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Stabilization o f Cooked M eat Flavor with Maillard Reaction Products
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S U M M A R Y : Ground pork loin and beef clod roasts were treated with various levels o f  Maillard reaction products 7o°( 

prepared from  histidine, cysteine and glucose and roasted to an internal temperature o f  70°C. Sensory and chemical ar0

were used to quantitate changes in warmed-over flavor (W O F ) during storage at 4°C. M R P  incorporated in these mea1 on
i

samples at a level o f  0.15% or above significantly reduced W O F  during storage. Sodium tripolyphosphate (S T P ) (0.38$) 

helped to lower W O F  when used with M R P. Sensory scores for warmed-over aroma, warmed-over flavor, meaty flavor 3‘- by, 

oxidation, along with T B A  values and various volatiles (particularly aldehydes), were good indices o f  W O F  developmeflt' 

IN T R O D U C T IO N : Cooked, uncured meat refrigerated for a short time develops W O F, first observed and described ® hea 

T IM S  and W A T T S  (1958). This undesirable flavor o f  cooked meat and related products has increased in importance ^  vola 

due to the rapid increase in the utilization o f "fast foods" and the growing importance o f rapid food preparation in c o ^  °f $ 

home cookery. This general subject has been reviewed extensively by L O V E  and P E A R S O N  (1971) and by ST. A N 0 ^  V  

B A IL E Y  (1987), as well as others, but practical inhibition procedures useful for commercial processing o f cooked mea1’0' *Me 

subsequent storage have not been forthcoming even though S A TO  et al. (1973) suggested some possible approaches f°r ^ t  

improving flavor o f  these products. A  likely candidate for preserving or improving cooked meat flavor during refriger3'^  

storage is processing with M R P  prepared from  natural precursors (B A IL E Y , 1988). The effectiveness o f  M R P  for pre5̂  P° rl 

desirable meat flavors o f  uncured cooked meat is described in this paper.

M A T E R IA L S  and M E T H O D S : Meat Sample Preparation. Both b eef and pork were studied in these experiments- ^ 

samples were cooked after processing with antioxidants synthesized by reacting sugars, amino acids and phosphate buff61' P°rl 

form  M R P.

Preparation of MRP.  This was done by refluxing 0.2 M  histidine and 0.2 M  glucose with and without 0.4 m M  cysteh1*

7.0 (0.1 N  phosphate buffer) in a 130°C heating mantle for 2.0 hours.

Meat Processing and Cookery. Ground pork was baked in a gas convection oven at 175°C for 14 min. to an internal

i t

temperature o f  70°C. Experimental samples were treated with M R P  prepared without cysteine at 10% (w /w ) prior to 1

and compared to non-treated controls. Fat-free shoulder clod roasts (6.95 kg) were pumped to 8%  (w/w ) with M R P  *° 

(w/w %  solute) or 0.27% (w/w %  solute) with and without 0.4% salt and 0.2% STP. The roasts were tumbled with 

pump solution for 1 hour at 10 revolutions/minute prior to cooking. The beef roasts were cooked in an Alkar-RasnU*5̂

of
thermal processing unit (A lkar Engineering Corp., Lodi, W I) at a dry bulb temp, o f  80°C for 2 hours followed by a 

91°C for another 2 hours to an internal endpoint o f  68.3°C.

Storage of Processed and Cooked Meat. The cooked ground pork was stored at 4°C in beakers covered with watch f

and evaluated after 0, 1, 2 and 3 days. The b eef roasts were wrapped in moisture-proof freezer paper and stored at 4°C 

7, 14 and 21 days.
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p ^  EvaluatlorL P ° rk samples were re-heated in a 175°C oven for 14 minutes and kept warm (70°C) in a sand bath 

^  , °  110 C- They were then evaluated by 6 trained judges for warmed-over aroma, fresh meat flavor, porky,

stru,
‘Cld/cardb

oardy/oxidized and metallic flavors. Evaluation o f the various flavors was done by recording on a 10 cm non-

lctUred

(#'
The beef

le weighted on one end with the term "weak" and on the opposite end by "strong".

7q0̂  as eva ûated by 10 sensory panelists who were served 1.27 cm2 crust-free samples that had been warmed in a
'  °ven

aro'nia
served in a pre-heated (70°C) sand bath. The beef samples were evaluated for "browned" flavor, warmed-over

°n the

and warm
ed-over flavor by using a 10 cm unstructured scale anchored by the term "intense flavor" on one end and "none"

*B4

other
nd- The descriptive analyses method o f  STO N E  et al. (1980) was used to quantitate results from  these studies.

^ « P ly in ,

A n «ly.

T n  a i
• AO A  analyses were perform ed by the procedure developed by T A R L A D G IS  et al. (1960). It was calculated 

8 lbe sample absorbance by a constant (K )  which was pre-determined to be 25.6.

iB heari °f  Volatlle Compounds. Volatiles were analyzed by the method o f S U Z U K I and B A IL E Y  (1985), except a different 
sPace,

pre sampling procedure was used. It consisted o f trapping o f volatiles on Tenax G C  (80-100 mesh) supported by
, tiIe'freesilani

of ^   ̂ nized glass w ool in a pyrex tube (9 x 90mm) mounted on a condenser supported by a 250 ml flask containing 5 g 

S n »  ,  ml ° f  dlstllled water and 1.64 pg o f  internal standard (2-methyl-4-octanone in pentane). Volatiles were evolved by
lng 30 m;

dr­ied flUtes at 140°c  (mantle temp.) under a stream o f nitrogen (190 ml/min). The Tenax GC-trapped volatiles were

H ,

v— uuuvi  -juvam ui im/mmi. in c  iciiciA vj\^-irappeu voiames were

by back-flUsh-
s ing with nitrogen gas at 190 ml/min. for 5 min. The volatiles were then quantitated by the direct sampling

l0dof SUZUKT
UK I and B A IL E Y  (1985).

Pork
-â n d j/f

and Pork
dQ N : Sensory Analysis of W O F  of Cooked Pork. Sensory analysis was perform ed on freshly cooked 

nd 2 days at 4°C. F ive characteristics, warmed-over flavor, fresh meaty flavor, porky flavor,

W  k y/°xidized flavor and metallic flavor, were chosen from  terms identified by the panel during training sessions.

'tamed fr0
P°rk Sa ° m Duncan’s multiple range tests o f  analysis o f  variance data concerning the changes in flavor o f  cooked

*  , P es stored at 4° r
laKl t 4 c  are presented in Table 1.

Iean yvof
scores*’® for cooked ground pork during storage at 4°C

Days of storage

^ / c a rd b
V  ^ / o x i d i z e d

:^ 7 0
i f0r

V ï  b C e S> . ' ? i » " » o  flavor and

0 1 2 LSD1

0.97c 5.92d 8.19e 0.56
±0.35 ±0.74 ±0.57

8.40e 3.67d 1.69e 0.64
±0.51 ±0.71 ±0.59

4.44e 3.66d 4.28e 1.14
±1.10 ±0.55 ±1.64

0.91e 5.78d 8.11e 0.54
±0.34 ±0.56 ±0.68

0.89e 3.61d 5.23e 0.65
±0.39 ±0.76 ±1.02

,f '"U Va|Up°u°Wed bv ,vrl- u = no flavor and 10 = very intense flavor.

S Used to e s th r ren t-letterS differ siSmflcantly (P <  0.001).
a lish differences by Duncan’s multiple range test.
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There were highly significantly (P <  0.001) changes in flavor attributes during storage at 4°C, but no significant difference*

, I t 1*
among replications for any attribute. A ll indices o f  flavor change, except fresh-meaty flavor and porky flavor, increase • ^

intensity o f  fresh-meaty flavor decreased as storage increased and this seems to be an important attribute o f W O F. Thef ^

no trend in the change o f porky flavor indicating that it was not related to W O F. ^

Increase in Volatile Compounds During Storage of Pork at 4°C for 3 Days. Fifty-two compounds were quantitated in p0<i Q 

during storage at 4°C for 3 days. Twenty o f  the most important are listed in Table 2, along with their concentrations fo ^ 

during storage. These changes are all significant at the 0.05 level and reveal progressive increases in concentration dufl^ ^  

refrigeration.

co

br

Table 2. Concentration (PPMa,b) of volatile compounds from cooked pork during storage at 4°C

Days of storage
Compound 0 1 3

Aldehydes, saturated
Pentanal 0.019 0.306 0.745

Hexanal 0.067 3.525 8.714

Heptanal 0.020 0.108 0.222

Octanal 0.017 0.115 0.234

Nonanal 0.126 0.322 0.740

Aldehydes, unsaturated
2-Hexenal 0.004 0.017 0.029

2-Heptenal 0.028 0.084 0.254

2-Octenal 0.004 0.121 0.382

2-Nonenal 0.006 0.047 0.152

2-Decenal 0.006 0.065 0.1 io

2,4-Nonadienal n.d.c 0.016 0.061

2,4-Decadienal 0.005 0.107 0.249

Alcohols
1-Pentanol 0.017 0.233 0.530

1-Hexanol 0.004 0.021 0.075

1-FIeptanol n.d. 0.011 0.025

l-Heptene-3-ol n.d. 0.091 0.354

Ketones
2-Fleptanone 0.008 0.032 0.065

2,3-Octanedione n.d. 0.203 0.721

2-Decanone 0.006 0.043 0.080

Others
2-Pentyl furan 0.007 0.068 0.14£.

aN  = 10.
bConcentration during storage are all significantly (P<0 .05 ) different.

do

st<

T;

cNone detected.

Hi,

0.3;

Cot

the

686



5: 4
TBa

o& 

K à

’Paxi

“etvn

allies were used to determine the most ideal conditions for preparing M R P  antioxidants with histidine and glucose for 

lection o f pork desirable flavor during refrigerated storage. Acidity o f  pH  7.0 was chosen as a compromise 

PH 9.0, which gave M R P  with maximum antioxidant activity, and pH  5.6, which gave maximal meaty flavor o f  pork
Uring si

age. M R P  prepared with 0.2 M  glucose and 0.2 M  histidine and added to ground pork at 10% prevented W O F  

Sto
ge at 4°C for 3 days. A  two hour heating time at 130°C was sufficient to produce M R P  from  0.2 M  histidine and

°'2M glu Ci

COrrelat:-

vol'atile

with near maximal antioxidant properties during the period studied. There were highly significant (P <  0.001) 

tween T B A  numbers and W O F  attributes, between T B A  numbers and volatile organic compounds, and between

° rgani
lc COInpounds and W O F  attributes.

d Chemical Analyses of W O F  of Cooked Beef Analyses o f  variance o f  sensory and chemical measurements o f

beef 

'ned flav

C°°lted „cct r
br0 aStS during storage at 4°C for 21 days revealed significant changes in warmed-over aroma, warmed-over flavor,

dUe‘o tre
sto

rage for 2 j

’ overaH acceptability and T B A  values during storage at 4°C for 21 days. There were also significant changes 

'atment t ^ki i
e 3 contains results o f  treatment on the mean sensory and T B A  scores for pre-cooked roasts during

days.

n sensory scores*’1’ and TBA values for pre-cooked roasts treated with MRP during storage for 21 days at 4°C

Sensory attribute

Warmed-over aroma Warmed-over flavor Browned flavor OAd

TBA values 
(mg/kg meat)

<  ,M R p  

0.2So/ ° sTpc 

? 0 > P  

ho : 4°.
10»,•

3.07' 3.37' 1.36' 3.08' 3.28'

2.60ef 2.75f 1.86f 4.72f 2.45f

2.18fg 2 .01g 3.10e - 1.76g

2 .12fg 2.13g 1.90f 4.90« 2.16g

1.968 1.74h 3.53g - 1.338

u0  55 $ocT"  lntense

J  HMea ° Verairr ‘ npolyPhosphate.

rent superscripts in the same column are significantly different (P<0 .05 ).

A" MRp treat^

I hfc hleaty^ mCntS Slgniflcantly (P <0 .0 5 ) reduced sensory attributes o f  W O F, except browned flavor, during 21 day storage. 

0'3iiO/c STp d flaV° r Was rated higher in samples treated with 0.14% or 0.28% M R P  which contained 0.75% salt and

0ritaining 0 ' alUCS WCre also lower in samples treated with M R P, salt and STP compared to untreated samples or those

the
1 .............. ................... iw  u i i u t a i c u  a a i i i u i c i  U1 i n o s e

S0% M R p  Th
e desirable browned flavor was better protected by M R P  containing 0.38% STP  than without STP but

either o 14
0r 0.28% offered some protection against W O F  during storage o f  b ee f roasts at 4°C for 21 days.
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C O N C L U S IO N S : Ground pork and roast b ee f develop warmed-over flavor during storage at 4°C, which can be pro'✓

by processing with Maillard reaction products with and without sodium tripolyphosphate. A  major change in flavor is red

o f desirable meaty browned flavor during storage. A  variety o f  sensory attributes along with T B A  values and the conce'✓

o f oxidation volatiles from  fatty acids can be used to quantitate warmed-over flavor o f pork and beef during refrigerated
s#
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