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Abstract

Objectives of this study were to evaluate effects of grazing tropical forage species and level of
supplementation with grain on characteristics of lamb meat. Ninety-day-old lambs (n = 36) (22.54 +2.72
kg) were randomly assigned to a 2 x 3 factorial arrangement of pasture types (Aruana and Marandu) and
levels of concentrate supplementation (0%, 1.5% and 3% of bodyweight). Water retention capacity, shear
force, weight loss after cooking, pH, colour, and intramuscular lipid content of the meat were evaluated. A
panel of 145 consumers evaluated the appearance, flavour, fat flavour, odour, and softness of the meat and
provided an overall assessment. Supplementation at 3% of bodyweight reduced the luminosity of the meat.
The appearance of meat from lambs that grazed Aruana grass was deemed preferable to that of meat from
lambs that grazed Marandu grass. Total branched-chain fatty acids (BCFAs) were increased when grazing
Marandu grass compared to Aruana grass. Lambs supplemented with concentrate had reduced BCFA/kg of
meat and its content of both monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids were
increased. Supplementation with concentrate at 1.5% and 3.0% of bodyweight increased n-6 PUFAs by
16.8% and 90.0%, decreased n-3 PUFAs by 49.7% and 35.9%, and thus increased the n-6/n-3 ratio by
135.0% and 183.8%, respectively. Lambs that were finished on grass without supplementation had a more
healthful fatty acid profile and received better scores for flavour and global appreciation. To improve the
quality of fatty acids in the meat, the pasture system is recommended.

Keywords: Brachiaria brizantha, lipid content, Longissimus thoracis et lumborum, Panicum maximum,
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Introduction

Production of sheep meat depends on forage resources to produce quality animal protein (Sousa,
2007). Marandu grass is predominant in Brazil owing to its adaptation to different soils, ease of planting and
management, and drought resistance (Faccin et al., 2014). Aruana grass is readily consumed by sheep and
has a favourable nutritive profile. It is productive, has a high capacity of regrowth, and is recommended for
sheep owing to its low height (Zanini et al., 2012; Vargas Junior et al., 2013).

Efficiency in sheep meat production can be improved with supplementation that ensures increased
productivity compared with the traditionally developed extensive systems (Emerenciano Neto et al., 2011).
Supplementation at appropriate levels can help satisfy nutritional requirements and allows the production of
animals with carcass characteristics that meet consumers’ expectations (Santos et al., 2009; Papi et al.,
2011). It can also improve nutrient-use efficiency for maximal performance by grazing livestock (Turner et al.,
2014).

There are significant differences in lamb consumption between countries and regions (Daszkiewicz et
al., 2018). Variation in supply and relatively high prices of lamb meat limits consumption (Muela et al., 2010).
Consumers appreciate the originality, specific sensory attributes, and traditional character of lamb meat
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(Muela et al., 2016). Meat quality from grass-fed lambs is perceived to be better than that from concentrate-
fed lambs. However, moderate levels of supplementation with concentrates on pasture do not change the
characteristics of lamb meat (Boughalmi et al., 2016).

Animal nutrition influences sheep meat in terms of its physical properties (Moreno et al., 2016), meat
and fat colour (Joy et al., 2008), sensory aspects (Osoério et al., 2009), and fatty acid (FA) profile (Alves et al.,
2012). Consumers believe that meat colour is the most important indicator of meat quality (Neethling et al.,
2017) and it is considered by them in deciding to purchase meat (Abdelrahman et al., 2018). Lipid
composition of ruminant tissues is determined by lipid metabolism in the rumen (Alvez et al., 2013). Some
isomers of conjugated linoleic acid, which is produced in the rumen, have important biological properties for
human beings (Pariza et al., 2001).

It is pertinent to establish the effects of the concentrate to tropical forage ratio on lamb performance
and carcass traits, especially the ability to produce carcasses that are deemed suitable according to
commercial standards (Claffey et al., 2018). Given that the consumer of lamb meat is demanding, and that
the quality of the meat depends on sources of nutrients provided to the animal, the objective of this study
was to evaluate the effects of tropical forage species and the level of supplementation, with the focus on the
physical characteristics, sensory aspects and fatty acid composition of lamb meat.

Material and Methods

All experimental protocols were approved by the Animal Experimentation Ethics Committee (CEUA) of
the Federal University of Grande Dourados. The experiment was conducted at the Experimental Area of
Embrapa Western-Region Agriculture, in Ponta Pord, Mato Grosso do Sul. The experimental area has the
geographical coordinates 22°32'56" S 55°38'56" W and is at an altitude of 642 m. The trial was run in
summer during which time precipitation was 874 mm and with temperatures ranging from 18.6 to 29.0 °C.

Thirty-six intact male Suffolk lambs, weaned at a mean of 90 days old and with initial average
bodyweight (BW) of 22.54 + 2.72 kg, were used in this study. A 1.23 ha area was divided into paddocks,
measuring 32 x 32 m each. The experiment was of a completely randomized design with a 2 x 3 factorial
arrangement of two types of pasture (Panicum maximum (Aruana) and Brachiaria brizantha (Marandu)) and
three levels of concentrate supplementation (0%, 1.5% and 3% of BW). There were two replications of
paddock and three animals in each paddock for a total of 36 animals and 12 experimental units (paddocks).
The animals grazed the available forage, estimated by leaf area as 5.39 + 0.79 m?% m? for Aruana grass and
11.57 + 1.72 m* m? for Marandu grass, continuously. The supplementation consisted of ground soybean
(33%), corn (22%) and oats (45%), provided at 08:00 hours (Table 1). The animals were weighed every 14
days for adjustments in the amount of supplement. Mineral salt and water were offered ad libitum.

Table 1 Chemical composition of the dietary ingredients for lambs grazing either Aruana grass or Marandu
grass and supplemented with concentrates

Nutrient Aruana grass Marandu grass 233;?;;::;?
Dry matter (g/kg as feed) 281.2+08.4 315.0 £ 09.6 871.2
Organic matter (g/kg of DM) 922.4+08.4 915.2 £10.3 947.5
Crude protein (g/kg of DM) 165.8 + 38.5 51.7+13.6 218.4
Neutral detergent fibre (g/kg of DM) 629.4 +43.7 652.7 £ 62.3 354.4
Acid detergent fibre (g/kg of DM) 298.5+42.4 309.5+52.1 82.9
Ether extract (g/kg of DM) 13.2 £ 05.9 11.8 £03.2 88.3
Fatty acids (g/kg of fat)

C 12:0 Lauric acid 5.20+0.34 5.05+£0.25 1.08 + 0.05
C 14:0 Myristic acid 7.48 £0.19 7.85+0.19 51.45+2.41
C 16:0 Palmitic acid 300.25 £0.99 300.03 £ 0.22 177.50 £ 0.67
C 16:1 Palmitoleic acid 6.28 +0.21 6.28 £0.21 3.18£0.22
C 18:0 Stearic acid 36.90 £0.29 36.85 £ 0.24 20.03 £0.33
C 18:1 Vaccenic acid 20.55 +1.06 37.33+£3.62 349.23 +1.61
C 18:2 Linoleic acid 150.40 £ 0.39 169.48 £ 0.48 364.60 £ 1.64
C 18:3 a- and y-Linolenic acid 362.68 + 0.68 379.03+0.79 18.15 £ 0.25
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The animals were slaughtered when they reached a body condition score between 2.5 and 3.0 on a
scale of 1 - 5 (Pugh, 2004), or a maximum age of six months. Six animals were slaughtered on days 73, 77,
91, 98, 105, and 126 of the experiment. Before slaughter, the animals were fasted (solids) for 16 hours and
weighed. Slaughter was consistent with the Regulation of Industrial and Sanitary Inspection of Products of
Animal Origin (RIISPOA) (Brazil, 2000). Briefly, the lambs were stunned by electronarcosis (8 seconds of
220 V discharge), followed by the cutting of the jugular veins and carotid arteries, and subsequently
eviscerated. After slaughter, the carcasses were stored at 4 °C for 24 hours. Subsequently, the Longissimus
thoracis et lumborum (LM) muscles were removed and kept frozen until analysis.

Water-holding capacity (%) was measured according to the method described by Hamm (1960). Shear
force (SF) (kg) was determined for meat that had been cooked to a final internal temperature of 71 °C using
a belt grill (TBG-60 Magigrill, MagiKitch'n Inc., Quakertown, PA, USA). After the steaks left the belt grill, they
were held at room temperature, and a 1-cm thick, 5-cm long slice was removed from the lateral end of each
steak parallel to the muscle fibres and evaluated in accordance with Hopkins (2010) using a texture analyser
(TA-XT2i, Texture Technologies Corp, Scarsdale, NY) with a Warner-Bratzler blade. Weight loss after
cooking (%) was estimated from the difference between the weights of raw and cooked samples. The pH
was measured three times for each sample using a digital potentiometer with a penetration probe (Testo
205/206). Colour was evaluated after 30 minutes of exposure to air to allow the myoglobin to react with
oxygen (Cafeque et al., 2000). Luminosity and the red and yellow intensity were determined with a CR-400
colorimeter and illuminant D65 at a viewing angle of 10° and an aperture diameter of 8 mm (Konica Minolta
Sensing Inc., Japan). The tone angle and the saturation index were calculated (CIE, 1978).

Meat samples were lyophilised (-60 °C and 2.0 hPa) to a constant weight, using a lyophiliser
(Edwards High Vacuum International, West Sussex, UK). To determine intramuscular lipid content, total
lipids were extracted from lyophilized meat samples (ca. 3 g) with a chloroform-methanol solution (Bligh &
Dyer, 1959). Fatty acid analyses were conducted as described by Sant’Ana et al. (2018).

Sensory analysis was carried out by a panel of 145 evaluators, consisting of 87 men and 58 women.
The panellists ranged in age from less than 22 years (66%), 22 - 30 years (26%), 30 - 46 years (7%), to over
46 years (1%). The samples were roasted on a grill until their geometric centre reached a temperature of
70 °C (Rodrigues & Teixeira, 2009). After a short period of cooling, sodium glutamate was applied to
enhance the flavour, and the samples were identified with a code and cut into 2 cm cubes. The samples
were served in plastic containers to evaluate their attributes with a hedonic scale adapted from 0 to 10
points, namely appearance (‘not liked’ to ‘liked very much’), flavour (intense to mild), fat flavour (intense to
mild), odour (strong to mild), softness (firm to soft), and provide an overall assessment (‘not liked’ to ‘liked
very much’) (Rodrigues & Teixeira, 2009). At the same time, the panellists were questioned about the
possibility of purchasing the product and the price they would be willing to pay for it.

Physical properties of the meat, FA content and sensory data were analysed using PROC MIXED of
SAS version 9.3 (SAS Institute Inc., Cary, NC USA). The model was:

Yijk = MU + Gi + S] + GSI] + dijk + ei]'k

Where: Yj;, is an observation from the kth experimental unit,
u is the overall mean,
G; is the effect of the variety of grass (i = Aruana, Marandu),
§; is the effect of supplementation (j = 0%, 1.5%, 3.0%),
GS;; is the interaction effect of the ith variety of grass and the jth quantity of supplement,
d;ji is the linear random effect of slaughter day, and
ejjk is the experimental error.

Differences between means were assessed with the Bonferroni test, and statistical significance was
established at P < 0.05.

Principal component analysis (PCA) was performed using STATISTICA 8.2 (TIBCO Software Inc.,
Palo Alto, CA, USA). For the PCA, the partial sums of FA were used as active data to create a vector of
correlated variables, and individual FA was used as supplementary data, plotted in the graphic to observe
the relationship between this variable and the sums of FA (Vicini et al., 2005). For PCA of the sensory
aspects, the sensory variables were used as active data to create a vector of correlated variables, and
instrumental indicators and partial sums of FA were used as supplementary data, plotted in the graphic to
observe the relationship between sensory aspects and instrumental indicators, and partial sums of FA (Vicini
et al., 2005). Only those variables with correlations to the factors that were greater than 0.5 are shown
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graphically. Discriminant analysis was used in an attempt to relate the sensory attributes and the six
treatments in order to assign consumer perception to categories (treatments) based on the variance—
covariance structure.

Results

The variety of grass had no detectable effect on the physical characteristics of the meat (Table 2).
Luminosity values were greater for meat from lambs that did not receive supplementation compared with
meat from animals supplemented at 3.0% of their BW. The intensity of yellow was greater in lambs fed with
Marandu grass, and lowest in animals with fed concentrate at 1.5% of their BW. The differences in intensity
of yellow resulted in low tone angle of lambs fed with 1.5% concentrate supplement. The intensity of red, the
saturation index and the water retention capacity were unaffected by the treatments. There was interaction
for SF in that meat from animals that were on Marandu grass pasture had lower SF when they received
concentrate supplementation, while animals that were on Aruana grass pasture had higher SF when they
received concentrate supplementation.

Table 2 Indicators of meat quality of the Longissimus thoracis et lumborum muscle of lambs that grazed
Aruana or Marandu grass and were supplemented with concentrate at 0.0%, 1.5& or 3.0% of bodyweight

Grass Aruana Marandu P-value

Supplementation 0.0% 1.5% 3.0% 0.0% 1.5% 3.0% SEM G C GxC
Ph 5.62 5.57 5.64 5.81 562 564 0591 010 0.11 0.37
Luminosity 38.48 35.98 35.46 39.80 37.03 33.00 0.173 092 0.04 027
Intensity of red 13.41  14.03 1465 1342 1483 17.06 1041 040 037 0.75
Intensity of yellow 6.14 4.42 5.42 6.67 499 632 0.632 0.02 <0.01 0.83
Saturation index 1479  14.77 1577 1509 1566 1828 1.367 0.31 0.38 0.76
Tone angle 25.09 18.25 2034 2665 1853 20.31 3.177 054 0.04 0.80
Water holding capacity 77.20  79.30 81.06 81.32 77.36 79.62 1677 0.86 0.72 021
Loss of cooking 25.18  30.37 3512 20.74 2840 3321 3.803 034 021 0.63
Shear force 2.30° 3.39% 2.78%  276®  217° 245" 0240 009 0.02 0.01

*®Means in the same row with different superscripts are different (P < 0.05) for interaction between grass and
concentrate level

For FA content, there was an interaction between concentrate levels and grass (Table 3). Meat from
animals on Aruana grass pasture and supplemented at 1.5% of their BW had greater FA content, while
animals on Marandu grass pasture had higher FA content when they received concentrate at 3.0% of their
BW. The total quantity of saturated fatty acids (SFAs) was not affected by the treatments, but differences
between treatments were found for some individual SFAs. Meat from animals on Aruana grass pasture and
supplemented at 3.0% of their BW had the greatest capric fatty acid (C10:0) meat, while animals on
Marandu grass pasture without supplementation had more C10:0. Tridecylic (C13:0) and pentadecylic
(C15:0) acids were reduced when lambs were supplemented at 1.5% or 3.0% of their BW. The stearic acid
content increased when the animals were supplemented at 1.5% of their BW. Margaric (C17:0) and arachidic
(C20:0) acid contents were greater in the meat from lambs on Marandu grass without supplementation,
followed by the lambs on Aruana grass without supplementation, and lowest in the meat from animals on
Aruana grass with 3.0% concentrate supplement.

The total dimethyl acetals (DMAs) decreased with 1.5% concentrate supplementation due to a
reduction in palmitic acid DMA. The total BCFAs were consistently greater for animals that grazed Marandu
grass. The total and individual BCFAs were also greater for animals that were not supplemented and
similarly for the individual BCFAs i-C13:0, a-C13:0, i-C14:0, a-C15:0, i-C16:0, i-C17:0, a-C17:0 and i-C18:0.
Only a-C18:0 responded differently, being reduced when the lambs were supplemented at 1.5% of their BW.
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Table 3 Saturated fatty acid content (g/kg of total lipid) of Longissimus thoracis et lumborum muscle of lambs
that grazed Aruana or Marandu grass and were supplemented with concentrate at 0.0%, 1.5%, or 3.0% of
bodyweight

Grass Aruana Marandu P-value
Supplement 00% 15% 3.0% 0.0% 15% 3.0% SEM G C GxC
Fatty acid"
Total, g/kg meat  766.35° 830.77° 812.19% 786.75% 771.84" 827.93%  23.182 0.72 0.32 0.04
SFA 37486 41598 365.76 40759 39271 391.47 11.833 031 019 0.14
C10:0 1.78° 173" 2.45° 2.48°  1.95* 170" 0.242 0.80 052 0.04
C12:0 4.59 2.77 3.68 5.97 2.32 2.76 0.930 099 0.11 056
C13:0 0.23 0.15 0.12 0.28 0.14 0.14 0.024 044 0.01 047
C14:0 32.39 21.44  19.19 36.19 17.80  24.38 4.125 0.64 0.04 0.56
C15:0 5.41 3.45 2.98 6.43 3.20 3.43 0.288 0.31 <0.01 044
C16:0 153.45  164.26 154.16 160.52 15253 166.13 7.733 0.74 0.93 0.36
C17:0 8.59" 7.03%  6.97° 9.81° 6.64°  7.43° 0.119 0.01 <0.01 0.01
C18:0 16557  212.68 173.95 182.79  205.93 183.17 3.716 0.10 <0.01 0.07
C20:0 1.86° 1.75°  1.44° 2.14% 155°  1.53° 0.047 0.23 <0.01 0.01
C22:0 0.43 0.37 0.46 0.49 0.36 0.41 0.026 0.95 0.04 0.24
C23:0 0.56 0.34 0.36 0.49 0.30 0.40 0.104 079 0.29 0.88
DMA 17.16 11.80 18.03 18.42 12.83  14.93 1.617 0.86 0.04 0.41
C16:0 DMA 9.74 5.99 9.97 11.73 6.21 8.48 1.067 0.77 0.01 031
C17:0 DMA 7.42 5.81 8.05 6.69 6.62 6.45 0.760 048 042 0.35
BCFA 16.34 13.16  11.90 18.99 13.45  12.08 0.846 0.22 <0.01 0.42
i-C13:0 0.07° 0.04° 0.03° 0.12° 0.04° 0.03° 0.005 0.02 <0.01 0.04
a-C13:0 0.07 0.04 0.03 0.10 0.05 0.04 0.007 0.02 <0.01 0.12
i-C14:0 1.00 0.55 0.42 1.23 0.57 0.52 0.080 0.16 <0.01 0.55
a-C15:0 3.11 2.03 1.58 3.98 2.01 1.78 0.224 0.13 <0.01 0.28
i-C16:0 1.84 1.31 1.04 2.15 1.47 1.27 0.105 0.16 0.02 091
i-C17:0 3.60 3.55 3.10 4.06 3.35 3.01 0.202 056 0.04 0.47
a-C17:0 4.08 3.76 3.14 4.81 3.86 3.27 0.154 0.07 <0.01 0.22
i-C18:0 1.06 0.80 0.61 1.15 0.87 0.73 0.035 0.04 <0.01 0.77
a-C18:0 1.51 1.07 1.94 1.38 1.09 1.42 0.167 022 0.04 0.34

T SFA: saturated fatty acids (sum of 10:0, 12:0, 13:0, 14:0, 15:0, 16:0, 17:0, 18:0, 20:0, 22:0, and 23:0); C10:0: capric;
C12:0: lauric; C13:0: tridecanoic C14:0: myristic; C15:0: pentadecanic; C16:0: palmitic; C17:0: heptadecanoic; C18:0:
stearic; C20:0: arachidic; C22:0: behenic; DMA: dimethyl acetals (sum of C16:0 DMA and C17:0 DMA); BCFA: branched
chain fatty acids (sum of i-13:0, a-13:0, i-14:0, a-15:0, i-16:0, i-17:0, a-17:0, i-18:0, and a-18:0 (a: anteiso, i: is0)).

abC Means in the same row with different superscripts are different (P < 0.05) for interaction between grass and
concentrate level.

Total monounsaturated fatty acids (MUFAS) increased with concentrate supplementation (Table 4),
although C14:1t9, C16:1t9, C16:1c7 and C17:1c9 were reduced with supplementation. The increase in
MUFAs was because of increased long-chain MUFA content (C18:1t5, C18:1¢9, C18:1t10, C18:1c12,
C18:1c13, C18:1t15 and C18:1t16) with concentrate supplementation. For C18:1t11 and C18:1c11, the low
content was in meat from animals that were supplemented with concentrate at 1.5% of BW. The MUFAs
C16:1t9, and C18:1c12 were greater in meat from animals on Aruana grass pasture, and only C14:1t9 was
elevated in meat from animals on Marandu grass pasture.
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Table 4 Unsaturated fatty acid content (g/kg of total lipid) of Longissimus thoracis et lumborum muscle of
lambs that grazed Aruana or Marandu grass and were supplemented with concentrate at 0.0%, 1.5%, or
3.0% of body weight
Grass Aruana Marandu SEM P-value
Supplementation 0.0% 1.5% 3.0% 0.0% 15% 3.0% G C GxC
MUFA 286.78 323.69 310.28 273.85 288.90 320.44 13.039 0.32 0.04 0.13
C14:1t9 2.03 1.37 0.89 2.52 141 1.10 0.118 0.06 <0.01 0.31
C14:1¢c9 0.66 0.44 0.46 0.75 0.33 0.57 0.084 0.75 0.12 0.60
C16:1t9 1.09 0.45 0.60 0.87 0.32 0.58 0.064 0.07 <0.01 041
C16:1c7 3.90 3.03 2.87 4.34 3.11 3.15 0.272 031 0.02 0.84
C16:1c9 6.81 6.42 5.63 6.51 5.72 6.85 0.769 091 0.79 048
C17:1¢c9 291 2.22 2.33 291 2.03 2.47 0.108 0.87 <0.01 0.38
C18:1t5 0.10 0.19 0.29 0.12 0.16 0.25 0.031 055 0.01 0.63
C18:1t9 2.09 2.29 2.59 1.98 1.90 2.64 0.280 057 019 0.74
C18:1¢c9 220.23 258.41  232.39 212.41 239.45  248.45 7.058 059 0.02 0.13
C18:1t10 2.68 5.31 14.26 2.61 3.45 10.46 2507 0.21 <0.01 0.57
C18:1t11 24.19 15.95 18.63 19.74 10.69 16.95 2177 011 0.04 0.71
C18:1cl1 6.78 6.59 8.32 6.30 6.09 8.05 0.374 0.26 <0.01 0.95
C18:1t12 2.15 6.18 4.40 2.01 2.31 3.19 1.664 0.28 0.53 0.59
C18:1c12 0.65 1.89 2.66 0.49 1.13 2.03 0.271 0.08 <0.01 0.62
C18:1c13 0.21 0.39 0.55 0.16 0.29 0.47 0.080 0.34 0.04 0.96
C18:1c14 0.37 0.29 0.30 0.29 0.26 0.37 0.058 0.75 059 0.50
C18:1t15 231 2.89 2.89 2.01 2.70 2.86 0.149 0.24 0.02 0.72
C18:1c15 0.39 0.35 0.51 0.41 0.36 0.42 0.057 0.71 0.27 0.61
C18:1t16 2.07 2.74 2.62 2.00 2.08 2.68 0.110 0.07 0.01 0.05
C18:1c16 0.45 0.51 0.64 0.47 0.41 0.60 0.058 045 0.08 0.67
C20:1cl1 0.82 0.75 0.82 0.80 0.62 0.81 0.090 055 036 0.77
PUFA 71.34 66.38 106.45 68.13 64.10 89.25 4686 0.13 <0.01 0.31
C18-2cc 24.52 32.59 60.92 2220 3320  49.76 2,728 0.13 <0.01 0.18
C18:3n-6 0.17 0.31 0.37 0.18 0.34 0.34 0.039 0.8 0.02 0.73
C18:3n-3 0.74 0.44 0.51 0.59 0.32 0.44 0.485 0.04 <0.01 0.72
C18:4n-3 0.25 0.17 0.09 0.24 0.15 0.14 0.009 0.30 <0.01 0.05
C20:2n-6 0.15 0.21 0.36 0.12 0.17 0.28 0.029 0.14 <0.01 0.73
C20:3n-6 0.89 0.87 0.15 0.11 0.89 0.13 0.117 099 0.01 0.20
C20:4n-6 11.59 9.41 16.90 14.70 10.68 13.17 1.125 0.83 0.02 0.08
C20:5n-3 3.00 1.26 1.61 3.11 1.14 1.28 0.282 058 <0.01 0.79
C22:4n-6 0.77 0.75 1.13 0.99 0.89 0.95 0.096 050 0.15 0.21
C22:5n-6 0.16 0.20 0.30 0.15 0.27 0.31 0.053 0.62 0.13 0.77
C22:5n-3 5.59 2.80 3.91 6.19 2.60 3.26 0.449 0.84 <0.01 0.50
C22:6n-3 0.95 0.66 0.86 0.75 0.51 0.70 0.104 0.12 0.14 0.97
CLA (c9-t11) 6.69 5.42 5.88 451 3.95 5.92 0.811 0.15 0.38 0.48
CALA 4.28 2.84 2.72 341 2.90 2.65 0.259 0.24 0.02 0.33
Other CLA 0.74 0.65 0.49 0.49 0.40 0.68 0.104 0.29 0.71 0.16
Other nc C18:2 4.04 3.57 4.03 3.85 2.72 3.85 0.293 0.17 0.07 0.49
n-6 38.25 44.34 81.56 39.50 46.46 66.12 3.708 0.27 <0.01 0.12
n-3 17.20 9.30 11.56 16.15 7.52 9.80 1.237 0.21 <0.01 0.95
n-6/n-3 2.26 4.81 7.09 2.43 6.19 6.95 2779 0.11 <0.01 0.09

MUFA: monounsaturated fatty acids (sum of 14:1c9, 14:1t9, 16:1t9, 16:1c7, 16:1c9, 17:1c9, 18:1t5, 18:1t9, 18:1c9,
18:1t10, 18:1t11, 18:1c11, 18:1t12, 18:1c12, 18:1c13, 18:1c14, 18:1t15, 18:1c15, 18:1t16, 18:1c16 and 20:1c11); C14:1:

myristoleic;

C16:1: palmitoleic acid; C17:1: heptadecenoic;

C18:1:

vaccenic acid; C20:1: paullinic;

PUFA:

polyunsaturated fatty acids (sum of 18:3n-6, 18:3n-3, 18:4n-3, CLA (conjugated linoleic acids), CALA (conjugated a-
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linolenic acid), 20:2n-6, 20:3n-6, 20:4n-6, 20:5n-3, 22:4n-6, 22:5n-6, 22:5n-3, and 22:6n-3); C18:2: linoleic acid; C18:3:
a- and y-Linolenic acid; C18:4: a-Parinaric; C20:2: eicosadienoic; C20:3: dihomo-y-linolenic; C20:4: arachidonic; C20:5:
eicosapentaenoic; C22:4: docosatetraenoic; C22:5: docosapentaenoic; C22:6: docosahexaenoic; n-3: sum of 18:3n-3,
18:4n-3 20:5n-3, 22:5n-3 and 22:6n-3; n-6: sum of 18:3n-6, 20:2n-6, 20:3n-6, 20:4n-6, 22:4n-6, and 22:5n-6)

Means in the same row with different superscripts are different (P < 0.05) for interaction between grass and concentrate
level

Supplementation at 3.0% increased total polyunsaturated fatty acids (PUFASs), following the individual
levels of C18:3n-6, C20:2n-6 and C20:4n-6, but not C18:3n-3, C18:4n-3, C20:3n-6, C20:5n-3 and C22:5n-3.
The latter group of PUFAs were reduced with concentrate supplementation and the level of C22:4n-6 did not
change. The level of conjugated a-Linolenic acid (CALA) was greater in the meat of animals that were
supplemented with concentrate. The sum of n-6 PUFAs increased and sum of n-3 PUFAs decreased with
the feeding of supplement resulting in an increase in the n-6/n-3 ratio with supplementation.

The PCA analysis is used to define principal components (PCs). The PCs are formed with linear
combinations of the original variables. The first PC is the linear function that explains the greatest proportion
of variation of the original data. The combination between the first and second PCs generates four quadrants
based on the correlation of variables. (Quadrant 1 is positive for PC1 and negative for PC2; Quadrant 2 is
positive for both PCs, Quadrant 3 is negative for both PCs, and Quadrant 4 is negative for PC1 and positive
for PC2.) The graphic representation expresses the rotation between the original variables with PC1 and
PC2, resulting in grouping the ellipsoids of the most correlated variables.

The PCA of the FA groups resulted in a division of cases according to the concentration levels in the
diet (Figure 1), in which 33.33% of animals that received 3.0% supplementation were allocated to the third
guadrant, and 88.89% of animals that did not receive supplementation were allocated to the fourth quadrant.

Projection of the cases on the factor-plane (1 x 2) Projection of the variables on the factor-plane (1 x2)
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Figure 1 Principal component analysis of fatty acid groups relation to fatty acids of Longissimus thoracis et
lumborum muscle of meat from lambs that grazed Aruana or Marandu grass and were supplemented with
concentrate at 0.0%, 1.5%, or 3.0% of bodyweight

Cases plot: 1: Aruana + 0.0% of supplementation; 2: Aruana + 1.5% of supplementation; 3: Aruana + 3.0% of
supplementation; 4: Marandu + 0.0% of supplementation; 5: Marandu + 1.5% of supplementation; 6: Marandu + 3.0% of
supplementation. Variables plot, active variables in bold: SFA: saturated fatty acids; MUFA: monounsaturated fatty acids;
PUFA: polyunsaturated fatty acids; PUFA n-3; PUFA n-6; relation between PUFA n-3 and n-6; BCFA: branched chain
fatty acids; DMA: total of dimethyl acetals; supplementary variables in gray: 1: i-C13:0; 2: a-C13:0; 3: C13:0 tridecanoic;
4: i-C14:0; 5: C14:0 myristic; 6: C14:1c9 myristoleic; 7: a-C15:0; 8: C15:0 pentadecanic; 9: i-C16:0; 10: C16:0 palmitic
DMA,; 11: C16:1t9 palmitoleic; 12: i-C17:0; 13: C16:1c7; 14: a-17:0; 15: C17:0 heptadecanoic; 16: C17 DMA; 17: i-C18:0;
18: a-C18:0; 19: C18:0 stearic; 20: C18:1t5 vaccenic; 21: C18:1t6-8; 22: C18:1t9; 23: C18:1t10; 24: C18:1c9; 25:
C18:1c11; 26: C18:1c12; 27: C18:1c13; 28: C18:1c16; 29: C18:2cc linoleic; 30: C20:0 arachidic; 31: C18:3n6 a- and y-
Linolenic; 32: C18:3n3; 33: C18:4n3 a-Parinaric; 34: C20:2n6 eicosadienoic; 35: conjugated a-linolenic acid; 36: C22:0
behenic; 37: C20:3n6 dihomo-y-linolenic; 38: C20:4n6 arachidonic; 39: C20:5n3 eicosapentaenoic; 40: C22:4n6
docosatetraenoic; 41: C22:5n6 docosapentaenoic; 42: C22:5n3
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The first quadrant (positive values for PC1 and PC2) was based on the correlations of MUFA and the
n-6/n-3 ratio. The second quadrant was based on the SFA correlation. The third quadrant was based on the
correlations of PUFA, n-6, and DMA. The fourth quadrant was based on the correlations of BCFA and n-3.
The supplementary variables used in the PCA analysis were the individual FAs, which showed that the total
SFAs had a large positive correlation with the amount of C18:0, just as the total MUFAs had a high
correlation with C18:1c9 and C18:1t6. The total BCFAs had a high correlation with the amount of i-13:0, a-
13:0, i-14:0, a-15:0 and other FAs that are not BCFAs. The total PUFAs had a high correlation with n-6 FAs,
but showed a large negative correlation with n-3 FAs. The n-3 FAs were negatively correlated with the n-6/n-
3 ratio.

For sensory characteristics (Table 5), lambs feed with Aruana grass received more points on the
ergonomic scale for meat appearance than Marandu grass, regardless of the level of supplementation. Meat
from animals that received supplementation with 3.0% concentrate was rated lower on meat flavour and
global appreciation.

Table 5 Sensory analysis of the Longissimus thoracis et lumborum muscle, of meat from lambs that grazed
Aruana or Marandu grass and were supplemented with concentrate at 0.0%, 1.5%, or 3.0% of bodyweight

Grass Aruana Marandu P-value

supplementation 0.0% 1.5% 3.0% 0.0% 1.5% 3.0% SEM G C GxC
Appearance 8.25" 805" 8.05" 7.73%  7.77°  7.70°  0.189 0.02 087 0.92
Flavour 7.90* 7.70°  7.19° 7.97*  7.98 751" 0213 0.38 001 0.83
Fat flavour 6.80 6.47 6.33 7.21 6.75 6.40 0.262 0.47 0.08 0.82
Odour 7.45 7.59 7.33 7.67 7.10 7.03 0.209 028 025 0.29
Softness 8.90 9.01 8.43 8.31 8.64 8.18 0.172 014 021 0.21
Global appreciation 8.00° 7.86* 7.51° 8.15%  7.92° 7.46° 0.194 095 001 0.88

Means in the same row with different uppercase superscripts are different (P < 0.05) for grass. Means in the same row
with different lowercase superscripts are different (P < 0.05) for level of concentrate.

According to the PCA analysis of the sensory aspects, global appreciation had large positive
correlations with flavour and fat flavour (Figure 2), but the authors were not able to allocate the cases of
treatments into groups. The supplementary variables (instrumental indicators and FA groups) showed a low
correlation with the sensory variables. The discriminant analysis of the sensory aspects corroborated the
PCA, and only 18% of the samples were grouped according to the treatments (Table 6), but 61% of the
samples from lamb fed Marandu grass without supplementation were grouped into the correct treatment.
This indicates that those animals presented characteristics that were distinct from those who received the
other treatments. Animals from this group also received higher scores for sensory analysis.

In terms of consumer interest and willingness to buy the meat, 92% of consumers involved in sensory
testing reported that they would buy the sheep meat and 8% claimed that would not buy the meat. The
average purchase value was $5.91 per kg.
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Figure 2 Principal component analysis of sensory properties and physical characteristics, and fatty acids groups of
Longissimus thoracis et lumborum muscle of meat from lambs that grazed Aruana or Marandu grass and were
supplemented with concentrate at 0.0%, 1.5%, and 3.0% of bodyweight

Cases plot: 1: Aruana + 0.0% of supplementation; 2: Aruana + 1.5% of supplementation; 3: Aruana + 3.0% of
supplementation; 4: Marandu + 0.0% of supplementation; 5: Marandu + 1.5% of supplementation; 6: Marandu + 3.0% of
supplementation. Variables plot, active variables in bold: A: appearance; B: flavour; C: fat flavour; D: odour; E: softness;
F: global appreciation; supplementary variables in gray: 1: pH; 2: luminosity; 3: intensity of red; 4: intensity of yellow; 5:
saturation index; 6: tone angle; 7: water-holding capacity; 8: loss of cooking; 9: shear force; SFA: saturated fatty acids;
MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; PUFA n-3; PUFA n-6; n-6/n-3- relation between
PUFA n-3 and n-6; BCFA: branched chain fatty acids; DMA: total of dimethyl acetals

Table 6 Ability of consumers to assign meat samples to treatments that were applied to the lambs that

produced the samples

Treatments applied*

Treatments as assigned by consumers Aruana Marandu
0.0% 1.5% 3.0% 0.0% 1.5% 3.0%
0.0% 16 17 16 6 28 16
Aruana 1.5% 18 22 25 5 10 21
3.0% 19 18 26 5 12 19
0.0% 49 48 41 37 53 42
Marandu 1.5% 14 10 9 4 10 15
3.0% 9 10 8 3 12 12
Total number 125 125 125 60 125 125
Number correct 16 22 26 37 10 12
Proportion correct 0.128 0.176 0.208 0.617 0.080 0.096

N total: 685; N correct: 123; proportion correct: 0.180.
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Discussion

The pH values revealed that rigor mortis had occurred normally (Aradjo, 2012) and the quality of the
analysed meat was adequate. When pH values are lower, water retention capacity is lost and the taste,
colour and texture of the meat are impaired (Ramos et al., 2009). Animals that received concentrate
supplementation were less luminous and had greater FA content. This is opposite of the observations of
Ferrer-Gonzalez et al. (2019), who found luminosity was directly proportional to fat content because meat
that contains more fat is lighter in colour. The values for weight loss by cooking were not expected, because
greater amounts of fat are typically associated with there being less water in the meat and consequently less
loss due to evaporation or dripping (Carrasco et al., 2009). However, none of the meat was evaluated as dry
or hard, which would be related to the release of exudate, with this compromising the nutritional value of the
meat (Zeola et al., 2007). According to the SF, the animals fed with Aruana grass only and the animals fed
with Marandu grass plus concentrate supplementation showed greater meat softness. However, this could
not be detected by the sensory core panellists. The SF represents the toughness of meat and is included as
a consumer-relevant trait (Hopkins et al., 2010). Some of the alterations in FAs that were observed may be
related to the amount of these FAs in the feed of the animals. For example, tridecylic, pentadecylic and
margaric acids were low in animals with supplementation, probably because there are more long-chain fatty
acids in the concentrate, and also because the body can synthesise these FAs (Scollan et al., 2006). Also,
the reduction in palmitic acid in the meat of supplemented animals was because of the lower amount of this
acid in the concentrate supplement (Table 1).

The DMAs are formed from cleavage of the vinyl ether chain, which is located at the sn-1 position of
their glycerol backbone and can be used to evaluate the plasmalogen phospholipids (Fonteles et al., 2018).
The content of plasmalogens can be associated with the abundance of long-chain PUFAs in meat (Bessa et
al., 2015). MUFAs and PUFAs are considered hypocholesterolaemic because they are effective in
decreasing the concentration of blood cholesterol (Valsta et al., 2005). Therefore, the use of concentrate
supplements with both grasses possibly indicates better nutritional quality because they contain larger
guantities of MUFAs and PUFAs. On the other hand, the animals fed only on Aruana grass pasture had
higher proportions of conjugated linoleic acids (CLA), and this has been observed by other authors when
comparing meat lipid fractions from pasture- or concentrate-fed ruminants (Rosa et al., 2014). The n-6/n-3
ratio has also been used as a criterion for the quality of fat, and should be less than 4 (Department of Health,
1994), indicating better quality of FAs in finished animals without supplementation. Pasture-finished
ruminants typically have an n-6/n-3 ratio of <2 (Enser et al., 1998) and a greater PUFA/SFA ratio (French et
al., 2003). The PUFA/SFA ratio ranged from 0.16 to 0.29, being higher in animals on Aruana grass pasture
plus concentrate supplementation. In meats, the PUFA/SFA ratio that has been reported to be beneficial in
human diets is around 0.4 (Wood et al., 2003).

The tastiest and most appreciated meats were related to meat from lambs without concentrate
supplementation or with 1.5%, similar to that reported by Xue et al. (2010). Although it is possible to group
the various treatments according to the FA profile, the same could not be accomplished by the sensory
analysis, in which the consumers were not able to distinguish differences between treatments. This indicates
that the improvement in the FA profile of the meat is not detectable by consumers. All the treatments were
related to the meat that received good consumer acceptance. In general, it is possible to infer that only a
limited percentage of people would be able to perceive differences in meat related to the level of
supplementation, but it would be possible to differentiate animals fed with Aruana grass. A previously trained
group of consumers would probably be necessary to identify differences between the meats from different
treatments (Priolo et al., 2002).

Treatments that imply different rates of weight gain in lambs may not interfere with the final meat
quality (Priolo et al., 2002). However, the decision to slaughter lambs in similar physiological stages
(standard body condition score), rather than at a constant age, may have resulted in greater physical
uniformity between samples (Osorio et al., 2012). The authors emphasise that slaughter was based on the
physiological stage and not after a defined period of supplementation, as may be the more usual practice in
research.

Conclusion

Lambs finished on grass without supplementation had a more healthful fatty acid profile, and received
better scores for flavour and global appreciation from sensory panellists. However, the differences between
treatments were not detected by consumers. To improve the quality of fatty acid in the meat, the pasture
system is recommended.
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