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Dietary value and sensory quality of calf meat
depending on different n-3 PUFA sources in the diet
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ABSTRACT

The aim of the study was to determine the effect of different n-3 PUFA sources in a calf diet on the
health value and sensory quality of veal. A total of 30 bulls were assigned to 3 groups and fed a milk
replacer (7-56 days) and concentrates (7-90 days) containing mainly ground cereals, and additionally
10% linseed cv. Omega or 4% fish oil. In the control group, the mixture contained no additional fat. At 90
days of age, the bulls were slaughtered and meat samples from the M. thoracis were taken for chemical
and fatty acid analysis. Physicochemical and organoleptic analysis of meat was also performed. Linseed
reduced the proportion of SFA and increased the level of C , , n-3 in meat fat (P<0.05). Fish oil reduced
the C,, , content and increased the proportion of EPA, DPA and DHA (P<0.05). Both fat supplements
increased the n-3 PUFA content (P<0.05) and reduced the n-6/n-3 acid ratio. The meat of linseed-fed
calves was characterized by a lighter colour (P<0.05) than in the other groups. In fish oil-fed calves, meat
flavour, aroma and structure clearly deteriorated in relation to those found in the control group (P<0.05).
When linseed was fed, a tendency (P>0.05) towards improved juiciness and poorer structure, aroma and
flavour of meat in relation to the control group was found. Linseed had no negative effect on the sensory
quality of meat. However, fish oil had a clearly adverse effect on meat taste.
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INTRODUCTION

Higher intakes of long-chain n-3 PUFA in the diet have been reported to im-
prove the functions of the immune, nervous and cardiovascular systems in hu-
mans (Shahidi and Miraliakbari, 2004). Human nutritionists recommend increas-
ing the daily dose of essential long-chain n-3 PUFA from 0.15 to 0.65 g/day (Kris—
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Etherton et al., 2000). Veal and beef are characterized by a low fat content but
have a dietetically unfavourable composition of fatty acids. Because PUFA given
to animals in feed are largely biohydrogenated microbiologically in the rumen,
ruminant meat has a high SFA content that favours the development of many di-
seases of modern civilization (Bauman et al., 2003). It has been shown, however,
that feeding animals with feeds rich in PUFA, especially n-3 PUFA, can have a fa-
vourable effect on the health-promoting value of meat by reducing the proportion
of SFA and the n-6/n-3 PUFA ratio in meat fat (Raes et al., 2003). Sources of n-3
PUFA in ruminant feeding include some cultivars of linseed rich in linolenic acid
(Borowiec et al., 2001), as well as fish oil (Givens et al., 2000), which is rich in
eicosapentaenoic (EPA) and docosahexaenoic acids (DHA). In addition to func-
tional meat properties that have a beneficial effect on human health, consumers
pay considerable attention to the sensory quality of meat, especially culinary traits
such as colour, tenderness and palatability. These traits depend on many factors,
including the breed and age of animals, genetic factors, and feeding method (Geay
et al., 2001). The aim of the study was to determine the effect of different sources
of n-3 PUFA in calf diets on the health value and sensory quality of meat.

MATERIAL AND METHODS
Animals and feeding

A total of thirty 7-day-old Polish Holstein-Friesian bull calves were ran-
domly assigned to 3 equal groups. From 7 to 90 days of age the animals were
individually fed ad libitum concentrate without (control) or with linseed var.
Omega or fish oil (Table 1). During the first feeding period (from 7 to 56 days of
age) the calves also received milk replacer containing 20% of soyabean protein
and 40% of whey. The liquid feed contained 167 g of powder in 1 kg of water

Table 1. The components of concentrates, %

Groups
Feeds control linseed fish oil
Ground barley 40.5 55.5 40.5
Ground wheat 30.5 13 27
Wheat bran 13 6 10
Soyabean meal 13 12.5 15.5
Linseed var. Omega, ground 10
Fish oil 4
Minerals' 3 3 3

' complet CJ, in 1 kg; g: Ca 212.8, P 60, Na 88, Mg 25, Zn 4, Mn 2.5, Fe 1.5, vit. E 0.8; TU: vit. A
450 000, vit. D, 100 000
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solution (3.3% protein and 3.3% fat). The feeding plan, feed evaluation and com-
position of feed mixture were based on IZ-INRA (2001) standards. The calves
were kept in individual cages with a wooden floor and cribs for feeds, and had free
access to water. The intake of liquid feed and concentrates was monitored daily
by weighing feed refusals. At 90 days of age, bulls were slaughtered and meat
samples from the M. thoracis (MT) were taken for analysis.

Chemical analysis and calculation

The basic chemical compositions of feeds and meat were determined using the
procedures of AOAC (1998); fatty acid composition was estimated in extracted fat
using gas chromatography (Pye Unicam 104, 30 m column). Physicochemical and
organoleptic analysis of meat was also performed. pH was measured 45 min and 24
h after slaughter. Meat colour was determined with the CIE L*a*b* system (Boccard
et al., 1981) using a Minolta CR-310 chroma meter. After 48-h storage at 4°C the
instrumental tenderness and thermal weight loss of meat were measured. Meat sam-
ples were sliced into 1.5 cm thick steaks and cooked to an internal temperature of
70°C (AMSA, 1995) in an electric cooker at 165°C. The difference between the
precooked and cooked steak weights was divided by the precooked weight to cal-
culate cooking loss percentage. Sensory evaluation of meat (i.e. aroma, palatability,
juiciness and tenderness) was performed according to a 5-point scale.

The fat content of concentrates with linseed and fish oil was approx. 3.5-fold
higher than that of the control diet (Table 2). Linseed and fish oil had a vary-

Table 2. Nutrient and fatty acid composition of feeds and concentrates

. . . Concentrates
ftem Linseed Fish oil control linseed fish oil
Dry matter, % 92.5 98.7 86.2 87.0 86.6
Crude protein, % DM 26.7 - 18.5 18.3 18.1
Fat, % DM 40.9 98.9 1.56 5.56 5.40
Fatty acids, % of total fat
Cieo 425 2.36 2.37 3.35 2.43
(O 23.5 24.6 22.8 22.0 22.9
C,,n-6 15.8 3.87 50.2 26.3 20.6
C,,n-3 48.0 0.45 5.08 353 4.30
C,,sn-3 EPA - 7.16 - - 6.39
C,,,n-3 DHA - 11.0 - - 591
PUFA n-3 48.0 22.4 5.08 353 17.4
PDIN!, g 143 - 112 105 104
PDIE, g 44 - 113 100 96
UFL! 1.04 2.82 1.1 1.1 1.1

Z-INRA (2001)
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ing effect on the proportion of particular fatty acids in the fat of the diets. In the
control diet, C, , n-6 acid accounted for over half of all fatty acids determined.
The linseed diet was characterized by a several-fold higher proportion of C  , n-3
compared with the other groups. The fish oil diet was found to have a high EPA
and DHA content. Compared with the control diet, the n-3 PUFA content was

7-fold that of the linseed diet and 3-fold that of the fish oil diet.
Statistical analysis

The results were analysed statistically using one-way analysis of variance with
the GLM model procedures of SAS (2002) (REGW post-test). The differences
were assumed to be non-significant at P>0.05.

RESULTS

There were no significant differences (P>0.05) in feed and nutrient intake
between calves from the particular groups. In relation to the control group, lin-
seed significantly (P<0.05) improved daily weight gains (by approx. 19%) and
final body weight (by approx. 11%) (Table 3), but no statistically significant
differences were found between calves receiving the control and fish oil diets.

Table 3. Fattening parameters of calves

Item Control  Linseed Fishoil SEM P
Initial body weight, kg 432 44.1 44.5 1.10 0.25
Final body weight, kg 97.0° 108.0? 98.6° 1.95 0.04
Daily weight gain from 7 to 90 days, g-day!  659° 7822 623° 233 <0.01
Daily intake of
milk replacer (powder), kg 0.91 1.03 0.94 0.17 0.19
concentrate, kg 1.03 1.07 1.01 0.04 0.83
dry matter, kg 1.41 1.52 1.42 0.04 0.39
crude protein, kg 272 292 273 6.75 0.40
PDIN', g 222 233 216 5.05 0.39
PDIE', g 224 228 208 5.02 0.24
UFL! 1.29 1.42 1.33 0.03 0.22

'TZ-INRA (2001)
+b different superscripts within a row indicate statistically significant differences (P<0.05)

Feeding linseed and fish oil had a significant (P<0.05) effect on the fatty acid

profile of meat fat (Table 4). Oleic acid C, | was the most abundant acid in meat

fat and its proportions in different groups were unrelated to the feeding applied.
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Table 4. The fatty acid composition of meat, g/100 g total fatty acids

. Groups

Fatty acids control linseed fish oil SEM P

Cieo 18.722 15.40° 18.54° 0.48 <0.01
Cieo 13.16° 12.51° 10.84° 0.27 <0.01
Cie 27.93 26.08 27.97 0.79 0.55
C ., n-6 19.64 22.03 18.07 0.86 0.17
C,;0-3 0.58° 3.33 0.78° 0.26 <0.01
CLA 0.09 0.12 0.11 0.01 0.65
C,,sn-3 EPA 0.38° 0.80° 2.85¢ 0.28 <0.01
C,,,n-3 DHA 0.23° 0.29° 1.01° 0.08 <0.01
SFA 34.942 30.06° 32.07%® 0.69 0.01
MUFA 31.37 29.03 31.62 0.89 0.44
PUFA n-3 2.12° 5.93q 7.37¢ 0.54 <0.01
PUFA n-6 27.91 30.66 24.90 1.23 0.17
n-6/n-3 13.20° 5.32b 4.11° 0.84 <0.01

b different superscripts within a row indicate statistically significant differences (P<0.05)

Linseed reduced the level of palmitic acid, while fish oil reduced the stearic acid
content of meat fat in relation to the control group (P<0.05). In the experimental
groups, the overall SFA content was found to decrease, although significant differ-
ences in relation to the control group were only found for linseed feeding. Calves
fed linseed had a higher (P<0.05) level of linolenic acid than in the other groups,
while fish oil significantly increased the proportions of EPA and DHA in meat fat
(P<0.05). In both experimental groups, the total n-3 PUFA content of meat fat
increased (P<0.05) in relation to the control group. There was also a tendency to-
wards an increased CLA level in the meat of calves receiving linseed and fish oil,
although the differences were not significant. Both fish oil and linseed markedly
reduced the n-6/n-3 PUFA ratio in meat fat.

The fat sources used had no significant effect (P>0.05) on the dry mat-
ter, crude protein and fat content or physicochemical traits of meat (Table 5).
Differences were significant only for colour lightness measured 48 h post-mor-
tem. Compared with the control group, linseed clearly brightened meat colour
(P<0.05). The group of linseed-fed calves showed a tendency towards lighter
colour of meat 24 h post-mortem, smaller redness and greater yellowness com-
pared with the other groups, at both 24 and 48 h post-mortem. In calves receiv-
ing the analysed dietary fat sources, there was a tendency towards poorer meat
tenderness in relation to the control group. In all the groups, meat refrigerated
for 48 h was characterized by lighter colour and greater yellowness compared
with the meat refrigerated for 24 h. During cold storage of meat, there was a
slight decrease in pH.
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Fish oil significantly reduced the sensory quality of meat (Table 5). In the
group of calves receiving fish oil, the meat was characterized by the poorest struc-
ture, taste and aroma (P<0.05)

Table 5. Physicochemical and sensory traits of meat

Groups

ftem control linseed fish oil SEM P
Dry matter, % 22.0 219 21.6 0.14 0.41
Crude protein, % 194 19.8 19.4 0.19 0.63
Crude fat, % 1.04 1.15 1.19 0.06 0.55
Thermal weight loss, % 32 26 29 1.19 0.14
Tenderness, kg/cm? 13.3 14.9 15.4 1.00 0.68
pH 5.88 5.88 5.99 0.04 0.49
pH . 5.74 5.70 5.71 0.03 091
Meat colour ,,,

lightness (L) 47.42 50.05 47.11 0.57 0.06

redness (a) 18.62 17.95 18.99 0.28 0.31

yellowness (b) 1.84 2.61 2.07 0.31 0.59
Meat colour g,

lightness (L) 49.06° 52.58¢ 50.65% 0.61 0.05

redness (a) 18.54 17.22 18.43 0.34 0.21

yellowness (b) 3.86 4.22 3.70 0.35 0.83
Texture 3.67° 3.26% 3.09* 0.09 0.03
Aroma intensity 3.720 3.51® 3.32° 0.06 0.01
Aroma desirability 4.01° 3.72* 3.31° 0.08 <0.01
Juiciness 3.54 3.72 3.43 0.07 0.29
Taste intensity 3.60 3.46 342 0.05 0.37
Taste desirability 3.84° 3.67® 3.40° 0.07 0.03
*b - P<0.05
DISCUSSION

The health value of meat has long been a subject of controversy among nu-
tritionists. On the one hand, meat is a basic constituent of the human diet as a
source of highly valuable protein as well as iron, zinc and group B vitamins. On
the other hand, meat has been held responsible for many diseases of modern civi-
lization due to the high content and unfavourable composition of fat containing a
dominant proportion of saturated fatty acids (Maloney, 2001). The modification of
meat composition, aimed at increasing the proportion of PUFA (especially health-
promoting n-3 PUFA) while reducing the proportion of undesirable SFA, is con-
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sistent with modern nutritional recommendations (FAO/WHO, 1993). However,
another matter is the consumer acceptance of this meat, because healthy food is
not necessarily tasty and appetizing, and these are the traits considered by meat
buyers.

Compared with the control group, calves receiving a linseed diet achieved sig-
nificantly better daily weight gains and higher final body weight, unlike calves fed
the fish oil diet. Because the intake of feed, nutrients and, above all, energy, was
equal in all the groups, the better gains in calves fed linseed were probably due to
the form of fat given to the animals. According to Scollan et al. (2001) it is pos-
sible that the biohydrogenation of linseed oil fed in ground form is lower than that
of fish oil due to slower release of the oil from linseed cell structures. In this way,
linseed fat may inhibit the growth and activity of rumen bacteria to a lesser extent
and thus give better production results than fish oil. Wachira et al. (2000) reported
that feeding fish oil depressed the intake and performance of lambs, an effect that
was associated with a reduction in microbial growth and efficiency in the rumen.

The present study showed that linseed and fish oil supplementation of the calf
diets had no effect on the basic nutrient content of meat, but caused clear changes
in the fatty acid profile of intramuscular fat. The decrease in the SFA content
of meat fat, observed particularly when linseed was fed, was probably due to
the inhibition of de novo synthesis of SFA in ruminants under the influence of
considerable amounts of SFA in the diets (Doreau and Chilliard, 1997). Linseed
reduced the level of palmitic acid, as also shown by Scollan et al. (2001) for heif-
ers. Fish oil significantly reduced the level of stearic acid in meat fat, which has
been ascribed by some authors to the inhibiting effect of dietary fish oil on rumen
microorganisms taking part in the last stage of biohydrogenation of vaccenic acid
C... trans into stearic acid C  (Wachira et al., 2000).

18:1 18:0
The increased content of C, . n-3 in the meat fat of calves fed the linseed diet,

and of EPA and DHA in calvgé3 receiving fish oil diets, shows that part of these
acids avoided biohydrogenation in the rumen and was built into intramuscular fat
(Strzetelski et al., 2003; Cooper et al., 2004; Wistuba et al., 2006). Despite the lack
of EPA and DHA in the control and linseed diets, increased levels of EPA and DHA
(proportional to the level of C ., n-3) were observed in calves receiving these diets.
This supports the hypothesis that in ruminants these acids can develop from their
precursor (linolenic acid), while increasing the availability of C ¢, n-3 in the diet
increases the synthesis of long-chain fatty acids (Dewhurst et al., 2003).

The minimal tendency towards increased CLA content in the linseed and fish
oil groups was probably due to the higher content of linoleic acid in the total fat
of linseed and fish oil concentrates (1.46 g and 1.11 g, respectively) than in the
control group (0.78 g).

From a dietary point of view, the decrease in the n-6/n-3 PUFA ratio in meat

fat, for both linseed and fish oil diets, is very significant. The values obtained are
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consistent with the recommendations of FAO/WHO experts (1993), according to
whom the n-6/n-3 PUFA ratio should be close to 4-6. The n-6/n-3 PUFA value
depends largely on the composition and proportions of fatty acids in the diets
fed. The use of diets rich in n-3 PUFA in animal feeding increases the proportion
of these acids in intramuscular fat while reducing the level of n-6 PUFA and the
n-6/n-3 PUFA ratio (Raes et al., 2004).

In addition to nutritive value, consumers pay considerable attention to the sen-
sory quality of meat. The first quality trait considered by meat buyers is the colour
of meat. It reflects meat freshness and depends mainly on the content and chemi-
cal structure of the principal pigment, myoglobin (Geay et al., 2001). In the group
of calves receiving linseed oil, meat colour was found to become lighter, which is
hard to explain. As in the present experiment, Wistuba et al. (2006), who used a
3% fish oil supplement in heifer diets, noted no changes in meat colour. After 48 h
of cold storage, a decrease in meat pH, related to post-mortem acidification of
meat due to glycogen metabolism, was observed. This phenomenon was closely
associated with the change in colour observed 48 h later, because low pH contri-
butes to lighter colour (Geay et al., 2001).

Being the most important sensory trait of meat, tenderness is a result of many
live factors and post-mortem maturation of meat, and largely depends on carcass
handling after slaughter (Sinclair et al., 1998). The observed slight decrease in
meat tenderness in the experimental groups, especially when fish oil was fed, re-
sulted perhaps from a slightly greater reduction in the pH of meat of calves from
this group. The decrease in pH during post-mortem chilling has a negative effect
on meat tenderness (Thompson, 2002).

Palatability is an organoleptic trait that includes mainly taste and aroma. Meat
aroma is determined by volatile aromatic compounds, while taste is associated
with water- and fat-soluble compounds that accumulate in meat during matura-
tion and form during thermal treatment (Farmer et al., 1994). Intramuscular fat
has a significant effect on taste. The structure, taste and aroma of meat deterio-
rated clearly after the use of fish oil in calf nutrition. Probably, some compounds
responsible for the specific aroma of fish passed together with oil into muscle
tissue. These findings are in agreement with the results of Wistuba et al. (2006),
who reported that meat palatability deteriorated markedly after the use of fish oil
in the feeding of heifers.

CONCLUSIONS

The results obtained show that linseed with a high linolenic acid content and
fish oil containing considerable amounts of long-chain EPA and DHA fatty acids
are excellent feeds that increase the level of essential n-3 PUFA in calf meat and



ZYMON M., STRZETELSKI J. 563

thus improve its health-promoting value. The consumption of this meat can re-
duce the deficiency of essential n-3 fatty acids, especially in humans eating no
fish. Linseed has no negative effect on the sensory quality of meat and can be used
in meat production. However, fish oil clearly has an adverse effect on meat taste
and aroma and probably will not be used in large-scale meat production. Sensory
quality is the main factor determining the choice of food. If the aroma and taste of
meat is unattractive, the consumer will refuse to buy it despite its health-promot-
ing properties.
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