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ABSTRACT
During the drought period in cattle pastures, the fruits of chote (Parmentiera aculeata (Kunth)
L.O.) Williams are available, which are satisfactorily consumed by grazing ruminants. However,
the nutritional value and ruminal availability of the dry matter of this fruit, to which nutritional
properties are attributed, are unknown. The objective was to evaluate the degradation of chote
fruit for inclusion in sheep diets using in situ degradation and to identify some physiological
variables in the rumen. Six rumen fistulated lambs with a live weight of 30 + 2 kg were adapted
for 11 days to the following experimental diets: T 0: 0 % chote fruit; T 15: 15 % chote fruit, and
T 30: 30 % chote fruit. In situ degradation of chote fruit was determined and experimental diets
were analyzed with a 3 x 3 crossover design. The results show that after 3 and 6 h, chote fruit at
T 30 presented greater degradation (p < 0.05). After 24, 48, and 72 h, pH and ammonia nitrogen
(N-NH,) showed no statistical differences (p > 0.05). The yields of acetic, propionic, and butyric
acids were not different (p > 0.05) at T 15 (acetic acid = 77.81 mM L; propionic = 14.39 mM L7,
butyric = 0. 67 mM L*) and T 30 (acetic acid = 77.21 mM L~; propionic = 18.52 mM L; butyric
= 8.97 mM L"), but both were greater than T 0 (acetic = 62.03 mM L, propionic = 18.52 mM
L7, butyric = 9.27 mM L?). In conclusion, the addition of 30 % chote to sheep diets increases

degradation without affecting ruminal variables.
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INTRODUCTION
During the dry season, meat and milk production is reduced due to the scarcity of
foods such as grains and fodder (Gomez et al., 2002), which makes it necessary to
look for alternative sources of feed for grazing ruminants. In the tropical zones of
Mexico, the chote or cuajilote tree (Parmentiera aculeata (Kunth) L.O. Williams), which
belongs to the Bignoniaceae family, is produced. The fruit of this tree is used as a
complementary food source to enhance the breeding of tropical cattle. The fruits are
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available during the dry season (Palma et al., 2019). Its production can begin 2 to 3 years
after transplanting, with an annual yield of 1 000 to 2 000 fruits (Morales-Sanchez et al.,
2015). However, the nutritional value of this fruit and the degradation of dry matter
(DM) in the rumen are unknown (Garcia-Castillo et al. 2008).

More detailed studies are required to determine the forage capacity of species such as
chote and the possibility of its integration into livestock systems. In order to carry out
strategic supplementation, it is necessary to determine the influence of this fruit on
the rumen fermentation variables of the animals that consume it (Razz et al., 2004). For
this purpose, it is essential to estimate the ruminal degradation of dry matter (DM), as
well as to analyze ruminal fermentation variables such as pH, ammoniacal nitrogen
(N-NH,), and volatile fatty acids (VFAs). This information will support the integration
of this fruit as a food source for grazing animals. The objective of this study was to
evaluate the in situ degradation of chote fruit incorporated in sheep diets on rumen
fermentation variables, in order to determine its potential as a supplement for grazing
animals.

MATERIALS AND METHODS

Location
The experiment was conducted at the experimental farm and the Animal Nutrition
laboratory of the Postgraduate Program of Genetic Resources and Productivity-
Livestock, Colegio de Postgraduados Campus Montecillo, located at an altitude of
2240 m in Montecillo, municipality of Texcoco, State of Mexico (19° 27’ 38” N, 98° 54’
117 W).

Animals

Six rumen fistulated Dorper-Pelibuey lambs with a live weight of 30 + 2 kg and an age
of approximately 10 + 2 months were housed in individual pens and adapted to the
experimental diets for 11 days. They were fed 1 kg of the experimental animal diet per
day, twice a day (08:00 and 16:00 h) and had unlimited access to water. The cannulas
were placed and the lambs were handled in accordance with the regulations for the
use and care of animals destined for research at the Colegio de Postgraduados, in
accordance with NOM-062-ZO0O-1999.

Selection of fruits, distribution, and composition of treatments
Green and ripe fruits were cut and collected from chote bushes in Tehuetlan, Huejutla
de Reyes, Hidalgo, at km 198 of the Mexico-Tampico highway, at an altitude of 340 m,
98° 31" W, 21° 03’ N (INEGI, 1990). In the laboratory, the fruits were cut to facilitate
and accelerate drying, placed on aluminum trays, and dehydrated in a forced air oven
(RIOSSA® Mod. NCF-62) at 55 °C for 5 d to determine the partial dry matter (DM). For
chemical composition analysis of the fruit and diets, grinding was performed using a
mill (Thomas Willey Laboratory Mill Mod. 4) with a 1 mm mesh. The feed offered to
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the sheep was ground using a mill with a 1 cm screen (Molinos Azteca y Juper S. A. de

C. V., Serial No. 025878).

The treatments were as follows: T 0: 0 % chote, T 15: 15 % chote, and T 30: 30 % chote
on a dry basis. These diets were formulated according to the nutritional requirements

for fattening lambs (NRC, 2007) (Table 1).

Table 1. Experimental diets and their chemical composition (percent dry

basis) as lamb feed.

Ingredients TO T15 T30
Ground maize (Zea mays) 9 1 0
Ground sorghum (Sorghum bicolor) 8 1 0
Hay alfalfa (Medicago sativa) 30 30 21
Oat straw (Avena sativa) 33 33 27
Soybean paste (Glycine max) 12 12 14
Chote fruit (Parmentiera aculeata) 0 15 30
Molasses 6 6 6
Minerals 2 2 2
Total 100 100 100

T 0: 0 % chote fruit; T 15: 15 % chote fruit; T 30: 30 % chote fruit.

Laboratory analysis

The chemical analysis of the ingredients and the integrated diets are shown (Table
2). Proximal analysis of fruit and diets was performed using the AOAC (2005)
methodology, while neutral detergent fiber (NDF) and acid detergent fiber (ADF)

fractionation was performed using the van Soest et al. (1991) technique.

Table 2. Chemical analysis of chote (Parmentiera aculeata (Kunth) L.O. Williams) fruit and

diets offered to lambs.

DM H C cp EE NDF ADF HE
Sample %
Chote fruit 88.11 11.89 6.37 8.09 0.68 4595  38.79 7.15
Maize 90.15 9.85 1.15 7.7 337 2663 143 12.32
Sorghum 91.18 8.82 1.34 8.1 222 3765  25.05 12.59
Alfalfa 92.28 772 112 18.8 0.9 5715 4875 8.4
Soybean paste 90.29 9.71 6.52 4438 095 52,63 4245 10.18
Oat straw 95.28 4.72 5.46 512 201 6937  45.68 23.69
TO 88.1 11.89 9.4 1425 187 4911 3725 11.86
T15 90.1 9.88 10.1 1426 124 5438  42.65 11.72
T30 89.8 10.22 8.8 1435 137 5359  43.45 10.13

DM: Dry matter; H: moisture; C: ash; CP: crude protein; EE: ethereal extract; NDF: neutral
detergent fiber; ADF: acid detergent fiber; HE: hemicellulose; T 0: 0 % chote fruit; T 15: 15

% chote fruit; T 30: 30 % chote fruit.
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Reducing sugars in chote fruit
Sugars were evaluated using liquid chromatography (HPLC) according to Mustafa
et al. (2003). For this purpose, 2 g of sample were weighed and 60 mL of 80 % ethanol
were added. The sample was slowly boiled until 10 mL were obtained. Subsequently,
it was volumetrized with water to 17 mL, filtered with acrodisks, and sent to the HPLC
for analysis.

In situ degradation of chote fruit and experimental diets in sheep
A 0.5 g sample was deposited in polysilk bags with 5 x 5 cm in size and 60 pum pore size.
The bags were heat sealed with Impulse Sealer Type equipment: AIE-2000 (American
International Electric) and introduced into the rumen in a cloth net for incubation for
0,3,6,9, 12,12, 24, 48, and 72 h on day 12 of adaptation. At the end of each incubation
period, the bags were removed, washed with running water, dried, weighed, and
stored until analysis of DM, NDF, and ADF degradation (Mehrez and Orskov, 1977).

Rumen fluid analysis
The pH of ruminal fluid collected at 3 h postprandial on day 16 of incubation was
measured using a portable potentiometer (HANNA Instruments®, pHep Tester®,
Pocket pH Tester). Subsequently, the ruminal fluid was acidified with 25 %
metaphosphoric acid in a 1:5 mL ruminal fluid ratio and frozen at 4 ° C.
Ammoniacal nitrogen (N-NH,) was determined using the McCullough (1967)
technique. Volumes of 1 mL of phenol, 20 uL of the sample, and 1 mL of sodium
hypochlorite were placed in polypropylene tubes and incubated in a water bath at 37
° C for 30 min before adding 5 mL of distilled water. The standard curve was created
with concentrations of 2.5, 5, 10, 15, and 20 mg dL". Blanks were prepared with 1 mL
phenol, 1 mL sodium hypochlorite, and 5 mL distilled water. The N-NH, concentration
was measured using a VARIAN Cary 1E spectrophotometer at a wavelength of 630
nm.
The concentration of short-chain volatile fatty acids (VFAs) was analyzed using an HP
6890 gas chromatograph with a flame ionization detector and an Agilent Technologies
HP-FFAP 19091F capillary column with dimensions of 30 m length x 0.250 mm inner
diameter x 0.25 p circumference (Ewaschuk et al., 2002). The standard used was
FAM6C, 1000 ug mL" H,O, High Purity Standards. The chromatograph conditions are
shown (Table 3).

Statistical analysis
The in situ degradation of diets in sheep was analyzed using a 3 x 3 crossover design
and the GLM procedure with the SAS® (9.1) statistical package (2011). Comparison
of means was performed with Tukey’s test (p < 0.05) (Steel and Torrie, 1992), and the
following model was used:

YI.]. =(t)=u+ ai+ﬁj @O +G )+ € )
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Table 3. Gas chromatograph conditions for analysis of volatile fatty acids.

Detector characteristics: Injector characteristics:
Makeup (ON): 14.0 mL min ! Temperature: 230 °C
Temperature: 240 ° C Pressure: 12.0 PSI
Injector: Split Split: 10.0

Total run time: 9.94 min

Oven temperature ramp: Speed °C min ! Temperature °C Time (min)
Ramp 1 65 95 0.15
Ramp 2 15 145 6.0

where Y, (f): random variable representing the j-th observation of the i-th treatment,
p: general mean, «;: effect of the i-th treatment, {3, : average additional effect of the j-th
level nested in level I, G (t): grand total of treatments, and ai].k(t): is the experimental
error of unit 7jk.

RESULTS AND DISCUSSION

In situ ruminal degradation test

In terms of in situ DM degradation (Table 4), the chote treatments behave similarly at
3 and 6 h, with T 30 showing the highest degradation (43.77 and 49.88 %), followed
by T 15 (40.62 and 48.41 %) (p < 0.05); T 0 behaves similarly to T 15 with lower values
(37.21 and 45.44 %). At 9 h, T 0, and T 15 are equal (51.99 and 54.72 % respectively) (p >
0.05); the highest value was with T 30 (59.12 %) with differences with respect to other
values (p <0.05). At 12 h, T 30 and T 15 presented no differences (62.76 and 61.26 %,
respectively) (p > 0.05), T 0 presented a lower value than the other treatments (56.26
%) (p < 0.05). Finally, at the final time periods, no differences were observed between
treatments, from 70 to 79 % degradation (p > 0.05).

Table 4. In situ degradation (%) of dry matter of experimental diets in sheep.

Time (h)
Treatments 0 3 6 9 12 24 48 72
TO Oa 37.21a 45.44a 51.99a  56.26a 7248a  77.53a  78.93a
T15 0Oa 40.62ab  48.41ab 54.72a  61.26b  70.93a  74.37a  79.23a
T30 Oa 43.77Db 49.88Db 59.12b  62.76b  71.77a  76.2la  79.04a
SEM 0 0.55 0.79 1.789 1.72 1.79 1.26 1.79

a,b,c: Means with different literal in the column indicate differences (Tukey, p = 0.05). T 0: 0 % chote
fruit; T 15: 15 % chote fruit; T 30: 30 % chote fruit; SEE: standard error of the mean.
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The differences in DM degradation observed in this study were due to higher
fermentation of soluble carbohydrates (fructose 8.28 %, glucose 5.11 % and sucrose 11.55
% in the chote fruit on a dry basis) present in varying concentrations in the treatments
during the first 12 h and found to be more available to ruminal microorganisms
(Pulido and Leavep, 2000). After 24 h, fiber fermentation predominates. Moctezuma et
al. (1993) report digestibilities from 82 to 87.77 %, at 24 h with ripe fruits and the low
degradation of this work comes from the combination of green and ripe fruits. In turn,
Pinto-Ruiz et al. (2010), while evaluating forage trees from three cattle-raising regions
of Chiapas, found that for the Frontera region (group in which P. aculeata (Kunth)
L.O. Williams is found) there is a linear relationship between NDF content and DM
degradation of the species studied, increasing fiber and decreasing degradation. In
another study with this same fruit at three stages of maturity, incubated for 72 h, a
greater disappearance of DM was observed in fruits emerging from the stem of the
plant of no more than 8 cm in length, as opposed to green fruits that had developed
their maximum size (Garcia-Castillo et al. 2008).

Fiber degradation shows no differences (p > 0.05) between treatments except at 9 h
(Table 5), time at which the mean for T 30 (46.30 %) is higher than T 0 but similar
to T 15. This is because increasing the levels of chote increases the levels of sugars,

Table 5. Neutral detergent fiber degradation (%) of experimental diets in sheep.

Time (h)
Treatments
3 6 9 12 24 48 72
TO 0 26.84 35.17 40.61a 45.51 59.77 65.66 71.6
T15 0 26.53 36.61 42.05ab  49.92 58.68 67.06 70.12
T 30 0 27.27 33.82 46.3 b 47.85 60.6 68.48 72.75
SEM 0 2.66 1.01 2.46 2.05 0.64 2.73 1.51

a,b,c: Means with different literal in the column indicate differences (Tukey, p < 0.05); T 0: 0 %
chote fruit; T 15: 15 % chote fruit; T 30: 30 % chote fruit; SEE: standard error of the mean.

which favor degradation. At 72 h, degradation reached an average of 71.49 %, and no
differences (p > 0.05) were found between treatments. Ruminal degradation of plant
material is known to be related to the proportion of cell wall (Norton et al., 1994).

The degradation of DM, NDEF, and ADF (Table 6) increased gradually with increasing
incubation time and stabilized after 24 h for DM and ADF, and after 48 h for NDF. The
low digestibility is attributed to the high content of NDF residue. This degradation
behavior is due to the fact that the easily fermented carbohydrates are degraded first,
followed by the structural carbohydrates. In general, DM degradation depends on the
stage of maturity, showing that soluble DM and degradable DM increased in mature
fruits that had yellowish coloration with sweet aroma and soft consistency, followed
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Table 6. In situ degradation of dry matter, neutral and acid detergent fiber (%)
of chote fruit in sheep.

Time (h) DM NDF ADF
0 0 0 0
3 50.11a 12.71a 11.66a
6 55.11 ab 21.77 b 16.70a
9 62.77 bc 26.14b 18.10a
12 69.76 ¢ 27.23b 26.03b
24 79.47 d 65.68 ¢ 61.78 ¢
48 80.79 d 85.69 d 63.15 ¢
72 81.18d 87.14 d 64.31 ¢
SEM 2.52 2.98 2.13

a,b,c: Means with different literal in the column indicate differences (Tukey, p <
0.05); DM: dry matter; NDEF: neutral detergent fiber; ADF: acid detergent fiber;
SEM: standard error of the mean.

by green chote fruits that correspond to the fruit emerging from the stem of the plant
that does not exceed 8 cm in length, and finally green fruits that have developed their
maximum size and maintain their light greenish color and hard consistency (Garcia-
Castillo et al. 2008).

In the research by Pinto-Ruiz ef al. (2010) only evaluated this fruit at the mature stage,
and the results obtained are superior to those reported by other authors. According
to van Soest et al. (1991), DM degradation of fruit is a variable determined by several
factors, such as the amount and type of feed consumed, the fistulated animal serving
as animal model, ruminal incubation periods, the characteristics of the nylon bag used,
and the physicochemical properties of the fruit evaluated. Compared to other forages,
such as introduced grasses (Brachiaria humidicola cv) in the tropical region, DM from
chote fruit has reduced availability at the rumen level (Rincon et al., 2018). However, it
is an alternative feed where this forage is abundant.

Ruminal variables estimated in situ

The pH did not show differences between treatments (p > 0.05) (Table 7). Decreasing
the percentage of grains and increasing the percentage of chote fruit in the diets had
no effect on ruminal variables. Ammoniacal nitrogen (N-NH,) showed no differences
(p > 0.05) between treatments. This indicates that diets are being utilized, despite
increasing the chote content and reducing the number of grains such as sorghum and
corn.

The production of acetic, propionic, and butyric acids presented differences between
treatments (p < 0.05), with T 30 producing more of these acids than T 0 (p < 0.05).
Differences between treatments were observed in the concentration of isobutyric and
isovaleric acid (0.77 mM L™ and 0.73 mM L) (p < 0.05), with T 30 producing the most
of these VFAs. In treatments T 0 and T15, isobutyric and isovaleric acids are similar (p
> (0.05).
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Table 7. Ruminal variables of experimental diets in sheep.

. Treatments
Variables To T15 T30 SEM
pH 6.3a 6.64a 6.4a 0.57
N-NH, (mg dL") 22.39a 17.49a 19.28a 2.14
VFAs (mM L7)

Acetic acid 62.03a 77.81b 77.21b 5.86
Propionic acid 14.39a 18.52b 18.52b 0.77
Isobutyric acid 0.67a 0.64a 0.77b 0.03

Butyric acid 7.33a 8.97b 9.27b 3.66
Isovaleric acid 0.60a 0.55a 0.73b 0.04

Valeric acid 0.98a 1.10 ab 1.27b 0.07

A:P 4.31 4.20 417

a,b, c: Means with different literal in the row indicate differences (Tukey, p < 0.05); T
0: 0 % chote fruit; T 15: 15 % chote fruit; T 30: 30 % chote fruit; SEE: standard error of
the mean.

Valeric acid also presented differences between treatments, with T 0 (0.98 mM L)
being lower than T 30 (1.27 mM L) (p < 0.05). Treatment T 15 (1.10 mM L") is similar
to treatments T 0 and T 30 (p > 0.05). A decrease in ruminal pH from 6.5 to 5.7 reduces
N-NH, concentrations when ruminal inoculum is obtained from cattle fed an exclusive
forage diet, whereas when using inoculum from cattle fed 90 % concentrate, N-NH,
concentration is affected despite the low pH (Lana ef al., 1998). These results indicate
that protein degradation is influenced by pH and diet type, which can determine the
type of microbial population present in the rumen (NRC, 2000; Hristov et al., 2001).
The normal concentration of N-NH, in the rumen varies from 5 to 25 mg dL" of
rumen fluid (Cheeke, 2004), as reported by Satter and Slyter (1974), where maximum
microbial efficiency occurs when ruminal N-NH, concentration is between 5 and
8 mg dL. In this study, such differences in acetic acid production could be due to
the way the forage ration is fed, whether unchopped or in large chunks. Variation
depends on forage type, stage of maturity, and soil fertilization (Balch and Rowlan,
1957; Bath and Rook, 1965). Propionic acid varies between 15 and 19 % when the
amount of concentrate added to the animal is high (Armstrong and Blaxter, 1957),
and its composition is based on grains with high starch content, especially if they have
previously been heat-treated (Bath and Rook, 1965). Similarly, these authors state that
butyric acid has a wider range of molarity variations, ranging from 8 to 16 %.

CONCLUSIONS
The yield capacity of chote (Parmentiera aculeata) fruits, as well as in situ dry matter
(DM) degradation, neutral detergent fiber (NDF) degradation, and total volatile fatty
acids (VFAs), demonstrated that this fruit species is a feeding alternative for ruminants
during critical times. The addition of chote to sheep diets up to 30 % does not alter
degradation, and rumen variables are adequately maintained.
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