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^S l^lARY: In an attempt to reduce carcass fatness 16 old culling ewes from purebred Leicester and Oxforddown were fed on low energy diets (barley 

SuPPlemented with different levels of fish meal. The objective of the present study was to clarify whether the fish meal supplementation gave rise to fishy

Xu
\ lrs Os a result of oxidation of the unsaturated lipids during processing and/or storage. Sensory analyses were performed and the amounts of thio-

*cid reactive substances (TBARS) were measured from meat/fat blends in raw samples, heated samples (70°C), and 2-days stored, reheated samples.

%io
111'pid samples extracted from backfat of M. longissimus dorsi were analyzed for fatty acid composition. A  trend towards increased off-flavour and 

0Verall acceptability was found as a result of using fish meal in the diet However, due to large variation between animals, mainly within the fish meal
X "‘»tedgroups, no clear systematic effects were found. No significant effect of fish meal supplementation on any of the fatty acids were observed. This

the general hypothesis that ruminants hydrogenate unsaturated lipids.

^ S B UCTION: Old culling ewes fetch low prices due to overfatness combined with the changes in consumer demand towards less fat in meat. Strong 

S ll®ve th ,lI>erefore been made with the objective of reducing fatness but retaining the meat content of the carcass. Vipond et al. (1989) have shown that it 

le to reduce fatness and retain the lean meat content of overfat Iamb carcasses, if the lambs are fed daily on low-energy diets (barley straws) supple-
X)™ w;

"^l* 100 g of fish meal pellets, provided that the protein decomposition in the rumen is low. 

is |

X i

\

' generally accepted, that the body fat to a greater extent reflects the fatty acid composition of the diets for non-ruminants than for ruminants, as 

a<;teria hydrogenate polyunsatured fatty acids. It is also widely recognized that dietary inclusions of free oils can alter digestion in the rumen due to 

Activities of the rumen microbial population (Palmquist & Jenkins, 1980). Experiments have shown that, eg., dietary substitution of naked oats for 

a*ter ruminal digestion through effects that appear to derive from the associated increase in lipid intake (Martin, 1990).
jL

IBeal, however, includes fish oils characterized by very long, highly polyunsaturated carbon chains, is very sensitive for oxidation. It is therefore 

l°  investigate whether these compounds are transferred to the intramuscular and/or intermuscular fat, where they subsequently can produce unpala- 

Products, as a result of degradation of the unsaturated lipids during processing and/or storage giving rise to fishy off-flavours.

°bjective of the present study was to establish if different levels of fish meal supplementation to barley straw diets gave rise to a fishy taste and 

fo u n ts  of thiobarbituric acid reactive substances (TBARS) in the meat from old culling ewes. Meat/fat mixtures were obtained from M. longissimus

X
X
X ,

. tl>e subcutaneous layer of backfat of old culling ewes from a control group and two groups fed on different levels of fish meal supplementation. The
x of

0leat/fat mixtures were heated to 70°C and subsequently stored for 2 days, after which they again were reheated to 70°C.

V  ^ ~ ^ l ALS ANT> METHODS: Animals and sampling. Sixteen 4-6 year old culling ewes, purebred Leicester and Oxforddown, from a previous breeding

X„t
( \  Were Used (Erederiksen et al.. 1990). The animals were divided into three groups according to breed, age and live weight and fed on ¡1 barley straw 

C°ntr°l), j i i barley straw plus 100 g fish meal (group 1), or nil barley straw plus 300 g fish meal per day (group 2), respectively. The controls were 

tl>e beginning of the trial, while the two experimental groups were fed for 14 weeks on the diets supplemented with fish meal before slaughtering.

®®~Satsi (11 - 13 th rib) was removed at 24 hr. post stunning and stored at - 20°C until further analysis.
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Preparation of samples. The loin section was thawed at 2 - 4°C overnight and the lean meat and subcutaneous fat were finely comminuted

food processor. 10 gr. of comminuted meat were used for determination of total lipid and dry matter in the lean meat. The rest of the meat was

mixed with 10% (w/w) comminuted subcutaneous fat and subsequently vacuum-packed and stored overnight at 2°C. The following day, meat/fat *

sensory analysis were made by adding 50% water (w/w) to the standarized meat/fat mixture in 200 ml beakers and subsequently heated to a temp®1* 1
,tu*

70°C in a microwave oven (Philips Cooktronic M710). After the first organoleptic analysis the beakers were covered with oxygen permeable plastic fll1® *** 

48 hrs. at 2°C. At day 2 the samples were reheated to 70°C in the microwave oven before the final sensory analysis.

Total lipid in lean meat. Total lipid of the M. longissimus dorsi was determined in duplicate according to the method of Salwin et al. (19^)*

ids*J

$
$

itj0U l*
Fatty add composition. Lipid samples extracted from the backfat of M. longissimus dorsi (single analysis) were analyzed for fatty acid comp°s

a chloroform-methanol procedure for lipid extraction (Bligh & Dyer, 1959) and a boron-trifluoride method for methylating (Metcalfe et al.. 1966). The Dl
•5

fatty acids were separated by gas chromatography using a Perkin-Elmer Model 3920 with flame ionization detector and a coiled 3 m x 1/8" stainless st**
X $

$
packed with 15% diethylene glycol succinate (DEGS) on chromosorb W  HP 80/100. The column was run at 190°C (injection 0,5 p i, Nj-flow 0,5 kg/clB 3̂

16 x 100). A  known amount of an internal standard (0 3 :0 ) was injected with each sample. Quantitative values were determined by a Perkin-Eld®1" 1

SIP-1 and reported as percentage of fatty acids.
$

t*V
TRA test. The thiobarbituric acid (TBA) extraction method of Vyncke (1970,1975) was used to measure oxidative rancidity (analysis in dup*'

the TBA values were expressed as micromole malonaldehyde per kg meat sample. Dry matter was determined by drying the ground samples (ra^
IK*1

reheated) to a constant weight in an incubator at 103°C (analysis in duplicate). Dry matter percentages were used for calculating TBA values.

Sensory evaluation. A 9 member taste panel was used for evaluation of meat taste, off-flavours and overall acceptance. A  10 point hedonic

/

For evaluation of meat taste and off-flavours: 9 = very strong meat taste/ofT-flavour and 0 = No meat taste/ofT-flavours. For evaluation of overall s' 

9 = very good and 0 = very bad.

Statical analysis. One-way analysis of variance was used to determine the effect of feeding group on TBA values, fatty acid compositi®11’ 

lean meat and taste panel data. Bartlett’s test was used for testing homogeneity of variance.

,ccX,biiiP‘ hi

tot»1

KF-Sm.TS & DISCUSSION: No significant difference in the content of intramuscular fat was found between controls and the two group8
o» ’

supplementation. The mean values of total lipid in lean meat were 6.14%, 5.52% and 532% for group 0, 1 and 2, respectively.

si
Fatty add composition. Results from the gas chromatographic separation of fatty acids from the backfat of M. longissimus dorsi arc

ib®*1’
: fatU

1. The C16, C18 and 08 :1  revealed the largest standard deviation. However, no significant effect of fish meal supplementation on any of tbe *"

ds)*®
observed. The 0 6  and 0 8  made up approximately 95% of the fatty acids determined and the extent of polyunsaturation (2 or more doubl®

about 2%. These results support the generally accepted view, that unsaturated fatty acids of the diet are hydrogenated by ruminants.

\
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Fatty acid compos 

meal per day;
ition of subcutaneous backfat of old culling ewes fed on different levels of fish meal in the diets. Group 0 = controls; Group 1 = 
Group 2 = 300 gr. of fish meal per day.

#c'<is in %

---------------------

Group 0 
Mean ± SD2’ 

(n = 5)

Group 1 
Mean ±  SD2’ 

(n = 5)

Group 2 
Mean ±  SD2’ 

(n = 6)

Signifi
cance

C i , ------------------------- 0.11 ±  0.01 0.09 ± 0.02 0.10 ± 0.03 NS1’

C]/’* 0.08 ±  0.03 0.07 ± 0.02 0.07 ± 0.01 NS1’

---------- --------------- 2.96 ±  0.24 3.05 ± 036 239 ± 037 NS1’

------------------------ 0.42 ±  0.08 034 ± 0.06 032 ± 0.06 NS1’

0.18 ±  0.03 0.13 ±  0.04 0.16 ± 0.05 NS1’

— ----------------- 2439 ±  1.03 23.17 ±  1.07 23.96 ± 233 NS1’

------------------------------- 1.60 ± 034 130 ± 037 1.45 ±  030 NS1’

-----------------------
1.17 ± 033 1.17 ±  0.17 1.02 ±  0.10 NS1’

---------------------
0.60 ±  0.11 037 ± 032 035 ± 0.09 NS1’

26.12 ±  3.78 28.43 ±  433 2631 ± 432 NS1’

-—
40.06 ±  235 39.61 ± 3.88 4035 ± 6.12 NS1’

---------------------
0.65 ± 0.19 0.49 ± 0.09 0.63 ± 0.13 NS1’

130 ± 031 1.46 ± 034 1.49 ± 0.11 NS1’
X ljte d

--------------- 55.01 56.11 55.01

p ^ ^ W u  rated----- _____________ 42.68 41.82 42.67

L ^ r i U e d
Hi. —

2.15 1.95 2.12

SIGNIFICANT 2) SD = Standard Deviation

¡IL Results from TBARS measurements are
X i  j

\K. *̂8* 1, which shows the mean values of

^  *>y ea
L  c”  feeding group as measured in raw,

%
S"V-!
V̂ ti„0

heated samples. The TBARS level showed

x
among animals within the groups, and

X
lfd d •

eviation was apparently increased

Xh,
\ l  "  mea* supplementation. The hypothesis of

H nce
s *n the 3 groups was clearly rejected

“et0|
■heal

\ . l° the large variances between animals in the%
supplemented groups, no signiflcant

^tWeen mean TBARS levels were found, 

i tf’ ‘be i
Ucreased variation was due to a few

sv

TBARS

0
DAY

% l . °  the r,sh meal suPPlemente<1 groups Figur 1 Mean values with error bars (mean ± SD) of TBARS tests (in pmol maionaldehyde per kg
<1 sample) of meat/fat samples of old culling ewes fed different levels of fish meal, x-x, 0-0, »-» are
a . Whereas the rest of the animals were referring to controls, lOOg and 300 g respectively."«I,"vei°fth,le control group.

Xd,len
cy towards higher TBARS in meat from fish meal in the diet to sheep needs further studies.

\ iw  *"**> »». Analysis of variance on sensory evaluations showed no significant differences between the feeding groups when one-way analysis of

'Perf,
"ruled at each time of measurement. However, as found for TBARS data, the assumption of homogeneity of variances for feeding groups had
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to be rejected (P<.001). Mean values of sensory evaluations according to feeding group are shown in Table 2 as time of measurement was found inS‘gn

Apparently, the evaluation of off-flavour increased and corresponded to a decrease in overall acceptability, when increasing amounts of fish meal s P 

were used in the diet. These results seem to be correlated with an increased TBARS value (Table 2), although none of the trends were significan

a catatt*'
In this study the TBARS values were not significantly increased by reheating. This result could be due to less non-heme iron - as 

autooxidation - had been released by microwave cooking as compared to conventional cooking.

iflc*"

¡t"'

TAHI J-'. 2. Mean values of sensory analysis and TBARS tests of heated and reheated meat/fat slabs to 70°C. Group 0 — controls; Group 1 ^  ^

Group 0 
Mean ±  SD3’ 

(n = 5)

Group 1 
Mean ±  SD3’ 

(n = 5)

Group 2 
Mean ±  SD3’ 

(n = 6)

Meat Taste31 4.61 ± 0.40 4.23 ± 0.28 3.93 ± 0.80

Off-flavour3’ 1.45 ± 0.51 1.72 ±  0.76 2.40 ±  1.78

Overall Acceptability3’ 4.32 ± 0.46 3.91 ± 0.52 3.62 ±  1.12

TBARS Value. pmol/kg 3.47 ±  0.54 5.72 ± 2.43 6.48 ± 3.69

11 NS = NON SIGNIFICANT

3) SD = Standard Deviation

3) Scale = 0 - 9 ,  with 9 being most intense in meat taste, off-flavour and highest overall acceptability.

oh P"
CONCLUSIONS: The effect of fish meal supplementation in the diet for old culling ewes seemed to induce a higher proportion of animals j

off-flavour and decreased acceptability of the meat after cooking. This resulted in an increased variation between animals compared to the control &co^
fish meal in the diet. This type of unsystematic variation makes the statistical results uncertain. Further studies are therefore needed to 

observations.
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