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Abstract The purpose of this study was to determine

the effect of the supplementation with cascalote fruit

(Caesalpinia. coriaria Jacq. Willd.) on the productive

performance, ruminal fermentation parameters, yield

and carcass characteristics in goats. Twenty male

goats were assigned under a complete randomized

design to 4 treatments: T0 (basal diet), T1 (basal

diet ? 1.5% tannins of cascalote fruit), T2 (basal

diet ? 3% tannins of cascalote fruit), T3 (basal

diet ? 4.5% tannins of cascalote fruit). An analysis

of variance was made to the data and the differences

between means were analyzed by the Tukey test.

There were no differences (p[ 0.05) in the productive

performance (dry matter intake), daily weight gain,

and feed conversion. Ruminal pH and protozoa were

also not affected by dietary treaments. The carcass

yield (p[ 0.05) average 46.3%, in the carcass color,

only luminosity at 45–60 min, showed differences

(p\ 0.05). No differences (p[ 0.05)

observed between treatments in carcass lipid oxida-

tion. Use of dietary condensed tannins of cascalote

fruit, with the levels used, did not influence the

productive parameters, ruminal fermentation and the

carcass characteristics; and these make them an alter-

native feeding of goats.
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Introduction

Goats are of great importance for sustainable produc-

tion, in part because of their ability to adapt, great

resistance to adverse environments, their ability to

graze and to take advantage of cellulose, which allows

them to consume low-quality forages (Velázquez,

2013). México has areas where capriculture is its only

contribution of meat and milk, goat production is

developed in about 350,000 production units, with a

population close to 9 million in the country, where

Guerrero state ranks 7th nationwide in goat and sheep

production (Jiménez Badillo et al. 2013). The use of

foliage and fruits of local resources in the feeding of

goats has helped to reduce production costs consider-

ing that most of these trees grow naturally and there

are practically no management costs associated with

their production, (Cayetano et al. 2014). The use of a

trees and plants diet that contain bioactive compo-

nents, among them the tannins, that is a feeding
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alternative because these are secondary compounds

present in the plants and trees, which modify the

ruminal fermentation by inhibition of the production

of ammonia and methane, help increase the content of

conjugated linoleic acid (CLA) in meat and improve

the carcass yield of goats, provides nutrients to the

animal, works as an antiparasitic, (Pérez-Fonseca et al.

2016; Salem et al. 2017). In addition to the positive

effects of tannins in the nutrition of animals, these

compounds have an antioxidant effect in the meat of

cattle contribute to improve the profile of fatty acids in

the same, this effect is important for the meat industry

as they can improve the shelf life of the meat (Valenti

et al. 2018). Evidence of the possible benefits of

tannins in the diet has been investigated with tannins

from sorghum and purified quebracho tannins, but

scarcely with fodder tree tannins such as Caesalpinia

coriaria, (Velázquez 2013). Aspects related to the use

of tannins from the C.coriaria fruit in the goat’s diet,

will explain the potential effects of tannins on the

performance of these animals. The cascalote tree

(Caesalpinia coriaria Jacq Willd.), which is widely

spread in the ‘‘Tierra Caliente’’ region of Guerrero,

México and farmers collect their fruit to market it for

the tannery of skins, because It contains a high

percentage of condensed tannins (36.7%), which

makes it potentially useful in a controlled manner in

the diet of goats. Therefore, the objective of this work

was to determine the effect of supplementation with

condensed tannins present in the cascalote fruit (C.

coriaria Jacq Willd) on the productive performance,

ruminal fermentation parameters, yield, and charac-

teristics of the carcass, in goats.

Materials and methods

Location of the experiment

The experiment was carried out in the farmar of the

Faculty of Veterinary Medicine and Animal Science #

1 of the Autonomous University of Guerrero (UAGro),

located in Cd. Altamirano, Gro. in the ‘‘Tierra

Caliente’’ region of the Guerrero México, whose

climate is considered subtropical humid, and has an

altitude of 240 masl, with temperatures ranging

between maximum 43.2 �C and minimum 28 �C,

located at 18� 16’ 07’’ and 18� 240 12’’ north latitude,

and 100� 310 54’’ and 100� 420 12’’ west longitude,

having a rainfall of 1100 mm. Laboratory analyzes

were performed at the same Faculty of Veterinary

Medicine and Zootechnic and some analyzes such as

the determination of lipid oxidation of goat meat were

carried out at the Meat Laboratory (CENID FyMA,

INIFAP) located in Ajuchitlán, Colón, Querétaro,

México.

Collection of the fruit

Three subsamples of the cascalote fruits (C. coriaria

Jacq Willd), were collected directly from the wild to

do chemical analysis and the content of tannins at the

laboratory and for the supplementation were taken

directly from the tree at a height of 1.5 m simulating

the grazing animals of wild trees and dried in the

shade, they were ground with a hammer mill to be

incorporated into the diet of the animals (Fig. 1).

Extraction and determination of condensed tannins

Total condensed tannins (TCT) were assayed using the

technique of Terrill et al. (1992), with modifications

made by López et al. (2004). Analyses of the free,

protein-bound and fiber-bound condensed tannins

(CT) were conducted, according to the method of

Porter et al. (1986), The purification was performed

with Sephadex LH-20 as described by Asquith and

Butler (1985) with modifications by Hagerman (1988)

The content of condensed tannins in the cascalote fruit

(Caesalpinia coriaria J.Willd) were previously pub-

lished by Camacho-Dı́az et al. (2015).

Animals

Twenty male goats (Nubia 9 Criollo, 18 ± 3 kg live

weight) were used, and assigned in a complete ran-

domized design of 4 treatments (5 repetitions): The

animals were housed in individual pens of approxi-

mately 1.00 9 1.10 m, a feeder and water sprue were

placed on each one, at the beginning of the experiment

they were dewormed (ivermectin at doses of 0.20 mg/

kg of body weight) and vitaminized (Vit ADE with a

dose of 5 ml per animal).
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Experimental design

A complete randomized design with 4 treatments and

5 repetitions was used, with the following statistical

model:

Statistical model : Yij ¼ l þ Ti þ nij

where, Yij = Variable response of treatment i, repeti-

tion j, l = General average, Ti = Effect of the treat-

ment i, nij = Random error.

An analysis of variance was performed with the

statistical package SAS version (9.0). To compare the

differences between the means of treatments, the

Tukey test was applied (Steel and Torrie 1980).

Treatments

The treatments used were: T0 (basal diet), T1 (basal

diet ? 1.5% condensed tannins from cascalote fruit),

T2 (basal diet ? 3% tannins from the cascalote fruit),

T3 (basal diet ? 4.5% tannins from cascalote fruit).

The basal diet consisted of 40% ground oat straw and

60% of a mixture of ground corn, soybean paste, urea,

molasses, sunflower oil and vitamin and mineral

premix. The cascalote fruit was ground and added to

the diet of the goats in different quantities considering

that its total condensed tannin content is 36.70%

according to Camacho-Dı́az et al. (2015).

Duration of the experiment

The experiment lasted 56 days, with an adaptation

period of 14 days and with 3 evaluation periods of 14

days with sample collection. The goats were weighed

with a TORREY CRSHD electronic Roman bascule

(c/14 days), to determine the productive parameters,

dry matter intake, daily weight gain, feed conversion,

while rumen variables as well as the carcass yield and

carcass quality were measured at the end of the

experiment.

Measured Variables

The variables to be measured were: For the productive

parameters: dry matter intake, daily weight gain and

feed conversion; for ruminal activity: ruminal pH and

protozoa count; as well as the performance and

characteristics of the carcass such as color, lipid

oxidation, pH and temperature and finally the empty

body weight of red and green viscera and the weight of

the mesenteric fat were measured.

Counting ruminal protozoa

Fifty mL of ruminal fluid was obtained from each

animal; this was strained through four layers of

cheesecloth in order to eliminate large particles of

feed. Subsequently, the 50 mL was placed in a

separation funnel and this was placed in an incubator

at 39 �C for a period of 15 min to allow precipitation

of the protozoa. Two culture tubes of 18 9 150 mm

were prepared in which 1 mL of 10% formaldehyde

solution was added, which was placed in a refrigerator

while the protozoa were precipitated. After 15 min

of incubation, 2 mL of the filtered rumen liquid was

added to the first tube, shaking the separating flask

slightly and it was placed again in the incubator to

favor separation by precipitation, and this step was

repeated with the second culture tube. This concen-

tration is considered as a dilution factor of 1.25

(DF1 = 1.25). To carry out the counting of protozoa

was done according to the methodology described by

Fig. 1 Cascalote tree (Caesalpinia Coriaria J. Willd) and its fruits
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Ogimoto and Imai (1981); 0.5 mL of the ruminal

liquid fixed with formaldehyde was taken with a

Pasteur pipette and placed by capillary action in two

squares of a Neubaüer chamber, later it was observed

in a contrast microscope at 409 magnifications. The

number of protozoa per mL is estimated according to

the following formula:

Protozoa mL�1 ¼ ð �XÞ � DFð Þ � 104
� �

where, ( �X) = Average of the protozoa counts in eight

quadrants (1 mm2) of the Neubaüer chamber,

DF = Inverse value of the dilution used, 104 = Sam-

pling volume correction factor for data conversion at

1 mL volume.

Animal’s slaughter

The sacrifice of the animals was done based on the

NOM-033-ZOO-1995 (SAGARPA 1995), the animals

were weighed individually after 12 h of fasting, a

captive bolt stunner was used in the front of the head,

the animals had a jugular bleeding and the weight of

the blood was recorded, then skinned, decapitated and

the limbs were detached, then weighed, removed and

weighed the viscera of the thoracic and abdominal

cavity, separating heart, lungs, trachea, spleen, kid-

neys, liver, tail, reticulum-rumen, omasum, aboma-

sum and intestines, the digestive contents were

extracted and the viscera were weighed again to

calculate by difference the gastrointestinal content, the

carcass was washed, after obtaining temperature, pH

and weight of hot carcass, the carcass was stored in the

refrigerator at 5 �C for 24 h, to re-measure tempera-

ture, pH, weight of the cold carcass and color.

Measurements and instrumentation

The temperature and the pH of the carcass were taken

according to the method proposed by Guerrero et al.

(2002), with a portable potentiometer equipped with a

penetration electrode, the readings were taken at

45–60 min after the sacrifice in the Longisimus dorsi

muscle between the last thoracic vertebra and the first

lumbar vertebra directly in the carcass.

The following formulas were used to determine the

carcass performance:

Hot commercial performance

¼ Hot carcass weight=Slaughter weight � 100

Cold commercial performance

¼ Cold carcass weight=Slaughter weight � 100

Biological hot performance

¼ Hot carcass weight=Empty body weight � 100

Cold biological performance

¼ Weight cold carcass=Empty body weight � 100

Empty body weight was calculated by the differ-

ence of live body weight and gastrointestinal content.

The color of the meat was taken at 45–60 min

directly from the carcass and at 24 h post-mortem,

using the Hunter Lab system proposed by Guerrero

et al. (2002). With a Minolta Chroma colorimeter

(Meter CR-200, Japan 80025393, Tokyo, Japan),

measurements were made in homogeneous areas, free

of fat, blood, and bubbles so that they did not interfere

in the results and were clear. The color was reported

as: L* (lightness); a* (redness index); b* (yellowness

index).

Lipid oxidation

Obtaining the meat extract

5 g of meat were weighed to which 20 mL of the

trichloroacetic acid solution was added at 5% w/v and

homogenized with a homogenizer (IKA T 18 Ultra

Turrax Staufen, Germany) for 1 min, subsequently

centrifuged for 30 min at a temperature of 4 �C
(Centrifuga 5810R Eppendorf, Hamburg, Germany),

the supernatant was filtered with the aid of Wathman

paper No. 4 and stored in triplicate (Raharjo and Sofos

1992).

Reactive with thiobarbituric acid

11 mL of the obtained extract was used and 1 mL of

80 mM thiobarbituric acid (TBA) was added, apply-

ing a thermal treatment at 94 �C for 30 min, allowing

it to cool and subsequently reading its absorbance at

530 nm. The results were reported in mg of malon-

aldehyde (MDA)/kg of meat, using the molar
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extinction coefficient of 1.56 9 105 M-1 cm-1 (Ra-

harjo and Sofos 1992).

Results and discussion

Productive performance

In Table 1, the dry matter intake did not present

significant differences in any of the treatments. The

similarity of the results of the variables of daily weight

gain that are shown in the four treatments allows

inferring that the supplementation with tannins in the

conditions and doses used in this work did not cause

greater gains or differences between the treatments.

Regarding the feed conversion, no statistical differ-

ences were observed. These results are directly related

to the daily weight gain and the dry matter intake that

the goats had in each of the treatments.

The productive parameters obtained in this work

were lower than those reported by Velázquez (2013),

who obtained 1.32, 1.20 and 1.26 kg of dry matter

intake, and a average in daily weight gain of 268 g

with diets that included, 12.3 g, 24.5 g and 20.0 g of

tannins of Gliricidia sepium, Guazuma ulmifolia and

extracts of quebracho, for lambs in finalization. While

Ayala (2013), reported dry matter intake of 1.41 kg in

their control diet, 1.48 and 1.44 kg in their diets with

1.5% and 2.5% tannins of Guazuma ulmifolia. How-

ever, Patiño (2011), reports that their treatments based

on the fruit of A. cochilacantha at 15%, A. cochila-

cantha at 30% and P. dulce at 15% obtained a better

feed conversion of 6.0, 8.1 and 9.4 kg respectively.

This is being better feed conversion than the reported

in the present study, while for its control diet as well as

another diet of 30% P. dulce, the conversion is very

high, reporting values of 10.8 and 22.7 kg respec-

tively, contrasting with this study where the feed

conversion was 9.69 and 9.65 kg for the treatment that

contained 3 and 4.5% of the tannins from fruit of C.

coriaria, respectively. Contrary to expectations, tan-

nins, despite being considered anti-nutritional factors

(Márquez and Álvaro 2008), for their astringent flavor

(Torres et al. 2008), and being linked to fiber and

consequently to reduce digestibility (Mencio et al.

2014), did not cause a decrease in dry matter intake,

daily weight gain, and feed conversion. Ayala (2013)

suggests that the ingestion of high amounts of tannins

([ 50 g/kg DM) in the diet reduces fiber digestibility

and, therefore, voluntary consumption decreases;

while moderate amounts of tannins (10–40 g/kg

DM) improve the digestive metabolism, Hervás et al.

(2001), founded that the continued ingestion of tannins

could imply a partial adaptation of the animals to these

compounds. Moreover, goats may have a larger

capacity to tolerate plant secondary metabolites such

as tannins and other polyphenols compared with other

ruminants. Therefore, goats could show a larger

consumption of tannin rich materials without affecting

their productive performance (González-Pech et al.

2015).

Table 1 Productive performance of goats supplemented with different percentages of condensed tannins from the fruit of Cae-

salpinia coriaria (Jacq.) Willd

Variables Treatments SEM

T0 T1 T2 T3

Initial live weight (kg) 23.09 23.53 24.12 23.02 0.637

Final live weight (kg) 30.23 30.17 30.29 29.20 0.629

Dry matter intake (kg) 1.10 1.06 1.01 0.99 0.012

Daily weight gain (kg) 0.12 0.11 0.11 0.11 0.003

Feed conversion (kg/kg) 9.38 9.31 9.69 9.64 0.235

There were no significant differences (p[ 0.05)

T0 (basal diet), T1 (basal diet plus 1.5% tannins), T2 (basal diet plus 3% tannins) i and T3 (basasl diet plus 4.5% tannins)

SEM standard error of the mean
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Ruminal pH

In Table 2, the ruminal pH values did not present

statistical differences and are within the ideal range of

ruminal pH, which indicates that the ruminal fermen-

tation was carried out without affecting the function-

ality of the rumen, promoting the development

optimal of the ruminal microbiota. Vásquez and

Acosta (2015), mentions that the total concentration

of short chain fatty acids increases as the level of

tannins in the diet increases, reflecting, in turn, a

decrease in ruminal pH. According to Degante (2010),

ruminal pH is a parameter influenced by the compo-

sition, type and amount of the diet that is offered to the

animal, the frequency of feeding, the proportion of

structural and non-structural carbohydrates, maintain-

ing the pH in a range of 5.5–6.9. According to Trujillo

(2012), the pH values in the rumen are influenced by

factors such as the type of feed, however, an animal

consuming a low fiber diet, chewing less and there-

fore, salivation will be reduced, which facilitates a

decrease of ruminal pH with the production of short

chain fatty acids, mainly during the peak of fermen-

tation 3 or 4 h after the ingestion of feed, in this peak

of fermentation the soluble carbohydrates and the

starches have their maximum fermentation rate caus-

ing pH variations between 5.5 a 6.5.

Ruminal protozoa

In Table 3, it was not observed statistical difference

among treatments on the ruminal protozoa.

According to Church et al. (2004), it is estimated that

protozoa can represent about 2% by weight of the

rumen content and provide 60% of the products of

microbial fermentation. Ortiz et al. (2014), mentioned

that tannins have an effect on protozoal activity and

this will depend on the type of tannins, their origin and

the levels of dietary inclusion. Terrill et al. (1992),

found an increase in the population of ruminal

protozoa in work done with sulla (Hedysurum coro-

narium), while Wang et al. (1996), observed an op-

posite effect when they worked with the genus Lotus.

Some experiments reported effects on ruminal bacte-

ria, as occurs with Fibrobacter succinogenes that can

be separated from the fiber (substrate) as it happened

in experiments with bird’s foot trefoil (Wang et al.

1996).

Animut et al. (2008), showed that the increase in the

level of tannins in the diet (50, 101, 151 g/kg DM)

reduced the number of protozoa in goats. Galindo et al.

(2011), reported a significant reduction in the count of

protozoa and ruminal methanogens by including

Tithonia diversifolia at 10 and 20%. Likewise,

Galindo et al. (2009), found that condensed tannins,

isolated from leaves of L. leucocephala exerted a

depressive effect on the total population of rumen

protozoa. Barry et al. (1986), confirmed that the

combination of hydrolysable and condensed tannins

presents greater antiprotozoal activity than hydroly-

sable tannins alone. However, Jayanegara et al.

(2011), when evaluating the relationships between

the different phenolic fractions of tropical plants, they

found no correlation between tannins and the protozoa

Table 2 Ruminal fluid pH of goats supplemented with dif-

ferent percentages of tannins from the fruit of Caesalpina

coriaria (Jacq.) Willd

Treatments pH

T0 6.75

T1 6.64

T2 6.59

T3 6.48

SEM 0.256

There was no significant difference (p[ 0.05)

T0 (basal diet), T1 (basal diet plus 1.5% tannins), T2 (basal

diet plus 3% tannins) and T3 (basal diet plus 4.5% tannins)

SEM standard error of the mean

Table 3 Concentration of protozoa (9104 mL-1) in ruminal

fluid of goats supplemented with different percentages of tan-

nins in fruits of Caesalpinia coriaria (Jacq). Willd

Treatments Protozoa

T0 5.46

T1 4.95

T2 4.15

T3 3.97

SEM 0.256

There was no significant difference (p[ 0.05)

T0 (basal diet), T1 (basal diet plus 1.5% tannins), T2 (basal

diet plus 3% tannins) and T3 (basal diet plus 4.5% tannins)

SEM standard error of the mean
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count. The possible effect of some fodder trees such as

Nacedero (Trichantera gigantea), Cachimbo (Ery-

thrina poeppigiana) and Orejero (Enterolobium ciclo-

carpum) as defauners in ruminants, is due to the

presence of phenolic substances in their leaves (Cal-

abró 2015).

Carcass characteristics

No significant difference among treatments on the

hot carcass, cold carcass, pH, weight of the red

viscera, weight of the green viscera, weight of the

extremities (head, legs, skin) and the carcass temper-

ature (Table 4). The empty body weight and the

biological performance are related to each other

because the weight of the gastrointestinal content

was used for its calculation and this means that the

animals were able to consume water more than others

before slaughter. Yáñez et al. (2007), states that the hot

biological performance and the cold biological per-

formance can be determined by several factors such as

breed, fat deposition, muscle conformation, age,

physiological status, nutritional status of the animal

and the gastrointestinal content that varies depending

on the nature of feed and duration of the fast.

Our results are similar to those obtained by

Meneses et al. (2014), who obtained a live weight of

31.0 kg in Creole goats and 31.9 kg in goats of the

Cashmere breed. Likewise, Min et al. (2012) did not

observed statistical differences among treatments

on thegoats carcass characteristics on the mass of

the organ as a proportion of the fasting body weight for

the weight of the blood, feet, heart and lungs.

Physical-chemical characteristics of meat

No statistical difference on the body temperature and

in the carcass pH during the measurements that were

made at 45–60 min. In the chromatic coordinates of a*

and b* measured at 4 h or 24 h post-mortem no

statistical difference was observed, (Table 5), except

the measurement that was carried out at 45–60 min, in

luminosity (L*). Novelo Barrera et al. (2008) found

that, this parameter of luminosity (L*) can be deter-

mined by several factors such as, nutrients in the diet,

feeding system (pen or grazing), intramuscular fat

Table 4 Performance and characteristics of the carcass and corporal portions of goats supplemented with different percentages of

tannins in the fruit of Caesalpinia coriaria (Jacq.) Willd

Variables Treatments SEM

T0 T1 T2 T3

Live weight at slaughter (kg) 30.04 28.64 27.90 27.04 0.501

Empty body weight (kg) 25.48a 23.6ab 23.19ab 21.80b 0.428

Hot carcass weight (kg) 13.77 13.26 12.97 12.40 0.221

Cold carcass weight (kg) 13.71 13.28 13.02 12.37 0.220

Hot carcass yield (%) 45.79 46.43 46.49 46.05 0.374

Cold carcass yield (%) 45.59 46.48 46.59 45.95 0.394

Hot biological yield (%) 53.95b 56.17ab 56.03ab 56.89a 0.353

Cold biological yield (%) 53.71b 56.24a 56.12ab 56.76a 0.370

Weight of the skin (kg) 2.23 2.19 2.06 2.20 0.061

Weight of the head (kg) 1.86 1.78 1.73 1.59 0.069

Weight of extremities (kg) 0.53 0.53 0.48 0.47 0.012

Weight of red viscera (kg) 1.08 0.97 1.12 0.91 0.034

Weight of green viscera (kg) 6.35 6.56 6.21 6.70 0.238

Mesenteric fat (kg) 1.60 1.57 1.39 1.23 0.074

a,bDifferent literals between columns indicate statistical differences (p\ 0.05)

T0 (basal diet), T1 (basal diet plus 1.5% tannins), T2 (basal diet plus 3% tannins) and T3 (basal diet plus 4.5% tannins)

SEM standard error of the mean
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level, the process of airing and temperature (because

the length of the sarcomere is seen influenced by slow

or rapid cooling during the ageing process of the

meat).

According to Abuelfatah et al. (2016), the increa-

sed of L* was more related to the increase in light

scattering than to the chemical changes in myoglobin,

the differences in the chromatic coordinates of a* (red-

green) and b* (yellow-blue), could be due to the

oxidation of myoglobin to form methyoglobin and the

reduction of the activity of metmyoglobin. According

to Romero (2014), mentioned that another parameter

that is important for the quality of the carcass is the pH,

since it is related to the biochemical processes that

take place during the transformation of the muscle in

meat, and directly influences the physical–chemical

characteristics of this product, the muscular pH of the

live animals.

These results show that the animals did not suffer

any kind of stress during the sacrifice, because the pH

and stress are involved in the characteristics of the

carcass and where the pH has a close relationship with

the color of the meat, and the meat high pH results in

low luminosity (L*). The results obtained in the

present study of a similarity with the results obtained

by Cayetano et al. (2014), who obtained a pH of 6.8

average and a color index for (L*) of 34.84 in their

control treatment compared to the results of the

present study with an average pH of 6.7 and a color

index for (L*) of 33.96 in average, likewise Min et al.

(2012), who did not find statistical differences in the

color and pH of the goat carcass among treatments.

This is due to the fact that goats, being ambulant, can

use condensed tannins differently than sheep and

cattle, and studies comparing the effects of condensed

tannins and forages that do not contain condensed

tannins in the quality and meat color are scarce for

goats, however, the present results differ with that

reported by Germano et al. (2009), which mentioned

values for L* of 27.73, which is low in comparison

with our results obtained in this study. The pH results

in meat were similar to those obtained by Marı́n

(2017), who obtained a pH of 6.18 at 45 min and 5.14

at 24 h post-mortem, while ours were from 6.61 at

45 min and 5.96 at 24 h post-mortem.

Lipid oxidation

In Table 6, No differences were observed among the

treatments on the carcass lipid oxidation. Valenzuela

and Perez (2016), reported that the pro-oxidant com-

ponents can lead tissues to suffer a decrease in

antioxidant systems, causing the formation of reactive

oxygen species (hydroxyls, superoxides, and nitric

oxide radicals) that can interact with lipids and protein

constituents of the meat, causing its oxidation and the

appearance of unpleasant odors and tastes, alteration

of color and in general a decrease in its organoleptic

quality and nutritional value, as well as generating

potentially harmful compounds for consumer health as

heterocyclic amines in cooked meats.

Table 5 Physical-chemical characteristics of the meat of goats

supplemented with different percentages of tannins from the

fruit of Caesalpinia coriaria (Jacq.) Willd

Variables Treatments SEM

T0 T1 T2 T3

HC T (�C) 31.54 32.70 31.18 32.14 0.085

HC pH 6.61 6.54 6.64 6.98 0.270

Color 45–60 min

L* 35.41a 32.44b 35.03ab 32.98ab 0.443

a* 12.79 12.99 12.67 12.95 0.142

b* 10.26 9.43 9.62 9.25 0.157

T 4 h (�C) 22.92 22.50 17.36 20.28 1.020

pH 4 h 6.39 6.48 6.55 6.65 0.060

Color 4 h

L* 33.80 31.60 31.36 30.17 0.560

a* 13.75 14.10 14.88 15.37 0.412

b* 10.90 10.45 10.46 11.67 0.398

T 24 h (�C) 19.69 17.90 19.44 19.80 0.050

pH 24 h 5.96 5.73 5.78 5.74 0.796

Color 24 h

L* 37.31 36.62 35.50 35.54 0.599

a* 14.25 16.98 17.31 14.92 0.483

b* 14.14 16.71 16.25 13.46 0.518

a,bDifferent literals between columns indicate significant

differences (p\ 0.05)

T0 (basal diet), T1 (basal diet plus 1.5% tannins), T2 (basal

diet plus 3% tannins) and T3 (basal diet plus 4.5% tannins).

HC T:hot carcass temperature; HC pH: hot carcass pH Color:

L* (lightness); a* (redness index); b* (yellowness index)

SEM standard error of the mean
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Estévez (2011) stated that, increasing the conser-

vation time, oxidation increases, since protein car-

bonyls are formed mainly by the interaction between

proteins and aldehydes formed as a result of the

oxidation of lipids. The results of the present

study were similar to those found by Oliveira et al.

(2015), who obtained a lipid oxidation of 0.8300

TBARS Mg of MDA/Kg of meat in his sample 6 at

120 days of conservation, which was when he

obtained the highest lipid oxidation of his samples.

However, Salinas et al. (2014), who found a delaying

effect on lipid oxidation in their diets used, in the same

way with Valenti et al. (2018), who found a delaying

effect in the use of their extracts.

Conclusions

The levels of condensed tannins of the cascalote fruit

(Casaelpinia coriaria (Jacq.) Willd) and used for

goats feeding, had no effect on the productive perfor-

mance, ruminal pH and protozoa concentration.

Treatments did not modifed the carcass yield

and characteristics, such as color, pH, temperature or

the variables that determine the shelf life of the meat,

such as lipid oxidation. This study demonstrates that

the cascalote fruit can be used in the nutritional

supplementation of goats in dry areas where there is a

shortage of fodder, without altering the productive

variables or ruminal fermentation in goats.
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Camacho-Dı́az LM, De Jesús-Ramirez CO, Cipriano-Salazar M,

Cruz-Lagunas B (2015) Taninos condensados del cascalote

(Caesalpinia coriaria Jacq) y su efecto sobre el contenido
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