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INTRODUCTION
Several methods for the 
determination of the total 
cholesterol content in foods have 
been reported in the literature. 
These methods, which include 
enzymatic, colorimetric, gas 
chromatographic and high performance 
liquid chromatographic procedures, 
have been applied to a variety of 
foods with a high degree of 
variation in the results reported. 
Sweeny & Weihrauch (1976) reviewed 
the methods for cholesterol 
determination and pointed out the 
lack of available and reproducible 
analytical data. Although several 
improvements in analytical
methodology have been made since, 
the problem of variation still 
exists.

Variation in the reported total 
cholesterol content of meat products 
may be the result of several factors 
including diet, sex and age of the 
animals, and analytical methodology, 
including the poor reporting of the 
procedures applied (Sweeny & 
Weihrauch, 1976). The problem of 
obtaining accurate and reproducible 
cholesterol information is
intensified with the increased 
public awareness and interest in the 
cholesterol content of food
(Karkalas et al., 1982).

The primary objective of this study 
vas to evaluate some existing 
methods for total cholesterol 
determination for accuracy,
efficiency and repeatability, and to 
apply the chosen method in surveying

MATERIALS AND METHODS
Mat eri cils ^
Meat and seafood sampl^^K3.

C h o l ^ >purchased from a local 
on the day of analysis. - _
and 5 a -cholestane standafct’ ̂  
purchased from Steraloids 
Wilton, NH.

Methods gaiflp-̂
Moisture content of the roe3 h-^'Kz 
was determined by the 
official method (1984) , 
total lipid content was 3 ^
by the method of Fold1 
(1957).

Evaluation of methods 
cholesterol content:
The first phase of the 
evaluation of several 
determining the total a   ̂
content of ground raw 
round. Enzymatic _ ^ 4
determination was carried
a kit obtained from toCorp., Indianapolis. , .
Cholesterol was oxidi 
cholestenone by cholestero
with production of \
peroxide. Catalase was 
facilitate the oxidation °  - ^  3
to formaldehyde, which , tT -
reacted with acetylacetone ^
yellow lutidine dye in t h ^ of . ft 
of ammonium ions.
determined spectrophotame
4 0 5  n m . i ,i

ohee *  yA colorimetric method (Pj* ̂  
1982b) was also evaluated
Folch lipid extract o f  ^

oi fbeef sample was saponifi0^ _ ^
by a hexane extracti°n 2
unsaponif iable fraction ‘ &
cholesterol content w a S ^ ^ o , j i  
by the colorimetric f ^ o )  3 f){ 
Searcy & Berquist 
involved the reaction ^  
acetic acid and concentr»
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to
06 c o lo r  t o  be  a n a ly z e d  a t

fcs ̂ 3ot fo c u s  o f  th e  s tu d y  was on
^Jyses dhrxâ tograi±dc (GLC)_ Two methods, a direct
- * » t ^ ^ l O n  rYnTw ^ orto i y -io o+ "¡s'i ] qd ~V- L° n p ro c e d u re  (Adams e t‘VS*>, --------------
u '^ c fg  '  1984 ),  w ere  e v a lu a te d .

P re p a re d  b y  each m ethod 
in  e ith e r  d e r iv a t iz e d  

- ) ° r  u n d e r iv a tiz e d  fo rm .

{Cu.A..c '''/ aryl  th e  o f f i c i a l  m ethod
u ^ c k/' 19 Prej 

ted 
c

was c a r r ie d  o u t u s in g
w"'25 j5 (P o ly d im e th y ls ilo x a n e -1 5 m  

Packed (1% SE-30 on
Q) co lum ns. A

^  ^  ..................

g ^ c k a r d  5890A GC, a t  190 ' C 
It3 ri and program m ed a t

b ° 2 6 0 'C f o r  30 m in , was

J o  "
S c ,  « t t t i  a HP 584OA GC u n d e r

f°r +-K
Cni e c a p i l la r y  a n a ly s e s . 

w ? ved .T 5®"1 d e te rm in a tio n s w ere

^ h d i t io n s  ( 2 3 0 'C f o r  20

^ ^ ¿ ^ a t _ B r oducts
7 1 phase o f  th e  s tu d y  

1 a p p lic a t io n  o f  th e
Ik ? ^ y ^ ^ l y t i c a l  m ethod in  Phase 

le t y  o f  m eat and se a fo o d  
C h o le s te ro l c o n te n t was

k>JVL .
° ih  r ® P le s  o f  g ro un d  b e e f, 
ar*} °£>s' f 3™!1 s h o u ld e r b la d e  

SL s h o u ld e r b la d e  s te a k
W ^ ic  ^  in  a c o n v e n tio n a l 
^ i ^ t u r  0,7611 to  an in te r n a l 
* $ 8  ^  o f  1 7 0 'F. C h icke n  

3 ' j ,  l e g  q u a r te rs  w ere  baked 
% > *  311 in te r n a l te n p e ra tu re

was baked u n d e r 
^  S h r iJ ^ b io n s , w h ile  s h rim p  

^ i l e d  f o r  5 m in .

^  Discussion

Sicf^t -_____ ____
.P h a s e  o f  th e  s tu d y  was 

i f  Choi evala a te  m ethods f o r  
t o ^ - u ^ t e r o l  d e te rm in a tio n .

W  FK 1101̂  S3mPle S  Were 
\  ?-he c o lo r im e tr ic  m ethod

5~* (1 9 82 b ) .  T h is  m ethod
d i^  be  tim ^e -consu in ing  and

tficult, with lew

b e fo re and a f t e r

was

r e p r o d u c ib i l i t y . E xtrem e c a re  m ust 
be  ta k e n  in  such  c o lo r im e tr ic  
p ro c e d u re s , e s p e c ia lly  c o n s is te n c y  
in  m ix in g  a f t e r  th e  a d d it io n  o f
s u lf u r ic  a c id  t o  th e  c h o le s te ro l 
e x t r a c t .  In c o n s is te n t te m p e ra tu re s  
may p ro v id e  v a r ia b le  r e s u lts  (T onks, 
1 9 6 7 ) .  B ub b le  fo rm a tio n  m u st a ls o  
be a v o id e d  as t h is  w i l l  in te r fe r e  
w ith  s p e c tro p h o to m e te r re a d in g s . 
Sweeny & W e ih rauch  (1976) have 
e xp re sse d  o th e r  co n ce rn s  w ith  such  
c o lo r im e tr ic  p ro c e d u re s  in c lu d in g  
c o lo r  re a c tio n s  w ith  o th e r  s te r o ls  
and p o s s ib ly  o th e r  com pounds, tim e  
dependence, and m o is tu re  e f fe c ts .

The e n z y m a tic  p ro c e d u re  p ro v id e d  
re p ro d u c ib le  d a ta , b u t i t  was 
som ewhat in c o n v e n ie n t and 
e x p e n s iv e . K a rk a la s  e t  a l .  (1982) 
com pared t h is  p ro c e d u re  t o  GIG 
a n a ly s is  and fo u n d  th e  r e s u lts  t o  be 
v e ry  s im ila r ,  e s p e c ia lly  w ith  a n im a l 
p ro d u c ts . R e s u lts  o f  o u r a n a ly s e s  
c o n firm e d  th e s e  o b s e rv a tio n s . 
K a rk a la s  e t  a l .  a ls o  n o te d  th a t  th e  
e n z y m a tic  p ro c e d u re  w i l l  n o t be as 
a c c u ra te  f o r  fo o d s  c o n ta in in g  
v e g e ta b le  o i ls  as th e re  may be 
in te r fe re n c e  fro m  th e  p h y to s te ro ls  
in  th e  v e g e ta b le  o i ls .

The m a in  em phasis o f  th e  s tu d y  was 
th u s  p la c e d  on GLC a n a ly s is . Based 
on th e  r e s u lts  o b ta in e d  f o r  th e  b e e f 
b o tto m  ro u n d  sam p les, th e  m ethod 
chosen as th e  m ost e f f ic ie n t  and 
re p ro d u c ib le  was d ir e c t  
s a p o n if ic a t io n  (Adams e t  a l . ,  1986) 
w ith o u t d e r iv a t iz a t io n ,  fo llo w e d  b y  
a n a ly s is  on th e  packed  co lum n 
sys te m . R e s u lts  fro m  th e  sam ples o f  
b o th  e x tr a c t io n  te c h n iq u e s , w ith  o r  
w ith o u t d e r iv a t iz a t io n ,  and packed  
v e rs u s  c a p i l la r y  system s w ere  q u ite  
s im ila r .  The g re a te s t d if fe re n c e  
was o b se rve d  as a r e s u lt  o f  th e  
e x tr a c t io n  te c h n iq u e , w here  th e  
A .O .A .C .  m ethod w h ic h  in v o lv e s  
c h lo ro fo rm /m e th a n o l e x tr a c t io n  o f  
th e  b e e f l ip id s  gave c h o le s te ro l 
v a lu e s  (49 -56  m g/lOOg) w h ic h  w ere  
som ewhat lo w e r th a n  th o s e  o b ta in e d
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b y  d ir e c t  s a p o n if ic a t io n  (62 -69  
m g /lO O g).

K ovacs e t  a l .  (1979) d is c u s s e d  th e  
b e n e f its  o f  d ir e c t  s a p o n if ic a t io n  
o v e r s a p o n if ic a t io n  o f  a l i p id  
e x tr a c t  as  in  th e  A .O .A .C .  o f f i c i a l  
m e thod . N o t o n ly  is  i t  le s s  tim e  
consum ing , th e re  a ls o  is  th e  
a d va n ta g e  th a t  th e  c h o le s te ro l may 
be m ore e f f i c i e n t ly  e x tra c te d  s in c e  
c h o le s te ro l in  m u sc le  membranes is  
bound am ongst p h o s p h o lip id s  and 
p ro te in s  and may n o t be  c o m p le te ly  
e x tra c te d  in  a c h lo ro fo rm -m e th a n o l 
l i p i d  e x tr a c t io n .

The s i ly la t io n  p ro c e s s  is  
u n d e s ira b le  as  i t  in v o lv e s  an 
a d d it io n a l re a c t io n  s te p  and is  
th e re fo re  m ore tim e -c o n s u m in g . 
A ls o , th e  ch rom atogram s fro m  th e  
packed  co lum n  system  w ere  le s s  
com p lex and e a s ie r  t o  in te r p r e t ,  
w ith  le s s  in t e r fe r in g  p e a ks .

S u rve y  o f  m eat p ro d u c ts
Phase tw o  in v o lv e d  a p p lic a t io n  o f  
th e  d ir e c t  s a p o n if ic a t io n  m ethod 
w ith o u t d e r iv a t iz a t io n  t o  m eat and 
s e a fo o d  sam p les f o r  a n a ly s is  b y  
packed  co lum n  GLC. T o ta l
c h o le s te r o l,  a s  w e ll as l i p id  and 
m o is tu re  c o n te n ts  w e re  d e te rm in e d  
b e fo re  and a f t e r  c o o k in g . These 
v a lu e s  a re  p re s e n te d  in  T a b le  1 . 
L ip id  and  m o is tu re  v a lu e s  and cook 
lo s s  p e rc e n ta g e  a re  g iv e n  in  o rd e r 
to  r e la te  c h o le s te ro l to  d ry  w e ig h t 
and f a t  c o n te n t.

C h o le s te ro l v a lu e s  o b ta in e d  in  t h is  
s tu d y  g e n e ra lly  a g re e  w ith  th e  
v a lu e s  re p o r te d  b y  a num ber o f  
in v e s t ig a to r s  in c lu d in g  K r itc h e v s k y  
& T e p p e r (1 9 6 1 ) ,  Tu e t  a l .  (1967 ),  
K a rk a la s  e t  a l .  (1 9 8 2 ) ,  Rhee e t  a l.  
(1 9 82 a ,b )  and P rusa  & Hughes,
(1 9 8 6 ) .  These l i t e r a t u r e  v a lu e s  

w ere  o b ta in e d  b y  a num ber o f  m ethods 
in c lu d in g  th o s e  in v e s tig a te d  in  th e  
p re s e n t s tu d y .

T o ta l c h o le s te r o l in  th e  cooked

p ro d u c ts  in c re a s e d  in  Jp - ^  
T h is  in c re a s e  was e xp e c te d ' g
would be concentrate
c h o le s te ro l a f t e r  d r ip  l 055:
fe w  re p o r ts  o f  changes 
c h o le s te ro l w ith  co o k in g

on
__ _ havej9̂

p u b lis h e d  (K a rk a la s  e t  et 
Rhee e t  a l . ,  1 9 8 2 a ,b ; Krege 
1986; P ru sa  & Hughes, 
K a rk a la s  e t  a l .  (1982) ^  
changes in  th e  d h o le s te ro  ^
o f  c h ic k e n  w ith  c o o k in g  r ^ e d  j 
fre s h  w e ig h t, th e y  ot>sT
in c re a s e  in  th e  cholestero ^  ^
o f  w h ite  m eat (67 m g /l° °9  $
80 m g/lO O g cooked mea '7 ^  y 
d e c re a se  in  d a rk  m eat ( 1 x, 
t o  92 m g /1 0 0 g ). Data 
t h is  s tu d y  showed s îaX}oSs (%, 
when c o rre c te d  f o r  cook 1 ^  
m eat 86 m g/lO O g to  90 mg/ ,̂0oq) 
m eat 123 m g/lO O g to  119 mg/

P rusa  & Hughes (X986) ^
c h o le s te ro l le v e ls
te n d e r lo in  s te a k s  upon gtfrfrA 
d if f e r e n t  m e thods. r̂ rie 
c h o le s te ro l

>• 1 A>___________  content ^
c o n v e n tio n a l c o o k in g  t o ^ 1

2V
te m p e ra tu re  o f  77 "C 
m g/lO O g to  78 m g/lO O g. ^  
was co m p a rab le  t o  th a t  to 
t h is  s tu d y  (60 m g/1009
m g /lO O g).

CONCLUSIONS '
S e v e ra l m ethods f o r  d e te rn ^  
t o t a l  c h o le s te ro l conten ̂t o i  a ,
fo o d s  w ere  e v a lu a te d . 
chosen  as m ost d e s ira h
d ir e c t  s a p o n if ic a t io n  .1 a t i j i  
w ith o u t d e r iv a t iz a t io n  (&: 
fo llo w e d  b y  gas chr° ^ ^  
a n a ly s is  w ith  a packed ^  vj, 
SE-30 on 1 00 /12 0  mesh ^ t ,
Q). T h is  m ethod was 
re p ro d u c ib le  r e s u lts ,  ^  
to  p e rfo rm . T h is  m e th o d ^ ^ ^ /^  ^

(>!

t o t a l  c h o le s te ro l co n te n
a f t e r  c o o k in g Total

s u rv e y  a  ra n g e  o f  meat J?- ̂
t\o- 

•n 1v a lu e s  w ere  h ig h e r  m  
p ro d u c ts . V a lu e s  in  ^  V1 
co m p a rab le  t o  th o s e  re p °

f t
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T a b le  1 . C h o le s te ro l c o n te n ts  o f  v a r io u s  m u sc le  fo o d s  as d e te rm ine d  
b y  th e  d ir e c t  s a p o n if ic a t io n  -  gas c h ro m a to g ra p h ic  p ro ce d u re

Food M o is tu re  (%) Cook Loss (%) L io id _£%1 C h o le s te ro l
Raw Cooked Raw Cooked Raw

B e e f 7 0 .0 6 .59 62 .16
b o tto m  ro u n d

G round
b e e f

V e a l,
69 .97
7 4 .0 5

57 .4
68.3

33 .7
2 1 .6

8 .6 0
6 .0 6

11 .23
5 .52

59.14
183.90

109-f 
188-7i)

s h o u ld e r b la d e
s te a k s

P o rk , 7 1 .1 6 59.22 25.27 6 .63 14 .26 59.96 87

lo in  chops 139-41Lamb, 61 .92 5 1 .2 7 24.62 2 1 .80 28 .47 99.21
s h o u ld e r
chops

b la d e

13 8*12
C h ic k e n , 7 1 .9 1 64 .55 13.56 1 1 .4 8 17.79 123.05

d a rk
C h icke n 7 0 .7 0 65 .90 14.72 8 .13 11 .34 86.18

105-54

w h ite
S h rim p 7 8 .89 73.17 30.28 1 .1 9 1 .94 262.05 l50-°y
Salm on 6 6 .20 65.07 15.65 7 .3 0 17 .90 100.06

V a lu e s  re p re s e n t th e  mean o f  fo u r  d e te rm in a tio n s  f o r  each m eat sample '

(
i
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