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CHROMATOGRAPHIC ISOLATION OF 
PRESUMPTIVE PEPTIDE FLAVOR PRINCIPLES 

FROM RED MEAT 

Arthur M. Spanierl and Judson V. Edwards2 
]Food Fluvor Quality 

2MicrobiallPlunt Technology 
Southern Regional Research Center 

U. S.D.A./A. R.  S. 
11 00 Robert E. Lee Boulevard 
New Orleans, Louisiana 70124 

ABSTRACT 

Top round, bovine semimembranosus and adductor muscle was selected as a 
model f o r  i s o l a t i o n  o f  presumptive, low m l e c u l a r  mass (Mr) f l a v o r  peptides. 
The i s o l a t i o n  and p u r i f i c a t i o n  o f  these peptides (4,000 Mr) f r a n  'cooked' and 
' cooked-stored-recooked' meat was developed by combining var ious chromato- 
graphic techniques. Peptide samples were i n i t i a l l y  made by prepar ing ace t i c  
ac id  ex t rac ts  o f  meat fo l lowed by the removal of organic soluble l i p i d s  and 
carbohydrates by phase p a r t i  t i o n  ex t rac t i on .  The l i p i d - f r e e  extracted mater ia l  
was subsequently subjected t o  s ize  exclusion chromatography using Sephadex G-25 
r e s u l t i n g  i n  two major polypept ide groups w i t h  Mr o f  1500 to 3000. 
ma te r ia l  was now ava i l ab le  f o r  f u r t h e r  p u r i f i c a t i o n  by both semipreparative and 
a n a l y t i c a l  reverse phase (RP) - h igh  performance l i q u i d  chromatography (HPLC) 
f o r  separat ion o f  hydroph i l i c  and hydrophobic peptides. 
peptides i n t o  these two groups i s  p a r t i c u l a r l y  important since the percept ion 
o f  sweet tas te  i s  usua l ly  associated w i t h  hydroph i l i c  peptides whi le b i t t e r  
(and o f ten  sour)  t a s t e  i s  associated w i t h  hydrophobic peptides. 
Semipreparative RP-HPLC o f  pept ides f r a n  t h e  low Mr mater ia l  revealed h i g h l y  
s i g n i f i c a n t  d i f fe rences  i n  the hyd rop i l i c  and hydrophobic pept ide composition 
of 'cooked' versus 'cooked-stored-recooked' samples i .e., the  former appeared 
t o  have equal amounts of the two classes o f  peptides wh i le  the l a t t e r  appeared 
t o  conta in  predominantly hydrophobic peptides. Peptides prepared 
semipreparat ively were r e a d i l y  ava i l ab le  f o r  f u r t h e r  examination by a n a l y t i c a l  
RP-HPLC and analyzed by  diode array de tec t ion .  The l a t t e r  method revealed 
major d i f fe rences  i n  the hydrophobic pept ide components found i n  the  two meat 
groups. 

Th is  

Separation o f  the 
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INTRODUCTION 

SPANIER AND EDWARDS 

For most people, meat i s  an important p a r t  o f  the d ie t ,  no t  only because 
i t  i s  a major source o f  p ro te ins  and amino acids f o r  the  body nourishment, b u t  

a lso  because most people l i k e  the tas te  o r  f l avo r  o f  it. Since meat/muscle 
t i ssue  i s  p r i m a r i l y  proteinaceous. i t  represents a remarkable rese rvo i r  

o f  pep t id i c  f l a v o r  p r i nc ip les .  These f l a v o r  p r i n c i p l e s  can be formed by 

var ious chemical means (e.g., p ro teo lys is ,  oxidat ion,  heating, etc.)  and a t  

many d i f f e r e n t  t i m e  po in ts  between the animal 's s laughter and the serving o f  

the f i n i shed  product. 

p r i m a r i l y  based on the food's f l a v o r  charac ter is t i cs ,  then the more complete an 
understanding o f  a food's f l a v o r  biochemistry the  b e t t e r  the chances f o r  

product ion o f  products w i t h  high degrees of consumer accep tab i l i t y .  

syn the t ic  and n a t u r a l l y  occur ing f l a v o r  pept ides (1-4). These studies have 

l a r g e l y  focused on t h e  r e l a t i o n  o f  s t ruc tu re  t o  func t i on  i n  r e l a t i v e l y  small, 

l i n e a r  and c y c l i c  pept ides w i t h  a c m o n  theme be5ng the pept ide's c lose 

molecular re la t i onsh ip  t o  b i t t e r  o r  sweet tas te .  Though chemical changes i n  

p r o t e i n  upon cooking have been documented ( 5 ) .  few studies have inves t iga ted  
the  r o l e  o f  pept ides i n  determining the  f l a v o r  o f  'cooked' and/or 

Since consumer acceptance o f  any food product i s  

I n  recent  years, a number o f  repor ts  have appeared regarding both 

cooked-s tored-recooked' meat products. 
Proteins o f  molecular mass (Mr) g rea ter  than 10,000 have been i so la ted  

from meat products by u t i l i z i n g  reverse phase (RPl-high performance l i q u i d  

chranatography (HPLC) o f  heat-sensi t ive bovine and proc ine  muscle p ro te ins  (6). 
Other workers have studied heat-induced changes i n  m y o f i b r i l l a r  p ro te ins  ( 7 )  
using sodium dodecyl s u l f a t e  (SDS) - polyacrylamide gel  e lec t rophores is  (PAGE) 

t o  separate p ro te ins  (>10.000 Mr) w i t h  the  view o f  examining the  re la t i onsh ip  

o f  s t ruc tu re  t o  funct ion.  

changes i n  f r e e  amino acids as a r e s u l t  o f  p r o t e i n  denaturat ion dur ing f rozen 

storage (8) .  Methods f o r  d i f f e r e n t i a t i n g  among soy, pork, chicken and beef 

p r o t e i n  (9. 10) i n  raw and processed meat products u t i l i z e d  d i f f e r e n t  methods 

f o r  pept ide p r o f i l i n g  such as i on  exchange chromatography (9), 
(10). 
i n  meat (11). 

p o u l t r y )  proteins,  peptides and amino acids, none o f  the studies made attempts 

t o  r e l a t e  t h e  s t ruc tu re  o f  these canponents w i t h  t h e i r  poss ib le  func t i on  i n  

f l avo r .  Research on the  s t ruc tu re- func t ion  re la t i onsh ip  o f  t a s t e - e l i c i t i n g  

peptides have shown a d e f i n i t i v e  c o r r e l a t i o n  between f l a v o r  percept ion and 
amino ac id  sequences and p o l a r i t y  cha rac te r i s t i cs  (2.3). 

S imi la r  approaches with f i s h  muscle have repor ted  

HPLC and TLC 

HPLC has a lso  been appl ied t o  t h e  determinat ion o f  h i s t i d i n e  dipept ides 

While a l l  o f  the  studies c i t e d  above have examined meat (beef, f ish, 

We were able t o  f i n d  
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PRESUMPTIVE PEPTIDE FLAVOR PRINCIPLES 2747 

only one l i t e r a t u r e  account (and t h a t  only i n  abs t rac t  form) which co r re la ted  

the hydrophobic i ty o f  hydrolyzed p r o t e i n  w i t h  b i t t e rness  (4 ) .  
have cor re la ted  pept ide d i f fe rences  i n  'cooked' and 'recooked/rewarmed' food 
w i t h  t h e i r  poss ib le  r e l a t i o n  t o  'taste', some years ago Zaika, e t .  a l .  (12)  

reported t h a t  heat ing o r  cooking o f  water-soluble ex t rac ts  from beef (i .e., 

con ta in ing  p r i m a r i l y  amino acids and sugars) e l i c i t e d  good beefy-'=' 

responses. 

p y r o l y s i s  ( t h e  heating o f  the  food dur ing the  cooking process) o r  a f t e r  

reac t i on  w i t h  other meat canponents e.g., sugars, l a r g e r  'el peptides can 
form products g i v ing  def ined beefy-'aromas'. 

the r e l a t i o n  o f  a pept ides s t ruc tu re  to i t s  f unc t i on  i n  f l a v o r  percept ion i n  

na tura l  food systems, we have selected a system o f  o f f - f l a v o r  development 

ca l l ed  'warmed-over f l a v o r '  o r  'W.O.F.' i n  meat ( 1 3 ) .  This  model allows us to 

examine the beef food product f o r  the presence, format ion and/or des t ruc t ion  o f  

presumptive pept ide f l a v o r  p r i nc ip les  both dur ing the  i n i t i a l  cooking stages 

and dur ing the cooked-stored-recooking period. 

a r e  p o t e n t i a l l y  invo lved i n  tas te  e l i c i t i n g  responses. 
range o f  (5,000 represent a c lass  o f  compounds which might lend themselves m r e  

r e a d i l y  t o  a category o f  presumptive f l a v o r  p r i n c i p l e s  since they more r e a d i l y  
f i t  some o f  the dimensional cha rac te r i s t i cs  and requirements f o r  

15 gand-receptor i n te rac t i on .  Furthermore, ( i  they are r e a d i l y  formed through 

p ro teo lys i s  o f  other meat p ro te ins  , ( 1  i ) many o f  the cooking byproducts o f  

amino acids and pept ides w i t h  sugars (Ma i l l a rd  reac t i on  products) can survive 

the heat ing process as po ten t i a l  f l a v o r  p r inc ip les .  and ( i i i )  small pept ide 
analogs a re  m r e  r e a d i l y  synthesized and natural  peptides more r e a d i l y  modif ied 

f o r  t e s t i n g  o f  t h e i r  e f f i cacy  as f l a v o r  enhancers. The present study, 
therefore,  ou t l i nes  an approach f o r  the  i s o l a t i o n  and p u r i f i c a t i o n  of  low Mr 

pept ides from a W.O.F. model i n  roasted beef by u t i l i z i n g  a ser ies o f  

ex t rac t i ons  and chranatographic techniques. 

While no repor ts  

I n  view o f  the Zaika report ,  i t i s  tempting t o  speculate t h a t  upon 

I n  an i n i t i a l  approach t o  addressing some o f  the above concepts regarding 

We have chosen to focus a t t e n t i o n  on low molecular weight pept ides which 

Peptides i n  the  Mr 

MATERIALS AND METHODS 

Materi a1 s : 

Top round (semimembranosus and adductor muscles) from Black Angus steers 

was purchased from a loca l  supermarket chain and u t i l i z e d  as sample mater ia l .  
Ex t rac t i on  solvents included deionized water, ace t i c  acid,  a lOmM HEPES b u f f e r  
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2148 SPANIER AND EDWARDS 

conta in ing  0.294 sucrose, 2 h M  KC1, and 0.02% NaN3 (as a bac te r ios ta t )  adjusted 

to a phys io log ica l  pH of 7.2, and methylene ch1oride:methanol ( 2 : l ) .  
Chromatography solvents included M i l l i p o r e "  m i l l i - Q  water, ace t i c  acid, 
a c e t o n i t r i l e .  and t r i f l u o r o a c e t i c  acid. Equipment employed included a Tekmarl 

Tissuemizer, So rva l lm  RC-58 and RC-70 cent r i fuges ,  and a V i rT i sm Freezemobi l e  
12 freeze dryer. Chromatographic equipment and columns were as fo l lows: 

Pharmacia" Sephadex gel f i l t r a t i o n  column (2.5cm x 100cm) coupled t o  an Iscorn 
UA-5 u l t r a v i o l e t  de tec tor  and I sco  Foxy f r a c t i o n  co l l ec to r ,  a Waters" 350 

computer c o n t r o l l e d  HPLC w i t h  dual model 510 pumps and a Waters 490 

programmable multiwavelength de tec tor ,  a Oupont" Zorbax 00s column (9.4mm x 
24cm) and a Hewlet t  Packard" (HP) model 1090M HPLC works ta t ion  mated t o  an HP 
diode array de tec t ion  system. 

a 

Preparat ion o f  Meat Sanples: 

For ty  gram cubes (*0.4g) o f  top round were cooked by convection baking a t  

176.7'C (350°F) f o r  periods o f  15 minutes each; h a l f  o f  the samples were 

recooked s i m i l a r l y  a f t e r  2 days re f r i ge ra ted  storage a t  4-5% (40.F). 

sanples were weighed, minced f i n e l y  and then made 20% (w/v) w i t h  co ld  (4'C) 
1W HEPES homogenization b u f f e r  described above. The minced sample was then 

hanogenized by three, four-second-bursts a t  f u l l  speed using a Tekmar" 

Tissuemizer. 

A l l  

Ex t rac t i on  Procedure: 

The homogenized meat samples (20%. w/v) were f i l t e r e d  through gauze ( 4  
l ayers )  and the r e s u l t i n g  f i l t r a t e  d i l u t e d  t o  the equivalent of a 10% 

homogenate (w/v) w i t h  water. 
supplementing w i t h  ace t i c  ac id  t o  25%. The 25% ace t i c  ac id  mix tu re  was gent ly  

s t i r r e d  f o r  3.0 minutes and cent r i fugated  a t  1 0 . 8 8 0 ~ ~ ~  f o r  10 minutes a t  4'C i n  

a SS-34 r o t o r  i n  a Sorva l l  RC-5B cent r i fuge.  
cen t r i fuged a t  100,900xg f o r  60 minutes a t  4'C i n  a Oupont RC-70 
u l t racen t r i f uge  using an A841 ro to r .  The r e s u l t i n g  supernatant so lu t i on  was 
l y o p h i l i z e d  i n  a V i r t i s  Freezemobile 12 freeze dryer, w i t h  the f i n a l  
l y o p h i l i z a t e  appearing as a semi-solid o i l .  Because o f  the o i l - l i k e  nature of 
the l yoph i l i za te ,  the mater ia l  was resuspended i n  25%-acetic ac id  (200 ml)  and 
ex t rac ted  w i th  methylene ch1oride:methanol (2:1, v:v), i n  a r a t l o  o f  1 p a r t  

sample t o  1 p a r t  of extractant.  The aqueous po r t i ons  of the ex t rac ts  were 

l y o p h i l i z e d  w i t h  the r e s u l t i n g  mater ia l  being a f i n e  whi te f l u f f y  powder. 
Weight o f  the powder ranged from 1 - 2 grams from twenty grams o f  s t a r t i n g  

mater i  a1 . 

The r e s u l t i n g  s o l u t i o n  was made ac id i c  by 

The supernatant so lu t i on  was then 
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CHROMATOGRAPHY: 

Sample l yoph i l i za tes  (200 mg dry weight)  taken from 'cooked' and 

'cooked-stored-recooked' meat ex t rac ts  were app l ied  t o  a Sephadex 6-25 gel  

f i l t r a t i o n  column (previously ca l i b ra ted  w i th  standards o f  known Mr). The 

samples were loaded i n  a volume o f  approximately 2.0 m l  i n  column e luant  

(25%-acetic ac id )  and the column e lu ted  a t  a f l ow  r a t e  o f  about 20.0 ml/hr. 

Column f rac t ions  o f  5.0 m l  were co l l ec ted  and the  e luant  was monitored a t  254 

nm. 
f rac t i ons  from the gel f i l t r a t i o n  p u r i f i c a t i o n  were lyoph i l i zed .  Peaks e l u t i n g  
a t  approximately 1.800 Mr were prepared f o r  f u r t h e r  analysis by reverse phase 
( R P )  high performance l i q u i d  chromatography (HPLC). 

i n j e c t i o n  by d i sso l v ing  the l y o p h i l i z e d  residues taken from e i t h e r  peak I o r  I1 
(F igure  2)  i n  a a c e t o n i t r i l e  (0.5 m l  residue/2.0 m l  a c e t o n i t r i l e ) .  The sample 

was then appl ied t o  a Watersm C-18 reverse-phase Sep-pak car t r idge  Cpre-washed 

w i t h  4.0 m l  o f  a 80:20 acetoni t r i1e:water (v :v )  mixture]. The Sep-pak 

ca r t r i dge  was washed again with a 2.0 m l  so lu t i on  o f  the same r a t i o  of 

ace ton i t r i l e /wa te r .  Typ ica l l y  300 p l  o f  the r e s u l t i n g  4 m l  sample was then 
i n j e c t e d  onto a Dupontm OOS Zorbax column and e lu ted  w i t h  a gradient ranging 
from 5% water ( w i t h  0.1% TFA) t o  95% a c e t o n i t r i l e  ( w i t h  0.05% TFA) over a 60 
minute per iod  r e s u l t i n g  i n  the separation o f  var ious hydroph i l i c  and 

hydrophobic peaks. 

on an ana ly t i ca l  RP-HPLC (Hewlet t  Packard"). The mater ia l  ( f rom 5 t o  25 ~ 1 )  

was in jec ted  i n t o  a HP-HPLC system (model 1040M) coupled t o  a diode ar ray  

de tec t ion  system. 
aqueous TFA: 0.05% TFA i n  a c e t o n i t r i l e  (v :v ) .  Run time was f o r  5 minutes a t  
40°C; thq recorded spectral  range of the diode array detector was 200-340 nm. 

The r e s u l t i n g  chromatographic p r o f i l e s  are shown i n  Figure 2. Peak 

Samples recovered from the gel f i l t r a t i o n  columns were prepared f o r  

The major separated hydrophobic peak was selected f o r  f u r the r  examination 

The samples were run  i s o c r a t i c a l l y  a t  50:50 w i t h  a 0.1% 

RESULTS AND DISCUSSION 

As ou t l i ned  i n  F igure  1, a ser ies  o f  ex t rac t ions  and chromatographic steps 

were employed i n  an approach designed t o  i s o l a t e  peptides from 'cooked' and 

'cooked/stored/recooked' meat samples. Homogenized meat samples were i n i t i a l l y  

brought to 25% w i t h  ace t i c  ac id  and cent r i fuged by d i f f e r e n t i a l  cen t r i f uga t ion  

t o  separate the soluble pept ides and p ro te ins  from the  la rger ,  i nso lub le  
mater ia l  such as m y o f i b r i l l a r  fragments, c e l l u l a r  organelles and debr is.  

Samples were made 25% ace t i c  ac id  t o  provide f o r  maximal ex t rac t i on  and 
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-1yophi 1 i z e  
- e x t r a c t  l i p i d s  
-1yophi 1 i ze 
-resuspend i n  25% ace t i c  ac id  

SPANIER AND EDWARDS 

( f resh, cooked, 
and recooked) 

- homoge n i ze 
make 25% a c e t i c  a c i d  
- f rac t i ona te  by cen t r i f uga t ion :  

a 1 10,8 80x3/ 1 Om i n 
b )  100,90Ox~/60min 

Acet ic Acid 
h igh speed 

EXTRACT 
(25%) 

PEPTIDE ANALYSIS 

Sephadex 6-25 
(exc lus ion chromatography) 

-select  peaks f o r  f u r t h e r  
Processing 1 

1 
semi -preparat i  ve 

reverne phasg HPLC 
(Waters ) 

-s e l  e c t  peak s 
-check f o r  p u r i t y  on 

HP”’ ana ly t i ca l  HPLC 
(analys is  by diode array detect ion 

FIGURE 1: Scheme of protocol f o r  isolat ion and characterization of meat 
peptides. 
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PRESUMPTIVE PEPTIDE FLAVOR PRINCIPLES 2751 

d isso lu t i on  of both hydrophobic and hydroph i l i c  peptides from the homogenate. 

As w i t h  the lower speed cen t r i f uga t ion  (10.880~~). cen t r i f uga t ion  o f  the 
ex t rac ts  a t  100,900xgwas performed t o  enhance the t rans fe r  o f  a c lear  

supernatant so lu t i on  o f  pept ide-protein e x t r a c t  f o r  f u r t h e r  analysis.  

Fol lowing l y o p h i l i z a t i o n  o f  t h i s  so lu t i on  the r e s u l t i n g  residue appeared as an 

o i l y  l ight-brown semisolid. Ex t rac t ions  o f  the  r e s u l t i n g  l y o p h i l i z a t e  from a 
resuspended 25% a c e t i c  a c i d  so lu t i on  with methylene ch1oride:methanol a f fo rded 

aqueous and organic ex t rac ts .  The aqueous e x t r a c t  was l y o p h i l i z e d  y i e l d i n g  a 

wh i te  f l u f f y  powder. 
c lea r  o i l  (Note: 
ra the r  than a f t e r  homogenization i n  an e f f o r t  t o  keep working volumes w i t h i n  
the most economical processing range). The l y o p h i l i z a t e  tes ted  p o s i t i v e l y  f o r  

polypept ides i n  a ECA (b ic inchon in ic  acid, 14) and Lowry (15) determination 

whereas the o i l  tes ted  p o s i t i v e l y  f o r  carbohydrates i n  a pheno l -su l fu r ic  ac id  

t e s t  (16). Sodium dodecyl su l fa te ,  polyacrylamide gel e lectrophoresis (data 

n o t  shown) o f  the l y o p h i l i z a t e  revealed p r o t e i n  and pept ide cons t i tuents  w i t h i n  

the Mr range o f  5,000 - 200,000 Oaltons w i th  the l a t t e r  representing 

so lub i  1 i r e d  myosin. 

(Figure 2 )  on a Sephadexm 6-25 column equ i l i b ra ted  w i t h  25% ace t i c  ac id  i n  
water and previously ca l i b ra ted  w i t h  molecular weight standards ranging from 
500 t o  5,000 Mr. E lu t i on  p r o f i l e s  f o r  ex t rac ts  o f  200 mg (dry weight)  
l y o p h i l i z a t e  o f  uncooked meat were very s i m i l a r  t o  each other bu t  d i f f e r e d  

s i g n i f i c a n t l y  from the uncooked samples. These peptides e lu ted  i n  the M r  range 
o f  1,500 - 3,000 based on the c a l i b r a t i o n  pept ide standards. 

The resu l t s  shown i n  Figure 2 repe ta t i ve l y  demonstrate t h a t  the beef 
pept ide ex t rac ts  p r i n c i p a l l y  contain cons t i tuents  which are  p ro te ins  and/or 
polypept ides o f  Mr greater than 5,000 and two p a r t i a l l y  resolved f r a c t i o n  

ser ies  w i t h i n  a Mr range greater than 1,500 b u t  less  than 3,000. The f i r s t  

group, o r  polypept ide peak I ,  f a l l s  towards the higher MW region wh i le  the 
second group, or polypept ide peak 11, f a l l s  w i t h i n  the lower MW range. The 

r e l a t i v e  amount o f  p ro te in  (% o f  t o t a l  A2541 found i n  peak I and peak I1 i s  low 
i n  the cont ro l  (group 0 = uncooked meat) and high i n  the experimental groups 

(15 = cooked and 15' = 15 minutes cooked, stored 2 days a t  4"C, recooked f o r  15 

minutes), Examination o f  peak I polypept ide mater ia l  reveals t h a t  a l l  
experimental groups show near ly i d e n t i c a l  absorbances a t  254 nm w i th  the 

experimental value being greater than the cont ro l  o r  PEAK I :  group 0 < 15 = 

15'. On the other hand, a marked di f ferences f n  r e l a t i v e  absorbance i s  seen i n  
peak I1 polypept ide mater ia l ,  i.e., t he  15 minute 'cooked' samples (group 15) 

The organic ex tac t  was evaporated i n  vacuo t o  y i e l d  a 

Organic l i p i d  ex t rac t ions  were perform a t  t h i s  l a t e r  step 

Preparat ive scale f rac t i ona t ion  o f  the l y o p h i l i z a t e  was accomplished 
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2152 SPANIER AND EDWARDS 

F R A C T I O N  N U M B E R  

Figure 2: SIZE EXCLUSION CHROMATOGRAPHY OF MEAT PROTEIN/PEPTIOE EXTRACTS. 

Lyoph i l i zed  ace t i c  ac id  ex t rac ts  o f  meat were layered onto a packed 
column o f  Sephadex 6-25 (packed dimensions 85cm x 2.54cmI as 
described i n  t e x t .  
drop/6 seconds and f rac t ions  of 5 ml/tube were co l l ec ted  f o r  a t o t a l  
o f  140 tubes. The data 4s presented as t h e  "% t o t a l  absorbance 
A254" i n  an e f f o r t  t o  normalize the  data between sample groups. 
Data i s  no t  presented past t he  50th tube since a l l  data beyond t h i s  
p o i n t  was a t  o r  near background leve ls .  The p l o t s  a re  i n i t i a t e d  a t  
t he  void volume peak tube and represents a M r  o f  5,000 wh i l e  peak I 
and 11 represent M r  o f  2,500 and i.8f10. respec t ive ly .  
;ymbols f o r  the  "uncooked con t ro l  , 15 minute cooked", and f o r  the 

t r i ang le ,  square, and c i r c l e .  respec t tve ly .  

Flow r a t e  w i th  e luant  (25% ace t i c  ac id )  was 1 

The graphic 

15 minute cooked-stored-recooked'' groups a re  represented by a 
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T I  M E  ( m i n u t e s )  

F i  j u re  3: SEMIPREPARATIVE REVERSE PHASE (RP) HIGH PERFOKANCE LIQUIb 
CHROMATOGRAPHY ( HPLC) OF PROTEIN/ PEPTIDE EXTRACTS. 

RP-HPLC separations using a Waters" model 350 w i t h  dual model 510 
pumps were performed on peak I 1  (1,800 M r )  mater ia l  p rev ious ly  
i s o l a t e d  from meat p r o t e i d p e p t i d e  ex t rac ts  by gel f i l t r a t i o n  
chromatography on Sephadex" G-25 (Figure 2). Samples were e i t h e r  
from meat cooked f o r  15 minutes a t  350'F, (group 15 = s o l i d  l i n e )  
o r  from meat cooked f o r  15 minutes a t  350'F. stored f o r  2 days a t  
40T,  and recooked f o r  15 minutes a t  350°F. (group 15' = dashed 
l i n e ) .  The so lvent  o f  the e l u t i o n  system was a l i n e a r  g rad ien t  o f  
5% t o  95% i n  water (0.1% TFA) t o  a c e t o n i t r i l e  (0.05% TFA). 
Hydroph i l i c  pept ides e l u t e  from the column dur ing  the f i r s t  1 /2  o f  
the e l u t i o n  per iod  (peaks a t  10-20 minutes) wh i l e  hydrophobic 
pept ides e l u t e  from the column dur ing  the second 1 /2  o f  the run  
(peaks a t  45-55 minutes) 

show a marked increase i n  the propor t ion  o f  peak I1 mater ia l  wh i le  the  

'cooked-stored-recooked' samples (group 15') show a smaller increase i n  t h i s  
peak y e t  s t i l l  greater than the cont ro l  o r  PEAK 11: group 0 < 15' < 15. 

Subsequent p u r i f i c a t i o n  o f  the f r a c t i o n s  i so la ted  from meat ex t rac ts  by 
gel f i l t r a t i o n  was performed u t i l i z i n g  RP-HPLC. Figure 3 shows the r e s u l t s  o f  

a RP-HPLC g rad ien t  o f  samples taken from peak I1 o f  'cooked' (group 15) and 

'cooked-stored-recooked' meat (group 15 ' ) .  E lu t i on  o f  these components o f  
s i m i l a r  molecular mass (Mr) reveals wide d i f fe rences  i n  column re ten t i on  times 

f o r  the major peaks. 
samples are d i s t r i b u t e d  i n t o  two major pept ide groups, i.e. hydroph i l i c  and 

hydrophobic. 

This suggests t h a t  the pept ides ex t rac ted  from the meat 
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2754 SPANIER AND EDWARDS 

Figure 4: ISOCRATIC,  ANALYTICAL RP-HPLC OF HYDROPHOBIC PEPTIDE PEAKS 
PREVIOUSLY SEPARATED BY PREPARATIVE HPLC. 

RP-HPLC was performed using a Hewlet t  Packard TM model 1090M HPLC 
u n i t  mated t o  a diode ar ray  de tec t ion  system. The reso lv ing  so l ven t  
was a 50:50 i s o c r a t i c  system o f  water (0.1% TFA) : a c e t o n i t r i l e  
(0.05% TFA). A l l  data i s  presented as the rat iogram w i t h  the x,y, 
and z a x i s  represent ing the e l u t i o n  time, ratiogram-of-absorbance- 
i n t e n s i t i e s ,  and the wavelength, o respec t ive ly .  
swivel  o f  355' w i t h  a tilt o f  25 . 
graphs represent (A), so lvent  blank, ( B ) ,  the hydrophobic peak o f  
the semi-preparative HPLC (F igure  3)  o f  group 15 ('cooked meat'), 
and (C) the hydrophobic peak o f  the semi-preparatlve HPLC (Figure 3)  
o f  group 1 5 '  ( 'cooked/stored/recooked' 1, respec t ive ly .  

Chromatograms have a 
The top, middle, and bottom 

(continued) 
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Figure 4 (continued) 

I n  the case o f  the 'cooked' meat ext racts  (group 15) we observed near ly 

equivalent amounts o f  hydrophi l ic  and hydrophobic const i tuents (ear ly  and l a t e  
e l u t i n g  peaks, respect ively) .  
( 'cooked-stored-recooked' ) meat ext racts  showed an increased p ropor t i  on o f  

mater ia l  (% o f  t o t a l  A280) i n  the l a t e  elut ing,  hydrophobic peptide peaks wi th  
a marked decrease i n  the r e l a t i v e  amount of  mater ia l  o f  ear ly  e lu t ing,  

hy drop h i  1 i c peaks . 
subjected to fu r the r  separation and analysis u t i l i z i n g  a Hewlet t  Packardm 

ana ly t i ca l  HPLC system. Separation was performed i n  an i s o c r a t i c  so lvent  

system as seen i n  Figure 4; such a procedure proved to separate components 
which were not read i l y  resolved i n  the semipreparative gradient RP-HPLC system 
described i n  Figure 3. The sample from the 15 minute 'cooked' group eluted 

w i t h i n  the solvent f ron t .  
'cooked-stored-recooked' meat) showed ( i  ) one component copur i fy ing wi th  the 

solvent but having an absorption maximum a t  280 nm, and ( i i )  two components 
e l u t i n g  l a t e r  than the solvent a l l  o f  h igh p u r i t y  based on the f l a t  appearance 

o f  the rat iogram peaks. 

The resu l t s  described above ou t l i ne  an approach f o r  the i s o l a t i o n  and 

pu r i f i ca t i on  of hydrophi l ic  and hydrophobic peptides from meat products using 
preparative-scale ext ract ion technique, preparat ive gel f i l t r a t i o n  and 

semipreparative and ana ly t i ca l  RP-HPLC. 
l eve l s  o f  hydrophi l ic  and hydrophobic peptides are d i f f e r e n t  when comparing 

On the other hand, group 15 '  

The RP-HPLC peaks wi th  re ten t i on  times o f  47 t o  50 minutes (Figure 3 )  were 

However, the sample from group 15' ( the 

The resu l t s  i nd i ca te  t h a t  the r e l a t i v e  
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2156 SPANIER AND EDWARDS 

'cooked' w i t h  'cooked-stored-recooked' meat. Previous f ind ings  by others 

c o r r e l a t i n g  di f ferences i n  hydrophobicity w i t h  tas te  (1.3) imply t h a t  the 

peptides i so la ted  i n  these cur ren t  chromatography studies may be re la ted  t o  

d i f fe rences  i n  perceived f l avo rs  i n  'cooked' versus 'cooked-stored-recooked' 

beef. 
mer i ted  t o  explore the r e l a t i o n  o f  these presumptive f l avo r  peptides t o  the 
model o f  warmed-over f l a v o r  i n  meat. 

Thus, the resu l t s  o f  t h i s  i nves t i ga t i on  suggest t h a t  f u r the r  studies are 
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