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SUMMARY. Simultaneous analyses of total lipids, cholesterol and 
fatty acids were carried out on raw and grilled beef longissimus 
dorsi trimmed o f external fat. Cholesterol was determined by high 
performance liquid chrom atography and the fatty acids by gas 
chromatography. Mean total lipid (g/100 g) ranged from 2.1 to 2.6 
for raw beef and 3.5 to 4.0 for grilled beef steaks. Cholesterol levels 
(m g/100 g) ranged from 40 to 43 for raw beef and 67 to 70 for 
grilled beef steaks. The main intramuscular fatty acids of the raw 
and grilled meat were 14:0, 16:0, 16:1 n7, 18:0, 18:ln9, 18:1 n7 and 
18:2n6. Grilled lean beef steaks had significantly higher contents 
of the principal fatty acids and most of the minor fatty acids. The 
higher values for the three components in the grilled meat were 
due to loss o f moisture during grilling. There was no significant 
difference between the apparent and true retentions values, both 
indicating  no significant loss or degradation of total lipids, 
cholesterol and fatty acids during grilling.
Key words: Beef, grilling, retention value, cholesterol, fatty acids, 
lipids.

RESU M O . Novos dados de lipídios totais, colesterol e ácidos 
graxos em carne  bovina (longissimus dorsi) c ru a  e grelhada.
Análise integrada de colesterol, lipídios totais e composiçâo de 
ácidos graxos foi realizada em Longissimus dorsi de carne bovina 
crua e grelhada. O colesterol foi quantificado por cromatografía 
líquida de alta eficiência e os ácidos graxos por cromatografía 
gasosa. A média de lipídios totais (g/l 00g) variou de 2,1 a 2,6 na 
came cma e de 3,5 a 4,0 na came grelhada. O teor de colesterol 
(mg/100g) variou de 40 a 43 na came crua e de 67 a 70 na came 
grelhada. Os principáis ácidos graxos intramusculares foram C l4:0, 
C16:0, C 16:ln7, C18:0, C 18:ln9 , C 18:ln7 e C18:2n6. A came 
grelhada apresentou valores significativamente maiores de ácidos 
graxos principáis e da maioria dos ácidos graxos minoritários. Os 
maiores valores obtidos nos très componentes na came grelhada 
foram devidos a perda da umidade durante o cozimento. Os valores 
de retençâo aparente e verdadeira nâo apresentaram diferença 
significativa, ambos indicando que nao houve perda ou degradaçâo 
significativa no conteúdo total de lipídios, colesterol e ácidos graxos 
durante o cozimento.
Palavras chave: Carne bovina, carne grelhada, valores de retençâo, 
colesterol, ácidos graxos, lipídios

IN T R O D U C T IO N

C ardiovascu lar d isease is the principal cause o f  death in 
Brazil, as in m any o ther countries. T his disease has been linked 
to  high cholesterol levels in the blood. H um an serum  cholesterol 
depends not only on dietary cholesterol but also on the fatty 
acid com position o f  foods. To m aintain serum  cholesterol at a 
low  level, the d iet should be  low  in cholesterol and fat, especially 
saturated fat (1). M oreover, there is concern that the W estern 
d iet m ay have an excessively high ratio  o f  n6/n3 polyunsaturated 
fatty acids (PUFA). T his is believed to  cause an im balance in 
th e  ratio o f  n6/n3 PUFA in the tissue m em branes (2).

T he  num erous stud ies show ing  th e  relation  betw een  d ie t 
and  d iseases have enco u rag ed  consum ers to  im prove their 
e a t in g  h a b i t s  d u r in g  th e  p a s t  tw o  d e c a d e s ,  b u t fa t  
consum ption , particu larly  o f  sa tu rated  fat, is still considered  
excessive. T he  con tibu ition  o f  m ea t and m eat p roducts to  the 
su p p ly  o f  to ta l fa t an d  s a tu ra te d  fa tty  ac id s  in th e  d ie t,

approxim ately  25%  fo r each  in the U K  (3), is w ell known, 
bu t the ir supply o f  16% o f  d ie tary  po lyunsatu ra ted  fatty acids 
is less w idely  recognized .

U n d o u b te d ly , th e r e  is a m p le  d a ta  on  th e  fa tty  acid  
com position  and cho lestero l con ten t o f  raw  and  cooked beef 
cu ts, com ing  from  bo th  research  papers and food  com position 
tab les. H ow ever, there  is som e divergence in  reported  results 
an d  g re a t im p ro v e m e n ts  in  an a ly tic a l m e th o d o lo g y  and 
instrum entation  have been  ach ieved  in recen t years , which 
shou ld  b e  taken  ad v an ta g e  o f  in  g en e ra tin g  new  data . In 
add ition , m ore in fo rm ation  is needed on th e  effects o f  the 
cook ing  m ethods used.

G iven the above considera tions, sim u ltan eo u s analyses 
o f  the total lip id , cho lestero l and  fatty  ac id  com position  of 
raw  and g rilled  b e e f longissim us dorsi from  th ree  b reed types 
w ere  carried  o u t in th e  p resen t w ork. In  add ition , the apparent 
and  true  reten tion  o f  these  food  com ponen ts w ere  calculated 
to  verify  the in fluence  o f  g rilling .
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M a te ria ls
Raw and  grilled  longissimus dorsi m uscles trim m ed o f  

surface ad ipose  fat w ere analyzed . T h ree  ca ttle  b reed  types 
were u tilized: N elo re  (B os indicus), C anchim  (crossbreed  3/ 
8 N elore x 5 /8  C haro la is) and  B eefalo  (crossbreed  3/8 hybrid  
Bison x 5/8 N elore). Sam ples from  five anim als w ere analyzed 
individually fo r each  breed . F ifteen  m ale an im als w ere taken 
at random  from  an in itia l lo t o f  49  an im als . T he  an im als 
were ob tained  from  the sam e ranch , w ere o f  th e  sam e age 
(22 m onths) and  received  th e  sam e type o f  feed.

For each carcass, approx im ate ly  three kg  o f  longissimus 
dorsi m uscle  w ere taken from  the sixth to  the ninth rib from  
the left and righ t side  and  cu t in to  steaks o f 'ap p ro x im ate ly
1.5 cm  th ickness. F ou rteen  pa ired  steaks (7 analysed  raw  
and the o ther 7 a fter g rilling ) from  each anim al w ere taken. 
The steaks w ere grilled  over a  ho t plate  at 16 5 °C  to an internal 
tem perature o f  7 5 °C . B o th  raw  an d  g rilled  sam ples w ere  
trim m ed o f  external fat, g round  in a m eat g rinder and m ixed 
thoroughly. D up lica te  sam ples w ere  taken fo r analysis.

Extraction of lipids
The analy tical schem e is show n in F igu re  1.
L ip ids w ere  ex trac ted  w ith  ch lo ro fo rm -m eth an o l (2 :1 ) 

according to Folch  e t al. (4). A liquo ts w ere taken and  the 
tc 'a l lip id  c o n te n t w as d e te rm in e d  g rav im etrica lly . O th e r 
a liq u o ts  w e re  s a p o n i f ie d ,  th e  u n s a p o n if ia b le  m a te r ia l  
extracted by th e  p rocedu re  o f  B ohac e t al. (5), and  cho lestero l 
was quantified  by  h igh  p e rfo rm ance  liqu id  ch rom atography  
(HPLC). A liquo ts o f  th e  lip id  ex trac t w ere  a lso  saponified , 
the fatty ac id s esterified  w ith  B F 3 -m ethanol (6 ) and  th e  fatty  
acid com position  d e te rm ined  by  gas ch rom atography  (G C ).

Liquid chromatography
For H PL C , a  V arian ch rom atograph  w as used , eq u ipped  

w ith a te rn a ry  s o lv e n t d e liv e ry  sy s te m  (M o d e l 9 0 1 0 ) , 
rheodyne in je c to r w ith  a  10 p i loop , W aters d io d e  a rray  
detector (M odel 990 ) and  a  H ew lett-Packard  reco rder (M odel 
2225 D). T he  analy tical co lum n w as 4 .6  x 150 m m  Spheriso rb  
ODS-2 (5 p m ), p receed ed  w ith  a  4 .6  x  10 m m  S pheriso rb  
O DS-2 (5 p m ) guard  co lum n. T h e  m obile  phase  (flow  ra te , 1 
m l/m in) consis ted  o f  ace to n itr ile :iso p ro p an o l (70 :3 0 , v /v). 
Each run took  15 m in. A b so rp tion  spectra  w ere  taken  a t 190 
to 300 nm  and  the ch rom atog ram s a t 21 0  nm . A ll so lven ts 
w ere re a g e n t-g ra d e  fo r  e x tra c tio n  a n d  H P L C  g ra d e  fo r  
chrom atography. Q uan tifica tion  w as carried  o u t by  ex ternal 
standardization. T h e  standard  cu rves passed  though  the  orig in , 
w ere lin e a r  a n d  b ra c k e tte d  th e  s a m p le s ’ c o n c e n tra tio n s . 
C alibration w as d o n e  on  each  day  o f  analysis. A side  from  
spiking, th e  p eak ’s iden tity  and  also  its pu rity  w ere  verified  
by m eans o f  th e  sp ec tra  o b ta ined  w ith  the  p h o tod iode  array

M ATERIALS AND M ETHO DS detec to r, taken  a t the  m ax im um  an d  a t th e  a scend ing  and  
descend ing  slopes o f  th e  peak.

F IG U R E  I 
F low  d iag ram  o f  the analy tica l p rocedure

E X T R A C T IO N  O F  L IP ID S  
acco rd ing  to F o lch  e t al.

10 g  sam p le________

V /

TOTAL LIPID CHOLESTEROL FATTY ACIDS

4 , X 4 .
10 ml extract 5 ml extract saponify aliquot

I dry under N2 containing
dry 4 . 100 mg lipid

4 , saponify 4 ml 0.5 N NaOH
weigh 10 ml KOH 100°C

80°C, stirring, >u
15 mim cool rapidly

X 4 .
Extract methylate

unsaponifiable 3 ml BF3
matter with hexane 100°C, 2 min

J . 4 .
10 ml aliquot cool rapidly
dry under N2 4 .

X add 3-4 ml NaCI
dissolve in 1 ml of 3 ml hexane

acetonitrilerisopropanol phase separation
(70:30)

4 .
HPLC

GC

Capillary gas chromatography
F or G C, a  V arian 3300  ch rom atog raph  eq u ipped  w ith a  

sp lit/sp litless in jec to r (sp lit ra tio , 100:1), a  flam e  ion ization  
d e tec to r and  a  fu sed  silica  cap illa ry  D B -W A X  co lum m  (30  
m x 0 .3 0  m m , 0 .25  pm  film  th ick n ess , J  &  W  S cien tific , 
U .S .A .) w as used. T h e  co lum m  tem peratu re  w as held  a t 150 C  
fo r 11 m in  an d  p ro g ram m e d  a t 3 °C /m in  to  2 1 0  C . O th e r 
opera ting  co nd itions w ere: ca rr ie r  gas, hyd rogen  a t 1.26 m l/ 
m in ;  m a k e - u p  g a s ,  n i t r o g e n  a t  3 0  m l /m in ;  d e te c to r  
tem pera tu re , 2 8 0 °C ; in jec to r tem pera tu re , 25 0  C . R etention  
t im e s  a n d  p e a k  a r e a  p e r c e n ta g e s  w e re  c o m p u te d  
au tom atica lly  by  a  V arian 4 2 9 0  co m pu ting  in tegrator. A  C P- 
Sil 88  co lum n  (5 0  m  x 0 .2 5  m m , 0 .2  p m  film  th ickness, 
C h rom pack  W C O T , H olland) w as a lso  u tilized  to  verify  th e  
p resence  o f  trans fatty  acids. F atty  ac id s w ere  identified  by 
th e  ad justed  retention  tim es com pared  w ith  those  o f  standards, 
sp ik in g  a n d  e q u iv a le n t c h a in  le n g th  (7 ) . A  to ta l  o f  36  
sa tu ra ted , m o n o u n sa tu ra ted  and  po ly u n sa tu ra ted  fatty  acid  
standards (S igm a and  P o lyscience , U .S .A .) w ere  used , a long
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w ith PUFA-1 and PU FA -2 o f  S upelco  (U .S.A .)- In addition , 
th e  equ ivalen t chain  leng th  resu lts  w ere  found  to  corre la te  
w ell w ith  m ass sp e c tro m e tr ic  d a ta  in o u r  lab o ra to ry  (8). 
Q u a n t i f ic a t io n  w as  c a r r ie d  o u t b y  n o rm a l iz a t io n  a n d  
tran sfo rm atio n  o f  th e  a re a  p e rcen tage  to  m g p e r 100 g o f  
ed ib le  po rtion , using th e  lip id  conversion  fac to r o f  H olland  
e t al. (9).

Calculation of retention during grilling
A p p a ren t (A R ) an d  tru e  re ten tio n  (T R ) fac to rs  fo r th e  

lip ids, cho lestero l and  principal fatty  acids w ere ca lcu lated  

accord ing  to  M urphy  et al. (10), as follow s:

AR = 100 x nutrient content per g of cooked food (dry basis) 

nutrient content per g of raw food (dry basis)

TR= 100 x nutrient content per g of cooked food x g of food after cooking 

nutrient content per g of raw food x g of food before cooking

Statistical analysis
To verify  significant, the  resu lts w ere subm itted  to  analysis 

o f  v a ria n c e  (A N O V A ). T h e  T u k e y ’s te s t w as u ti liz e d  to 
com pare  m eans at a  5%  sign ificance  level.

R E S U L T S  A N D  D IS C U S S IO N

Total lipid content
T he total intram uscular lipid contents o f  the raw  and grilled 

longissimus dorsi steaks are presented in Table 1. Total lipids 
o f  the grilled sam ples (m eans o f  3.5 to  4 .0  g/100 g) w ere higher 
than those o f  the raw sam ples (m eans o f  2.1 to 2.6 g /100 g). 
T his is due to  loss o f  m oisture during cooking, as show n by the 
y ield  factor, w ith  co nsequen t concen tra tion  o f the sam ple’s 
com ponents. Surprisingly, M orris et al. (11) found higher total 
intram uscular lipid in raw  m eat (4.0 g /100  g) than cooked m eat 
(2.4 g /100 g) in longissimus lumborum  m uscle.

In genera l, th e  resu lts  o f  the p resen t w ork  are in ag reem ent 
w ith those  reported  in the lite ra tu re  fo r trim m ed beef, raw  as 
w ell as g rilled . T he values are  w ith in  the  range ob ta ined  for 
five cu ts o f  b e e f b y  S ahasrabudhe &  S tew art (12) (range o f  
2.1 to  7 .5  g /100  g, raw  m eat and  3.9 to  11 g /100  g, g rilled  
m eat) and  fo r e ig h t cu ts  by A rau jo  d e  V izcarrondo  e t al. (13) 
(1 .62  to  5 .15 g /100 , raw ). E specifica lly  fo r longissimus dorsi, 
th e  p resen t resu lts ag ree  w ell w ith those  o f  H ood (14) (2 .4  to 
7 .7  g /100  g, raw ), and  S w eeten  et al. (15) (1 .9  to  6 .2  g /100  g, 
raw ), bu t low er than  those  encoun tered  by H oelscher e t al.
(16) (5 .7 , raw  and  7 .4  g /100  g, g rilled ) and  Sw ize e t al. (17) 
(7 .1 , raw  and  12 g /1 00  g, grilled). B adian i et al. (18) reported  
values o f  2 .4  to  7 .1 and  3 .9  to  11.1 g/lOOg fo r raw  and cooked  
b e e f cuts, respectively  fo r b ro iled  longissimus lumborum  and 
infraspinatus, oven-roasted  and  m icrow aved semitendinosus. 
T he values p resen ted  in the U SD A  N utrien t D atabase  (19)

are  m uch h ig h er both fo r raw  and  cooked  sam ples.

T A B L E  1
Total lipid o f  raw  and grilled  b e e f  longissimus dorsi, with 

true  and  apparen t re ten tion  values3

Cattle Total lipid (g/100g) 
Wet basis'1

Yield
factor

Retention on 
grilling (% f

breed Raw Grilled Apparent True 
retention retention

Nelore
Beefalo
Canchim

2.5 ± 0.4a 
2.1 + 0.5a
2.6 ± 0.6a

3.9 + 0.9a 
3.5 ± 0.4a 
4 .0 + 1.0a

0.66 ± 0 .04  
0.65 ±0 .05  
0.64 ± 0 .04

105 + la  107 + la  
1 0 3 ± 2 0 a  102± 1 7 a  
98 ± 6a 98 ± 6a

•Values are m eans and standard  deviations o f  five sam ples analyzed 
individually in duplicate.
bMeans in the same column with the same letter were not significantly different 
(p>0.05).
TR = true retention, AR =  apparent retention

T he concen tra tions o f food  com ponen ts can  increase or 
decrease in the cooked  food sim ply  by loss o f  m oisture, which 
c o n c e n tra te s  th e  c o m p o n e n ts  in th e  c o o k e d  fo o d , o r by 
absorp tion  o f  m o istu re , w hich  d ilu tes  the  co m ponen ts  in the 
co o k ed  food . In  o rd e r  to  ev a lu a te  tru e  in c re a se  or lo ss/ 
degradation  o f  a food com ponen t during  cooking , the rem oval 
o r  a d d it io n  o f  w a te r  s h o u ld  b e  a c c o u n te d  fo r . T h u s , 
calcu lation  o f  the ap p aren t re ten tion  (A R ) (calcu lation  based 
on  th e  food  c o m p o n en t’s co n ten t o f  m o istu re -free  raw  and 
cooked  foods, i.e. d ry  basis) and o f  the true  reten tion  (TR) 
(calculation  based on the food co m p o n en t’s co n ten t o f  know n 
w eights o f  food  befo re  and a fte r cook ing ) w as in troduced. 
M urphy  et al. (10) app lied  both  ca lcu la tions on several food 
co m ponen ts  and  o bserved  th a t A R  overes tim a ted  the true 
reten tion  in nealy  all cases. T hus, T R  w as recom m ended .

In this study, A R  varied  from  98 to  105%  (Table 1) and 
T R  from  98 to 107%  fo r to ta l lip ids d u rin g  grilling . T here 
w as no sign ifican t d iffe rence  betw een  resu lts  ob ta ined  by 
th e  tw o  procedures fo r ca lcu la ting  reten tion .

Badiani et al. (18) consistently  found h igher values for AR 
(102 to 109%) than T R  (94 to  101% ) fo r the total lipids in 
broiled longissimus lumborum, boiled infraspinatus and oven- 
roasted o r m icrow aved semitendinosus, but the difference was 
not significant in broiled  longissimus lumborum.

L ite ra tu re  da ta  fo r T R  o f  b e e f  lip id s vary  rem arkable , 
from  90  to  122% fo r b ra ising , 91 to  160%  fo r b ro iling , 71 to 
125%  fo r roasting  (20-25). T h is variability  has been  attributed 
to  th e  p re s e n c e  o f  v a r ia b le  le v e ls  o f  s u b c u tá n e o s  and  
in term uscular fat, w hose rendering  and subsequen t infiltration 
in to  the lean tissue  d u ring  co o k in g  lead  to  T R  values higher 
than 100% . W hen on ly  in tram uscu lar fat is p resen t, a 100% 
T R  is expected , un less fat is partia lly  lost to  d rip  o r cooking 
m edium  (23, 25).
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Cholesterol content
A s w ith to tal lipids, th e  cho lestero l concen tra tions in the 

longissimus dorsi an a ly zed  are  h ig h e r in cooked  m eat (67- 
70 m g/100 g) than  in  raw  sam ples (40-43  m g/100  g) (Table
2). R hee e t al. (26) observed  th a t cook ing  d id  no t increase  
the quan tity  o f  cho lestero l, bu t m ere ly  reduced  the w eigh t o f  
the sam ples, consequen tly  tu rn ing  th e  am o u n t o f  cho lestero l 
per g ram  o f  co o k ed  sam p le  h ig h e r  than  in an eq u iv a len t 
w eight o f  raw  sam ple . O n th e  o th e r hand , K ritchevsky  & 
Tepper (27) conc luded  th a t cook ing  low ered  the cho lestero l 
content, low er values being  ob ta ined  w ith  cooked  b e e f (m ean 
o f 62 m g /100  g) than  w ith  raw  m eat (114  m g/100  g).

T A B L E  2
C holestero l o f  raw  and  g rilled  b e e f  longissimus dorsi, 

w ith  true  and  ap p aren t re ten tion  values’1

Cattle
breed

Cholesterol (mg/lOOg) 
Wet basis'1

Retention on 
grilling (%)b

Raw Grilled Apparent
retention

True
retention

Nelore
Beefalo
Canchim

40 + 4a 
40 ±  2a 
43 + 3a

67 ±  11a
68 ±  8a 
70 ±  7a

102+  10a 
100 ±  7a 
99 ±  14 a

100 + 7a 
103 + 5 a 
100 ± 5  a

“Values are means and standard deviations of five samples analyzed 
individually in duplicate.
bMeans in the sam e colum n w ith  the sam e le tte r w ere not 
significantly different (p>0.05).
TR = true retention, AR = apparent retention

The values in  th e  lite ra tu re  fo r cho lestero l in  b e e f vary 
substantially, those  ob ta ined  in  th e  p resen t study fo r raw  m eat 
being sligh tly  low er than  m ajority  o f  the  data. T hese  resu lts 
are also low er than  those  o f  a p rev ious w ork  (50  to  56  m g/ 
100 g) (28) re fe rring  to  longissimus dorsi acqu ired  from  the 
m arket, thus o f  unknow n b reed , o rig in , rearing  system  and  
diet, and  dete rm ined  by  th e  co lo rim etric  m ethod  o f  B ohac et 
al. (5). R anges o r m eans o f  3 6 -4 6  m g /100  g  (29), 48 -55  m g / 
!00g  (18), 52 -58  m g /100  g (14), 61 m g /100  g (16), 68 m g / 
lOOg (17) and  64 -69  m g/lO Og (30) h ad  been  repo rted  fo r 
raw  longissimus dorsi m uscle.

R esults ob ta ined  in the  p resen t w ork  fo r g rilled  m eat are 
sim ilar to those  ob ta ined  prev iously  (28) (66 m g/100  g) and 
by H utch ison  e t al. (31) (62  to  72  m g /100  g). H igher levels 
were repo rted  by S ahasrabudhe &  S tew art (1.2) (64 .9  to 87 .0  
m g/100 g), R hee  e t al. (26) (76.7  to  92 .2  m g/100  g), Sw ize 
et al. (17) (92  m g /100  g) and  in  th e  U SD A  N u trien t D atabase  
(19) (81 m g /100 g ), and  an  even h ig h er value w as found  by 
Rhee e t al. (32) (101 .9  m g /1 0 0  g).

A n A R  o f  99  to  102%  and  T R  o f  100 to 103%  during

g rilling  w ere found  fo r cho lestero l in  th e  sam ples analyzed , 
no sign ifican t d ifference  o ccu rring  betw een  the resu lts  o f  the 
tw o ca lcu la tion  p rocedures. T hese  re ten tio n  values o f  ab o u t 
100%  show ed th a t no  loss w ith  fa t d rip  or d eg rada tion  o f  
cho lestero l occu rred  d u ring  grilling .

D ata  fo r cho lestero l re ten tion  during  cook ing  is scanty  in 
th e  literature . B ad ian i e t al. (18) rep o rted  A R  o f  100 to 117%  
and  T R  o f  95 to  107%  fo r  b o iled  in frasp ina tus, b ro ile d  
lo n g is s im u s  lu m b o ru m ,  o v e n - r o a s te d  o r  m ic ro w a v e d  
semitendinosus, th e  d iffe rence  betw een  the tw o values being 
insign ifican t only  in b ro iled  longissimus lumborum. S lover 
e t al. (24) ob ta in ed  T R  va lues o f  106, 105 and  105%  fo r 
b ra ised , b ro iled  and  roas ted  beef, respectively .

In  a  prev ious study (28) a  14% loss w as observed , this 
discrepancy w ith the current results being probably  due to  the 
th inner steaks and  uncon tro lled  cook ing  tem pera tu re  in  the 
previous work.

V arious in v es tig a tio n s  (3 3 , 34 ) d e m o n s tra te d  th a t th e  
m ethod  o f  cooking  (broiling , grill fry ing , b raising , pan-fry ing , 
roasting , conventional, convection  and m icrow ave cook ing) 
d id  no t affect the cho lestero l level. H ow ever, M organ  e t al. 
(33) and  P rusa  &  H ughes (34) no ted  th a t m icrow ave cook ing  
re su lte d  in slig h tly  h ig h e r  v a lu es th an  th o se  o f  th e  o th e r 
m ethods, a ttribu ted  to  a sm alle r loss o f  co lestero l d u ring  the 
sho rt cook ing  period . O n the o th e r hand , B adian i e t al. (18) 
found  low er cho lestero l levels in  m icrow aved  than  in oven- 
roas ted  semitendinosus.

Fatty acid composition
Sixty  peaks w ere  detec ted  in th e  G C  chrom atogram s, o f  

w h ic h  4 2  w e re  id e n t if ie d  (T ab le  3 ). S ev en  fa t ty  a c id s  
p redom ina ted  in  raw  and  g rilled  m eat, accoun ting , on the 
average, fo r 87%  o f  the to tal fatty  acids. T hese  w ere: 1 8 :ln 9 , 
16:0, 18:0, 18:2n6, 14:0, 1 6 :ln 7  and  1 8 :ln 7 .

L ite ra tu re  d a ta  on  fatty  ac id s in  m ea t are  lim ited  in term s 
o f  th e  num ber o f  fatty  ac id s iden tified  and  quan tified , even 
w hem  a cap illa ry  co lum n is used , the nu m b er vary ing  from  
6 to  20  fatty acids. (11 , 13, 15, 30, 35).

T he  principal fatty  acids iden tified  and  quan tified  in the 
p resen t w ork are  th e  sam e as those  encoun te red  by Sw eeten  
e t al. (15), H arris  e t al. (36), M o rris  e t  al. (11 ), E n se r e t al. 
(37), A rau jo  de  V izcarrondo  e t al. (13) and  H uerta -L e idenz  
e t al. (30) in d ifferen t b e e f cuts.

T he  p rincipal fatty  acids w ere  sign ifican tly  h ig h er in th e  
g rilled  than in  the raw  sam ples, w ith th e  excep tion  o f  14:0 in 
B eefa lo  and 18:2n6 in N elo re  and  B eefa lo  w hich  had  h igher 
bu t sta tistically  in s ign ifican t va lues in  the g rilled  sam ples. 
T he  m in o r fatty  acids, in genera l, w ere  a lso  h ig h e r in  th e  
cooked  sam ples, bu t th e  d ifferences w ere  n o t sign ifican t fo r 
som e fatty  acids. In  a few  cases, th ough  insign ifican t, low er 
values w ere ob ta ined  fo r th e  g rilled  m eat.
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T A B L E  3
Fatty  acid, com position  (m g/100g  o f  ed ib le  po rtion ) o f  raw  and  grilled  b e e f  longissim us d o r s ia

Fatty acid Nelore
raw

Beefalo
grilled

Canchim
raw grilled Raw grilled

10:0 2.2 ±  0.8 b 2 .9 1 0 .7  b 1 .9 1 0.4 b 2 .7 1 0 .7  b 5.1 1  1.9 a 5.3 1 0 .3  a
12:0 4.3 1 1 .5  ab 4.2 1 0 .9  ab 3.4 1  0.8 b 4.4 + 0.9 ab 5 .7 +  1.1 a 5 .9 +  1.0 a
i—14:0 2.4 ±  0.8 c 3 .7 1 0.5 b 3.1 ± 0 .5  be 4.3 1 0 .3  b 3.3 1 0 .6  be 6.2 + 0.9 a
14:0 80.2 ±  14.8 c 119 .41  13.7 ab 7 3 .8 1  10.9 c 96.1 1  10.3 be 101.1 ± 2 7 .7  be 145.31 18.9 a
14:lv5 13.4+ 1.7 b 2 0 .9 1 4 .8  a 1 8 .01  1.6 ab 17 .51  1.9 ab 18.1 1  1.4 ab 16.3 + 2.0 ab
i—15:0 6.9 ± 1.7 d 10.9 1 0 .9  be 6 .7 1  1.3 d 11 .41  0.6 ab 8 .7 1  0.7 cd 1 3 .81  1.4 a
ai—15:0 8.1 ±  1.9 d 12.4 1 0 .7  be 8.1 1 0 .9  d 14.4 1  2.6 ab 9.4 1  1.3 cd 17.0+ 2.8 a
15:0 11.0 +  2.1 b 17.8+ 1.5 a 1 0 .8 1 1.4 b 18.3 ± 2 .6  a 1 1 .9 1 2.0 b 2 1 .3 1 4 .4  a
15:1 n9 5.7 ±  0.6 b 10.1 1 1 .1  ab 9 .7 1 2 .0  ab 9.0 1 2 .4  ab 8.7 1  1.2 ab 14 .815 .1  a
15:1 n5 1.3 + 0.1 c 9 .3 1 1 .0  ab 6.6 ± 0 .0 b 9.5 1 0 .9  ab 3 .0 1 0 .7  c 10 .6+ 1 .2  a
16:0 567 .7132 .1  c 8 5 2 .4 1 4 5 .4  a 485.6 +38 .2  d 770.5 + 36.0 b 589.4 1 4 6 .6  c 891.4+  32.8 a
16:1 n9 7.011.1 d 9 .9 1 0 .6  be 7 .5 1 1 .3  cd 1 0 .7 1 0.8 b 8.5 1  0.8 bed 13.4 ± 2 .6  a
16:lv7 5 4 .0 1 3 .1 d 84.9 1  6.0 be 6 8 .0 1  11.4 dc 8 5 .4 1 3.5 b 76.3 1  6.2 be 125.0+ 12.8 a
16:1 n5 2.0 1  0.3 a 3 .4 1  1.1 a 2.8 ± 0 .9  a 3.5 ± 0 .5  a 1.6 + 0.2 a 2 .6 1 0 .1  a
16:2n5 9 .0 1 0 .2  b 15.1 + 0 .4  a 8 .0 ± 0 .8 b 14.7 1 1 .6  a 9 .0 1  1.2 b 16.7 + 3.5 a
16:2n4 1 3 .7 1 1.4 b 22.7 1 2 .3  a 1 1 .5 1 1.0b 2 2 .0 1 2 .1  a 1 3 .8 1 1 .7  b 23.1 ± 0 .4  a
17:0 2 0 .7 1 1 .5  b 35.3 1 2 .7  a 1 5 .8 1 1 .3  b 3 0 .7 1 4 .3  a 18.8+  1.8 b 3 4 .6 1 6 .9  a
17:1 n 9 1 6 .7 1 0 .3  c 30.3 1 4 .4  aa 1 5 .7 1 3 .6  c 26.8 + 3.7 b 22.0 1 2 .7  be 36.8 1  7.6 a
I7:2n7 15.3 1 3 .3  a 1 4 .6 1 3 .8  a 2 . 2 1 0.5 b 4.8 1  0.3 b 2 .8 1 0 .2  b 4 .6 1 0.7 b
18:0 3 8 7 .6 1 2 6 .2  b 658.5 ± 82.8 a 288.3 1 57.7 b 582.9 ± 48 .0  a 352.1 1  6.7 b 594.8 1 9 0 .5  a
18:1 n9 713.1 1 8 8 .7  c 1186.2 ± 5 0 .6  a 600.7 1  39.6 c 1009.3 1  74.1b 7 1 1 .3 1 6 3 .6  c 1125.3 +77 .3  ab
18:1 n7 49.6 1  2.0 b 84.7 1  6.5 a 4 7 .4 1 7 .1  b 9 1 .0 1 6 .5  a 5 1 .4 1 7 .7  b 8 2 .2 1  11.0 a
18:ln6 6 .6 1  0.8 b 10.6 ± 1 .2  a 5.3 1 0 .6  b 10 .0+ 1 .7  a 6.1 1 1.8 b 1 0 .5 1 1 .8  a
18:1 n5 3.8 1  0.4 be 6.3 ± 2 .0  a 3 .2 1 0 .2  c 5.3 1  0.7 ab 3 .7 1 0 .6  be 6.0 1 0 .6  a
18:1 n4 1.9 + 0.2 b 2 .9 1  0.2 a 1 .6 1 0 .3  b 3 .0 1 0 .3  a 2 .0 ± 0 .7 b 3.1 1 0 .6  a
18:2n6 114.6 + 3 4 .0  ab 127 .8131 .5  ab 1 0 1 .211 .5  b 133.1 1  18.6 ab 9 7 .9 1 2 3 .3  b 179.3 1 5 8 .7  a
18:2n3 3.3 1 0 .6  be 4 .9 1  1.0 ab 2.8 ± 0 .6  c 5.6 1  0.9 a 2 .9 1 0 .9  c 5 .9 1 0 .9  a
19.1nl 1 1 .9 1 0 .4  be 3.8 ± 0 .9  a 1 .5 1 0 .3  c 3.3 ± 0 .8  a 1 .7 1 0 .3  be 3.0 1 0 .4  ab
19:1 n9 2.1 1 0 .5  be 3 .7 1 0 .7  a 1 .6 1 0 .2  c 3 .0 1 0 .2  ab 1 .6 1 0 .7  c 2 .9 1 0 .7  ab
18:3v3 1 5 .2 1 3 .3  b 1 6 .3 1 2.2 b 1 2 .6 1 2.7 b 1 5 .9 1 1.7 b 16.1 1  2.5 b 26.3 1  5.6 a
18:4n3 6 .7 1 0 .6  b 11 .51  1.4 a 6 .0 1 1 .3  b 11.1 1  1.1 a 7 . 0 H . 7 b 1 2 .2 1 2 .7  a
20:0 3.1 1 0 .6  be 5 .9 1 0 .4  a 2 .7 1 0 .6  c 4.5 1  0.7 ab 3 .0 1 0 .8  c 4 .8 1 1 .1  a
2 0 :ln l 1 2.7 1 0 .7  be 4.3 1 0 .6  a 2.1 1 0 .7  c 3 .4 1 0 .3  ab 3.1 1 0 .8  abc 3 .9 1 0 .7  ab
20:1 n9 2.6 1 0 .7  be 4.0 1  0.5 a 1 .8 1 0 .3  c 3.1 1 0 .7  ab 2.5 1 0 .4  be 3 .6 1 0 .5  a
20:2n6 1 .6 1 0.2 c 3 .0 1 0 .7  ab 1 .4 1 0 .1  c 1 .9 1 0 .4  be 1 .9 1 0 .3  be 3 .8 1 0 .8  a
20:3n6 4.3 1 1 .5  be 5 .2 1 1 .4  ab 3 .3 1 0 .9  be 4 .8 1 1 .1  a 2.4 1 0 .4  c 6.8 1  0.6 a
20:4n6 1 1 .2 1 2 .3  be 1 3 .7 1 2.8 b 8 .9 1 1 .2  c 1 2 .6 1 1 .6  be 9.3 1 0 .2  be 26.4 + 2.7 a
20:5n3 2.7 1  0.5 b 3 .6 1 0 .5  b 3 .7 1 1 .1  b 3 .4 1 0 .5  b 3 .4 1  1.2 b 9.4 1  1.9 a
22:3n3 3 7 .3 1 6 .4  b 3 9 .9 1 4 .6  b 1 5 .8 1 2 .4  c 1 7 .0 1 4 .2  c 4 1 .0 1  7.4 b 6 3 .7 1 7 .8  a
22:4n6 1 .9 1 0 .2  a 3.0 1  0.5 a 1 .7 1 0 .3  a 2.9 ± 0 .7  a 2.2 ± 0 .8  a 2 .9 1 0 .6  a
22:5n3 8 .9 1 2 .3  b 8 .6 1 0.5 b 4.7 1 0 .3  c 8.1 ± 0 .5  be 6 .0 1  0.5 be 1 3 .6 1 2 .9  a
22:6n3 1 .7 1 0 .2  b 2 .4 1 0.8 b 1 .8+  0.1 b 2 .4 1 0 .3  b 2.3 1  0.6 b 3 .9 1 0 .8  a
Saturated (%) 49.2 49.3 47.9 49.8 49.3 48.5
Monounsat. (%) 39.6 42.3 42.2 41.8 41.0 40.4
Polyunsat. (%) 11.2 8.4 9.9 8.4 9.7 11.1
Polyunsat. / Sat. 0.23 0.17 0.38 0.38 0.20 0.23
Total n3 (%) 3.4 2.5 2.5 2.0 3.5 3.8
Total n6 (%) 6.3 4.7 6.5 5.3 5.3 6.4
n6/n3 1.9 1.9 2.6 2.7 1.5 1.7

“Values are means and standard deviations o f five samples analyzed individually in duplicate, 
i = iso, ai = anteiso, sat.= saturated, monounsat.= monounsaturated, po!yunsat.= polyunsaturated 
**Means in the same row with different letters were significantly different (p>0.05).
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Badiani e t a l. (18 ) a lso  o bserved  th a t regard less o f  the 
cooking m ethod, all fatty acids w ere significantly h igher in the 
cooked m ea t, w ith  th e  e x c e p tio n  o f  C 2 0 :2 n 6  in b ro iled  
longissimus and m icrow aved semitendinosus. Sinclair et al. (38), 
however, found significantly low er contents o f  all the 20  and 
22 carbon PU FA  in th e  grilled  b e e f  com pared  w ith the raw  
samples, although there w as no  consisten t loss o f  a specific 
PUFA as the length o f  cooking  increased. Janicki &  A ppledorf 
(39) encountered  significant changes in 16:0, 18:1 and 18:2 
during various co o k in g  m ethods (b ro iling , g rill fry ing  and 
microwave cooking) o f  g round beef. T he  fatty acid 16:0 suffered 
the greatest loss during cooking  w hile 18:1 and 18:2 increased. 
On the o ther hand, M orris  e t al. (11) reported  that there w as no 
preferential loss o f  specific fatty acids during cooking, since 
there w as no  s ign ifican t d ifference  in  the ir com position  in 
longissimus lumborum  o f  raw  and  cooked.

The A R  d u ring  g rilling  varied  from  92  to  104%  and  the 
TR from 95 to  108%  fo r th e  p rincipal fatty  acids (Table 4). 
As w ith to tal lip id  and  cho les te ro l co n ten ts , there  w as no 
significant d iffe ren ce  betw een  th e  A R  and  T R  values. T he 
values ind icate  little  o r no  sign ifican t lo ss o f  fatty acids by 
degradation d u ring  grilling . T h is  appears su rp ris ing  because 
lip id  o x id a t io n  is o n e  o f  th e  m a jo r  ro u te s  fo r  f la v o r  
developm ent in co o k ed  m ea t (40 ). It is p ro b ab le  tha t the 
amount o f  fatty  acids needed  fo r th is pu rpose  is sm all, that 
the quantity  lost do  no t reach  sign ifican t levels.

B adiani e t al. (18) d id  no t en co u n te r sign ifican t d ifference 
between the A R  and  th e  T R  values fo r th e  p rinc ipal fatty  
acids in b ro iled  longissimus lumbrorum , bu t found  sign ifican t 
differences betw een  these  tw o  values in bo iled  infraspinatus 
and in roasted  and  m icrow aved  semitendinosus.

E nser e t al. (37 ) and  U zcategu i B  e t al. (41) encountered  
high levels o f  trans fa tty  acids fo r 18:1 in  fresh  b e e f  m eat. In 
the p resent study  trans  fa tty  ac id s w ere  n o t found  even in the 
g rilled  s a m p le s , a lth o u g h  th e  c o lu m n  u se d , C P -S il 88 
C hrom pack L td , cou ld  separa te  th ese  fatty  acids.

R esults o f  th e  p resen t w ork  show  th a t th e  to tal saturated  
fatty acids (SFA ) varied  from  48%  to  49%  in raw  m eat and 
49 to  50%  in  g rilled  m eat. T h e  sum  o f  m o n o u n sa tu ra te s  
(M UFA) ranged  from  4 0 %  to  4 2 %  in both  raw  and  g rilled  
meat. T h e  to ta l p o ly u n sa tu ra ted  fa tty  ac id s  (PU FA ) w ere  
lower, rang ing  from  10 to  11%  in raw  m ea t and 8 to  11% in 
grilled m eat. T he percen tag e  o f  total n3 PU FA  ranged  from
2.5 to  3 .5 %  an d  fro m  2 .0  to  3 .8 %  fo r  raw  a n d  g rille d  
longissimus m uscle , respectively .

B eef had  been th o u g h t to  con ta in  m ore  than  50%  total 
saturated fatty  acids. C am pbell &  T urkki (42), fo r exam ple, 
reported va lues o f  u p  to  62%  satu ra ted  fatty  acids. R ecent 
work have ind ica ted , how ever, th a t b e e f  con ta ined  less than 
50%  satu ra ted  fatty  acids. S in c la ir e t al. (43 ) encoun te red  
35% ; Sw eeten  e t al. (15 ), 41% ; E ichho rn  e t al. (44), 45% ; 
A ndrae e t al. (45), 4 6 %  o f  these  acids. E xcep tions are  the

stud ies o f  A rau jo  d e  V izcarrondo  e t al. (13 ) and M orris  e t al. 
(11) in w hich  sa turated  fatty  ac id s accoun ted  fo r ab o u t 51%  
and  55% , respectively . H ow ever, M o rris  e t al. ( 11) quan tified  
only  six  fatty  acids.

TA B L E  4
T rue  and  ap p aren t re ten tion  values o f  p rinc ipal fa tty  acids 

in cooked  b e e f  longissimus dorsi

Fatty acid* Nelore
Cattle bree

Beefalo Canchin

C14**
TR 100+ 12 a 98 ±  1 a 9 5 1  15 a
AR 102 ±  3 a 9 3 +  2 a 100+  16a
C l 6**
TR 98 + 7 a 102 ± 3  a 9 6 1 2 a
AR 93 ±  2 a 9 7 +  4 a 9 3 1  1 a
C 16:ln7**
TR 9 6 +  14 a 9 9 +  10 a 9 5 1  17 a
AR 99 ±  6 a 9 2 +  10 a 101 1 16 a
C18**
TR 96 +  5 a 108+  19 a 9 7 1  15 a
AR 99 ± 6  a 1 0 2 1 5  a 9 6 1  6 a
C18:ln7**
TR 103 +  7 a 106111  a 9 7 1  13 a
AR 02 ± 2 a 101 1 5 a 1 0 0 1  15 a
C I8 :ln9**
TR 9 5 +  14 a 101 1 8 “ 9 7 1 6  a
AR 98 ±  10 a 1 0 4 1 3 “ 1 0 0 1 7  a
C18:2n6**
TR 101 ± 4  a 101 1  11 a 1 0 2 1 2  a
AR 102 ±  18 a 1 0 3 1 8  a 9 6 1 2  a

*Values are means and standard deviations of five samples analyzed 
individually in duplicate.
**Means within a colunm by same letter were not significantly 
different (p>0.05).
TR = true retention, AR = apparent retention

L ow er values fo r the total po lyunsatu ra ted  fatty  acids w ere 
rep o rted  by A rau jo  de  V izcarrondo  e ta l .  (13) (3.51 to 5 .6 7 % ), 
D uckett &  W agner (46) (5 .46% ), A ndrae  e t al. (45 ) (4 .69% ) 
and  M o rris  e t al. (11) (3 .0% ) com pared  to  resu lts in ou r w ork.

C o n sid e rin g  th e  n u tritio n a l im p lica tio n s o f  th e  resu lts , 
g rilled  m eat (trim m ed  o f  ex te rna l fa t) had  less than 5 g  o f  fat 
p er lOOg and  co u ld  be  considered  as low  in fat (47).

T he  PU FA /SFA  ra tio  o f  0 .17  to  0 .3 8  fo r  these  longissimus 
sam ples fa lls sh o rt o f  the  reco m m en d ed  m in im um  value o f
0 .45  (48 ) fo r the w hole d iet. T h is  im p lies a  need  fo r offsetting  
th is deficiency  w ith o th er co m p o n en ts  o f  th e  w ho le  d iet. O n 
th e  o th er hand , the  n6:n3 ra tio  o f  1.5 to  2 .7  is advan tageous, 
b e in g  below  the m axim un ra tio  o f  4 .0  recom m ended  fo r the 
w ho le  diet.
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CONCLUSIONS

T he to tal lipid, cholestero l and  fatty  acid  con ten ts o f  grilled  
sam ples w ere  h ig h er than  those  o f  th e  raw  sam p les because  
o f  loss o f  m oistu re  d u ring  grilling . T here  w as no sign ifican t 
d ifference in the ap p aren t and true  reten tion  values ob ta ined  
for th e  th ree  food com ponen ts, bo th  in d ica ting  no sign ifican t 
loss o r degradation  o f  these  com ponen ts.
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