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Whs s tudys  2 , 3 , 5 - t r s 1 6 3  a c i d  (TIBA) r e s t d u e s  i n  

mi lk  and mi lk  p r o d u c t s  u s ing  sas  chromatography�87 i t  became 

n e c e s s a r y  t o  deve lop  an e x t r a c t i o n  and c l e a n - u p  p r o c e d u r e  whs 

would c o n c e n t r a t e  TIBA a n d / o r  � 8  m e t a b o l s  s e p a r a t e  Che 

compound from i n t e r f e r • n g  mi lk  c o n s t i t u e n t s ,  and g i v e  a low back-  

Sround s i g n a l .  Th i s  was n e c e s s s  s i n c e  most e x t r a c t s  

solvents were round fo  form emulsions w�8 milk or milk products 

( e t h e r ,  me thano l ,  eChanol ,  i s o p r o p y l  a l c o h o l ,  and aqueous fo rmic  

acld) or were expenslve (acetonitr�8 The earlier extraction 

method as  used by L i sk  (1) does noC i n c l u d e  a c l e a n - u p  p r o c e d u r e .  

P,,rocedure s 

C l ean -up  and E x t r a c t i o n  P r o c e d u r e .  M�8 o r  mi lk  p r o d u c t  

s ~ p l e s  we�8  100 g.  were p l a c e d  i n  a t a r e d  500 ml.  e r l en m ey e r  

f l a s k  on a magne t �8  s t i r r e r  and t i t r a t e d  dropwise  w i th  ~ P O  4 

(85~-N.u untll the mixCure was at a pli of 2.5-3.0 (about 4 ml. 

per I00 S. samp1e). A minimum of 250 ml. of technlcal stade 

a c e t o n e  was added and che m i x t u r e  a l lowed to  s t s  f o r  60 m i n u t e s .  

The r e s u l t � 8  s l u r r y  was s e c c l e d  i n  an i c e  b a t h  f o r  about  1 hour  

( speeds  f i l t r a t i o n )  and t hen  f i l c e r e d  w � 8  vacuum on a 150 C 

s c i n t e r e d  g l a s s  f u n n e l .  Acetone  was e v a p o r a t e d  from che f i l t e r e d  
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s o l u t i o n ,  10 ml .  o f  a s a t u r a t e d  aqueous s o l u t i o n  o f  NaC1 was 

added to  t he  aqueous r e s i d u e ,  and the  s o l u t i o n  t i t r a t e d  to  a 

pli o f  9 .5  w i t h  an aqueous s o l u t i o n  o f  NaOH. 

Depending upon t h e  f a t  c o n t e n t  o f  t h e  m i l k  p r o d u c t s  t h e  

c l e a n - u p  s t e p  was v a r i e d .  For  whole m i l k ,  sk im mi l k  and b u t t e r -  

m i l k ,  t h e  b a s i c  s o l u t i o n  was e x t r a c t e d  i n  a 250 ml .  s e p a r a t o r y  

f u n n e l  once w i t h  50 ml .  o f  s o l v e n t  g r ade  e t h e r ,  t he  aqueous p h a s e  

saved  and tha  e t h e r  p h a s e  backwashed w i t h  25 ml .  o f  a 5~ aqueous  

s o l u t i o n  o f  NaC1 a t  a pH o f  10. The aqueous p h a s e s  were  combined 

and the  e t h e r  c l e a n - u p  p h a s e  d i s c a r d e d .  F o r  b u t t e r  and , r e s t a  t h e  

b a s i c  s o l u t i o n s  were  e x t r a c t e d  a s  above and t h e  combinnd aqueous  

p h a s e s  r e - e x t r a c t e d  two more Cimes i n  a l i k e  manner .  

The c l e a n e d  up aqueous p h a s e  was t h e n  t i t r a t e d  to  a pli o f  

2.5-3.0 with H3PO 4 (85~-N.F.) and extracted with three 50 ml. 

p o r t i o n s  o f  r e a g e n t  g r ade  d i e t h y l  e t h e r  ( M a l l e n c k r o d t  Chemical  

Works, S t .  L o u i s ,  M i s s o u r i ) .  The t h r e e  e t h e r  p h a s e s  were  combined 

and e v a p o r a t e d  t o  d r y n e s s .  E t h e r a l  d �8  p r e p a r e d  f rom 

" D i o z a l d , "  N - m e t h y l - W - n i t r o s o - p - t o l u e n e s u l f o n a m s  ( A � 8  

Chemical  Go . ,  I n c . ,  Milwaukee,  Wiscons in )  was used  t o  e s t e r � 8  

t he  r e s � 8  which  had been  r e c o n s t � 8  i n  5 ml .  o f  r e a g e n t  

g rade  d i e t h y l  e t h e r .  The d i azomethane  was added d ropw�8  u n t i l  a 

y e l l o w  c o l o r  p e r s � 8  t hen  a 2-5 ml .  e x c e e s  o f  t he  d i azoms thane  

added,  and t h e  r e a c t i o n  a l l owed  to  p r o c e e d  to  c o m p l e t i o n  (60 m � 8  

The e s t e r f i e d  s o l u t i o n  was t h e n  c a r e f u l l y  e v a p o r a t e d  t o  d r y n e s s  

(35~176 and the  r e s i d u e s  were  q u a n t i t a t i v e l y  t r a n s f e r e d  to  a 

10 ml .  v o l u m e t r i c  f l a s k  w i t h  S p e c t r o p h o t o m e t r t c  Grade benzene  
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(J .  T. Baker Che~teal Co.,  Ph i l l � 8  N. J . )  washes. For gas 

chromatosraphle a n a l y s l s ,  0 . I - 1 . 0  ~ L c r o l � 8  o f  the e x t r a c t  were 

used. Since Jarboe (2) bas shown t h a t  I~BA undergoes photodecom- 

position, all samples weze protected s llght ai a11 rimes. 

Gas Chromato~a~hy. For analy8i8 of  the e 8 t e r � 8 1 6 3  re8idues 

a dual  column gas chromatosraph (Vaz�8 Aerograph�87 Walnut Creek, 

Caligorns - Model 204-1B) equipped with  250 m i l l i c u r i e  t r i t s  

f o i l  e l e c t ron  capture  de tec tozs  was used. The Sas chromatosraph�8 

operats condi t ions  were: � 8  cempe~ature - 270~ column 

temperature - 190~ de t ec to r  temperature - 210~ c a r r i e r  sas 

flow - 35-40 ml . /min.  (hiEh p u r � 8  n i t r o g e n ) ,  high vol tage  - 

E.C.-1,  and a t t e n u a t o r - v a r i a b l e  depending upon 8ample 8ize.  

Because of  the h i sh  ope ra t iona l  t ~ ~ . e r a t u r e s ,  i t  wa8 imprac t i ca l  

to use gla88 columns. For t h i s  reason,  a 10 f t .  s t a i n l e s 8  s t e e l  

column wh�8 had been t r e a t e d  w�8 t r ime thy l ch lo ro8 i l ana  (~F~q - 

Applied Science,  Labs . ,  S ta te  Col lege,  Pennsylvania)  fo r  1 hour�87 

r insed  with  acetone,  and dr ied  was u8ed. The packins  for  the 

col,mm was 10~ QF-1 on 60-80 me8h Ga~ Chrom Q (Applied Science,  

Lab8. ,  S ta t e  Col lege,  Pennsylvania) .  

Re8ult8 and Discussion 

With a 100 g. 8ample, TIBA was e a s i l y  q u a n t i t a t e d  a t  the 0.05 

ppm l eve l  w�8 che above method. To eva lua te  Che e f f i c i e n c y  of  

the  e x t r a c t i o n  procedure,  14C-labeled TTBA was added to raw milk 

and the a m p l e  wa8 ca r r i ed  throush Che e x t r a c t i o n  procedure.  

Aliquot8 of  Che e the r  e x t r a c t i o n  phase were counted �8  a l iqus 

s c i n t i l l a t i o n  counter .  The averase recovery o f  Che added a c t i v i t y  
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wa8 95.1% with a standard deviation of 1.9~, ip~iicatin8 t h a t  

e s 8 e n t i a l l y  a i1  of  che l abe led  TIBA or  i r a  deEraded produc ts  were 

r ~ i n s  in  the ac �8  form f o r  e x t r a c t i o n  from the a c i d i c  aqueou8 

solution. Next raw milk 8amples fo which TIBA a t  the 0.1 ppm 

l e v e l  and a t  Che 1.0 ppm l e v e l  had been added were u8ed to help 

eva lua te  r e c o v e r i e s .  These 8ample8 were c a r r i e d  throuKh the 

e x t r a c t i o n  procedure  (ws the  c lean-up s t ep )  and analyzed by 

gas chromatography. An averase  o f  91.6~ and 89.2~ was recovered  

from the 0.1 ppm and 1.0 ppm l e v e l ,  r e s p e c t i v e l y .  Dupl ica te  

8a~ple8 o f  cream and b u t t e r  wi th  2 ppm TIs added were 8ubjec ted  

to  the e x t r a c t i o n  and c lean-up s t eps  and analyzed on che G. C. 

An o v e r a l l  r ecove ry  o f  96.0% and 94.4~ was ob ta ined  fo r  the  cream 

and b u t t e r ,  r e s p e c t i v e l y .  

Typica l  gas chromatograph8 of  raw milk a re  shown in  Figure  1. 

Graph A r e p r e s e n t s  a s~~~�87 of  raw milk wiCh 1 ppm TIBA added 

which wa8 hOt 8ubjec ted  to  the  c lean-up s teps  and Graph B r e p r e -  

8ent8 raw milk with 2 ppm TIBA added which wa8 8ubjected" to  Che 

c lean-up procedure .  
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