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DETERMINATION OF N I A C I I U  I N  CEREAL SAMPLES BY HPLC 

Theodore A .  T y l e r  and Robert  R .  Shrago 
E e r b e r t  V. S h u s t e r  f n c .  

5 Hayward S t .  
Q u i n c y ,  Massachuset ts  0 2 1 7 1  

ABSTRACT 

A l i q u i d  chromatographic method f o r  t h e  a n a l y s i s  
o f  n i a c i n  i n  c e r e a l  p roduc t s  i s  p r e s e n t e d .  The sample 
i s  e x t r a c t e d  i n  t h e  p re sence  o f  C a ( O H ) 2 ,  c o n c e n t r a t e d  
and p u r i f i e d  on an an ion  exchange r e s i n ,  and f u r t h e r  
c leaned u p  b y  o x i d a t i o n  w i t h  XMnO4. Fir .a l  q u a n t i t a -  
t i o n  i s  by nPLC wi th  u l t r a v i o l e t  d e t e c t i o n  a t  254  nm. 

Using af iaonaapak Cl8 column, a mobile ghase 
c o n s i s t i n g  of  5 5  methanol i n  w a t e r  con ta in i r , g  0 . 0 0 5  F: 
t e t r a b u t y l  ammonium phosphate ,  and a Slow r a t e  of 2 . 0  
E l / n i n .  ,. n i a c i n  was found t o  have a r e t e n t i c n  tirne o f  
about  7 minutes .  

I N T R O D U C T I O N  

N iac in  i n  food samples i s  o f f i c i a l l y  d e t e m i n e d  

e i t h e r  by t h e  m i c r o b i o l o g i c a l  method ( l )  o r  by  t h e  

chemical  method ( 2 ) .  The  m i c r o b i o l o g i c a l  method 

r e q u i r e s  ma in ta in ing  a s t o c k  of  v i a b l e  n i c r o o r g a n i s n s  

and t h e  assay r e q u i r e s  an i n c u b a t i o n  p e r i o d  o f  3 days .  

The chemical method r e q u i r e s  t h e  use of CXar and is 

s u b j e c t  t o  s e v e r a l  i n t e r f e r e n c e s  (3). V a r i a t i o n s  o f  

t h e s e  methods ( 3 )  meet w i t h  s imi l a r  d i f f i c u l t i e s .  
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270 TYLER AND SHRACO 

S i n c e  most modern l a b o r a t o r i e s  now have  HPLC 

c a p a b i l i t y ,  a l i q u i d  ch romatograph ic  a l t e r n a t i v e  t o  

t h e  chemica l  o r  t h e  m i c r o b i o l o g i c a l  method s h o u l d  

f i n d  widespread  a c c e p t a n c e .  

METHOD 

Ap p a r  a t  u s 

The h i g h  p r e s s u r e  l i q u i d  chromatograph  c o n s i s t e d  

o f  a Waters A s s o c i a t e s  ( M i l f o r d ,  MA) 6 0 0 0 ~  pump, a 

U 6 K  i n j e c t o r ,  a g B o n d a p a k  C18 column, and a Model 440 

abso rbance  d e t e c t o r  o p e r a t i n g  a t  254  nm. 

Kate 4s A s s o c i a t e s  Cla Sep-Pak c a r t r i d g e s  were 

u s e J  t a  z l a r i f y  t h e  samples  b e f o r e  f i n a l  f i l t r a t i o n  

znnougn 0 . 4 5  micrometer  f i l t e r s .  

Open-column chromatography t u b e s  were Kontes  

( V i a e l a n d ,  XJ) Chromaflex Column K-420150, 200  rrm x 

6 r:.m 0 . 3 .  N i t h  a 2 5  n l  c a p a c i t y  t o p  r e s e r v o i r .  

?.i;gencs a?.d : s l u t i o n s  

All chemica ls  were r e a g e n t  q u a l i t y  ( F i s h e r  

S c i i n t i f i c  C o . ,  P i t t s b u r g h ,  PA)  and a l l  s o l v e r , t s  w e r e  

KPLC q u a l i t y  ( a u r d l c k  and J a c k s o n ,  Muskegon, MI). 

The mobi le  phase c o n s i s t e d  of 50 m l  o f  me thano l  

p l u s  one Y i a l  o f  Waters PIC-A r e a g e n t ,  b r o u g h t  t o  

1 0 0 0  n1 w i t h  w a t e r  and f i l t e r e d  th rough  a 0 . 4 5  

micrometer  f i l t e r .  
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NIACIN IN CEREAt SAMPLES 271 

The n i a c i n  s t a n d a r d  s o l u t i o n  was p repa red  by  

d i l u t i n g  1 0  m l  o f  a s o l u t i o n  c o n t a i n i n g  50 mg n i a c i n /  

100  m l  t o  1000 m l  w i t h  wa te r .  The C a ( O H 1 2  suspens ion  

was p repa red  b y  combining 50 grams of  C a ( O H I 2  w i th  

5 0 0  m l  of w a t e r .  The an ion  exchange r e s i n  was Bio-Rad 

A G l - X 8 ,  100-200  mesh, i n  t h e  a c e t a t e  form (Bio-Rad 

L a b o r a t o r i e s ,  Richmond, C A I .  The 5% a c e t i c  a c i d  was 

p r e p a r e d  by  d i l u t i n g  50 ml of  g l a c i a l  a c e t i c  a c i d  t o  

1000 m l  w i t h  water. The 1% KMnO4 was prepared b y  

d i s s o l v i n g  1 . 0 0  grams of KMnO4 in wate r  and t h e n  

d i l u t i n g  t o  1 0 0  m l  w i t h  water. 

Z x t r a c t  i o n  

S i l f f i c i e n t  sample was weighed i n t o  a 290 m l  - J O ~ -  

m e t r i c  f l a s k  t o  c o n t a i n  n o t  more than  0.2c1 m i l l i g r a r . 3  

of n i a c i n .  Approximately 80 m l  o f  wa te r  and 1 0  rnl of 

well snaken Ca(9H)2 suspens ion  were added and t h e  

m i x t u r e  was hea ted  on a steambath f o r  30 minutes. 

A f t e r  s w i r l i n g  t o  d i sperse  t h e  sample,  t h e  f l a s k  

was capped w i t h  a luninium foil and a u t o c l a v e d  f o r  33  

minutes  a t  15 p s i .  A f t e r  c o o l i n g  t o  room t e m p e r a t u r e ,  

t he  sample was brought  t o  volume w i t h  water and t r a n s -  

f e r r e d  t o  a 200 ml c e n t r i f u g e  b o t t l e .  The b o t t l e  was 

coo led  o v e r n i g h t  i n  a r e f r i g e r a t o r  and t h e  f o l l o w i n g  

morning t h e  c o l d  s o l u t i o n  was c e n t r i f u g e d  f o r  f i v e  

minutes  a t  2000 rpm. The s u p e r n a t a n t  was c a r e f u l l y  

decan ted  i n t o  a 250  m l  f l a s k  and capped p r i o r  t o  use.  
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272 TYLER AND SHRAGO 

Open-Column Chromatography 

A 30 mm column o f  ACl-X8 a n i o n  exchange  r e s i n  

was formed between two p l u g s  o f  c o t t o n  i n  a 2 5  ml 

Chromaflex column. The column was washed w i t h  25 m l  

o f  5% a c e t i c  a c i d  f o l l o w e d  by 1 0  m l  o f  water. Two 

s u c c e s s i v e  25 m l  a l i q u o t s  o f  sample  e x t r a c t  were 

p i p e t t e d  o n t o  t h e  column. When t h e  l e v e l  o f  sample  

e x t r a c t  r e a c h e d  t h e  s u r f a c e  o f  t h e  p a c k i n g ,  2 0  ml o f  

water were p i p e t t e d  o n t o  t h e  column. When t h e  l e v e l  

o f  water r e a c h e d  t h e  s u r f a c e  o f  t h e  p a c k i n g ,  a 50 ml 

e r l e n m e y e r  f l a s k  was p l a c e d  u n d e r  t h e  column and t h e  

n i a c i n  was e l u t e d  from t h e  column w i t h  1 0  nl of  55 

a c e t i c  a c i d  fo l lowed  b y  5 r n l  o f  w a t e r .  

Perrnanganate Ox ida t  i o n  

The e r l e n m e y e r  f l a s k  was t r a n s f e r r e d  t o  a 

sha l low b o i l i n g  water b a t h  and t h e  s o l u t i o n  was 

brought  t o  a g e r , t l e  simmer. One r n l  0:' 15 aqdeous  

UIn04 was added ,  and t n e  s o l u t i o n  was 1 ,m.ed ia t e ly  

s w i r l e d  and removed from t h e  b a t h .  A f t e r  c o o l i n g  t o  

room t e m p e r a t u r e ,  t h e  s o l u t i o n  was q a a n t i t a t i v e l y  

t r ans fe r r ed  t o  a 25 ml v o l u m e t r i c  f l a s k  and b r o u g h t  

t o  volume w i t h  w a t e r .  

P r e p a r a t i o n  o f  t h e  Standard 

A 1 0  m l  a l i q u o t  o f  t h e  5 pg/ml n i a c i n  s o l u t i o n  

was p i p e t t e d  o n t o  a 30 mm a n i o n  exchange  column,  and 

u s i n g  t h e  p r e v i o u s l y  o u t l i n e d  open-column chromato-  
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NIACIN IN CEUEAL SAMPLES 273 

graphy t e c h n i q u e ,  t h e  n i a c i n  was e l u t e d  from t h e  

column w i t h  1 0  m l  o f  5% a c e t i c  a c i d  fo l lowed  by 1 0  

m l  of  water. The e l u a t e  was c o l l e c t e d  d i r e c t l y  i n  

a 25  m l  vo lumet r i c  f l a s k  and was brought t o  volume 

w i t h  water .  

Determinat ion 

A p o r t i o n  o f  each sample s o l u t i o n  and s t a n d a r d  

s o l u t i o n  was passed through a Cl8 Sep-Pak and a 0 . 4 5  

micrometer f i l t e r .  Twenty-five p1 o f  t h e  e lua t e  were 

i n j e c t e d  i n t o  t h e  l i q u i d  chromatograph a t  0.005 AUBS 

and t h e  peak h e i g h t  co r re spond ing  t o  t h e  n i a c i n  was 

measured. 

C a l c u l a t  i o n  

where H(sam) = 

H ( s t d )  = 

sw = 

peak h e i g h t  of n i a c i n  f o r  t h e  sample 

peak h e i g h t  of n i a c i n  f o r  t h e  s t a n d a r d  

sample weight i n  grams 

RESULTS AND DISCUSSION 

R e t e n t i o n  o f  Niacin on C l 8  

I n i t i a l  r e s u l t s  u s i n g  5% a c e t i c  a c i d  i n  wa te r  as 

the  mobile phase y ie lded  a k' o f  0.18 f o r  n i a c i n .  

S i n c e  more r e t e n t i o n  i s  r e q u i r e d  t o  s e p a r a t e  n i a c i n  

from the  r a p i d  e l u t e r s  i n  a food sample,  t h e  PIC-A 

system was t r i e d .  The r e t e n t i o n  a t  v a r i o u s  methanol 

c o n c e n t r a t i o n s  i s  shown i n  T a b l e  1. 
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TAaLE 1 

ZCH3OE t R( min 1 k '  

0 8.0 4.0 

5 6 . 9  3 .3  

9 6 . 2  2 . 9  

17 3 . 5  1.2 

Chromatography o f  Crude N i a c i n  E x t r a c t  

A s e m o l i n a  sample  was d i g e s t e d  w i t h  C a ( O H ) *  and 

a p o r t i o n  of t he  e x t r a c t  was p a s s e d  t h r o u g h  a c 1 8  Sep- 

Pak and th rough  a 0 . 4 5  mic romete r  f i l t e r .  Using  9% 

Ch30Fi i n  w a t e r  w i t h  P I C - A  as t h e  mob i l e  p h a s e ,  t h e  LC 

chromatogram r e s u l t e d  in a w e l l - d e f i n e d  n i a c i n  p e a k ,  

p a r t i a l l y  r e s o l v e d  from n e a r b y  p e a k s ,  as shown i n  

F i g u r e  1. 

Chromatography o f  Cleaned-Up X i a c i n  E x t r a c t  

A d d i t i o n a l  c lean-up  was p r o v i d e d  by ion-exchange  

chromatography,  which gave  a p p r o x i m a t e l y  98% r e c o v e r y  

o f  t h e  s t a n d a r d ,  and by permanganate  o x i d a t i o n ,  which 

gave no loss o f  s t a n d a r d .  The s l i g h t  loss o f  n i a c i n  

on t h e  lon-exchange column i s  p a r t i a l l y  coRpensa ted  

f o r  by p a s s i n g  b o t h  sample and S t a n d a r d  t h r o u g h  i d e n -  

t i c a l  columns.  The LC chromatograms for a s e m o l i n a  

sample and f o r  a b r e a d  sample  are  shown i n  F i g u r e  2 .  

Comparison o f  LC and M i c r o b i o l o g i c a l  Yethods  

The semol ina  s a m p l e  a s s a y e d  a t  8 . 0  rng n i ac in / lOGg 

b y  t h e  m i c r o b i o l o g i c a l  method and a t  8 . 4  rng/100g by 
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NIACIN IN CEREAL SAMPLES 275 

II 

:: 1 a: :r. 

7 

I ~- 
0 2 4 6 8 1 0 1 2  

M I N U T E S  

F i g u r e  1: P a r t i a l  r e s o l u t i o n  o f  n i a c i n  i n  c r u d e  
s e m o l i n a  e x t r a c t .  Flow r a t e  = 2 . 0  ml /mlnute .  
PIoblle Phase  = 9 %  methanol  i n  water w i t h  P I C - A .  

t h e  LC method. The a v e r a g e  e r r o r  from t h e  mean was 

0 . 5  ng/100g ?or  b o t h  methods .  

The b r e a d  sample a s s a y e d  a t  4 . 1  mg n I a c i n / l Q G g  

by t h e  m i c r o b i o l o g i c a l  method and a t  4 . 2 3  mg n i a c i n /  

lOOg b y  t h e  LC method. 

had  an  a v e r a g e  e r r o r  o f  0 .3  mg/100g and t h e  LC method 

had an a v e r a g e  e r r o r  o f  0 . 1 0  mg/100g. 

The m i c r o b i o l o g i c a l  method 
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I 
lac in 

Semolina 

d! 

TYLER AND smGu 

Sread 

l ac  i n  

'VL 

F i g u r e  2 :  N i a c i n  I n  s e m o l i n a  and b read  samples  a f t e r  
ion-exchange and permanganate  c l ean -up .  F i o w  r a t e  = 
2 . 0  ml/rninute.  Mobile  phase  = 5 %  CH23H in w a t e r  x i t k  
P I C - A .  

Conc lus ion  

Refinement  of t h e  t e c h n i q u e s  o f  sample e x t r a c t i o n ,  

p u r i f i c a t i o n ,  and c lean-up  w i l l  soon  e n a b l e  l i q u i d  

ch romatograph ic  methods t o  r e p l a c e  many a s s a y s  t h a t  

are now b e i n g  done by more l a b o r i o u s  methods .  
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