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Effect of Dietary Linseed Oil Soap on Lamb
Meat

E. ZsédelyA. Kiraly, Cs.Szab¢,K. Németh,O. Déka,J. Schmid

Abstract—Theexperiment was carried out with 2x5 male Merino The other possibility is to feed ruminally proteti®ypass)

lambs raised under intensive conditions to investighe effect of
dietary calcium soap of linseed oil on the colod afatty acid

composition oflongissmusdorsi muscle. Control lambs fed a basal

diet and the experimental lambs consumed a digilsoented with
3% calcium soap of linseed oil. The color values, @*, b* a*/b*
and chroma) were not influenced by dietary treatm&he MUFA
proportion reduced, SFA and PUFA content did nderal As
expected, the linolenic (C18:3 n3) and thusthe méntent
significantly improved by linseed supplement (0a&7Yd 0.81; 0.78
and 1.16 in control and in experimental samplespeetively). Other
n-3 and n-6 fatty acids had similar valuestoconsaninples. The n-
6/n-3 ratio was significantly narrower in the expwntal group (6.31
vs. 9.38) but the P/S ratio did not differ betwéentwo groups.In
conclusion calcium soap of linseed oil seems toabeuitable
supplement form of n-3 fatty acids to improve thdriive value of
lamb meat.
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|. INTRODUCTION
I T is well known that n-3 (omega-3) fatty acids (FAQvk

fat.In the published studies protected form of paiim olive
fatty acids and rapeseed oil was investigatedinbkafi3]-
[15].

However these vegetable fats have lower n-3 fatig a
content than linseed, so the n-3 PUFA content cowd
improve appreciably.

Therefore, the aim of the present study was tostigate
the influence of dietarycalcium soap of linseeduwilthe color
and fatty acid composition of lamb meat.

Il. MATERIALS AND METHODS

A. Experimental design, animals and diets

Ten male Merino lambs were used to evaluate two
concentrate (five lambs per diet) containing 0 () 3%
calcium soap of linseed (S) (Table 1). Sunflowémas used
in the control diet to ensure iso-energetic contpmsi The
concentrate was fedd libitum and beside that one kg alfalfa
hay was offered to the lambs daily. The average Weight at

several beneficial effects on human health, one tmdde beginning of the trial was 18@63 kg. The experiment

important is the lower risk of cardiovascular dses [1].A
great number of scientific experiments have beemaoted in
order to increase the PUFA, especially the n-3 emnin
animal products [2]-[8]. These researches demaestrthat
the fatty acid profile of products (meat, egg) tenaltered by
dietary manipulations in monogastric animals. Hogrelit is a
more difficult challenge to modify the fatty acidrmaposition
of ruminant’s products (meat, milk) by nutrition eddo the
rumen fermentation. Several strategies were saoghtprove
the n-3 PUFA content and hereby the nutritionalugabf
intensively-reared lamb meat [9]-[12]. One of thesnto
involve natural unsaturated fatty acids into thest,difor
example linseed rich in n-3 linolenic acid. Althéu@UFA
undergoes high ruminalbiohydrogenation, high n-3iteot
(1.5-3% of total FA) was determined in lamb me&]4].
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lasted 60 days preceded by a 10-day adaptatioadyeturing
which lambs were gradually adapted to the experiatehets.

TABLE |
CHEMICAL COMPOSITION OF CONCENTRATES
Diets
C S
Ingredients, % of DM
Calcium soap of linseed oil 0.0 3.0
Corn 45.0 42.2
Wheat 25.0 26.1
Soybean meal 20.0 20.0
Sunflower meal 6.5 6.5
Sunflower oil 1.0 0.0
Limestone 15 1.2
Sodium chlorid 0.t 0.
Mineral and vitamin mixture 0.5 0.5
Total 100.0 100.0
Chemical composition, % of DM
ME (MJ/kg DM) 12.9 13.0
Crude protein (% of DM) 204 20.3
Fatty acid composition, g/kg DM
C16:0 0.33 0.32
C18:0 0.09 0.14
C18:1cis9 0.8¢4 0.9z
C18:1-6 1.82 1.24
C18:-3 0.05 1.39

The calcium soap of linseed oil was produced in our
laboratory according to [16], which contained 5a%nolenic
acid of total fatty acids, and consequently S Hesd 21 times
higher n-3 content compared to control group (QQwiever,
other properties (crude protein and ME content)liefs were
similar.

At the end of the experiment all lambs were slaegt, the
average live weight was 37.6 and 37.2 kg in thend@ &
group, respectively (P>0.05).

scholar.waset.org/1307-6892/13519


http://waset.org/publication/Effect-of-Dietary-Linseed-Oil-Soap-on-Lamb-Meat/13519
http://scholar.waset.org/1307-6892/13519

International Science Index, Agricultural and Biosystems Engineering Vol:6, No:3, 2012 waset.org/Publication/13519

World Academy of Science, Engineering and Technology
International Journal of Agricultural and Biosystems Engineering
Vol:6, No:3, 2012

B. Meat sampling and color measurement

Longissimusdorsi muscle samples (between ribs 12 and

13)were collected from the right side of each cssda both
groups to determine the color and the fatty acidfiler of
meat.

Color was measured with MiniScan XE Plus colorenet

(HunterLab, Inc., USA) using light source D65 ang‘/@°
geometry. Measurements were carried out in thrpbcetes
in each sample. The equipment was calibrated taewtiie
before each session of measurements. The CIELAB
(lightness) a* and b* (green-red and blue-yellowocindices,
respectively) color space (CIE, 1976) was usedetrchine
the color[17]; C* (chroma) was calculated accordiogthe

following equationC* = /(a2 + (b*) 2 .

C.Fatty acid analysis

Lipids were extracted from the tissue and feed $esnp

using chloroform/methanol (2:1, vol/vol). After eaaation of
solvents, samples were saponified with 1 n NaOHO& °C.
Boron-trifuorede-methanol was used for esterifmatof fatty
acids and then the samples were solved in hexangjfaged,
and dissolved prior to injection. The separatiorfatfy acids
was carried out by using an Agilent Technologie9G8!
Network gaschromatograph (Agilent
Headquarters,Santa Clara, USA) equipped with Sop8&le
2560 Fused Silica Capillary Column (length: 100imh, 0.25

fatty acid content do not affect significantly tb&or of meat.

1 1.02ns.
& 105

Chroma

18.80n.s.
18.92

O S (calcium soap of linseed ail)
B C (control)

36.55n.s.
L*
—': 20

n.s.: not significant (P>0.05)
Fig. 1 Effect of dietary treatment on the colomafscle

Contrary to that, the dietary linseed supplemenatin
maternal and/or lamb diet had no influence on blueaof
lamb’s back fat [19]. Nevertheless a* value wasdoand L*
value was higher in the samples of the linseed lsapgnted
groups compared to control group. This means that-3
proportion increasing in the diet, the back fat nieacome

Technologies, . Indighter. The authors considered this change asnandvement

of fat color score.When lambs are fattened on pestihe
effect of diet on subcutaneous fat is similar ttteat of linseed

mm, film thickness: 0.21m) and a flame ionization detector.intake [20], [21].

The operating conditions of the gaschromatographe vas
follows: the temperature of the thermostat was frbn® to
215°C, of the injector was 240°C, and of the deteutas
250°C. Helium was used as carrier gas at 176.8 Kraflow
was 35 mL/min for H, 30 mL/min for N, and 300 mLhmrfor
air. Fatty acids were identified using Supelco 3¥mponent
FAME Mix fatty acid standard (Catalog No. 47885-igi8a
Aldrich Chemie GmbH).

D.Satistical analysis
The effect of diet on colorand fatty acid compasitiwas

These observations may confirm that it is worthdgiiog
the color scores both fat and meat, if the n-3 prign of
concentrate is increased and hereby the n-3 PURtenb of
carcass improves.

B. Fatty acid composition

Calcium soap is a rumen protected form of linseéd o
which hadapproximately 52%o-linolenic acid content
(determined by our laboratory), so the rate of
biohydrogenation of unsaturated fatty acids is loamd thus
major part of them can incorporate into the muscle.

analyzed using SPSS 15.0 for Windows program packag Results of our fatty acid analysis are presentet@iable 2,

(SPSS Inc., Chicago, USA). T-test was used to thet
differences between treatment means. Statistigalifsiance
was considered at P<0.05.

Ill. RESULTS AND DISCUSSION

A. Color of meat

As Fig. 1. shows L* (lightness) was found highed aat
(redness) lower in experimental (S) group compéaoedhean
value of control (C) samples. However, neither lidrh was
significant, and similar value was obtained in ttese b*
(vellowness). These results meet our expectatibe.€ffect of
other dietary supplement (fishmeal, canola mealsarydmeal)
at the level of 7 to 8% in lamb’s dieton severaparties of
lamb muscles was investigatedearlier [18].

researchersexamined not only thecolorbut also tbeco

stability during storage. Their conclusion was greement
with our result that the significant increases insglie n-3
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Thes

which includes only the major fatty acids and fattgid
groups. The concentrate of the S group contained
approximately 27 times higher-linolenic acid (C18:3 n-3)
than control diet. This difference caused typidération in
fatty acid profile of muscle.

Among main fatty acid groups (SFA, MUFA, PUFA) only
monounsaturated (MUFA) values differ between the
experimental groups significantly (P<0.05). Thisagreement
with [10], because they also observed decreasingFMU
content when a supplement containing extruded ditisgas
incorporated into the lambs diet. However, if oty ewes
were fed linseed diet 8 weeks long from the 11 wesfkthe
weaning but the lamb’s diet have not includedtis MUFA
content of longissimusdors was not lower than control
gamples (45.3 and 45.5%, respectively). Howevarraoy to
our results the lower oleic acid (C18:1c9) contesuised the
MUFA proportion to decrease in all treatments. Aot
interesting result is published by [12], who repdrthigher
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oleic acid and thereby higher MUFA value in linsefed
group compared to control lambs. Its reason is magtcliose
relationship with the 25% alfalfa pellets ratictire basal diet.

TABLE Il
FATTY ACID COMPOSITION (MEANSEM) OF LONGISSIMUSDORSI MUSCLE FED
ADIET WITHOUT (C) OR SUPPLEMENTED WITH CALCIUM SOAP OF LINSEE(S)
(% OF TOTAL FATTY ACID CONTENT)

C S Significance

C14:.0 4.36+0.19 45@80.18 n.s.
C16:0 24.23:0.54 23.8%0.26 n.s.
Ci6:1 1.94+0.14 1.730.08 n.s.
C18:.0 12.84:0.30 12.620.31 n.s.
C18:1 n9 29.650.46 29.880.82 n.s.
C18:1 n7 11.09:0.78 8.030.73 *
C18:2 n6 5.49:0.14 55%#0.32 n.s.
C18:2 cotll 0.49+0.07 0.660.07 n.s.
C18:3n3 0.47+0.01 0.8%0.06 **
C20:4 n6 0.82+0.09 0.620.09 n.s.
C20:5n3 0.07+0.01 0.0¢:0.02 n.s.
C22:5n3 0.19:0.01 0.230.02 ns.
C22:6 n3 0.06+0.01 0.060.01 n.s.
SFA? 44.08:0.77 43.430.32 ns.
MUFAP 44.07:0.90 40.960.51 *
PUFA 8.10:0.24 8.460.34 ns.
n-6 7.31+0.21 7.3(x0.3C ns.
n-3 0.78:0.03 1.16:0.05 ***
P/S 0.18:0.01 0.280.01 n.s.
n6/n3 9.38:0.24 6.3#0.26 ***

n.s.: not significant* P < 0.05** P < 0.01*** P <@1
a SFA: saturated fatty acids.

b MUFA: monounsaturated fatty acids.

¢ PUFA: polyunsaturated fatty acids.

d P/S: polyunsaturated/saturated fatty acids.

The saturated fatty acid (SFA)group and its magpttyf
acids (C16:0, C18:0) represented similar propofitio@ and S
samples. Similar observation was reported
experiments in meat samples [10], [19]. Althougthheo
authors [10], [12] found that applying linseed imetdiet
significantly reduced the SFA content of perireaalipose
tissues but not influenced that of the subcutanéatus

As presented in Table 2. dietary treatment didinotease
significantly the proportion polyunsaturated fa#tgids group
(PUFA) but modified its compaosition. As it is exped, lambs
fed calcium soap of linseed oil had a greater pridgo
(P<0.01) of linolenic acid (C18:3 n3) and herebghar n-3
fatty acid content (P<0.001). The 3% calcium soapthie
concentrate improved total fatty acids content from7 to
0.81%.This means 72% increase. Compared to othéiestit
is considered a favorable result, because [12]eaeki similar
value (0.86%) with adding 97 g/day DM linseed. @a bther
hand, 6 or 9% of natural form of linseed supplenrestited
1.5 and 2.2% linolenic acid content, respectiveO]]
Furthermore, the lambs muscle from the animalgpfetected
n-3 supplement diet (40 g/kg DM) contained 1.5 Snneuch
C18:3 n3 as the linseed based diet [22]. When &meb$
remained at pasture during the trial, 2.2-3.7%léniz acid of
the total fatty acids were achieved independenthmf the
dietary manipulation [21].

According to this, calcium soap of linseed was affe but
its dose in the diet should be increased to achlagber
C18:3 n-3 proportion. However, this recommendatitay be
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altered based on the result of a sensory analy$is. other
components of the n-3 group (EPA, C20:5; DPA, C2nh8
DHA, C22:6) are very valuable for human nutritiohhe
increased total linolenic acid contentof muscle mid alter the
EPA, DPA and DHA content of muscle. As EPA and D&
the metabolites of linolenic acid, furthermore DR% the
metabolite of EPA, this suggests that the convarsificiency
in these cases may be low in ruminants. It wasistarg with
the results reported by [10], because they did alxgterved
significant differences in the level of these latmin n-3 fatty
acids of muscle from lamb fed 3, 6 or 9% linseedhpared to
control samples. Contrary to that, [19] publishéghigicant
improving in the level of EPA and DPA in lambs fiatseed,
but DHA content were not affected by the diet. @thidy
[13] presented that protected form of n-3 supplenaksh not,
but fish oil increased EPA, DPA and DHA proportiam
longissimusdorsi muscle of lamb compared to diet of whole
linseed. The reason is that fish oil is one ofribkest sources
of long chain n-3 fatty acids. These results mayfiom that
applying of this oil in lamb’s diet may be a possimethod to
increase the level of these fatty acids.

Control diet contained more linoleic acid (C18:2 titan S
diet due to the low level of C18:2 n6 in the catcigoap used
in our trial, and the fact that sunflower oil wadded to the
control concentrate to achieve isoenergetic dielbis
difference did not reflected neither in the C18&(6.49 and
5.57 in the C and S samples, respectively) naisimietabolite
(C20:4 n6) level of muscle. This result isin agreamwith
other authors, who observed that incorporation ©8:2 n6
into the muscle could not be influenced by higlesded (6 or
9%) [10].Furthermore, other fat sources (unproticte

in othéapeseed, fish meal or oil, calcium soap of olagyfacids or

palm oil, safflower or sunflower) except the pragetform of
canola seed could not affect it [12]-[15]. It sugige that
biohydrogenation of linoleic acid may be very effee in the
rumen.

The n-6/n-3 ratio is an important component of theat
quality assessment beside the amount of eachdaitty In our
trial the n-3 percentage increased due to the hitjhelenic
acid content and additionally, n-6 group was néitanced by
calcium soap of linseed in S group. So control dampad
similar amount of n-6 and lower n-3 fatty acids gamed to S
muscles. These changes resulted that the n-6/1i3 was
significantly (P<0.001) narrower in S samples thzat of the
control lambs (6.31 vs. 9.38, respectively). It chae
considered a beneficial property for human nutmitio
However, this value is higher than the recommendabtf
nutritionists [1], [23].

The other important aspect of nutritional valuefadd is
the P/S (PUFA/SFA) ratio, which should be at le@tO
according to nutritionists [23]. This value was®i S group,
which should be improved to meet with human demand.
However, other researchers ([10], [12], [18]) diot manage
to achieve higher value using different dose afdied or other
plant origin fats (protected or unprotected formrapeseed,
sufflower, sunflower, fish meal). The P/S ratiosevéetween
0.05 and 0.15 in these studies, although the rB&@io was
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narrower (1.5-4.02) than in our present study.lt as

interesting fact that P/S ratio was more benefifaB8-0.48)
in intramuscular fat of lambs if palm oil (rich iBFA and
MUFA) or calcium soap of palm oil was incorporatiedo

their diets [14]. Similar to this supplying 5% dalm soap of
olive fatty acids displayed 0.43 P/S ratio in theamuscular
fatty acid profile of lambs [15]. However, thesstlanentioned
fat sources could not result narrow n-6/n-3 ratl8-24:1),
which decrease the nutritive value of these meat.

IV. CONCLUSION

In conclusion, calcium soap of linseed seems toabe
suitable supplement form of n-3 fatty acids to ioya the
nutritional value of lamb meat.Further work is needto
clarify the optimum level of supplementation to i&sle the
most beneficial fatty acid profile in terms of humautrition
without impairing the sensory properties.
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