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SUMMARY

The objective of this project was to provide a sound scientific basis for the
development of low fat meat products. The emphasis was placed on
identifying the barriers to producing high quality, low fat meat products and
providing a knowledge base for manufacturers to overcome these, rather
than actually developing new products. Each partner had specific tasks and
worked with traditional products of their country. A wide range of products
was thereby studied including comminuted, emulsion, cured and dried
fermented, so that the results are widely applicable.

Investigations of the flavour compounds showed that low fat and normal fat
products released the same volatile compounds. However, low fat samples
rapidly released larger quantities than standard products, which may explain
their much lower flavour acceptability. For frankfurters these differences due
to fat content were not apparent when smoke and spices were excluded
from the formulation, as most of the major volatiles (terpenes and phenols)
derive from these ingredients.

When added to beefburgers, oat fibre seems to be able to trap the flavour
volatiles and delay their release, thus overcoming the problem referred to
above. Oat fibre also delayed the release of some, but not all, of the flavour
volatiles from low fat frankfurters, whereas tapioca starch and whey protein
did not.

In beefburger processing the effect of grind size showed that a medium
grind size (5mm versus 2 or 10 mm) gave the best texture. The type of fat
used (brisket, clod and suet) in a low fat (8%) formulation had little effect
on the texture or sensory attributes and even when this was repeated in a
high fat (23%) formulation none of the fat types significantly improved
palatability over the others.
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There was a poor correlation between textural (instrumental) measurements
and sensory (panel) scores of tenderness in emulsion type sausages. Texture
Profile Analysis gave more promising results with hardness and springiness
increasing as fat content was reduced. Most of the textural parameters had
non-linear relationships with fat content, due mainly to the effect of
differing protein contents. It is therefore important to hold protein content
constant when comparing products with different fat contents.

In model meat systems the addition of increasing amounts of whey protein
concentrates (WPC) to reformed meats increased cook yield and water
binding. Blending carbohydrates (carrageenan, modified starches and pectin)
with WPC enhanced their functionality. Sodium alginate was detrimental to
meat bind in reformed meats, possibly due to interference from brine salts
and calcium from the dairy powders. Results on low-fat fresh sausage
formulations identified tapioca starch, oat fibre and pectin as the most
acceptable hydrocolloids for blending with WPC.

Freezing meat prior to processing altered the microstructure, rheological
characteristics and the thermal stability of sausages, the size of the effect
depending on the fat content. Given the widespread use of frozen meat for
processing this finding has considerable importance for the industry. The
heat gelation process was influenced more by the protein than the fat
content. Final chopping temperature and final internal cooking temperature
affected binding and textural properties and should be taken into account
when adjusting low-fat meat emulsion characteristics.

The following ingredients performed best as fat substitutes in low fat
beefburgers: tapioca starch, carrageenan, oat fibre, pectin, whey protein and
a commercial mixture of carrageenan and locust bean gum. Blends of these
often performed better than single ingredients, with tapioca starch, oat fibre
and whey protein performing best in terms of eating quality. The amount of
tapioca starch was the critical factor. The effects of the three were generally
independent of each other. The results demonstrated that non-meat
ingredients can be used to improve the overall palatability of low fat
beefburgers.

2
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A whey protein concentrate with improved functionality was developed by
Dairygold Cooperative. At a workshop to mark the end of the project,
breakfast sausages containing this as a fat substitute with only 3% fat were
tasted by participants. They were judged to be just as tasty and succulent as
standard fat (35%) sausages.

INTRODUCTION

Rationale for low-fat meat products

There is a wide understanding among consumers of the need to reduce their
intake of fats of animal origin. This arises from medical advice urging
consumers to reduce their intake of fat, particularly saturated fat, in order to
lower the risk of coronary heart disease and avoid obesity. In the context of
this advice traditional processed meat products have a relatively high fat
content. Consumption of meat products is therefore under pressure and in
order to maintain their market share of convenience foods, the meat
industry must change the image and quality of traditional meat products by
producing low-fat versions.

Unfortunately, the relatively high fat content of traditional meat products
makes a large contribution to their organoleptic properties and hence their
appeal. Reducing the fat content of these traditional products affects their
flavour, texture, juiciness and mouth-feel in addition to reducing satiety
value. Furthermore, fat is a rather cheap ingredient, so reducing the amount
in the formulation will result in a higher cost product which in itself is likely
to reduce the market for such products.

The first approach taken by the meat processing industry in overcoming
these difficulties was to use other non-meat ingredients such as milk
proteins, starches and carrageenan to substitute for fat. These are supposed
to mimic the functional properties of fat in the cooked product. While many
have proven successful in performing some of these functions, no substitute
has yet been found that imparts all the characteristics of fat to the product
without any undesirable effects such as unnatural tastes.

3
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Project aims

The aim of this project was to overcome these technological barriers to
producing low-fat traditional products of equal acceptability to standard fat
versions by a multidimensional approach. If the functional properties of the
fat could be better understood, then this would facilitate the means of
optimising these so that less fat could be used to achieve the same effect.
Related to this is the function of fat substitutes and their interactions with
fat in low-fat formulations. It was the intention to provide knowledge to
facilitate the meat industry to develop low fat meat products, rather than to
develop new products per se.

Five goals were identified in order to achieve the objective: (a) To relate
molecular transformations and associations which occur in meat products on
reducing fat levels to quality aspects; (b) To identify the essential flavour
components and interactions in reduced fat products; (c) To characterise the
ultrastructural and rheological properties of low fat meat products; (d) To
evaluate and optimise different processing technologies in the manufacture
of low fat meat products; (e) To assess limitations on the reduction of fat in
products in relation to quality, safety and consumer acceptability. Each of
these was divided into specific tasks with one or more partners assigned to
each.

A consortium of five partners in three countries was brought together to
carry out a project to address these problems. The consortium included one
industrial partner (Dairygold Cooperative, Mitchelstown, Co Cork) involved
in meat processing and the production of milk fractions as food ingredients,
three Universities, University College Cork (Department of Food Science),
University of Madrid (Instituto Del Frio), Parma University (Istituto di
Scienza e Technologia del Aglimenti) and The National Food Centre of
Teagasc who coordinated the project.

The main body of this report concentrates on the work done by The
National Food Centre, but in order to increase the value of the report the
main highlights of the work done by the other partners are included in the
Summary and Conclusions.

4
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RESULTS

Flavour studies on low fat and standard fat meat products

These studies were undertaken because flavour problems are associated with
low fat meat products, yet little is known about the underlying causes other
than the fact that most of the flavour compounds are fat soluble.
Furthermore, even less is known about how the various fat substitutes
interact with the other ingredients in the release of flavour volatiles.

The flavour volatiles of several types of emulsified meat products with
different fat contents (5-30%) were studied. From several hundred volatiles,
a few of those giving the highest peaks were identified. Many of these have
not been previously reported, but some of those found in frankfurters have
been reported as present in cooked beef and pork.

There were essentially no differences between low fat and standard fat
products in the occurrence of compounds found in the headspace (see
Figure 1). More importantly, however, fat content had a large effect on the
quantities of volatiles released, with low fat samples having larger quantities
than standard products. Nose space analyses indicated that the volatiles are

5

Figure 1: Volatiles released into headspace of
beefburgers during cooking
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released more rapidly from low fat formulations, which may explain much
of the difference in flavour acceptability between low fat and standard fat
products. For frankfurters these differences due to fat content were not
apparent however, when smoke and spices were excluded from the
formulation as most of the major volatiles (terpenes and phenols) derive
from these ingredients.

The effect of fat replacers on the flavour volatile profiles of beefburgers also
revealed some interesting results. Low fat beefburgers with added oat fibre
released quantities of volatiles similar to high fat burgers. Hence, oat fibre
seems to be able to trap the flavour volatiles and delay their release, thus
overcoming the problem referred to above. Oat fibre also delayed the
release of some, but not all, of the flavour volatiles from low fat frankfurters,
whereas tapioca starch and whey protein did not. Maltodextrin was found to
be a useful binder for low fat salami and mortadella with some potential for
flavour improvement.

Sensory profiling studies indicated that the low fat frankfurters gave a
greater ‘overall flavour intensity’ and were in good general agreement with
the instrumental measurements. Time-intensity studies reflected the
profiling results in that the peak intensity of flavour was highest in the low
(5%) fat frankfurter and lowest in the standard (30%) fat frankfurter. Thus, a
decrease in fat from 30% to 5% increased the perception of flavour of some
of the flavour attributes of frankfurters. The primary role of fat in this
product would appear to be to trap these volatiles and release them
gradually during mastication.

Effect of processing factors on the texture and eating quality of
low fat beefburgers

These studies were undertaken to see if the functionality of the fat present
in formulations could be optimised by modifying the processing. It would
then follow that the amount of fat in the formulation could be reduced
without affecting eating quality. Reduced fat versions of meat products
could then be offered without the use of non-meat ingredients.

6
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Work on beefburgers using an all meat formulation showed that panellists
preferred high fat burgers but the differences were not as large as might
have been expected given the large range in fat content (7-23%). Also, the
data showed that in a low fat (8%) formulation water should not be added
at above 8% to avoid excessive weight loss during cooking.

A medium grind size
(5mm versus 2 or 10
mm) gave the best
texture as panellists
found that burgers
made with a 10mm
grind size were too
coarse while those
made with a 2mm
grind size were too
soft. Also the use of
different types of
carcass fat (brisket,
clod and suet) was
studied. The type of fat
used in a low fat (8%)
formulation had little
effect on the texture or sensory attributes and even when this was repeated
in a high fat (23%) formulation none of the fat types significantly improved
palatability over the others.

A study on the effect of cooking method (grilling, frying, deep fat frying,
griddling and oven roasting) on palatability and texture showed that
panellists preferred burgers that were cooked on a griddle with deep fat
fried burgers being the least acceptable. Griddle cooking is most commonly
used by fast food outlets. Panel results were broadly supported by textural
analysis.

7
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Low fat beefburgers look more attractive to consumers
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Effect of fat substitutes and blends on the texture and eating
quality of low fat beefburgers

Many ingredients have been investigated for use as fat substitutes in low fat
meat products and a large number are available commercially. A
comprehensive study was undertaken to compare their performance in
terms of eating quality singly and in combination, to identify the most
promising ingredients and blends.

Seventeen commercially available functional ingredients were assessed in
low-fat beefburger formulations. Burgers containing alginate/calcium lactate
had the highest cook-yield (71%) and good texture, but scored low for
overall flavour. Most additives tested increased the water holding capacity
(WHC) by comparison with the full-fat (23%) control, which had the
lowest WHC (26%). Beefburgers containing pectin, micro-crystalline
cellulose, oat fibre and carrageenan scored high in flavour and overall
quality. In contrast, burgers formulated with blood protein had poor overall
quality and flavour attributes whereas burgers containing tapioca starch,
modified food starch derived from waxy maize and oat fibre were less tough
than controls.

Optimising the blend of ingredients has a major effect on the properties of
low-fat products. Response surface methodology (RSM) was used to study
the simultaneous effects of tapioca starch (ranging from 0 to 30 g/kg), oat
fibre (ranging from 0 to 20g/kg) and whey protein (ranging from 0 to 20
g/kg) on the physical and organoleptic characteristics of low-fat beef
burgers. The level of tapioca starch (TS) influenced the models to the
greatest extent. Its effect on cooking properties was highly significant,
positive and linear. The presence of TS had a large negative linear effect on
Warner-Bratzler and Kramer shear forces. Both oat fibre and whey protein
had a limited influence. There was no evidence for interactions among the
variables. The results indicate that as TS is increased in low-fat beef burgers
a more succulent and tender product is obtained.

8
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Tapioca starch, carrageenan, oat fibre, pectin, whey protein and a
commercial mixture of carrageenan and locust bean gum were assessed for
their ability to mimic fat characteristics in (10%) beefburgers. Most blends
significantly increased both cook yield and WHC. Blends containing tapioca
starch, oat fibre, whey protein and the carrageenan/locust bean gum mixture
were more tender. Beefburgers containing tapioca starch, oat fibre and whey
protein were acceptable in terms of flavour and texture. The low-fat control
was found to be the toughest and driest of the beefburgers examined. This
study showed that blends of these ingredients can be used to offset the poor
quality associated with beefburgers.

9
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Low Fat franfurters were made with a range of fat substitutes
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Effects of fat substitutes and smoking method on the quality of
frankfurters of different fat contents

Replacing fat with lean to make low fat frankfurters results in too chewy a
texture in addition to being uneconomical. Water is the cheapest substitute
for fat, but unless some form of binder is used cook losses will be
unacceptably high. The effects of non-meat ingredients on the quality of
frankfurters with different fat contents were studied because of the lack of
information on their performance in this type of product. The effects of the
two main smoking methods on the quality of frankfurters have been
documented, but their interaction with fat content has not, so this was also
addressed.

Table 1:Formulation for frankfurters with varying fat content with and 
without tapioca starch and whey protein. Weights are presented for
12 kg batches

1Na Asc = Sodium ascorbate; 2 PO4 = Phosphate. *The first number refers to
the targeted percent fat and the second to the ingredient. 0 = no added
ingredient; 1 = tapioca starch; 2 = whey protein.

10

Lean Lean Fat Ice H2O Na asc1 Salt PO4
2 Smoke Spice

pork beef mix

5\0* 3.25 3.51 0.49 0.74 3.74 0.006 0.18 0.03 0.006 0.06

5\1 3.25 3.51 0.49 0.69 3.43 0.006 0.18 0.03 0.006 0.06

5\2 3.25 3.51 0.49 0.69 3.43 0.006 0.18 0.03 0.006 0.06

12\0 3.17 3.42 1.53 1.20 2.34 0.006 0.18 0.03 0.006 0.06

12\1 3.17 3.42 1.53 1.08 2.16 0.006 0.18 0.03 0.006 0.06

12\2 3.17 3.42 1.53 1.08 2.16 0.006 0.18 0.03 0.006 0.06
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The effects of fat content (5 and 12%), tapioca starch and whey protein on
the hydration/binding properties, colour, textural and sensory characteristics
of frankfurters were investigated. The formulations are shown in Table 1.
Decreasing the fat content increased cook loss and decreased emulsion
stability and lightness. Fat reduction increased smoke, spice and salt
intensities and increased overall flavour intensity and juiciness. Texture
Profile Analysis (TPA) indicated that fat reduction decreased gumminess and
cohesiveness but the other parameters measured were unaffected. Addition
of tapioca starch or whey protein reduced cook loss and increased emulsion
stability. Whey protein did not effect the sensory characteristics but tapioca
starch increased overall flavour intensity. Both ingredients increased
hardness, adhesiveness, gumminess and chewiness as measured by TPA. Two-
factor interactions between fat level and ingredient were observed for
several parameters.

The effects of fat content (5, 12 and 30%), carrageenan and oat fibre on the
hydration/binding properties, colour and flavour characteristics of
frankfurters were investigated. Decreasing the fat content from 30% to 5%
significantly increased cook loss and decreased water holding capacity and
emulsion stability. Reduced-fat products were also darker and more red
compared to the 30% fat controls. Addition of carrageenan or oat fibre
reduced cook loss and increased both water holding capacity and emulsion
stability. Sensory evaluation (see Table 2) indicated that decreasing the fat
content from 30% to 5% increased the intensity of smokiness, spiciness and
saltiness and reduced the overall acceptability of the flavour. Carrageenan or
oat fibre did not alter the colour of the frankfurters and neither ingredient
had a significant effect on the flavour characteristics assessed.

The results of these two studies demonstrate that tapioca starch, whey
protein, carrageenan or oat fibre can partially offset some of the changes
which occur in low-fat frankfurters when added water replaces fat and
protein level is constant.

11

#Contents"$ %

New technologies No. 10  2/6/04  3:30 pm  Page 11



Table 2:Influence of fat, carrageenan and oat fibre on smoke, spice,
salt and other flavour intensities and on mouthfeel and overall
acceptability of flavour. 0 = no added ingredient; 1 = carrageenan; 2 =
oat fibre; NS = not significant; SL = significance level; MF =
mouthfeel/oiliness; O/A = overall acceptability of flavour. Different
letters in the same column (within each main effect) indicate
significant differences (P<0.05).

The interactive effects of fat content (5, 12 and 30% fat) and smoke method
(solid aerosol or commercial smoke flavouring) on the texture, flavour,
colour and cook losses of frankfurters were investigated. Cook losses from
frankfurters smoked with solid-aerosol were higher than from products with
an added smoke flavouring. Products smoked with solid-aerosol were more
coloured than those with an added flavouring. The effects of the smoke
method on colour and cook loss were dependent on the fat content and vice
versa. A two-factor interaction between fat content and smoke method was

12

Smokiness Spiciness Saltiness Other MF O/A

flavour

A:Fat content (%)

5 4.2 a 4.4a 3.0 a 2.2 3.2 3.5 a

12 3.6 b 3.7 b 2.8 a 1.9 3.1 4.0 b

30 3.4 b 3.3 c 2.5 b 2.1 3.1 4.0 b

Significance 0.00 0.0 0.01 NS NS 0.01

B:Ingredient

0 3.9 3.8 2.9 2.1 3.3 3.8

1 3.6 3.8 2.7 2.0 3.0 3.7

2 3.7 3.9 2.7 2.1 3.0 3.9
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observed for three Texture Profile Analysis parameters (hardness,
adhesiveness and gumminess). No interactive effects were observed for any
of the sensory characteristics. Frankfurters smoked with solid-aerosol were
judged to be more smoky, more spicy, more salty, had better texture and
were more acceptable than those with an added smoke flavouring. The
results indicate that interactive effects are important considerations during
the development of reduced-fat frankfurters and/or when changing the
smoke process.

CONCLUSIONS

● Low fat and standard fat meat products had the same flavour volatiles
but for low fat samples these were released in larger quantities.

● Flavour volatiles are released more rapidly from low fat formulations,
which may explain much of the difference in flavour acceptability
between low fat and standard fat products.

● Smoke and spices are responsible for most of the major volatiles
(terpenes and phenols) in meat products such as frankfurters. Differences
in flavour release due to fat content are not apparent in formulations
lacking smoke and spices.

● Low fat beefburgers with oat fibre added released similar quantities of
volatiles to high fat burgers. Hence, oat fibre seems to be able to trap the
flavour volatiles and delay their release, thus overcoming the problem
referred to above.

● Oat fibre also delayed the release of some, but not all, of the flavour
volatiles from low fat frankfurters, whereas tapioca starch and whey
protein did not.

● Maltodextrin was found to be a useful binder for low fat salami and
mortadella with some potential for flavour improvement.

● Panellists preferred high (23%) fat burgers to those with only 7% fat but
the differences were not large.

● Without the use of binders, the practical limit for added water in a low
fat (8%) formulation is around 8% due to excessive cooking losses.

13
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● In the preparation of low fat beefburgers, a medium grind size (5mm
versus 2 or 10 mm) gave the best texture as burgers made with a 10mm
grind size were too coarse while those made with a 2mm grind size were
too soft.

● The type of fat (brisket, clod and suet) used in either a standard (23%)
or low fat (8%) beefburger formulation had little effect on the texture or
sensory attributes.

● Cooking method affected the palatability of low fat beefburgers.
Panellists preferred burgers that were cooked on a griddle with deep fat
fried burgers being the least acceptable.

● Increasing levels of tapioca starch in low-fat beefburgers improved
succulence and tenderness.

● Blends of tapioca starch, oat fibre and whey protein can be used to offset
the poor sensory quality associated with low-fat beefburgers.

● Beefburgers containing pectin, micro-crystalline cellulose, oat fibre or
carrageenan scored high in flavour and overall quality, but blood protein
adversely affected overall quality and flavour attributes.

● Beefburgers containing tapioca starch, modified food starch derived from
waxy maize and oat fibre were more tender.

● The addition of tapioca starch, whey protein, carrageenan or oat fibre can
partially offset some of the changes that occur in low-fat frankfurters
when fat is replaced with water. They improve emulsion stability, cook
losses and texture but their effects on flavour are minimal.

● Frankfurters smoked with solid-aerosol have better texture, are more
acceptable but have higher cook losses than those with an added smoke
flavouring. Due to interaction effects, changes in the fat content may
alter the quality of the frankfurters depending on the type of smoke
process used. Awareness of such interactions may be critical in the
development of reduced fat frankfurters and/or if using a new smoke
process.

● Results on fresh sausage formulations identified tapioca starch, oat fibre
and pectin in blends with WPCs as the most acceptable hydrocolloids for
use as fat replacers.

● Freezing meat prior to processing altered the microstructure, rheological

14
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characteristics and the thermal stability of sausages, the size of the effect
being dependent on the fat content. Given the widespread use of frozen
meat for processing this finding has considerable importance for the
industry.

● The heat gelation process was influenced more by the protein than the
fat content, but the effect seemed to be influenced by the amount and
type of fat present.

● Final chopping temperature and final internal cooking temperature
affected binding and textural properties and should be taken into
account when adjusting low-fat meat emulsion characteristics.
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