylenechloride/acetic acid = 80/10/10 

Sample: The fermentation broth i s  f i l t e r ed  and the f i l t r a t e  d i l u -  
ted w i t h  water. 

Samples A - I and standards 1 - 3 are applied as follows: 
A B l C D 2 E F 3 G H I A B l C D 2 E F 3 G H I  
The separation (distance 5 cm) takes about 7 minutes. 
The p la te  i s  dried fo r  30 minutes a t  120°C. Rf = 0,51. 
Conditions: M-Pr, F / I I / l ,  %= 268 nm, remission, s l i t  

Procedure: 

length 3,5 mm, s l i t  w i d t h  1,5 mm, ca l i -  
bration l ine:  a /c  2 

Determination of penicil l in V and p-OH-penicillin V 

Materi a1 s : HPTLC plates s i l i c a  gel 60 F254, 20 x 10 cm, Merck 
no 5642, CAMAG-Nan0 Applicator, 230 nl 
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standards 
1 2 

1233 

sample 
3 

FIGURE 4 
Chromatogram of Penicillin V and p-OH-Penicillin V Separation 

Standard : penicillin V, K-salt; p-OH-penicillin V, Na-salt 
1 2 mg penicillin V + 0,2 mg p-OH-penicillin V/ml water 
2 4 m g  - I 1 -  + 0,4 mg - 11 - 

- (1 - 3 6 mg - ‘I - + 0,6 mg 

Sol vent system: to1 uene/ethyl acetate/acetic acid = 40/40/20 

Sample : 1 volume of fermentation liquid + 1 volume of CH3CM, 
the precipitate is filtered and the filtrate diluted 
with water. 

Procedure : The samples A - H and the standards 1 - 3 are applied 
in the following way: 
A B l C D 2 E F 3 G H A B l C D Z E F 3 G H  
The separation distance of 5 cm i s  reached within 3 
minutes, the plate is dried for 20 minutes at 120°C. 
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1234 KREUZIG 

penicil l in V p-OH-peni ci 1 1 i n  V 

FIGURE 5 
Chromatogram of Penicil l in V and p-OH-Penicillin V Separation 

Standards and  Sample , scanned perpendicularly t o  Chromatography 

The Rf-value o f  penicil l in V is 0,44, f o r  p-OH-peni- 
c i l l i n  V 0,34. 
Conditions: M-Pry F / I I / 8 , 2  = 270 nm, remission, s l i t  

length 3 , 5  mm, s l i t  width 1,O mm, calibra- 
tion line: log a/log c ( fo r  penicil l in V )  

a2/c ( fo r  p-OH-penicillin V )  

RESULTS AND DISCUSSION 

The reason for  the preference of quantitative HPTLC f o r  routine ana- 
lyses i n  an t ib io t ic  industry are,  of course, the usual , wellknown bene- 
f i t s ,  as fo r  instance speed (4, 5 ,  6 ,  7). B u t  these benefits can be u t i -  
l ized to  i t s  f u l l e s t  extent i f  chromatography and detection are opti- 
mized in such a way tha t  measurement can be done perpendicularly t o  
the direction of chromatography (3 ,  8), the sav ing  of time i s  remarkable 
and besides t h a t  Gaussian peaks will result .  W i t h  this method o f  mea- 
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substance 

lactose or  
sucrose 
soya o i l  
phenoxy- 
ace t ic  acid 
penic i l l in  V 

penicil l in V 
+ p-OH- 

surement a complete analytical system i s  available which is  so f a s t  t ha t  
i t  is not displaced by HPLC. This k i n d  of scanning HPTLC plates i s  prac- 
t i cab le  i f  the spot to be measured i s  separated suf f ic ien t ly  from 
neighboured spots who will often orginate from the matrix of the samples. 
The analyst has to  se lec t  
- an appropriate method t o  clean u p  the sample (which should be a simDle 

- and/or a special solvent 
- and/or  a selective derivatization reagent, 

one-step method) 

The optimal combination of these poss ib i l i t i es  will always o f f e r  a 
proper solution of problems. I t  i t  i s  necessary t o  scan in the direc- 
tion o f  chromatography, an automated system should be used (9) .  

The following table i l l  ustrates the speed of analyses: 

preparation analysis (A)+(B)  iA)+!B) sl@)e 
( A )  ( 6 )  samp e 

25 96 121 15 12 
10 38 48 6 5 

10 55 65 7 6 

30 53 83 10 7 

The slowest method is t h a t  fo r  the determination of lactose/ 
sucrose, because the solvent i s  rather viscous. On .the other hand,  
separation w i t h  HPLC w i l l  t a k e  about 25 minutes per sample. 

Simplicity and r e l i ab i l i t y  depend on each other. quantitative 
HPTLC i s ,  i n  comparison t o  other chromatographic methods, not a sophisti-  
cated one and can be adapted quickly t o  various scanning conditions, 
the resu l t s  can be given without delay a t  a d i s t i nc t  time. 
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1236 KREUZIG 

substance 

1 actoselsucrose 
soya o i l  
phenoxyacetic acid 
penicil l in V 
p-OH-penicill in V 

In the l a s t  two years we could reduce the break-down time ( f o r  
instruments fo r  sample application, scanner, integrator,  computer, 
p r in te r )  t o  about  0,6 % of the working time. For scanning, the presence 
of smoke, d u s t  and vapor of aromatic solvents must be s t r i c t l y  avoided. 

coefficient of variation N 
(%) 

196 9 
390 8 
2Y1 9 
199 8 
6,6 8 

For evaluation of the accuracy of the quantitative determination 
of different substances one sample was analyzed 8 t o  9 times on one 
plate and the coefficients of variation computed as follows: 

substance ' 

lactose/sucrose 
soya o i l  
phenoxyacetic acid 
penicil l in V 
p-OH-penicill in V 

TABLE 2 
Accuracy of quantitative Determination 

quali ty coefficient Cali bration-line 
( % I  
3 38 a2/c 
4Y4 a2/c 
139 a2/c 
138 log allog c 
7 3 5  a I c  2 

The value of 6,6 % i s  due t o  the low concentration of p-OH-peni- 
c i l l i n  V. 

Typical quali ty coefficients of calibration l ines are shown i n  table 3. 

TABLE 3 
Quality Coefficients of Calibration Lines 
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substance 

1 actose/sucrose 
soya o i l  
phenoxyacetic a c i d  
p e n i c i l l i n  V 
p-OH-penici l l  i n  V 

These c o e f f i c i e n t s  are s tored on the d i sc  o f  the computer and p r i n -  
t ed  o u t  on request, arranged according t o  substance. This  i n fo rma t ion  i s  
o f  importance i n  c o n t r o l l i n g  the  q u a l i t y  o f  a n a l y t i c a l  work. 

I f  one spot, standard 2 ,  i s  scanned ten  times, the f o l l o w i n g  co- 

e f f i c i e n t s  o f  v a r i a t i o n  were found: 

c o e f f i c i e n t  o f  v a r i a t i o n  (%) 

0,4 
0 9 6  

1 Y O  

0 3  
2,7 

TABLE 4 
Accuracy f o r  Scanning one Spot 

These measurements may s igna l  the analyst, i f  f o r  example the  
spot shape should be f u r t h e r  optimized. 

Q u a n t i t a t i v e  HPTLC i s  the  cheapest chromatographic method. The 
more d i f f e r e n t  substances have t o  be analyzed w i t h  the same p r i o r i t y  
- and t h i s  i s  t y p i c a l  f o r  process con t ro l  o f  fermentation - the  more 
the  s u p e r i o r i t y  o f  t h i s  method i s  obvious. Furthermore the scanner 
can be used beneath r o u t i n e  analyses f o r  working o u t  and op t im iz ing  
HPTLC-methods . 

I f  these process con t ro l  analyses f o r  the determination o f  peni- 
c i l l i n  V would be performed w i t h  HPLC, t he re  would be th ree  complete 
1 i q u i d  chromatographs necessary. 
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