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Abstract

The present study assessed the influence of the type of the tropical pastures on lamb body weight (BW) gain and meat quality.
Fifty-four lambs were allocated to three grazing pastures: (1) AG — Aruana grass (Panicum maximum cv. 1Z-5); (2) PP —
pigeon pea legume (Cajanus cajan cv. Ando); and (3) CS — contiguous swards, half of the paddock with AG and half with
PP. After 92 days of grazing, the lambs were slaughtered. Carcasses were evaluated and the longissimus muscle was collected
to determine color, lipid profile, tocopherol concentrations, and lipid oxidation. Although the pastures present differences
in the characteristics of nutritional quality, the animals did not show difference in BW gain. The results show that all forage
presented similar concentration of alpha-tocopherol (137 +14.37 mg kg~! of fresh matter), whereas total and condensed
tannin contents were greater in PP, intermediate in CS, and the lowest in AG treatment (P=0.0001). Meat a-tocopherol con-
tent was similar among treatments (P =0.1392), with an average concentration close to the optimal level to reduce the meat
oxidation. Meat from AG treatment had 45 and 25% lower n-6/n-3 ratio than meat from PP and CS treatments, respectively.
The legume increases the unsaturated fatty acids and the grass can reduce the n6/n3 ratio. The level of condensed tannin
concentration did show to have important effect on meat characteristics. Both tropical pastures studied can provide a high
amount of alpha-tocopherol, generating a great potential to increase the concentration of this antioxidant in lamb’s meat.
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the industry to reduce the oxidative processes in meat, which
can be accomplished by feeding diets rich in antioxidants,
as pasture (Wood et al., 2008; Realini et al., 2004). Previous
experiments in our lab (Tontini et al., 2019) show that tropi-
cal grass and legume forages have considerable concentra-
tion of alpha-tocopherol, and tropical legumes can also have
appreciable amount of condensed tannins (CT).

Tropical grass and legumes can modify the meat quality
of grazing animals due to their biochemical characteristics,
especially by their antioxidant compositions (Tontini et al.,
2019; Jaturasitha et al., 2009). Understanding the effects of
tropical pastures, including antioxidant compounds such
as condensed tannins and tocopherol, may be the key for
the production of high-quality animal protein in tropical
environments. They can potentially alter the fatty acid (FA)
profile of ruminant meat, affecting human heath (Dewhurst
et al., 2003). In addition, antioxidant contents can maintain
meat color and reduce the susceptibility of lipid and pigment
oxidation (Liu et al., 2011), modifying the meat shelf-life
(Ponnampalam et al., 2017; Luciano et al., 2009). These
antioxidant compounds can stabilize free radicals action pro-
duced during lipid oxidation, which can inhibit the alteration
of the myoglobin heme-group structure, causing meat color
loss (Li and Liu, 2012). Descalzo and Sancho (2008), Rea-
lini et al. (2004), and Lobon et al. (2017) found that meat
from grazing ruminants had higher tocopherol concentra-
tion, resulting in greater resistance to oxidative processes
and improvement in color stability, than meat from animals
finished with concentrate.

Therefore, we examined the effects of tropical pasture
type (grass, legume, and contiguous areas of both species)
on lamb performance, carcass traits, meat lipid profile, and
meat physical and chemical characteristics.

Material and methods

The experimental protocol was approved by the Ethics Com-
mittee on the Use of Animals of the Universidad Federal do
Rio Grande do Sul (CEUA UFRGS—Project N° 27830).

Experimental site and procedures

The study was conducted at the Agricultural Experiment
Station (EEA) of the Universidade Federal do Rio Grande do
Sul (UFRGS), Eldorado do Sul, located 46 m above sea level
in southern region of Brazil (29°1326"” S e 53°40'45"W).
The experiment was carried out during 92 days from January
11th until April 12th, 2016.

Fifty-four weaned Corriedale x Texel male, castrated
lambs with an average BW of 20.4 +3.97 kg (3 to 4 month
of age) were allocated to three types of pastures: (1) AG —
monoculture of Aruana grass (Panicum maximum cv. 1Z-5);
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(2) PP — monoculture of pigeon pea (Cajanus cajan cv.
ando); and (3) CS — contiguous swards with half the pad-
dock with AG and half with PP. The experiment was set out
in a randomized complete block design with three replicates
(Fig. 1). Paddocks of 0.2 ha constituted the experimental
units. Six lambs were allocated to each paddock, three were
drenched daily with 60 g of polyethylene glycol (PEG), and
three were drenched with water. All animals were dosed
orally twice daily (at 9:00 and 16:00 h) to determine the
effect of condensed tannin (CT) (Makkar et al., 1995).
Lambs were weighed every 21 days following a 12-h
water and feed fasting. Lambs grazed the paddocks continu-
ously for 92 days, and all treatments had a 10% leaf lamina
minimum allowance (10 kg leaf lamina dry matter (DM) per
100 kg of BW/day) adjusted every 21 days using the “put-
and-take” technique (Mott and Lucas, 1952). According to
this technique, there were two groups of animals, “testers”
that grazed continuously and showed the effect of the treat-
ments, and “grazers” that were used only to regulate leaf
allowance. Pasture height was obtained every 21 days in
each paddock by averaging plant height at 50 random points,
using a sward stick as in Bircham (1981). In order to esti-
mate forage mass, six 0.25-m? quadrats were hand-clipped

Pigeon pea

B2

Aruana

cS B1

Pigeon pea

Aruana
CS

PP AG

Fig.1 Design of the experimental area with a randomized block
design with three replications. Blocks: B1, B2, and B3. Treatments:
AG, Aruana grass (Panicum maximum cv. 1Z-5); PP, pigeon pea leg-
ume (Cajanus cajan cv. Anao); and CS, contiguous swards, half of
the paddock with AG and half with PP
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at ground level from each paddock: three representing the
average pasture height and three random samples. Sub-
samples were collected to separate leaves from stems and
sheaths. The rate of DM accumulation was obtained using
three grazing exclusion cages per paddock allocated at an
area representing the average pasture height, according to
Klingman et al. (1943).

Intake and in situ dry matter digestibility

Total feeding intake was estimated every 21 days using
Cr,0,. The tester lambs (54 lambs) were dosed at 9:00 h
with 1.0 g of the Cr,0, during 11 days. From the eighth
day, fecal collection was performed according to the meth-
odology described by Kozloski et al. (2006). The organic
matter intake (OMI, % BW) was calculated by the formula:
OMI = ((fecal production / (1-digestibility of the pasture))/
(BW*100). Based on OMI value, alpha-tocopherol intake
was calculated by (ATI) = ((OMI*100) / % DM)*(mg kg~",
alpha-tocopherol in pastures).

The concentration of chromium in dry feces was deter-
mined by atomic absorption spectrophotometry (Kozloski
et al., 1998). Fecal production (FP) was estimated accord-
ing to Pond et al. (1989). In situ dry matter digestibility
(ISDMD) was determined using a rumen fistulated bovine,
according to @rskov and McDonald (1979). The dried sam-
ples were weighed and incubated in polyester filter bags
(porosity 41 pm) for 48 h.

Chemical composition of the pastures

To evaluate pasture nutritional value, samples were collected
by the hand plucking technique described by Johnson (1978)
at 21-day intervals. Samples were dried in a forced air oven
at 55 °C until constant weight, and ground through a mill
fitted with a 1-mm screen. Pasture chemical determinations
included DM, ash, and crude protein (CP) content (AOAC,
1995); neutral detergent fiber (NDF) (Van Soest et al.,
1991), acid detergent fiber (ADF), and acid detergent lignin
(ADL) (Goering and Van Soest, 1970); and ether extract
(EE) (AOAC 1995; method number 920.39).

The forage a-tocopherol content in pasture was deter-
mined following the methodology of Val et al. (1994).
Extraction was done with acetone and ascorbic acid, and the
determination was performed using high-performance liquid
chromatography (HPLC) (Waters Acquity UPLC CLASS),
MeOH: H,0 93:7 (v:v) as mobile phase and a NovaPak4 pm
30-cm column (Gérnas et al., 2014).

The tannin content was determined in freeze-dried pas-
ture samples ground in a Wiley mill fitted with a 0.5-mm
screen. The total tannin (TT), hydrolyzable (HT), and con-
densed (CT) contents were determined by adapting Grab-
ber et al. (2013) and Makkar (2000) methods, and they

were expressed as gram equivalent (eq-g) of leucocianidine
kg~! of DM. The following formula was used to determine
the different tannin contents: eq-g leucocianidine (L)/kg
DM = {absorbance * [10 * (dilution volume in ml) / (460 *
sample weight)] / (DM, in kg)} * 10.

Carcass measurements and meat analysis

After 92 days of feeding regime, lambs were weighed and
slaughtered in a commercial slaughterhouse, with average
weight of 25.7 +4.36 kg. Lambs were subjected to 24-h fast-
ing for feed and 12 h for water before slaughter. Lambs were
electrically stunned and then exsanguinated and eviscerated.
Immediately after, the carcasses were weighed to obtain
hot carcass weight (HCW) and stored at 4 °C for 24 h and
reweighed to obtain cold carcass weight (CCW). Carcass
yield (CY) was estimated using the formula: CY =[(CCW/
BW)*100].

Visual carcass conformation (CC) score, from 1 to 5
(very poor to excellent — according to the variation in the
amount of muscle and fat in relation to the size of the skel-
eton — Osorio et al., 1998), was attributed with a scale of
0.5, as well as, for the fatness degree (FD) (excessively lean
to excessively fat — Osorio et al., 1998). Subcutaneous fat
thickness (SFT) was measured between the 12th and 13th
ribs, using a caliper.

Subcutaneous fat color was assessed in the longissi-
mums muscle, lumbar region, with a portable colorimeter
Chroma Meter CR-400 (Minolta Camera Co., Ltda., Osaka,
Japan), using illuminant D65, opening diameter of 50 to
53 mm, angle of observation of 10° and the CIE L*, a*,
and b* color scale. Lightness (L*), redness (a*), and yel-
lowness (b*) were recorded. Hue angle (h) was calculated
as h=tan—1 (b*/a*)x 57.29, and chroma (C*) was calcu-
lated as C* =(a*2+B*2) 1/2. The longissimus muscle pH
was measured at 24-h post mortem (pH24h), in the space
between the 4th and 5th lumbar vertebra, using a pHmeter
Lutron PH-208, equipped with a cutting blade tip.

Carcasses were split along the dorsal line, and the lon-
gissimus thoracis and lumborum muscles (LTL) from both
halves were collected. On the right side, LTL, from the 6th to
10th thoracic vertebrae, was sampled, vacuum-packed, and
stored at — 20 °C until dry matter (DM) content and ether
extract (EE) content analyses were performed according to
Osoério et al. (1998). The left LTL, from the 6th to 12th
thoracic vertebra, was sliced into four 2.5-cm-thick steaks.
Two slices were used to determine color and water reten-
tion capacity (WRC) respectively, according to Osorio et al.
(1998). The remaining two slices were randomly assigned to
two storage periods for lipid oxidation analysis (TBARS), 1
and 6 days of storage. In the first day of storage, the meat pH
was assessed in all samples. Half of the samples were placed
on trays, wrapped in oxygen-permeable polyvinyl chloride
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film, and kept in the dark at 4 °C for 6 days. After their
respective storage period, all samples were wrapped in alu-
minum foil and plastic, and stored at — 80 °C until TBARS
analysis. Lipid oxidation was estimated using thiobarbituric
acid reactive substances (TBARS) by the extraction method
described by Pikul et al. (1989). Results were expressed as
thiobarbituric acid reactive substances in mg malondialde-
hyde (MDA)/kg sample.

Shear force (SF) was evaluated by the maximum shear
force in kgf/cm? in a Warner—Bratzler cell with a 1.016-
mm blade coupled in a Texture Analyzer TA-500 (Lloyd
Instruments), using NEXYGEN software. Maximum shear
force was logged for each sub-sample in NEXYGEN soft-
ware curve. The average of seven sub-samples of a steak
collected from the carcass left side of the LTL lumbar region
was calculated for the statistical analysis.

Two samples of 2.5-cm thickness were collected from
LTL between the 12th and 13th thoracic vertebra of the
carcass left side. These were vacuum packed and stored
at—80 °C in the dark for determination of tocopherol and
FA profile. Tocopherol concentrations were determined
using the method described in Bertolin et al. (2018). Intra-
muscular FA profile was analyzed according to Lee et al.
(2012). Fatty acid methyl ester determination was performed
using gas chromatography (SCION 436-GC; Bruker, Bill-
erica, MA) equipped with a cyanopropyl capillary column
(BR-2560, 100-m x 0.25 mm i.d. X 0.20-pm thickness;
Bruker), flame ionization detector, and Compass CDS soft-
ware (Bruker). Fatty acid identification was analyzed using
the GLC-532, GLC-401, GLC-643, GLC-642, GLC-463,
C18:1t11, C19:0, C23:0 standard references (Nu-Chek-Prep
Inc., Elysian, MN, USA) and the relative retention times
according to what was observed in the bibliography (Alves
etal., 2009, Lee et al., 2012; Yoshinaga, 2013; Bravo-Lamas
etal., 2016). FA quantification was performed as described
in UNE-EN 12,9664 Official Method (2015). FAs were
expressed as a percentage of the total amount of the identi-
fied FAs. Groups of FA based on the saturation level were
estimated as saturated FAs ().SFA), monounsaturated FAs
(3MUFA), polyunsaturated FAs (}.PUFA), PUFA C18:2
n-6, PUFA C18:3 n-3 and the ratio n-6/ n-3.

Statistical analyses

Each animal was used as experimental unit for the carcass
and meat quality data, and the paddock was used as experi-
mental unit for the pasture data. Data were analyzed using
Mixed Procedure of SAS (version 9.4—SAS Institute Inc.,
Cary, NC, USA) with a significance level of 5%. Analysis
of variance models included fixed effects for the type of
pasture, block, PEG and the interaction type of pasture x
PEG, and random effect for animal. The analysis revealed
no significant effect of PEG on the type of pasture or in the
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interaction. Thus, the model was simplified as described by
Pinheiro and Bates (2000) to exclude the PEG effect and
interaction type of pasture x PEG. The final statistical model
only considered the effects of type of pasture and, block as
fixed effect, and animal as random effect.

After the normality test of the residues, covariance
structures were tested to fit the models, based on Bayesian
information criterion from which the structure component
of variance was selected. When significance (P <0.05) was
indicated by analysis of variance, means separations were
performed using the Tukey test at 5%. When 0.05 <P <0.10,
the result was described and discussed as a considerable
probability of the effect having occurred.

Results
Pasture characteristics and animal intake

There were no differences between treatments in relation
to leaf lamina allowance (10 + 1.33 kg DM. 100 kg~! BW).
The forages selected by the animals were similar in rela-
tion to ISDMD and EE contents of the different treatments
(P>0.10; Table 1). Herbage ash, NDF, and ADF contents
were higher and OM and ADL contents were lower in AG
than in PP (P <0.05), whereas CS presented intermediate
contents (P>0.10; Table 1). The CP content showed a ten-
dency (P=0.09) to be higher in PP treatment than in AG,
but similar to CS (Table 1).

There were no differences of alpha-tocopherol levels
among pasture types. The mean pasture alpha-tocoph-
erol content was 137 +14.37 mg~! kg fresh matter (FM)
(Table 1). Total tannin and CT levels were higher in PP,
intermediated in CS, and lower in AG (P=0.0001; Table 1).
All treatments presented low HT content, ranging from 1.6
to 3.5+0.37 eq-g of leucocianidine kg~! of DM (Table 1).
Pasture OMI and a-tocopherol intakes are shown in Table 1.
Lambs grazing CS had 13% less OMI than those grazing the
monoculture pastures (P=0.0167). Lambs grazing AG and
PP presented a 14% greater intake of alpha-tocopherol than
the ones grazing CS (P=0.0144).

Lamb performance, carcass, and meat quality
characteristics

The different pasture types showed similar lamb average
daily gain (57 +0.13 g/d; P> 0.05) and slaughter weight
(25.7+4.36 kg; P> 0.05). Most of the carcass physical char-
acteristics also showed similar values between treatments
(HCW, CCW, CY, FD, CC, and SFT; Table 2). Pasture type
had no effect on subcutaneous fat and meat color (Table 2;
P >0.05); however, the type of pasture has a tendency
(P=0.09) to affect the redness characteristic (a*) (Table 2).
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Table 1 Chemical composition of pasture and intake of lambs on dif-
ferent types of tropical pasture

Variables ! Type of pasture? MSE?  Probability
AG PP cs P-Pasture
DM (%) 2251 2417 2350  0.89 0.4878
OM (%) 88.35° 90.51* 88.92® 0.49 0.0433
Ash (%) 1133 9.09° 10.80® 0.38 0.0247
ISDMD (%) 5824 5885 5376 260 04076
CP (%) 14.00°  20.00° 16.18® 1.47 0.0973
EE (%) 252 304 322 039 0.2900
NDF (%) 62.54*  47.83° 5649 227 0.0359
ADF (%) 31.55% 2770 29.99% 0.72 0.0482
ADL (%) 3.60° 773 5.02°° 0.54 0.0142
Alpha-Tocopherol 138.8 1369  136.0  14.37 0.9819
TT 244 15.10° 751 141 0.0001
HT 1.67 3.55 1.82 037 0.3054
CT 1.17¢  9.87* 449 1.00 0.0001
OMI (% BW) 1.67°  1.68%  1.45° 0.062 0.0167

ATI (mg kg™' FM) 253.84* 242.78* 213.11° 13.18 0.0144

DM (%), dry matter content; OM (%), organic matter content;
ISDMD (%), in situ dry matter digestibility; CP (%), crude protein;
EE (%), ether extract; NDF (%), neutral detergent fiber; ADF (%),
acid detergent fiber; ADL (%), acid detergent lignin; Alpha-tocoph-
erol, mg kg‘1 of fresh matter (FM); TT, total tannin (eq-g of leucocia-
nidine kg=! of DM); HT, hydrolyzed tannin (eq-g of leucocianidine
kg™! of DM); CT, condensed tannin (eq-g of leucocianidine kg~! of
DM); OMI (% BW), organic matter intake; ATI (mg kg"1 FM), alfa-
tocopherol intake of fresh matter

2Type of pasture: AG, Panicum maximum; PP, Cajanus cajan; CS,
contiguous swards of AG and PP

3MSE, mean square error

abValues within a row with different letters differ at P<0.05 and
tended to differ between P>0.05 and P<0.10

Meat from AG treatment had the lowest a* value. Meat pH
24 h, DM, EE, WRC, and SF were not affected by the pas-
ture type (Table 2).

Tocopherol concentration and intramuscular fatty
acid profile

Alpha-tocopherol concentration in meat was not affected
by the pasture type (Table 3). Gamma-tocopherol tended
(P=0.0598) to be greater in AG treatment, intermediated
in CS, and lower in PP. The total meat FA content (mg
FAME/100 g meat) was not affected by the treatments
(P> 0.05; Table 3), but some FA proportions (100*FAMEs/
total FAMES) were affected by the pasture type. The meat
from AG treatment had the highest concentration of C15:0,
Cl6:1trans-9, C17:0, C18:0, C18:1trans-11, C18:2trans-9,
cis-11, C24:0 and C24:1n9, and the meat from PP had the
highest level of C18:2 n-6 (Table 3). In most comparisons

between pastures, the meat from CS treatment showed inter-
mediate concentrations (Table 3).

Pasture type affected ) SFA (P=0.0243), Y n-6
(P=0.0257), and n-6/n-3 ratio (P=0.0021). Meat from AG
treatment contained greater SFA, lower Y, n-6 and lower
n-6/n-3 ratio than PP treatment, and meat from CS pasture
had intermediate values (Table 3). There was a tendency
(P=0.07) of higher ZPUFAs levels in the meat from lambs
grazing PP and CS, than consuming AG.

Storage time study: pH and lipid oxidation

The type of pasture did not affect meat pH (P=0.8371;
pH averages of 5.37+0.11 and 5.24 +0.15, respectively),
regardless of the day. The meat oxidation was affected by
the treatments only at day 6 (P=0.0460). The TBARS
results show at day 1 of storage mean values of 0.1, 0.12,
and 0.09 +£0.02 mg MDA kg‘1 meat, for the treatments AG,
PP, and CS, respectively (P =0.4742). At day 6 of storage,
lambs grazing AG produced meat with lower oxidation
(0.30+£0.05 mg MDA kg~! meat) than CS (0.70 +0.05 mg
MDA kg~! meat), while meat from PP treatment presented
intermediate values (0.39 +0.05 mg MDA kg~! meat).

Discussion

As mentioned by Van Soest (1994) about tropical pastures,
the forage quality found in this study demonstrates that
tropical legumes have higher protein and low cell wall con-
tents, but it has higher concentration of lignin than tropical
grasses. These characteristics led to a similar digestibility of
the different treatments and a similar animal BW gain among
the different types of tropical pastures.

Therefore, our study shows that if a producer’s main
objective is to increase meat production in an area, a tropi-
cal legume, as PP, does not bring greater benefits, in rela-
tion to a tropical grass, as AG. However, Hess et al. (2004)
mention that the inclusion of legumes in the tropic regions
might be an environmentally friendly way to improve animal
productivity once the legume has the potential to incorpo-
rate nitrogen in the soil and decrease methane emission by
the animals. In fact, there is a need for more research that
compares tropical grass and legume pastures for sheep pro-
duction, as recently discussed by Silva et al. (2020) and Poli
et al. (2020).

On the other hand, the lack of differences in animal per-
formance observed in this study makes the comparison of
the FA profile among treatments more reliable, once the
comparison was done among animals with similar growth
rate and fat deposition (Cafieque et al., 2001). In addition,
the control of the leaf allowance might have been important
to generate a reliable comparison between treatments, since
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Table 2 Tropical pasture

Variables! Type of pasture” MSE? Probability
type .effect on carcass o P-Pasture
physicochemical characteristics AG PP CS
and subcutaneous fat and meat
color Carcass physic characteristics

HCW (kg) 10.5 10.0 9.7 0.62  0.4251

CCW (kg) 10.2 9.8 9.5 0.61  0.4170

CY (%) 38.1 383 37.5 0.84 0.7764

FD 2.7 2.7 2.6 021  0.8587

CcC 2.8 2.7 2.5 0.17  0.2339

SFT (mm) 2.3 2.0 1.6 0.37  0.3689
Subcutaneous fat color

Luminosity 74.56 73.59 73.23 1.04 0.5822
Redness 6.71 8.16 6.92 0.61 0.3691
Yellowness 9.26 9.9 8.24 0.79 0.3363
Hue angle 55.28 51.29 48.9 2.78 0.3610
Chroma 11.69 12.98 10.94 0.85 0.3270
Meat color

Luminosity 43.87 41.99 42.77 0.67 0.2626
Redness 23.67°  24.61° 24.04%® 0.24 0.0886
Yellowness 9.20 8.77 8.90 0.23 0.4720
Hue angle 21.23 19.59 19.98 0.43 0.1304
Chroma 25.41 26.14 25.99 0.27 0.2030
Longissimus muscle

pH24h 5.66 5.87 5.85 0.09 0.3726
DM (%) 24.25 23.99 23.71 0.67 0.5013
EE (%) 2.10 1.94 1.80 0.24 0.5142
WRC (gkg™))  625.9 633.9 646.6 7.50 0.2564
SF (kg fem? ™! 3.06 3.09 3.29 0.21 0.7502

'"HCW, hot carcass weight; CCW, cold carcass weight; CY, carcass yield; FD, fatness degree; CC, carcass
conformation; SFT, subcutaneous fat thickness; DM, dry matter content; EE, ethereal extract; WRC, meat
water retention capacity; SF, shear force

2Type of pasture: AG, Panicum maximum; PP, Cajanus cajan; CS, contiguous swards of AG and PP

3MSE, mean square error

45Values within a row with different letters tended to differ between P> 0.05 and P<0.10

the presence of stem not eaten by the animals could have
misled the estimated forage available to the animals, as dis-
cussed by Muir et al. (1998).

Our study shows the high concentration of tocopherol in
tropical forages (137 + 14.37 mg kg~! FM), and this finding
represents the first report of its potential effect on lamb meat.
Both tropical forages, grass and legume, present noticeable
greater contents of tocopherol than it has been reported in
temperate forages (Blanco et al., 2019; Ponnampalam et al.,
2012; Tramontano et al., 1993; Booth, 1964). In fact, tropi-
cal pastures show to be important sources of vitamin E for
grazing animals. Montossi and Safiudo (2007), comparing
meat from Uruguay and from different European countries,
observed a greater amount of tocopherol in Uruguayan’s
meat. This difference was reported as a result of the feeding
system on pasture in Uruguay and indoor feed in European
countries. The sheep in Uruguay are mainly produced under
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grazing native and improved grasslands, where an impor-
tant part of botanic composition is C4 grasses. Our study
confirms this result once the content of tocopherol in meat
was similar to what was observed by Montossi and Safiudo
(2007). The improvement of tropical pasture management
for sheep has high potential to improve not only the amount
of meat produced, but also its quality.

There were no differences of alpha-tocopherol content
in meat between pasture treatments (P> 0.05). The average
content was 4.18 mg kg~! of fresh meat, which is close to
the optimal level to reduce meat oxidation (5.3 mg kg™! of
muscle; Lépez-Bote et al., 2001). This result shows that the
level of tocopherol either in tropical grass or legume can
provide enough tocopherol to act as antioxidant in the mus-
cle. Although there was greater amount of gamma tocoph-
erol in the meat from AG treatment, the concentration was
small, and, according to Bieri and McKenna (1981), the



Tropical Animal Health and Production (2021) 53: 427

Page 7 of 10 427

Table 3 Pasture type effect on lamb meat tocopherol content and fatty
acid profile (% FAMEs/total FAMES)

Variables Type of pasture!! MSE'?  Probability
P-Pasture
AG PP Cs
a-Tocopherol! 3.95 4.62 398 0.23 0.1392
y-Tocopherol! 0.162  0.13*  0.15* 0.006 0.0598
FA mg/100 g 2 156.59 152.94 15237 6.02  0.8857
C11:03 040 025 043 003 0.1017
C12:0° 021 016 022 002 02975
C13:03 042 031 031 005 0.3908
C14:03 172 149 180 0.16 0.5118
C15:0° 048 0.16° 0.28°0.02  0.0006
C16:0° 19.97 19.02 1896 0.3  0.4024
Cl16:1trans-9° 045 029° 044°001  0.0027
Cl6:1cis- 9° 122 098 1.10 0.06  0.1498
C17:0° 0.69° 051 0.58%0.02 0.0216
Cl17:1cis- 9° 141 143 154 004 03169
C18:03 19.65* 16.77° 17.72° 0.38  0.0140
C18:1trans-113 1.19* 0.80° 1.02%0.06 0.0275
¥C18:13-4 2664 2472 2404 1.12 03040
C18:2n-63 541° 803* 683%036 0.0154
C18:2cis- 058 045 053 005  0.2605
9,trans-11°
C18:2trans- 0.04% 0.01° 0.02°0.003 0.0155
9,cis-113
C18:2trans- 006 006 0.06 0002 0.7424
10,cis-123
C18:3n-33 250 225 246 012  0.3399
C20:03 0.14 0.1 013 001 0.1461
C20:3n9° 027 042 036 0.002 0.1010
C22:0° 0.04> 0.07* 0.06* 0.006 0.0566
C24:0° 0.04*  0.01° 0.01° 0.01  0.0301
C24:1n9° 0.05* 0.02* 0.03* 0.01 00114
YSFA3S 5245 50.47° 51.64° 027  0.0243
EMUFA3-6 3035 28.12 2781 1.13  0.2939
SPUFA3.’ 16.20° 20.44* 19.51* 1.00  0.0732
SCLA3-® 068 052 064 004 0.1748
Tn-63-° 8.32° 12.03* 10.74* 0.59  0.0257
Tn-33-10 692 746 777 047 04201
n-6/n-3 3 1.12° 1.62*  1.40" 0.04  0.0021
1 mg kg_1 of fresh meat
2Fatty acid (mg/100 g)
3 % FAMEs /FAMES total
4(C18:1trans-11; C18:1cis-9; C18:1trans-15; Cl18:1cis-11;

Cl18:1cis-12; C18:1cis-13, C18:1trans-16 and C18:1cis-15)

3(C24:0; C22:0; C20:0; C18:0; i-C18:0; DMA-C18:0; C17:0; C16:0;
a-C18:0; 1-C16:0; DMA-C16:0; C15:0; a-C15:0; i-C15:0; C14:0;
i-C14:0; C13:0; a-C13:0; C12:0; C11:0 e C10:0)

6(C24:1n9; C22:1; C20:1n9; Cl18:1cis-15; Cl18:1trans-16;
C18:1cis-13; C18:1cis-12; C18:1cis-11; C18:1trans-15; C18:1cis-9;
Cl18:1trans-11; Cl17:1cis-9; Cl6:1cis-9; Cl6:1cis-7; Cl6:1cis-7;
Cl16:1trans-9; C15:1; Cl4:1cis-9 e C12:1)

7(C22:6 n3; C22:5n3; C22:4n6; C20:5n3; C22:3n3; C20:4n6;
C20:3n6; C20:3n9; C20:2n6; C18:2rans-10, cis-12CLA;

Table 3 (continued)

C18:2trans-9, cis-11CLA; C18:2cis-9,trans-11 CLA; CI18:3 n3;
C18:3 n6; C18:2 n6 e C18:2 nb trans-9,12)

S(Cl 8:2cis,trans-11; C18:2trans-9,cis-11; C18:2trans-10,cis-12)

9(C22:4 n6; C20:4n6; C20:3n6; C20:2n6; C18:3n6; C18:2n6;
C18:2n6trans-9,12)

10(C22:6n3; C22:5n3; C20:5n3; C22:3n3; C18:3n3)

11Type of pasture: AG, Panicum maximum; PP, Cajanus cajan; CS,
contiguous swards of AG and PP

I2MSE, mean square error

2bValues within a row with different letters differ at P<0.05 and
tended to differ at P>0.05 and P<0.10

effect of gamma tocopherol on meat oxidation is relatively
small, about 10% of the alfa-tocopherol.

The deposition of alpha-tocopherol in the meat of other
species is also reported. Study carried out by Realini et al.
(2004) using Hereford steers on temperate pasture found
alpha-tocopherol concentration of 3.91 pg g~ Arnold et al.
(1993) proposed 3.55 pg g~! as the target concentration to
have a significant impact on reducing pigment and lipid oxi-
dation in beef. In addition to meat, alpha-tocopherol also
plays an important role in the maintenance and oxidative
stability of milk and dairy products. Martini et al. (2021)
evaluated a herd of ewes from Sardinia with dairy aptitude
on natural mountain pasture, and observed an alpha-tocoph-
erol content of 3.24 mg 100 g~! of fat in milk and 1.47 mg
100 g™! of fat in cheese. This demonstrates the ability of
alpha-tocopherol present in pasture to be deposited in the
animal product or by-product, making it a food rich in bioac-
tive compounds that are important for human health. How-
ever, the metabolization of tocopherol from the sheep diet
might be affected by the breed type, as observed by Asadian
et al. (1995), which warrant further investigation.

It is not possible to conclude from this study that tocoph-
erol intake can affect carcass physical characteristics because
there were no significant differences on tocopherol intake
between treatments. However, the lack of tocopherol effect
on carcass was described by other studies. Kasapidou et al.
(2012) and Turner et al. (2002), working with increasing
doses of tocopherol in the diet, did not find correlation
between levels of tocopherol in the diet and carcass physi-
cal characteristics.

Although there is a potential effect of alfa-tocopherol
on fat and meat color, as found by Ripoll et al. (2013) and
Lobon et al. (2017), our study demonstrates that there are
no differences in meat and fat color between tropical grass
and legume pastures. In the same way, water retention capac-
ity and tenderness (shear force) were also not affected by
the pasture type. The only difference in meat characteris-
tics between treatments was found in the meat from lambs
that grazed PP. They tended to present higher a* value (red-
ness). This result may be related to greater CT content in

@ Springer
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PP. Tannins can alter ruminal microorganism dynamics,
mainly those associated with the biosynthesis of vitamin
B12, which is related to heme-pigment synthesis (Priolo and
Vasta, 2007) that can alter the meat redness. However, fur-
ther studies are needed to better isolate the effect of tannins
on meat quality, once the difference found in this study was
relatively small and we did not find effect of PEG that was
daily dosed.

Type of pasture did not affect the amount of muscle and
fat content but they changed the fatty acid profile. Lambs
grazing a tropical legume (PP) had meat with less ) SFA
and greater C18:2 n-6, causing a higher ratio of n-6/n-3 and
greater XPUFA content in relation to AG. This result can
be a consequence of the plant FA composition. Makmur
et al. (2019) analyzed the fatty acids of a tropical grass and
different legumes and, although the concentration of the
lipids in the pasture is relatively small, they found a greater
amount of PUFA in tropical legumes. In the same way,
different studies (Ponnampalam et al., 2017; Turner et al.,
2014; Vasta et al., 2009; Lourenco et al., 2008) report the
importance of the legume as a potential source to increase
the unsaturated FA in the meat. The higher PUFA content
demonstrates that tropical legumes can produce better meat
quality than grasses for human health. This benefit can be
obtained through not only with a monoculture of legume, but
also when there are contiguous areas of legume and grass,
agreeing with Howes et al. (2015) that explain that legumes
can be used to mitigate the negative effect of FA saturation.

The higher PUFA in meat from animals that grazed PP
than AG might also partially be explained by the fact that the
legume has CT and it may prevent ruminal biohydrogena-
tion (Vasta et al., 2009). The biohydrogenation in the rumen
can be indicated by C18:1trans-11 content in lamb meat.
C18:1trans-11 is an important biohydrogenation intermedi-
ate in the rumen (Lourenco et al., 2007), and the low con-
centrate of this FA might suggest that there is an inhibition
of biohydrogenation when animals are fed with legumes.

In addition, our study shows greater control of lipid oxi-
dation in the meat of the lambs that grazed tropical grass.
Meat from AG lambs showed lower lipid oxidation at day 6
of storage, which may be directly related to the lower PUFA
content. Wood et al., (2008), reviewing several studies,
explain that PUFAs are more prone to be oxidized than SFA.
In addition to the type of FA, they mention that tocopherol
is essential to protect the PUFA from oxidation and the high
levels in the pasture are very important. In the same way,
Realini et al. (2004) and Vatansever et al. (2000), comparing
animals fed either with concentrate or forage, emphasize that
vitamin E present in the pasture plays an important role in
protecting the meat against oxidation, mainly the meat from
grazing ruminants that have high concentration of PUFAs.

The action of alpha-tocopherol goes beyond its antioxi-
dant capacity in meat. Vitamin E is part of the antioxidant

@ Springer

defense system in humans; according to EFSA (2017), the
ideal daily consumption for men is 13 mg day~' and for
women is 11 mg day~!. Studies show that diets based on
foods rich in vitamin E can also help fight Alzheimer’s
disease (Grundman, 2000), in preventing photo oxidative
damage (Stahl and Sies, 2003). In addition, vitamin E
acts on human physiology, capturing and releasing energy
(Paixdo and Stamford, 2004), and reducing heart diseases.
These results show the great beneficial and value-adding
potential that the production of meat from ruminants on
pasture can obtain and which is very little explored. The
composition and fat profile of ruminant meat are also
important characteristics that affect human health. From
a nutritional point of view, the World Health Organization
(WHO) indicates that the consumption of omega6/omega
3 should be at a ratio lower than 4 (four), and the value
found in this study is lower than 2 (two). This low omega6/
omega 3 ratio contributes to reducing the risk of coronary
heart disease (Freitas et al., 2014).

We can conclude that tropical grass and legumes can
potentially alter the fatty acid profile values. The legume
increases the unsaturated FAs and the grass can reduce the
n6/n3 ratio. The higher concentration of unsaturated FAs
makes the meat more prone to oxidation. However, tropical
grass and legume pastures can equally provide a notable
amount of alpha-tocopherol to grazing animals that can
help to protect the lamb’s meat from oxidation.

Acknowledgements The authors would like to thank the National
Council of Scientific and Technological Development (CNPq) of Brazil
for the doctorate scholarship to the first author and for the financial sup-
port to the project (232963/2014-2). We are also grateful for the PhD
scholarship sandwich to the first author (PDSE 88881.132015/2016-
01), provided by Coordination of Improvement of Higher Education
Personnel (CAPES) of Brazil. We also thank the Center for Research
and Technology Agro-food of Aragon (CITA) and Institute of Food
Science and Technology (ICTA), for the assistance of laboratory
analysis.

Author contribution VSH, CHECP, JFT, and TD conceived and
designed research. VSH, JFT, and NMF conducted experiments. MJ,
JRBP, REFM, ENN, AGFS, ER, and VM assisted in laboratory analy-
sis. VSH analyzed data and wrote the manuscript. VSH, CHECP, JFT,
TD, and MJ have worked on corrections to the manuscript. All authors
read and approved the manuscript.

Data availability All data generated or analyzed during this study are
included in this published article.

Declarations

Human and animal rights The experimental protocol involving finish-
ing and slaughtering lambs was approved by the Ethics Committee on
the Use of Animals of the Universidade Federal do Rio Grande do Sul
(CEUA-UFRGS), Project No: 27830.

Conflict of interest The authors declare no competing interests.



Tropical Animal Health and Production (2021) 53: 427

Page9of 10 427

References

Alves, SP, Bessa, RIB, 2009. Comparison of two gas—liquid chro-
matograph columns for the analysis of fatty acids in ruminant
meat. Journal of Chromatography, 1216, 5130-5139.

AOAC, 1995. Official Methods of Analysis, 15ed (Association of
Official Analytical Chemist, Washington, DC,USA)

Arnold, RN, Arp, SC, Scheller, KK, Williams, SN, Schaefer, DM,
1993. Tissue equilibrium and subcellular distribution of vitamin
E relative to myoglobin and lipid oxidation in displayed beef.
Journal of Animal Science, 71, 105-118.

Asadian, A, Mirhadi, SA, Mezes, M, 1995. Seasonal variation in the
concentration of vitamins A and E in the blood plasma of fat-
tailed sheep. Acta Veterinaria Hungarica, 43, 453-461.

Bertolin, JR, Joy, M, Rufino-Moya, PJ, Lobdn, S, Blanco, M, 2018.
Simultaneous determination of carotenoids, tocopherols, retinol
and cholesterol in ovine lyophilised samples of milk, meat, and
liver and in unprocessed/raw samples of fat. Food Chemistry,
257, 182-188

Bieri, JG, McKenna, MC, 1981. Expressing dietary values for fat-
soluble vitamins: changes in concepts and terminology. The
American journal of clinical nutrition, 34, 2 , 289-295.

Bircham, JS, 1981. Herbage growth and utilization under continuous
stocking management. (PhD- Thesis University of Edinburgh).

Blanco, M, Ripoll, G, Casasus, I, Bertolin, JR, Joy, M, 2019. Carot-
enoids and tocopherol in plasma and subcutaneous fat colour to
trace forage-feeding in growing steers. Livestock Science, 219,
104-110.

Booth, VH, 1964. The a-tocopherol content of forage crops. Journal
of the Science of Food and Agriculture, 15, 5, 342-344.

Bravo-Lamas, L, Barron, LJ, Kramer, JK, Etaio, I, Aldai, N, 2016.
Characterization of the fatty acid composition of lamb com-
mercially available in northern Spain: Emphasis on the trans-18:
1 and CLA content and profile. Meat science, 117, 108-116.

Caifieque, V, Velasco, S, Diaz, M, Pérez, C, Huidobro, F, Lauzu-
rica, S, Gonzalez, J, 2001. Effect of weaning age and slaughter
weight on carcass and meat quality of Talaverana breed lambs
raised at pasture. Animal Science, 73, 1, 85-95.

Castro-Montoya, JM, Dickhoefer, U, 2020. The nutritional value of
tropical legume forages fed to ruminants as affected by their
growth habit and fed form: A systematic review. Animal Feed
Science and technology, 269, 114641.

Descalzo, AM, Sancho, AM, 2008. A review of natural antioxidants
and their effects on oxidative status, odor and quality of fresh
beef produced in Argentina. Meat Science, 79, 423-436.

Dewhurst, RJ, Scollan, ND, Lee, MR, Ougham, HJ, Humphreys,
MO, 2003. Forage breeding and management to increase the
beneficial fatty acid content of ruminant products. Proceedings
of the Nutrition society, 62, 2, 329-336.

EFSA (European Food Safety Authority), 2017. Dietary Reference
Values for Nutrients: Summary Report. EFSA supporting pub-
lications, e15121.

Freitas, AK d, Lobato, JF, Cardoso, LL, Tarouco, JU, Vieira, RM,
Dillenburg, DR, Castro, I, 2014. Nutritional composition of the
meat of Hereford and Braford steers finished on pastures or in a
feedlot in southern Brazil. Meat Science, 96, 353-360.

Goering, HK, Van Soest, PJ, 1970. Forage Fiber Analysis. USDA
Agricultural Research Service. Handbook number 379. US
Department of Agriculture. Superintendent of Documents, US
Government Printing Office, Washington, DC.

Gornas, P, Siger, A, Czubinski, J, Dwiecki, K, Seglina, D, Nogala-
Kalucka, M, 2014. An alternative RP-HPLC method for the
separation and determination of tocopherol and tocotrienol
homologues as butter authenticity markers: A comparative study

between two European countries. European Journal of Lipid
Science and Technology, 116, 895-903.

Grabber, JH, Zeller, WE, Mueller-Harvey, I, 2013. Acetone enhances
the direct analysis of procyanidin-and prodelphinidin-based
condensed tannins in Lotus species by the butanol-HCl-iron
assay. Journal of Agricultural and Food Chemistry, 61, 2669-2678.

Grundman, M, 2000. Vitamin E and Alzheimer disease: the basis for
additional clinical trials. The American Journal of Clinical Nutri-
tion, 71, 630-636. doi:https://doi.org/10.1093/ajcn/71.2.630s.

Hess, HD, Beuret, RA, Lotscher, M, Hindrichsen, IK, Machmiiller, A,
Carulla, JE, Kreuzer, M, 2004. Ruminal fermentation, methano-
genesis and nitrogen utilization of sheep receiving tropical grass
hay-concentrate diets offered with Sapindus saponaria fruits and
Cratylia argentea foliage. Animal Science, 79, 1, 177-189.

Howes, NL, Bekhit, AEDA, Burritt, DJ, Campbell, AW, 2015. Oppor-
tunities and implications of pasture-based lamb fattening to
enhance the long-chain fatty acid composition in meat. Compre-
hensive Reviews in Food Science and Food Safety, 14, 1, 22-36.

Jaturasitha, S, Norkeaw, R, Vearasilp, T, Wicke, M, Kreuzer, M, 2009.
Carcass and meat quality of Thai native cattle fattened on Guinea
grass (Panicum maxima) or Guinea grass—legume (Stylosanthes
guianensis) pastures. Meat science, 81, 1, 155-162.

Johnson, AD, 1978. Sample preparation and chemical analysis of
vegetation. In Measurement of grassland vegetation and animal
production (ed. L ’t Mannetje), pp. 96-102. Commonwealth Agri-
cultural Bureaux, Madison, USA.

Kasapidou, E, Wood, JD, Richardson, RI, Sinclair, LA, Wilkinson, RG,
Enser, M, 2012. Effect of vitamin E supplementation and diet on
fatty acid composition and on meat colour and lipid oxidation of
lamb leg steaks displayed in modified atmosphere packs. Meat
Science, 90, 908-916.

Kozloski, GV, Flores, EM, Martins, AF, 1998. Use of chromium oxide
in digestibility studies: variations of the results as a function of the
measurement method. Journal Science of Food and Agriculture,
76, 373-376.

Kozloski, GV, Netto, DP, Oliveira, L, Maixner, AR, Leite, DT, Mac-
cari, M, de Quadros, FLF, 2006. Uso de 6xido de cromo como
indicador da excrecdo fecal de bovinos em pastejo: variagdo das
estimativas em funcdo do horario de amostragem. Ciéncia Rural,
36, 599-603.

Klingman, DL, Miles, SR, Mott, GO, 1943. The cage method for deter-
mining consumption and yield of pasture herbage. Journal of the
American Society of Agronomy, 35, 739-746.

Lee, MRF, Tweed, JKS, Kim, EJ, Scollan, ND, 2012. Beef, chicken
and lamb fatty acid analysis - a simplified direct bimethylation
procedure using freeze-dried material. Meat Science, 92, 863-866.

Li, Y, Liu, S, 2012. Reducing lipid peroxidation for improving colour
stability of beef and lamb: on-farm considerations. Journal of the
Science of Food and Agriculture, 92, 719-726.

Liu, SM, Sun, HX, Jose, C, Murray, A, Sun, ZH, Briegel, JR, Tan, ZL,
2011. Phenotypic blood glutathione concentration and selenium
supplementation interactions on meat colour stability and fatty
acid concentrations in Merino lambs. Meat Science, 87, 130-139.

Lobén, S, Sanz, A, Blanco, M, Ripoll, G, Joy, M, 2017. The type of
forage and condensed tannins in dams’ diet: Influence on meat
shelf life of their suckling lambs. Small Ruminant Research, 154,
115-122.

Lépez-Bote, CJ, Daza, A, Soares, M, Berges, E, 2001. Dose—response
effect of dietary vitamin E concentration on meat quality char-
acteristics in light-weight lambs. Animal Science, 73, 451-457.

Lourenco, M, Van Ranst, G, De Smet, S, Raes, K, Fievez, V, 2007.
Effect of grazing pastures with different botanical composition
by lambs on rumen fatty acid metabolism and fatty acid pattern
of longissimus muscle and subcutaneous fat. Animal, 4, 537-545.

Lourenco, M, Van Ranst, G, Vlaeminck, B, De Smet, S, Fievez, V,
2008. Influence of different dietary forages on the fatty acid

@ Springer


https://doi.org/10.1093/ajcn/71.2.630s

427 Page 100f 10

Tropical Animal Health and Production (2021) 53: 427

composition of rumen digesta as well as ruminant meat and milk.
Animal Feed Science and Technology, 145, 418-37.

Luciano, G, Monahan, FJ, Vasta, V, Biondi, L, Lanza, M, Priolo, A,
2009. Dietary tannin sim prove lamb meat colour stability. Meat
Science, 81, 120-125.

Makmur, M, Zain, M, Agustin, F, Sriagtula, R, Putri, EM, 2019.
In vitro rumen biohydrogenation of unsaturated fatty acids in
tropical grass-legume rations. Veterinary world, 13, 4, 661.

Makkar, HPS, 2000. Quantification of Tannins in Tree Foliage. Vienna:
FAO/IAEA, 26.

Makkar, HPS, Blimmel, M, Becker, K, 1995. Formation of complexes
between polyvinyl pyrrolidones or polyethylene glycols and tan-
nins, and their implication in gas production and true digestibility
in in vitro techniques. British Journal of Nutrition, 73, 897-913.

Martini, M, Salari, F, Buttau, L, Altomonte, I, 2021. Natural content of
animal and plant sterols, alpha-tocopherol and fatty acid profile in
sheep milk and cheese from mountain farming. Small Ruminant
Research, 201, 106419. https://doi.org/10.1016/j.smallrumres.
2021.106419.

Mott, GO, Lucas, HL, 1952. The design, conduct and interpretation of
grazing trials on cultivated and improved pastures. In International
grassland congress, 6, 1380-1395.

Montossi, F, Safiudo, C, 2007. Cooperacion Hispano-Uruguaya: Eval-
uacién y promocioén de la calidad de la carne bovina y ovina del
Uruguay en el mercado europeo. INIA Serie Técnica; 166.

Muir, PD, Deaker, JM, Bown, MD, 1998. Effects of forage-and grain-
based feeding systems on beef quality: A review. New Zealand
journal of agricultural research, 41,4, 623-635.

@rskov, ER, McDonald, I, 1979. The estimation of protein degradabil-
ity in the rumen from incubation measurements weighted accord-
ing to rate of passage. The Journal of Agriculure Science, 92,
499-503.

Osorio, JCS, 1998. Métodos para avaliagdo da produgdo de carne ovina:
’in vivo, na carcaga e na carne. pp. 98. Pelotas: UFPEL, RS, BR.

Paixdo, JA, Stamford, TLM, 2004. Vitaminas Lipossoliveis em alimen-
tos-Uma abordagem analitica. Quimica Nova, 27, 96-105.

Pinheiro, JC, Bates, DM, 2000. Mixed-Effects Models in S and
S-PLUS, New York, USA: Springer. 529.

Pikul, J, Leszczynski, DE, Kummerow, FA, 1989. Evaluation of
three modified TBA methods for measuring lipid oxidation in
chicken meat. Journal of Agricultural and Food Chemistry, 37,
5, 1309-1313.

Poli, CHEC, Monteiro, AL, Devincenzi, T, Albuquerque, FH, Motta,
JH, Borges, LI, Muir, JP, 2020. Management strategies for lamb
production on pasture-based systems in subtropical regions: a
Review. Frontier Veterinary Science. 2020. https://doi.org/10.
3389/fvets.2020.00543

Pond, KR, Ellis, WC, Matis, JH, Deswysen, AG, 1989. Passage of
Chromium-Mordanted and Rare Earth-Labeled Fiber: Time of
Dosing Kinetics 1. Journal of Animal Science, 67, 1020-1028.

Ponnampalam, EN, Burnett, VF, Norng, S, Warner, RD, Jacobs, JL,
2012. Vitamin E and fatty acid content of lamb meat from peren-
nial pasture or annual pasture systems with supplements. Animal
Production Science, 52, 4, 255-262.

Ponnampalam, EN, Plozza, T, Kerr, MG, Linden, N, Mitchell, M,
Bekhit, AEDA, Hopkins, DL, 2017. Interaction of diet and long
ageing period on lipid oxidation and colour stability of lamb
meat. Meat Science, 129, 43-49.

Priolo, A, Vasta, V, 2007. Effects of tannin-containing diets on small
ruminant meat quality. Italian Journal os Animal Science, 6,
527-530.

Realini, CE, Duckett, SK, Brito, GW, Dalla Rizza, M, De Mattos, D,
2004. Effect of pasture vs. concentrate feeding with or without

@ Springer

antioxidants on carcass characteristics, fatty acid composition,
and quality of Uruguayan beef. Meat Science, 66, 3, 567-577.

Ripoll, G, Gonzalez-Calvo, L, Molino, F, Calvo, JH, Joy, M, 2013.
Effects of finishing period length with vitamin E supplementation
and alfalfa grazing on carcass color and the evolution of meat
color and the lipid oxidation of light lambs. Meat Science, 93,
906-913.

Silva, JA, Poli, CHEC, Tontini, JF, Irigoyen, LR, Modesto, EC, Vil-
lalba, JJ, 2020. Ingestive behavior of young lambs on contrasting
tropical grass sward heights. Frontiers Veterinary Science. 2020.
https://doi.org/10.3389/fvets.2020.00643

Stahl, W, Sies, H, 2003. Antioxidant activity of carotenoids. Molecular
Aspects of Medicine, 24, 345-351. https://doi.org/10.1016/S0098-
2997(03)00030-X.

Tontini, JF, Poli, CH, Hampel, VS, Minho, AP, Muir, JP, 2019. Nutri-
tional values and chemical composition of tropical pastures as
potential sources of a-tocopherol and condensed tannin. African
Journal of Range & Forage Science, 36, 4, 181-189.

Tramontano, WA, Ganci, D, Pennino, M, Dierenfeld, ES, 1993. Distri-
bution of a-tocopherol in early foliage samples in several forage
crops. Phytochemistry, 34, 2, 389-390.

Turner, KE, McClure, KE, Weiss, WP, Borton, RJ, Foster, JG, 2002.
Alpha-tocopherol concentrations and case life of lamb muscle as
influenced by concentrate or pasture finishing. Journal of Animal
Science, 80, 10, 2513-2521.

Turner, KE, Belesky, DP, Cassida, KA, Zerby, HN, 2014. Carcass merit
and meat quality in Suffolk lambs, Katahdin lambs, and meat-goat
kids finished on a grass—legume pasture with and without sup-
plementation. Meat Science, 98, 211-219.

Wood, JD, Enser, M, Fisher, AV, Nute, GR, Sheard, PR, Richardson,
RI, Whittington, FM, 2008. Fat deposition, fatty acid composition
and meat quality: A review. Meat science, 78,4, 343-358.

Val, J, Monge, E, Baker, NR, 1994. An improved HPLC method for
rapid analysis of the xanthophyll cycle pigments. Chromato-
graphic Science 32, 286-289.

Van Soest, PJ, Robertson, JB, Lewis, BA, 1991. Symposium: carbo-
hydrate methodology, metabolism, and nutritional implications in
dairy cattle. Dairy Science 74, 3583-3597.

Van Soest, PJ, 1994. Nutritional ecology of the ruminant. New York:
Cornell University, 476 p. _Symposium on factors influencing the
voluntary intake of herbage by ruminants: voluntary intake rela-
tion to chemical composition and digestibility. Journal of Animal
Science, 834-844.

Vasta, V, Mele, M, Serra, A, Scerra, M, Luciano, G, Lanza, M, Priolo,
A, 2009. Metabolic fate of fatty acids involved in ruminal bio
hydrogenation in sheep fed concentrate or herbage with or without
tannins. Animal Science, 87, 2674-2684.

Vatansever, L, Kurt, E, Enser, M, Nute, GR, Scollan, ND, Wood, JD,
Richardson, RI, 2000. Shelf life and eating quality of beef from
cattle of different breeds given diets differing in n-3 polyunsatu-
rated fatty acid composition. Animal Science, 71, 3, 471-482.

Yoshinaga, K, Asanuma, M, Xu, C, Mizobe, H, Kojima, K, Nagai, T,
Gotoh, N, 2013. Resolution behavior of cis-and trans-octadece-
noic acid isomers by AOCS official method using SP-2560 col-
umn. Journal of oleo science, 62,10, 781-788.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.smallrumres.2021.106419
https://doi.org/10.1016/j.smallrumres.2021.106419
https://doi.org/10.3389/fvets.2020.00543
https://doi.org/10.3389/fvets.2020.00543
https://doi.org/10.3389/fvets.2020.00643
https://doi.org/10.1016/S0098-2997(03)00030-X
https://doi.org/10.1016/S0098-2997(03)00030-X

	Tropical grass and legume pastures may alter lamb meat physical and chemical characteristics
	Abstract
	Introduction
	Material and methods
	Experimental site and procedures
	Intake and in situ dry matter digestibility
	Chemical composition of the pastures
	Carcass measurements and meat analysis
	Statistical analyses

	Results
	Pasture characteristics and animal intake
	Lamb performance, carcass, and meat quality characteristics
	Tocopherol concentration and intramuscular fatty acid profile
	Storage time study: pH and lipid oxidation

	Discussion
	Acknowledgements 
	References


