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To evaluate phenolic compounds and whether the combination of a tanniferous fruit and soybean oil could improve the
performance, meat characteristics, and fatty acid (FA) profile in lambs, an experiment was conducted over 40 days with twenty
creole male lambs (23.71 + 3.46 kg). The lambs were allotted in a completely randomised design, with factorial arrangement 2 x 2,
with the following dietary treatments: (1) control diet, (2) 2% Caesalpinia coriaria ground fruit dry matter (DM), (3) 2% soybean
oil DM, and (4) 2% Caesalpinia coriaria fruit plus 2% soybean oil. The concentration of condensed tannins (CT) in Caesalpinia
coriacea was 21.71 g/kg DM. No interactions were detected (P > 0.05) among soybean oil and Caesalpinia coriaria, and there were
no differences in daily gain, intake, and feed conversion. Soybean oil reduced (P < 0.05) DM digestibility (68.05 versus 59.56%). In
fat from the longissimus thoracis et lumborum (LTL) muscle, only linoleic acid presented differences (P < 0.05) between treatments.
The combination of Caesalpinia coriacea fruit and soybean oil did not improve lamb performance at the included levels.

1. Introduction beneficial effects on lamb performance because the reduction
in ruminal protein degradation improves the amino acid sup-
ply to the small intestine [4, 5]. Tannins may also reduce losses
of methane, and this could increase ME for growth; in vitro
studies have shown that increasing graded levels of tannin-
containing tropical tree leaves result in a linear reduction
in methane concentration [6]. Other benefits from tannin
supplementation in lamb rations are a higher deposition of
Trans C18:1 and C18:2 n-6 in lamb muscle [7].

Vegetable oils are of interest in ruminant feeding since

There is interest in the study of local plants and to develop
extracts that contain secondary compounds (condensed
tannins and saponins) that, in addition to their potential
to reduce methane emissions, have nutraceutical effects
for ruminants [1] and many metabolites with antioxidant
properties [2]. Besides it is possible that some phytochemicals
promote the synthesis of conjugated linoleic acid, which
would have beneficial effects on the consumer due to its

nutraceutical effects (cardiovascular, anticancer, neuropro-
tective, antiosteoporotic, anti-inflammatory, and antioxi-
dant) in humans [3].

The inclusion of plants with condensed tannins (CT) in
low or moderate levels in ruminant diets has demonstrated

they can reduce methane emissions [8] but there are few
evaluations in combination with plants rich in phytochem-
icals. In an experiment with feedlot lambs with increasing
levels of a tanniferous bush and vegetable oils (soybean oil
and linseed oil 2:1), there were no reports of interactions or
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TaBLE 1: Experimental diets and chemical composition.

Control Caesalpinia coriaria Soybean oil C. coriaria + soybean oil
Ingredients (as fed basis, %)
Sorghum grain 19.608 19.608 19.608 19.231
Corn grain 34.804 34.804 34.804 34.135
Soybean meal 46% CP 3.922 3.922 3.922 3.846
Molasses sugar cane 11.765 9.804 9.804 9.615
Rice polish 8.824 8.824 8.824 8.654
Soybean hulls 5.882 5.882 5.882 5.769
Urea 0.980 0.980 0.980 0.962
Canola meal 3.431 3.431 3.431 3.365
Corn gluten meal 1.961 1.961 1.961 1.923
Wheat bran 3.922 3.922 3.922 3.846
Calcium carbonate 1.471 1.471 1.471 1.442
Mineral premix’ 0.980 0.980 0.980 0.962
Sodium bicarbonate 0.980 0.980 0.980 0.962
Sodium chloride 0.490 0.490 0.490 0.481
Inert fat 0.980 0.941 0.941 0.808
Caesalpinia coriaria - 2.000 - 2.000
Soybean oil - - 2.000 2.000
Total 100.000 100.000 100.000 100.000
Nutrient content
DM?% 94.910 94.750 94.690 94.530
Ash% 8.990 9.460 8.900 9.370
Ether extract% 3.940 5.675 3.241 5.577
Crude protein% 14.604 13.961 14.327 13.944
NDF% 29.739 30.150 28.953 30.489
ADF% 14.665 15.255 14.319 15.252

'NaCl 3000 g, Co 75 mg, Cu 5,000 mg, Cr 200 ppb, P 40 g, Fe 30,000 mg, Mn 2,000 mg, Se 100 mg, I 125 mg, Zn 10,500 mg, vitamin A 6,800,000 IU, vitamin D

630,000 IU, and vitamin E 16,500 IU.

effects on growth; even at levels of 80 g/kg of oil, intake was
depressed. However, oil supplementation increased total n-
3 polyunsaturated fatty acids in meat, improving nutritional
value [9]. The inclusion of soybean oil in lamb finishing diets
at 60 g/kg did not affect the feedlot performance of lambs [10].
Soybean oil has been reported to have an inhibitory effect
on methane production when included at 30 g/kg, affecting
methanogenic bacteria and rumen protozoa in lambs [11].
The effects of different tanniferous plants on polyunsatu-
rated fatty acids (FA) in meat indicate that not all condensed
tannins have the same effect on ruminal biohydrogenation
[12] of dietary fatty acids (FA) as linoleic acid, which improves
the rise of trans-11 18:1 (VA, vaccenic acid) in the rumen
and thus the content in meat products. Therefore, different
plants need to be evaluated to identify those that induce
beneficial effects in lamb performance and meat quality.
The leaves of Caesalpinia coriaria have a very rich tannin
content with moderate antibacterial activity against pathogen
bacteria [13], and some tropical fruit tree species contain
tannins in substantial concentrations [14, 15]; therefore, it
was hypothesised that the inclusion of dehydrated fruits with
tannins in ruminant diets at lower levels may show the
beneficial effects of condensed tannins. An experiment was
designed to evaluate whether the inclusion of Caesalpinia

coriaria fruit, with or without soybean oil, in feedlot rations
could improve lamb performance, meat quality, and long-
chain fatty acid deposition in muscle.

2. Materials and Methods

The Animal Care and Use Committee of the Doctorate
Program in Animal and Agricultural Sciences from the
Universidad Auténoma Metropolitana Campus Xochimilco
approved the procedures.

Twenty male hair crossed lambs (23.71 + 3.46 kg) were
randomly assigned to one of four treatments (n = 5
lambs/treatment): (1) control diet, (2) 2% Caesalpinia coriaria
dehydrated ground fruit DM, (3) 2% soybean oil DM,
and (4) 2% Caesalpinia coriaria fruit and 2% soybean oil.
The lambs were housed in individual crates, and feed was
provided at 08:00 and 15:00 h. The lambs were adapted to the
experimental diets (Table 1) for 10 days, and the experiment
lasted 40 days. All lambs had free access to feed, ensuring
100 g orts per kg of the amount fed daily.

The fruits of Caesalpinia coriaria were collected in Febru-
ary 2014 in the Pungarabato municipality of Mexico. The
fruits were mixed and dried in the shade for 15 days, and, then,
the whole fruit (containing the peel and seed) was ground in
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a hammermill containing a screen size of 4 mm. Other feeds
from the ration were ground with a 2.0 cm screen and mixed
in a grinder-mixer (Vigusa, Mexico) to offer experimental
rations as total mixed rations.

Daily samples of the feed and orts were collected and
combined every 14 days. The dry matter and nitrogen in
the diets were analysed according to the AOAC [16]. Neu-
tral detergent fibre (NDF) and acid detergent fibre (ADF)
analyses were conducted with a detergent system [17]. Fecal
samples were collected every 4 days [18] up to day 30 of
the experimental period to estimate apparent dry matter
digestion. Feed and orts were collected daily during the
same period. Acid-insoluble Ash was used on samples as an
internal marker to estimate DM and NDF digestibility [19].

The evaluated variables were daily feed intake, average
daily gain (ADG), feed conversion ratio, longissimus thoracis
et lumborum (LTL) muscle area, and meat characteristics.
The muscle area from longissimus dorsi was assessed one
day before slaughter (day 39) by ultrasonography [20].
After slaughter, muscle samples (5g) of the left side loin
(longissimus thoracis et lumborum (LTL)) were collected and
stored in a freezer (—20°C) until analyses were performed.
To measure Warner-Bratzler shear force, 2.5 cm thick steaks
were cooked at 70°C, using a model 1132 Instron Universal
Testing Machine (Instron, Canton, MA) with a Warner-
Bratzler attachment [21]. Color was measured 24h after
slaughter in fresh cuts of the loin samples using a Minolta
CM-2006d spectrophotometer (Konica Minolta Holdings,
Inc., Osaka, Japan). The lightness (L"), redness (a*), and
yellowness (b*) were recorded [22].

In the dehydrated fruit of Caesalpinia coriaria, total
condensed tannins (TCTs) were assayed using the butanol-
HCI method [23], with Lysiloma acapulcensis being used as
an internal standard [24]. Analyses of the free (free-CT),
protein-bound (PCT) and fibre-bound (FCT) condensed
tannins were conducted according to the method of Porter et
al. [25]. The purification was performed with Sephadex LH-
20 [26, 27].

Lipids for fatty acid analysis were extracted from
500 mg of muscle and analysed in a sample obtained from
the area between the 11th and 12th ribs (2.5cm?) using
2:1(vol/vol) chloroform-methanol [28]. A total of 10-20 mg
of extracted lipid was derivatized using 1:4 (vol/vol)
tetramethylguanidine and methanol [29]. Fatty acid profiles
were determined by chromatography on a Supelco-2560,
100m-0.25mm 0.20 mm column (Sigma Aldrich Canada,
Oakville, ON, Canada) installed in a gas chromatograph
(Agilent 6890, Agilent United States, Santa Clara, CA, USA)
by flame ionization detection and splitless injection. Fatty
acids from the muscle samples were identified by comparison
with retention times of known standards (Sigma Aldrich
Canada).

The results were analysed according to a completely
randomised design with a 2 x 2 factorial arrangement, and
the means were compared with the Tukey test [30].

3. Results and Discussion

The contents of total tannins, tannins bound as fractions,
and condensed tannins in the fruit are presented in Table 2,
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TABLE 2: Tannin content in Caesalpinia coriacea fruit.
Condensed tannins g/kg 21.71
Bounded to protein g/kg 3.17
Bounded to fibre g/kg 718
Total tannins g/kg 32.06

showing a high proportion of those bound to fibre and low
proportion of those bound to the protein fraction. Most of
the studies with tanniferous plants have been focused on the
leaves, so there are little data for fruits such as Crescentia alata
and Guazuma ulmifolia [15], perhaps because the intake of
fruits by small ruminants in the field is limited due to the large
size and hardness of the fruit, which require that mature fruit
be collected [16], dehydrated, and ground to be included in
the diet.

Even though Caesalpinia coriaria leaves have been con-
sidered rich in tannin content [13-31], the total CT in the
fruit is lower compared to that found in plants consumed
by goats in dry tropics where values range from 78 g/kg to
174 g/kg DM [32]. The CT in the fruit (Caesalpinia coriaria)
is lower than the mean of tropical plants with a high tannin
content of 30 g/kg DM [33] but can be considered similar
to Lotus corniculatus, a legume adapted to acid soils with
23 g/kg condensed tannins [34]. However, the CT (21.71 g/kg)
is higher than other tree tropical fruits with concentrations
reported of 11.9 and 12.0 g/kg CT [15].

The proportion of tannins bound to fibre or protein in
Caesalpinia coriaria fruit is relatively low when compared to
tropical plants consumed by goats [32]. It has been shown that
the condensed tannins have antimethanogenic effects, but
the biological importance of different fractions has not been
fully elucidated. Plants containing both hydrolysable plus
condensed tannins were more effective in reducing the total
in vitro gas and methane production than those containing
only hydrolysable tannins [35].

No interactions were detected among soybean oil and
Caesalpinia coriaria fruit; the main effects are presented
(Table 3). There were no differences in most of the lamb
performance variables; however, soybean oil reduced (P <
0.05) NDF digestibility (68.05 versus 59.56% and tended (P =
0.15) to reduce DM digestibility 84.08 versus 81.21%). DM
and NDF digestibility were highly correlated (r = 0.96;
P < 0.0001). Most of the loin meat characteristics were not
affected by treatments.

Several studies agree that lamb performance is not
improved with soybean oil or with plants rich in condensed
tannins. Abdalla et al. [33] found that the addition of soybean
oil at 1.8% and 3% in the diet did not affect lamb performance.
Dévila-Ramirez et al. [10] reported similar results in body
weight gain, feed intake, and feed efficiency with 6% soybean
oil. Others with 2% [36] or 3% [11] soybean did not find a
response in lamb performance, even when methane emission
was reduced in this last study. In one experiment, when
Crescentia alata and Guazuma ulmifolia fruits were offered ad
libitum, the intake of Crescentia alata was minimal (48 g/d)
compared to the Guazuma ulmifolia fruit (686 g/d), which
severely affected daily gain in lambs (81 versus 4 g/d) [14]. In
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TABLE 3: Main effects of Caesalpinia coriaria fruit and soybean oil on lamb performance and digestibility.

Control Caesalpinia coriaria Soybean oil C. coriaria + soybean oil SEM
Initial BW kg 23.95 23.48 23.46 23.97 1.777
Final BW kg 35.64 35.53 34.74 36.43 1.490
DM intake kg/d 1.254 1.300 1.249 1.305 0.035
ADG kg 0.292 0.301 0.282 0.311 0.016
Feed conversion 4.44 4.42 4.59 4.26 0.252
DM digestibility% 84.08 81.21 83.36 81.93 2.180
NDEF digestibility% 68.05° 59.56° 66.09% 61.52° 0.775
Ruminal pH 5.05 5.64 5.67 5.02 0.407
LTL area cm? 841.1 980.6 957.0 864.7 75.46
Color characteristics
L 37.02 36.74 36.07 37.69 0.548
a 20.78 19.63 20.45 19.96 0.616
b 6.96" 6.64 5.86° 7.73" 0.456
WBSF kg/cm2 785.58 687.94 783.94 689.58 80.11

Db\ eans with different superscript within main effect are different (P < 0.05); L, lightness; a, redness; b, yellowness; WBSF: Warner-Bratzler shear force.

other experiments with fixed leaf ratios of Crescentia alata
and Guazuma ulmifolia fruits (15 and 30%), daily gain and
feed conversion were not affected, and only intake was higher
with 30% of C. alata [15].

The dietary concentration of CT in this experiment
(0.42 g/kg DM) was lower compared to other studies; the
experiment with lamb rations including fruits [15] with
concentrations from 1.7 to 3.6g/kg and daily gain was
similar to the control diet, while, in other experiments
with higher concentration silages (32 and 62g/kg DM),
the daily gain was reduced at the highest concentrations.
The study [5] included Glycyrrhiza glabra leaves in lambs
with a dietary concentration of 4 g/kg of DM and found
a positive response only when PEG associated with the
protein.

In another experiment, dietary levels of condensed tan-
nins of 5, 10, and 20g/kg DM dietary Cistus ladanifer
combined with a vegetable oil blend (0, 4 and 8%) were
evaluated; there were no changes in weight gain by condensed
tannins, but oil intake was reduced [9], as observed in our
experiment.

Soybean oil may affect protozoa and methanogens; Mao
et al. [11] found that the protozoa population was reduced to
approximately 52% and methanogens to 41% in lambs fed a
diet with soybean oil. This is confirmed in other studies where
animals fed a rumen-protected fat diet show larger numbers
of protozoa than those supplemented with soybean oil [37].

The effects of substrates containing tannins on ruminal
fermentation are desirable if they do not alter VFA concentra-
tion and decrease both ammonia N and methane production
[6]. The beneficial effects of condensed tannins in moderate
dietary concentrations (20-40 g/kg DM) are associated with
the improvement of amino acid supply to the small intestine
[4] or by the protein sparing effect [5].

In this experiment, only the yellowness was higher with
Caesalpinia coriaria at 2% (P < 0.05) in the diet. This

may be an indicator that tannins could protect against
oxidation. However, in other studies, color and shear force
values of meat were not affected by the inclusion of plants
with condensed tannins [9] or by dietary soybean oil
[9-38]. Przywitowski et al. [39] found that diets containing
0.76 and 7.84 g/kg of tannins have positive results on color
parameters of turkey meat (a, b and L). Tannin-rich extract
could create a darker color and decrease yellowness values in
the meat of lambs Luciano et al. [40]. Likewise, Du et al. [41]
observed some changes in redness for dietary sorghum with
a high tannin content diet; the phenolic compounds such
as tannins might improve the color stability of broiler meat
during storage [39].

Regarding the changes in long-chain fatty acids, only
linoleic acid showed significative differences (P < 0.05;
Table 4). Several natural phytochemicals and antioxidants,
primarily phenolic compounds such as tannins, are also
known to exert modulatory effects on lipids in ruminants [42]
by decreasing cholesterol levels and altering the FA profile
of meat. Vasta et al. [7] reported the concentration of PUFA
longissimus muscle from lambs fed the tannin-containing
diets (4% condensed tannins). Similar to our results, Min et
al. [43] observed changes in CI8:2n-6 in growing goats fed
with different levels of tannins, but they increased 18:1 n-7c,
18:1 n-7t, 18:2 n-6¢, 18:3 n-3, and 20:2 n-6 compared to the
control diet.

Possibly, the higher secretion of Cl18:1n9t and 18:1n9c
with soybean oil could be due to partial biohydrogenation
of dietary cis-9 CI8:1 to C18:0 followed by its desaturation
by stearoyl-CoA desaturase and due to partial protection of
soybean oil cis-9 CI8:1 from ruminal biohydrogenation [44].
Tannin-containing diets reduce ruminal biohydrogenation.
This implies that tannin supplementation could be a useful
strategy to increase rumenic acid and polyunsaturated fatty
acid concentration and decrease the saturated fatty acids in
lamb meat [43].
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TABLE 4: Main effects of Caesalpinia coriaria fruit and soybean oil on fatty acids composition of muscle lipids.

Control Caesalpinia coriaria Soybean oil C. coriaria + soybean oil SEM
Cl14:0 3.78 4.14 4.14 3.64 0.94
Cl14:1-9 0.14 0.28 0.75 0.23 0.12
Cl16:0 29.17 25.08 30.15 28.73 421
Clé6:1 3.69 5.05 4.44 3.26 1.43
C18:0 21.44 22.39 15.88 17.84 525
C18:1 0.24 0.33 0.46 0.42 0.11
Cl8:2n-6 412" 0.46° 4.67° 2.35% 0.82
C18:3n 0.15 0.11 0.25 0.15 0.55

Db\ feans with different superscript within main effect are different (P < 0.05).

4. Conclusion

The inclusion of 2% Caesalpinia coriaria fruits, 2% soybean
oil dry matter, or their combination does not improve lamb
performance in finishing lamb rations, although it could
affect long-chain fatty acids in lamb meat.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

The first author acknowledges the National Council for Sci-
ence and Technology (CONACYT, Mexico) for his doctoral
fellowship. The authors acknowledge financial support to
Programa para el Desarrollo Profesional Docente, para el
Tipo Superior (PRODEP), and PROFIDES SEP.

References

[1] C. Garcia-Hernandez, J. Arece-Garcia, R. Rojo-Rubio et al,
“Nutraceutic effect of free condensed tannins of Lysiloma aca-
pulcensis (Kunth) benth on parasite infection and performance
of Pelibuey sheep,” Tropical Animal Health and Production, vol.
49, no. 1, pp. 55-61, 2017,

[2] R. Premanath and N. Lakshmidevi, “Studies on anti-oxidant
activity of Tinospora cordifolia (Miers.) leaves using in vitro
models,” Journal of American Science, vol. 6, no. 10, pp. 736-743,
2010.

[3] K-B. Kim, Y. A. Nam, H. S. Kim, A. W. Hayes, and B.-
M. Lee, “a-Linolenic acid: nutraceutical, pharmacological and
toxicological evaluation,” Food and Chemical Toxicology, vol. 70,
pp. 163-178, 2014.

[4] A. K. Patra and J. Saxena, “Exploitation of dietary tannins to
improve rumen metabolism and ruminant nutrition,” Journal
of the Science of Food and Agriculture, vol. 91, no. 1, pp. 24-37,
2011.

[5] M. J. Zamiri, H. Rajaei Sharifabadi, A. S. Bagheri, and A.
Solhjoo, “Effects of inclusion of licorice (Glycyrrhiza glabra
L.) leaves, a tannin-containing plant, in a low-protein diet on
feedlot performance and carcass characteristics of fat-tailed
lambs,” Tropical Animal Health and Production, vol. 47, no. 3,
pp. 597-602, 2015.

[6] R. Bhatta, Y. Uyeno, K. Tajima et al., “Difference in the nature
of tannins on in vitro ruminal methane and volatile fatty

acid production and on methanogenic archaea and protozoal
populations,” Journal of Dairy Science, vol. 92, no. 11, pp. 5512—
5522, 20009.

[7] V. Vasta, A. Priolo, M. Scerra, K. G. Hallett, J. D. Wood, and
O. Doran, “A9 desaturase protein expression and fatty acid
composition of longissimus dorsi muscle in lambs fed green
herbage or concentrate with or without added tannins,” Meat
Science, vol. 82, no. 3, pp. 357-364, 2009.

[8] K. A.Beauchemin and S. M. McGinn, “Methane emissions from
beef cattle: Effects of fumaric acid, essential oil, and canola oil,”
Journal of Animal Science, vol. 84, no. 6, pp. 1489-1496, 2006.

[9] A. Francisco, M. T. Dentinho, S. P. Alves et al., “Growth
performance, carcass and meat quality of lambs supplemented
with increasing levels of a tanniferous bush (Cistus ladanifer L.)
and vegetable oils;,” Meat Science, vol. 100, pp. 275-282, 2015.

[10] J. L. Davila-Ramirez, U. Macias-Cruz, N. G. Torrentera-Olivera
et al, “Effects of zilpaterol hydrochloride and soybean oil
supplementation on feedlot performance and carcass charac-
teristics of hair-breed ram lambs under heat stress conditions,”
Journal of Animal Science, vol. 92, no. 3, pp. 1184-1192, 2014.

[11] H.-L. Mao, J.-K. Wang, Y.-Y. Zhou, and J.-X. Liu, “Effects of
addition of tea saponins and soybean oil on methane produc-
tion, fermentation and microbial population in the rumen of
growing lambs,” Livestock Science, vol. 129, no. 1-3, pp. 56-62,
2010.

[12] V. Vasta, A. Nudda, A. Cannas, M. Lanza, and A. Priolo,
“Alternative feed resources and their effects on the quality of
meat and milk from small ruminants,” Animal Feed Science and
Technology, vol. 147, no. 1-3, pp. 223-246, 2008.

[13] K. Jeeva, M. Thiyagarajan, V. Elangovan, N. Geetha, and P.
Venkatachalam, “Caesalpinia coriaria leaf extracts mediated
biosynthesis of metallic silver nanoparticles and their antibac-
terial activity against clinically isolated pathogens,” Industrial
Crops and Products, vol. 52, pp. 714-720, 2014.

S. Rojas, J. Olivares, I. Gutiérrez, R. Jiménez, F. Ledn, and A.
Cordova, “Use of Crescentia alata and Guazuma ulmifolia fruits
in lamb feeding in subtropical region of Guerrero, Mexico,”
Revista Cientifica FCV-LUZ, vol. 23, pp. 157-162, 2013.

[15] S.Rojas-Hernandez, J. Olivares-Perez, E. Aviles-Nova, A. Villa-
Mancera, A. Reynoso-Palomar, and L. M. Camacho-Diaz, “Pro-
ductive response of lambs fed Crescentia alata and Guazuma
ulmifolia fruits in a tropical region of Mexico,” Tropical Animal
Health and Production, vol. 47, no. 7, pp. 1431-1436, 2015.

[16] AOAC, Official Methods of Analysis, Association of Official

Analytical Chemists, Washington, Wash, USA, 16th edition,
1990.

(14



(17]

(20]

(21]

[24

(25]

(26]

(27]

(28]

(30]

(31]

[32]

P. J. van Soest, J. B. Robertson, and B. A. Lewis, “Methods for
dietary fiber, neutral detergent fiber, and nonstarch polysaccha-
rides in relation to animal nutrition.,” Journal of Dairy Science,
vol. 74, no. 10, pp. 3583-3597, 1991.

R. A. Stock, D. R. Brink, R. A. Britton et al., “Feeding combi-
nations of high moisture corn and dry-rolled grain sorghum
to finishing steers,” Journal of Animal Science, vol. 65, no. 1, pp.
290-302, 1987.

J. Van Keulen and B. A. Young, “Evaluation of acid-insoluble ash
as a natural marker in ruminant digestibility studies,” Journal of
Animal Science, vol. 44, no. 2, pp. 282-287,1977.

S. R. Silva, M. J. Gomes, A. Dias-Da-Silva, L. E. Gil, and J. M. T.
Azevedo, “Estimation in vivo of the body and carcass chemical
composition of growing lambs by real-time ultrasonography;”
Journal of Animal Science, vol. 83, no. 2, pp. 350-357, 2005.

T. L. Wheeler, S. D. Shackelford, L. P. Johnson, M. E Miller, R. K.
Miller, and M. Koohmaraie, “A comparison of Warner-Bratzler
shear force assessment within and among institutions,” Journal
of Animal Science, vol. 75, no. 9, pp. 2423-2432, 1997.

G. Ripoll, P. Alberti, and M. Joy, “Influence of alfalfa grazing-
based feeding systems on carcass fat colour and meat quality of
light lambs,” Meat Science, vol. 90, no. 2, pp. 457-464, 2012.

T. H. Terrill, A. M. Rowan, G. B. Douglas, and T. N. Barry,
“Determination of extractable and bound condensed tannin
concentrations in forage plants, protein concentrate meals and
cereal grains,” Journal of the Science of Food and Agriculture, vol.
58, no. 3, pp. 321-329, 1992.

J. Lopez, 1. Tejada, C. Vasquez, J. De Dios Garza, and A.
Shimada, “Condensed tannins in tropical fodder crops and their
in vitro biological activity: Part 2,” Journal of the Science of Food
and Agriculture, vol. 84, no. 4, pp. 295-299, 2004.

L. J. Porter, L. N. Hrstich, and B. G. Chan, “The conversion
of procyanidins and prodelphinidins to cyanidin and delphini-
din,” Phytochemistry, vol. 25, no. 1, pp. 223-230, 1985.

T. N. Asquith and L. G. Butler, “Use of dye-labeled protein
as spectrophotometric assay for protein precipitants such as
tannin,” Journal of Chemical Ecology, vol. 11, no. 11, pp. 1535-
1544, 1985.

H. Hedgqvist, I. Mueller-Harvey, J. D. Reed, C. G. Krueger, and
M. Murphy, “Characterisation of tannins and in vitro protein
digestibility of several Lotus corniculatus varieties,” Animal Feed
Science and Technology, vol. 87, no. 1-2, pp. 41-56, 2000.

J. Folch, M. Lees, and G. H. Sloane Stanley, “A simple method
for the isolation and purification of total lipides from animal
tissues,” The Journal of Biological Chemistry, vol. 226, no. 1, pp.
497-509, 1957.

N. C. Shantha, E. A. Decker, and B. Hennig, “Comparison of
methylation methods for the quantitation of conjugated linoleic
acid isomers,” Journal of AOAC International, vol. 76, pp. 644
649, 1993.

G. D. R. Steel, J. H. Torrie, and D. A. Dickey, Principles and
Procedures of Statistics: A Biometrical Approach, McGraw-Hill,
New York, NY, USA, 1997.

D. Anandhi, P. T. Srinivasan, K. Revathi, and E. K. Revathy,
“Antibacterial activity of Caesalpinia coriaria,” Biosciences,
Biotechnology Research Asia, vol. 8, no. 2, pp. 759-764, 2011.

L. M. Camacho, R. Rojo, A. Z. M. Salem et al., “In vitro ruminal
fermentation kinetics and energy utilization of three Mexican
tree fodder species during the rainy and dry period,” Animal
Feed Science and Technology, vol. 160, no. 3-4, pp. 110-120, 2010.

BioMed Research International

[33] A. L. Abdalla, H. Louvandini, S. M. A. H. Sallam, I. C. S. da

(34

[37

[38

(40

(41

(42

(43

(44

]

]

]

]

]

]

]

]

Bueno, S. M. Tsai, and A. V. O. de Figueira, “In vitro evalua-
tion, in vivo quantification, and microbial diversity studies of
nutritional strategies for reducing enteric methane production,”
Tropical Animal Health and Production, vol. 44, no. 5, pp. 953-
964, 2012.

B. R. Min, W. C. McNabb, T. N. Barry, P. D. Kemp, G. C.
Waghorn, and M. E McDonald, “The effect of condensed
tannins in Lotus corniculatus upon reproductive efficiency and
wool production in sheep during late summer and autumn,’
Journal of Agricultural Science, vol. 132, no. 3, pp. 323-334, 1999.
R. Bhatta, M. Saravanan, L. Baruah, and C. S. Prasad, “Effects
of graded levels of tannin-containing tropical tree leaves on
in vitro rumen fermentation, total protozoa and methane
production,” Journal of Applied Microbiology, vol. 118, no. 3, pp.
557-564, 2015.

S. B. Soares, 1. F. Furusho-Garcia, 1. G. Pereira et al., “Perfor-
mance, carcass characteristics and non-carcass components of
Texel x Santa Inés lambs fed fat sources and monensin,” Revista
Brasileira de Zootecnia, vol. 41, no. 2, pp. 421-431, 2012.

G. Fiorentini, J. D. Messana, P. H. M. Dian et al., “Digestibility,
fermentation and rumen microbiota of crossbred heifers fed
diets with different soybean oil availabilities in the rumen,’
Animal Feed Science and Technology, vol. 181, no. 1-4, pp. 26-34,
2013.

J. Santos-Silva, I. A. Mendes, P. V. Portugal, and R. J. B.
Bessa, “Effect of particle size and soybean oil supplementation
on growth performance, carcass and meat quality and fatty
acid composition of intramuscular lipids of lambs,” Livestock
Production Science, vol. 90, no. 2-3, pp. 79-88, 2004.

M. Przywitowski, D. Mikulski, Z. Zdunczyk, A. Rogiewicz,
and J. Jankowski, “The effect of dietary high-tannin and low-
tannin faba bean (Vicia faba L.) on the growth performance,
carcass traits and breast meat characteristics of finisher turkeys,”
Animal Feed Science and Technology, vol. 221, pp. 124-136, 2016.
G. Luciano, F. J. Monahan, V. Vasta, L. Biondi, M. Lanza, and
A. Priolo, “Dietary tannins improve lamb meat colour stability;”
Meat Science, vol. 81, no. 1, pp. 120-125, 2009.

M. Du, G. Cherian, P. A. Stitt, and D. U. Ahn, “Effect of dietary
sorghum cultivars on the storage stability of broiler breast and
thigh meat,” Poultry Science, vol. 81, no. 9, pp. 1385-1391, 2002.
S. Calabro, M. L. Cutrignelli, O. J. Gonzalez et al., “Meat quality
of buffalo young bulls fed faba bean as protein source,” Meat
Science, vol. 96, no. 1, pp. 591-596, 2014.

B. R. Min, S. Solaiman, E. Taha, and J. Lee, “Effect of plant
tannin-containing diet on fatty acid profile in meat goats,”
Journal of Animal Research and Nutrition, vol. 1, article 5, 2015.
I. Lerma-Reyes, G. D. Mendoza-Martinez, R. Rojo-Rubio, M.
Mejia, J. C. Garcia-Lopez, and H. A. Lee-Rangel, “Influence of
supplemental canola or soybean oil on milk yield, fatty acid
profile and postpartum weight changes in grazing dairy goats,”
Asian-Australasian Journal of Animal Sciences, vol. 31, no. 2, pp.
225-229, 2018.



