
Problems Associated with Meat Utilization 
in the Food Service Industry 

Introduction 
In the 1980's, changing lifestyles are promoting different 

eating habits. As of 1982, the total food service industry was 
estimated to be $1 52.2 billion in equivalent consumer expen- 
ditures or $64.4 billion in total operator food purchases. Beef, 
the largest meat component in this market, accounted for 
about $10 billion or 16% of the total operator expenditure. 
This figure represents 35% of all beef consumed in this 
country that year (Technomic Consultants, 1984). 

In the five years between 1977 and 1982, the total food 
service industry had a real annual growth of 0.8%. Since 
1982, it would be safe to say that the trend has continued 
and, with today's view towards increased leisure and conve- 
nience, it could be predicted that the trend will remain for 
quite some time. Therefore, the meat industry must gear 
towards this movement and take the necessary steps to 
capitalize on it. To do so, it is important to understand the 
market and anticipate its requirements. 

The food service industry may be divided into two distinct 
sectors - public and captive. The public food service sector is 
composed of those establishments serving the public on a 
retail basis. Captive food service establishments serve a 
population that generally has no other food service choice, 
such as students living in dormitories and military personnel. 
Also included in this second category are hapless consumers 
like airline travelers and hospital patients (which I'm sure we 
have all been at one time or another). Certainly each sector 
has a unique set of criteria upon which consumption deci- 
sions are made. In a survey done by Technomic Consultants 
(1 984) for the National Live Stock and Meat Board, segments 
of each sector were questioned as to the criteria upon which 
the selection of beef offerings in their menu were made 
(Tables 1 and 2). In both the public and captive sectors, 
quality was ranked as the first priority for every segment 
surveyed. Price and availability alternated as the second and 
third ranked criteria. This concern for quality should be noted 
as we attempt to realize maximization of meat product usage 
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in the food service industry. Quality is one aspect of our 
product over which we have some control. 

Another aspect of the market in the food service industry, 
apart from the dictates of the food service establishments, is 
the consumers. Again in a study done for the National Live 
Stock and Meat Board, this time by the consulting firm 
Yankelovich, Skelly and White (1 984), consumer attitudes 
toward meat products were surveyed. In the 1980's, there 
has emerged a rational approach to health, fitness and 
nutrition. Consumers are now taking a long-term view to- 
wards fitness benefits and at the same time are striving to be 
"smart shoppers." The meat industry has recognized the 
intelligence of today's consumers and is addressing health 
issues in rational ways (as evidenced by the number of 
symposia devoted to meat in the health scheme, one of 
which is scheduled in this conference). But, in addition to the 
health concerns, taste preference is still a strong food pur- 
chase criterion. 

So it appears that in order for meat products to remain 
competitive in the food service industry, we must address 
both the health and quality aspects of our products. Health 
issues are being addressed by others both in this conference 
and elsewhere. The quality of our products will be the subject 
of the remainder of this presentation. 

The term "quality" is a broad term with many facets. The 
quality of any given meat product is dependent on many 
different factors which vary in importance from one product 
to another. Perhaps the best way to discuss the issue of 
quality of meat items in the food service industry would be to 
take each product individually. Technomic Consultants have 
broken the total food service beef market in 1982 into its 
major constituents (Figure 1). There are three major compo- 

Figure 1 

1982 Foodservice Beef Market 
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Table 1. Beef Selection Criteria in the Public Foodservice Sector 
(Level of Importance) 

Family 
Level of Fast Coffee Hotels 

Importance Food Shop Cafeterias Motels 
1 Quality Quality Quality Quality 
2 Price, Avail. Service Avail. Avail. 
3 Other Price Price Price 

Source: Technomic Consultants. 1984 

Table 2. Beef Selection Criteria in the Captive Foodservice Sector 
(Level of Importance) 

Level of Primary 
Importance Hospitals Airlines Colleges Secondary 

1 Quality Quality Quality Quality 
2 Price Avail. Price Price 
3 Customer Demand Price Avail. Avai I. 

Source: Technomic Consultants, 1984 

nents: beef items other than steak, steak items and 
processed beef. 

Fresh Beef Quality 
Steak items account for 20% to 30% of the food service 

usage of beef in 1982 (Technomic Consultants, 1984). Qual- 
ity of such products is primarily related to production prac- 
tices and is influenced by processing only slightly. Smith et 
al., (1983) reviewed the relationship between common qual- 
ity indicators in the carcass and flavor acceptability of the 
meat. They stated that, in general, as the grade of the 
carcass increased, flavor desirability increased. The 
intergrade and adjacent-grade differentials were more con- 
sistent for loin steaks than for top round steaks. Thus, it 
would appear that, since most of the steak items used in the 
food service industry are derived from the loin, quality grade 
would be important. Recently, alternatives to quality grade as 
a measure of palatability have been proposed. The length of 
time on feed has been found to be related to palatability, 
regardless of quality grade (Dolezal et al. 1982a). To further 
clarify this possibility, Dolezal et al. (1982b), evaluated the 
relationship between subcutaneous fat thickness and palat- 
ability. They found that the use of subcutaneous fat thickness 
to assign carcasses to expected palatability groups was at 
least equivalent to and perhaps slightly more precise than the 
use of quality grades. Subcutaneous fat thickness has been 
related to palatability by others for reasons related to post- 
mortem metabolism (Lochner et al. 1980; Marsh et al. 1981; 
Marsh, 1984). These authors indicated that the reason for 
the higher eating quality of fatter carcasses is the much 
slower cooling brought about by the fatty insulation (Marsh, 
1 984). 

In recent years, the comparison between forage-finished 
and grain-finished beef has received much attention. The 
major reason for this comparison is the recognition that, due 

to economics and cultural considerations, the use of forage 
finishing will become more widespread in the cattle industry. 
This area of research was extensively reviewed by Melton 
(1983a). The major effect of forage finishing is noted in the 
flavor and current efforts are aimed at characterizing the 
flavor, both subjectively (Melton et al. 1982b) and objectively 
(Bailey et al. 1980). Also, efforts are being made to modulate 
flavor problems through management practices which in- 
clude optimizing the length of time on grain needed to 
produce acceptable sensory characteristics (Melton et al. 
1982a) and identifying acceptable sources of forage which 
would limit the occurrence of off-flavor (Larick, 1984). 

Storage and processing consideration may also have a 
bearing on steak quality. However, the influence of process- 
ing factors may be dependent on management practices, as 
well (Reagan et al. 1977; Schroeder et al. 1980). Thus, many 
variables must be considered in order to optimize the eco- 
nomics of producing beef while maintaining acceptable 
quality. 

In the "beef other than steak" category of the fresh beef 
market, ground beef accounts for 80% of the 3.1 to 3.7 billion 
Ib of product. Quality in this category would be dependent on 
many of the same factors which affect steak products. Palat- 
ability factors may be influenced to a greater extent by 
processing procedures, however. Proximate composition, 
rather than carcass quality traits, has been shown to have an 
influence on palatability in ground beef (Cross et al. 1980; 
Berry and Leddy, 1984). Flavor of ground beef is affected by 
management practices (Melton et al. 1982a,b) in the same 
manner as steak items. Proper packaging and storage may 
be more critical with ground beef products, because of an 
increased susceptibility to lipid oxidation. Cooking may not 
have as great an effect on palatability because tenderness, 
which is highly influenced by cooking method in steak items, 
is not as critical in ground beef. 
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Quality in Processed Meats 

In the processed meats segment of the food service 
industry, there are primarily two categories, cured products 
and fresh precooked items. Cured products are generally 
more shelf stable because of the chemical preservatives 
used in their processing. These products have received 
considerable criticism, however, due to the health hazards 
associated with sodium and nitrite, the two primary ingredi- 
ents in the curing process. With the normal precautions 
associated with proper processing and storage, quality in 
cured products is not a big concern. The cured taste is a fairly 
stable one (Miller et al. 1985). 

On the other hand, when fresh meat items are precooked, 
the sensory quality of the product becomes very unstable. Dr. 
Younathan has discussed the technical aspects of the 
warmed over flavor (WOF) phenomenon. But of what signifi- 
cance is this problem in the food service industry? It must 
first be noted that only 33%, at most, of the 0.2 to 0.3 billion Ib 
of processed beef used in the food service industry could be 
considered susceptible to WOF. When leftover meat items 
from other fresh products, such as steak or prime rib and 
products which develop WOF in the process of serving, are 
added in, this figure would increase. Yet, it does represent a 
fairly small component of the food service trade. Neverthe- 
less, it can be assumed that because of changes in the 
livestock and meat industry as well as in the food service 
industry itself, the availability and use of this type of meat 
item will expand. Cordray and Huffman, (1984) pointed out 
that the use of restructured meat items would be expected to 
increase in the food service industry. The meat industry has 
recognized the importance of this type of product in the 
marketplace, as evidenced by the establishment of plants 
devoted to the production of such products (Le. the Monfort 
plant in Hastings, Neb.). Since many of these products are 
precooked, problems associated with WOF would be expect- 
ed. Even in products which are formulated and frozen, oxida- 
tion would be possible due to processing practices, Oxidation 
products formed during storage could accelerate oxidation 
problems associated with the cooked meat item (Pikul et al. 
1984). The industry’s view towards WOF is not well defined. 
Based on an informal survey of meat industry executives, the 
feeling is that WOF is not a big problem (Cross, 1985). In a 
more formal survey which Cross conducted in the captive 
sector of the food service industry (university food service 
establishments), WOF was also considered not to be a 
problem. But in a survey of more knowledgeable university 
employees, it was revealed that the problem probably does 
exist, and goes unreported by the average consumer. Recog- 
nizing the importance of this aspect of the meat industry, it 
would seem essential that we make every effort to circum- 
vent any potential deterrent to product usage. 

It has long been recognized that lipid oxidation is a serious 
sensory problem in many meat products (Watts, 1962). 
Therefore, there has been a great deal of research which 
addressed the oxidative aspects of processing ingredients 
and practices in the production of cooked meat products. 
Pearson et al. (1977) provided a thorough review of the 
subject, and in 1982, the IFT muscle foods division spon- 
sored a symposium on lipid oxidation in muscle foods which 
provided an update on many aspects of lipid oxidation in 

meat products (Melton, 1983b; Dawson and Gartner, 1983; 
Love, 1983; Pearson et al. 1983a; Khaytat and Schwall, 
1983). 

In recent years, much of the research in this area has 
centered on the catalysts of the reaction. Of specific interest 
has been the relative role of heme and nonheme iron in the 
lipid oxidation reaction. This basic research has a specific 
application in developing processing procedures which will 
minimize WOF. By understanding the reasons for lipid oxida- 
tion, it would be possible to devise processing procedures 
which would limit its occurrence. The original investigators of 
WOF believed that the rapid oxidation of lipids in cooked 
meat was due to the irreversible conversion of iron in the 
porphyrin ring to the ferric form during heating (Younathan 
and Watts, 1959). A more recent theory is that iron is 
released from the heme complex during the heating process 
and this nonheme iron catalyzes the reaction. Indirect sup- 
port exists for each theory and the exact mechanism for the 
reaction is not understood. Love (1983) indicated that the 
situation cannot be fully appreciated until we have a better 
understanding of the forms of iron which occur in meat. 

Pearson et at. (1 983b) feel that there is a stronger case for 
the direct involvement of nonheme iron in WOF than there is 
for metmyoglobin (ferric heme iron). They cite research by 
Sat0 and Hegarty (1971); Love and Pearson (1 974); lgene et 
al. (1 979) and Chen et al. (1 984) as support for this conten- 
tion. Although the results obtained by these researchers 
indicate that nonheme, rather than heme, iron compounds 
are responsible for WOF, the situation may still be in doubt. In 
each of these experiments, artificial and/or model systems 
were used to obtain the data. Model systems are valuable 
tools in basic mechanistic research, but it is also important to 
verify results from model systems in actual food systems. 
Factors such as pH (Eriksson et al. 1971) and the presence 
of specific ligands (Waters 1971; Labuza, 1971) can have a 
marked effect on catalytic activity. Also, the occurrence of 
other potential catalysts and synergists, such as Cu and 
ascorbic acid, may have been altered during the establish- 
ment of the model system. This in turn may have affected the 
catalytic nature of the system. The results from these model 
systems must be verified in actual meat products. 

Eriksson and Vallentin (1973) provided compelling evi- 
dence for the role of heme iron as a catalyst of lipid oxidation 
in heated systems. Using purified peroxidase as a heme- 
containing compound, the authors evaluated the effect of 
denaturation on the nonenzymatic catalytic activity of the 
iron. They found that when the enzyme was heated at high 
temperatures for short time, lipid oxidation increased. Upon 
gel filtration of the system, the most highly catalytic fraction 
was found to be contained in the void volume which the 
authors labeled aggregated peroxidase. In the aggregated 
form, the heme group is more exposed and thus more highly 
catalytic. The authors also demonstrated that upon heating, 
heme groups are capable of migrating into denatured aggre- 
gates which would also increase catalytic activity. One other 
noteworthy result in this study was that extended exposure to 
high heat destroyed heme compounds which resulted in 
lower lipid oxidation. This observation could partially explain 
the reduction of lipid oxidation in retorted meat. 

Results from our laboratory (Godber and Arganosa, 1985) 
indicated that as heating rate increased, the extent of lipid 
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Figure 2 

Effect of Heating Rate 
On Lipid Oxidation In Cooked Beef 
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oxidation during refrigerated storage also increased (Figure 
2). In this experiment, we cooked 2.5 cm thick beef steaks in 
foil pouches to an internal temperature of 65" C by three 
different means: 177" C oven for 18 minutes; 80" C water 
bath for 12 minutes and 100" C water bath for 8 minutes. 
After 7 days of refrigerated storage in either vacuum or air 
saturated nylon polyethylene pouches, oxidation was mea- 
sured by the TBA method. The reduction of oxidation by 
vacuum storage was highly significant (P5.01). Although no 
significant differences existed in oxidation between the three 
heating rates, a trend towards increased oxidation in air 
saturated pouches due to increased heating rate did exist. 
Similar results were obtained by Howat et al. (1985) in which 
ground beef patties heated by microwave and combination 
microwaveiconvection had greater oxidation upon refrigerat- 
ed storage than did patties heated by broiling (Figure 3). 
Again, the meat samples which were heated at the faster rate 
had greater oxidation. The results from both of these studies 
could be partially explained by the fact that with faster rates 
of heating hemoproteins denatured more readily, resulting in 
an enhanced catalytic nature. Thus, these studies in actual 
meat systems seem to support the theories which advocate 
denatured hemoproteins as the catalytic mechanism for ac- 
celerated oxidation in cooked meat. 

Further research on the influence of heat on lipid oxidation 
of stored precooked meat items is indicated so that a more 
concrete recommendation for heat processing could be 
made. In addition to heating considerations, many other 
processing variables could be manipulated to attain minimi- 
zation of WOF. In the manufacture of restructured meat 
items, many ingredients are used for functional purposes 
which have also been shown to influence the production of 
WOF. A complete understanding of the way in which these 
ingredients relate to the production of WOF is lacking. 

Sodium chloride is used in the production of restructured 
meat items to extract myofibrillar protein needed for proper 
binding characteristics (Breidenstein, 1982). Huffman et al. 
(1981) noted that the addition of salt to restructured pork 
chops increased their acceptability in many important cate- 
gories, including lnstron slicing strength and sensory scores 
for flavor, juiciness and texture. However, it also accelerated 

rancidity development. The pro-oxidant character of NaCl in 
meat is fairly well established (Ellis et al. 1968). An explana- 
tion for this occurrence is not well defined (Pearson et al. 
1977). Olson and Rust (1 973) suggested that heavy metal 
contaminants of the salt could be responsible for the pro- 
oxidant nature of NaCI. The results of their research did not 
clarify this point. 

Contradictory results concerning the influence of NaCl on 
lipid oxidation also exist. Govindorajan et al. (1977) found 
that the addition of 3% NaCl to ground beef accelerated the 
rate of pigment oxidation and the production of TBA reactive 
substances. Judge and Aberle (1 980) also found that NaCl at 
the 2% level increased oxidation during storage in both pre- 
and post-rigor ground pork, but they found that the degree of 
oxidation was lower in the salted pre-rigor ground pork. Juhl 
(1979) as reported by Love (1983) found that the addition of 
NaCl to ground beef either at 3 or 72 hours postmortem had 
no effect on lipid oxidation. These apparently contradictory 
results may be explained by species differences, differences 
in processing and/or differences in muscle type. Judge and 
Aberle (1980) point out that the light portion of the semiten- 
dinosus muscle underwent oxidative change more rapidly 
than the dark portion when the muscles were ground and 
salted pre-rigor, whereas in post-rigor ground and salted 
pork, the dark muscle was more susceptible to oxidation. 

The research group at Purdue has attempted to explain 
certain of the relationships between NaCl and lipid oxidation. 
They have established that NaCI, when added to pre-rigor 
meat, increases pH. This in turn was inversely related to TBA 
numbers (Judge and Aberle, 1980; Drerup et al. 1981). Free 
iron was found to be higher in post-rigor meat (Tay et al. 
1983) and high pH, rather than metmyoglobin concentration, 
seemed to be responsible for a reduction in oxidation of 
uncooked refrigerated meat products (Yasosky et al. 1984). 
These results suggest that, at least in fresh meat, a nonheme 
form of iron may be responsible for the catalysis of lipid 
oxidation. This relationship would be consistent with the fact 
that iron is more soluble at low pH (Spiro and Saltman, 1974) 
and therefore potentially more highly catalytic. The work of 
Kwoh (1971) also supports this contention. Thus, a role for 
nonheme iron in the oxidation of fresh meat may have been 
clarified, but an explanation for the catalytic role of NaCl in 
lipid oxidation is still unknown. Further research is required to 
evaluate the effect of NaCl on lipid oxidation in both cooked 
and uncooked meat samples. One additional potentially im- 
portant observation made by Judge and Aberle (1980) is the 
fact that when pre-rigor ground and salted pork was stored 
anaerobically, the rate of oxidation was higher than in 
aerobically-stored pork salted prerigor. 

Phosphates are used in restructured meat items to en- 
hance water binding characteristics (Trout and Schmidt, 
1983). They have also been found to reduce oxidative 
rancidity in cooked meat (Tims and Watts, 1958; Sat0 and 
Hegarty, 1971). Pearson et al. (1983) have suggested that 
phosphates may be important in processed meats as much 
for their ability to reduce oxidation as for their water binding 
characteristics. The extent of the importance associated with 
phosphates in precooked meat items in terms of their 
antioxidant properties has not been evaluated. A major 
drawback to the use of phosphate in meat products is the 
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potential health risks associated with its abundance in food. 
This concern should also be addressed. 

Oilseed proteins such as soybean have been used as 
extenders in restructured meat products (Moore et al. 1976; 
Siege1 et al. 1979). Soybean proteins have been shown to 
have antioxidant potential (Hayes et al. 1977) as well. Other 
oilseed proteins, such as peanut and cottonseed, have also 
been shown to possess antioxidant potential (Ziprin et al. 
1981; Rhee and Ziprin, 1981). Rhee et al. (1983) have 
indicated that cottonseed protein has the potential to be an 
excellent antioxidant in restructured meat products. The effi- 
cacy of oilseed proteins as antioxidants balanced against 
their functional role in restructured meat products needs to 
be evaluated. 

Ray et at. (1981) found that the addition of 10% soy 
reduced lipid oxidation in ground beef patties but levels 
above 10% had no additional effect. On the other hand, 
water binding and moisture retention during cooking contin- 
ued to increase with increased levels of soy. Bowers and 
Engler (1975) determined that sensory acceptability of 
ground beef decreased as soy level increased. Keeton and 
Melton (1978) established that textured soy protein caused a 
darkening of the color in ground beef as a function of both the 
amount of soy added and days of storage. Terrell et al. (1979) 
found that the use of oilseed proteins in frankfurters in- 
creased or had no effect on juiciness scores but decreased 
texture and overall desirability scores. They suggested that it 
may be necessary to use combinations of oilseed proteins in 
order to maximize textural acceptability. Hand et al. (1981) 
established that using flavorings composed of sodium chlo- 
ride, phosphates and hydrolyzed plant proteins improved 
sensory acceptability in restructured beef steaks to which 
soy isolates had been added. Thus, many factors must be 
taken into account as we contemplate the use of oilseed 
protein in restructured meat products as a possible means of 
reducing WOF. A recent effort at the University of Florida 
(Simunovic et al. 1985) has introduced the concept of re- 
sponse surface methodology to help formulate restructured 
products with maximum quality. In their effort, they evaluated 
the influence of different nonmeat protein additives on pro- 
cessing yield, fat retention and binding strength. Perhaps a 
similar approach could be taken in product formulation to 
minimize WOF. 

Several aspects of the manufacturing process used in the 
production of restructured meat items may also have a 
bearing on potential lipid oxidation. The extent of oxygen 
involvement during this process could certainly influence lipid 
oxidation. It has been established that the pro-oxidant char- 
acter of the multivalent transition elements is reduced at low 
oxygen pressure (Marcuse and Fredriksson, 1971 ). Certain 
manufacturing steps would be likely candidates for oxygen 
incorporation. Chopping and grinding have been implicated 
in oxidation development due to the destruction of mem- 
branes which bring lipids in contact with oxygen and catalysts 
of oxidation (Sato and Hegarty, 1971). It has also been found 
that blade tenderization may cause an increase in oxidative 

rancidity (Booren et al. 1981 a). The use of a vacuum during 
mixing has been shown to have either a small effect (Booren 
et al. 1981a) or no effect (Booren et al. 1981 b) on lipid 
oxidation. Vacuum packaging has been used to successfully 
control oxidation in fatty fish (Deng et al. 1977) which are 
extremely susceptible to oxidation (Zipser and Watts, 1961). 
Work done in our laboratory (Figure 2) has established that 
oxidation can be controlled by storage in a vacuum, but 
cooking in a vacuum had no effect on lipid oxidation (Godber 
and Arganosa, 1985). 

One other route to the control of oxidation in precooked 
meat items is through the use of additives specifically incor- 
porated for oxidation control. Such additives have taken on a 
negative connotation in the eyes of the public for health 
reasons. But they have been found to be effective in the 
control of oxidation. lgene et al. (1979) established that 
EDTA, a potent chelator of metal ions, could be used as a 
means of reducing oxidation. Chastain et al. (1982) showed 
that the addition of BHT or TBHQ to restructured beeflpork 
steaks significantly reduced rancidity over storage time. 
Green (1971) found that a combination of ascorbic acid and 
either propyl gallate or BHA was effective in preventing 
oxidation in fresh ground beef. 

Conclusions 
1. The food service industry is an extremely critical market, 

integral in the future of meat merchandising. 
2. An understanding of this market is vitally important if  meat 

usage is to be maximized. 
3. Health concerns and product quality are high-priority con- 

siderations in consumption decisions. 
4. Quality is multifaceted with product-dependent consider- 

ations. 
5. Quality considerations for fresh meat items focus on palat- 

ability traits which are highly dependent on production 
practices. 

6. Quality considerations for processed product can be more 
highly influenced at the processing level. 

7. Understanding the way in which various manufacturing 
practices affect the quality or processed meat products is 
essential. 

8. Research aimed at improving quality must continue in 
order to keep meat competitive in the food service 
industry. 
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Discussion 
Tyre Lanier: The effect of non-meat proteins on warmed- 

over flavor; what is the mechanism of that, is it directed 
toward lipid oxidation or toward binding of the flavor, or what? 

J.S. Godbec I think that Dr. Younathan indicated that 
there are certain phenolic type compounds and flavanoid 
type compounds that may exist in the non-meat proteins that 
could have an effect on oxidation; and she also indicated that 
there is ascorbic acid in many of those, so that could also 
have an affect. I don't think that anybody has really done a 
thorough job of characterizing why those proteins are 
causing the antioxidant characteristics, although Dr. Rhee at 
Texas A&M University has done some excellent work in 
trying to identify what exactly is in those oilseed proteins that 
affect oxidation. 

Lanier: So it is an antioxidant effect, and not just the flavor 
masking of some sort. 

Godber: That is the current thought, I believe. In fact, in 
general, it's the flavor aspect that is actually a negative 
aspect of non-meat proteins, for the most part. 

Lanier: With regard to quality attributes of fabricated 
meats, it seems to me there was a study done a few years 
ago ( I  believe at Oregon State), that indicated with seafoods 
that perhaps this is due to the heavy use of condiments. I 
think this also holds true for meat products; that i f  flavors are 
not outstandingly bad, the true determinant of the quality IS 
texture. I think texture tends to be overlooked quite a bit as 
we focus in on warmed-over flavors. Certainly, as we look at 
some of Sezniak's work with General Foods, you find that 
texture preferences are quite different among different types 
of people, particularly ages, and I think that texture should be 
looked at even more than flavor. 

Godber: I agree whole-heartedly, and that's what I was 
trying to indicate with that work at the University of Florida on 
the response surface methodology, where we might have to 
keep those other sensory aspects in mind as we attempt to 

solve these problems. We cannot make a product that is 
resistant to oxidation, but has no other sensorially desirable 
characteristics. As the first speaker indicated, it has to be 
palatable before they can sell it. That must be the main 
criterion upon which we base these recommendations for 
product formulation. 

John Secrist: The way the military is going, we've been 
adding soy protein concentrate to ground beef for about eight 
years now. We have savings of about $15 million a year for 
the military, and we find that the extension of frozen shelf life 
has increased in the ground beef patties from 9 months to 12 
months as another plus, in addition to the economics. We 
use a lot of chunked-and-formed meat rolls as an ingredient 
for combat rations. We have found that because of the 
proliferation of the carcass and where it goes and who does 
what lo it, the meat rolls are usually made by one fabricator 
and shipped to another fabricator or a purveyor to put it into 
the final product. So we have insisted on transportation in an 
oxygen-impermeable, and I mean a real oxygen-imperme- 
able, casing. This has added to the cost, but we feel that it is 
necessary to keep the warmed-over flavors at a minimum 
before the final product is put in the package. 

Dale Rice: When we are talking about soy proteins, we 
need to delineate which soy proteins we are talking about. 
There are a number of different types of isolates and concen- 
trates. In the concentrates, we find that there's a difference in 
texture from a flaked concentrate vs a flaked textured con- 
centrate vs a granular textured concentrate. Also, there is a 
difference in the powdered concentrates; we have high 
functionality, high NSI concentrates and low NSI concen- 
trates. We have what the military uses, which is a coarse- 
ground concentrate that has a particular particle size. The 
Agricultural Marketing Service has just started the purchase 
for the school lunch program; a large portion of their ground 
meat will be 20% extended with either granular concentrate, 



88 American Meat Science Association 

textured concentrate or a soy isolate. I think in all our 
research there is a big difference in soy proteins, and you just 
can’t say “I used a soy protein.” I think we need to delineate 
more which soy protein we used. 

Godbec That is an excellent point, and is in keeping with 
the other comments that I made that we have to be cognizant 
of the way that our total product is going to be used; but at the 
same time move towards the control of oxidation. So the fact 
that these various types of soy protein (let alone different 
types of other protein) are available gives us that much more 
power to formulate a product which has sensorially accept- 
able characteristics and yet, still has extended shelf life. 

Rice: Last year at the Indiana State Fair, Central Soya 
sponsored some research, - I don’t know if it would be true 
research in that sense, - but at least a taste comparison of 
chicken nuggets containing soy protein and without soy 
protein. Chicken is a sort of bland-type item, so we can get 
the soy proteins in there. This was with a textured soy 
concentrate; and we found that there was no significant 
preference from one to the other by the people that were at 
the Indiana State Fair. There were some thousand-odd peo- 
ple sampled. However, when we get to the texture concept, 
there was a significant difference in that the females pre- 
ferred the product with some textured concentrates, and the 
males preferred the product without concentrates. Why? I 
believe it’s texture. 

Godbec I think we might be getting into trouble if we try to 
delineate the differences between males and females, 
though. That might be a little more than we can do, I think. 

Enrique Marquez: Some researchers have not found any 
direct relationship between TBA value and rancidity and the 
reason is TBA or malonaldehyde determination. They have 
claimed that malonaldehyde is very reactive and tends to 
disappear if we don’t run it past at the right moment. I would 
like to hear comment from you and Dr. Younathan about the 
possibility that malonaldehyde is not formed in beef, or that 
no correlation has been found in TBA for some research on 
rancidity between TBA values and sensory evaluation. The 
reason for that may be that malonaldehyde is not formed in 
such an amount in beef because it needs more unsaturated 
fatty acid which contains more than three double bonds. 

Godbec Oh yes, I would agree that the TBA test is 
certainly suspect as a test to measure lipid oxidation; and the 
fact you stated at the end that it apparently requires that there 

be three or more points of unsaturation before the malo- 
naldehyde complex is formed. Then, if you have four or five 
points of unsaturation, that you could have more than one 
molecule of malonaldehyde formed. We have to be very 
careful about what the fatty acid composition of the product is 
that we are using that test to measure. Unfortunately, I am 
not aware of any other real good measures of oxidation in 
muscle foods. If you are aware of a test that might work a little 
bit better, I am sure that there are a lot of people here who 
would be interested in being able to use that kind of method- 
ology. I am not aware of it. Dr. Younathan has indicated that 
pentanals and hexanals are formed. Also, maybe the way we 
have to go is the way those guys down at Southern Regional 
Lab are going with gas chromatographic evaluation of lipid 
oxidation. So that you could look at those other aldehydes 
that are formed in the oxidation process. 

Marquez: Do you think that we should still correlate the 
TBA value with warmed-over flavor in beef, even though we 
have less than one percent of unsaturated fatty acid with 
more than three double bonds? 

Godbec Well, that is certainly a concern. Perhaps Dr. 
Addis, who is behind you, might have a comment on that. 

Paul Addis: Yes, I wanted to comment that the TBA test 
suffers from a number of interferences which usually elevate 
values, and it doesn’t just determine malonaldehyde, there 
are several other components of lipid oxidation which are 
measured as TBA. We developed a direct method to mea- 
sure free malonaldehyde in meat and it is formed in beef, but 
in very small amounts and the TBA test overestimates the 
amount by between 3 and 10-fold. That is because of the 
other compounds that are inflating the value. This becomes 
rather important when it’s considered by some health experts 
that malonaldehyde is a potential risk, and actually there is 
very little formed in a lot of meat products. 

Godbec Would the contention that beef, which has a 
lower level of malonaldehyde formed, shouldn’t be evaluated 
by the TBA test be valid? 

Addis: No. I would say that the TBA test is probably one of 
the best simple tests we have. We will discuss that this 
afternoon in our oxidative rancidity session. I do think that 
there are a number of new tests that need to be evaluated 
with respect to how they predict the sensory response. The 
TBA test is not all that accurate, although it is probably the 
best thing we have right now. 




