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ABSTRACT

Objective: To determine the chemical composition and in situ degradability of Guazuma ulmifolia Lam. fruits
and assess whether targeted nutrition (TN) with 300 g of fruit meal for seven days before the withdrawal of a
progestogen influences reproductive variables in Pelibuey ewes.

Design/Methodology/Approach: A proximal chemical analysis and in situ degradability assessment of dry
matter and protein from G. ulmifolia fruits were conducted using two Rambouillet rams fitted with rumen
cannulas at different incubation times (0, 6, 12, 24, 48, and 72 h). To evaluate the effect of TN on reproduction,
71 Pelibuey ewes were assigned to one of two treatments: CIDR (n=36) or CIDR+TN (300 g of G. ulmifolia
fruit meal) for seven days (n=35). On day 9, CIDRs were removed, and TN was discontinued.

Results: Estrus synchronization response was similar (p>0.05) between treatments. However, ewes
supplemented with G. ulmifolia fruits exhibited a shorter time to estrus onset (28.68+1.15 h). Fertility rates
were comparable between treatments (p>0.05), while fecundity was higher in the CIDR+TN group.

Study Limitations/Implications: The use of G. ulmifolia fruits as a dietary supplement promotes their
conservation and integration into agroforestry and silvopastoral systems in tropical regions.
Findings/Conclusions: TN with 300 g of G. u/mifolia fruit meal for seven days before progestogen withdrawal
reduced the time to estrus onset and increased fecundity in Pelibuey ewes.

Keywords: Local resources, Estrus synchronization, Prolificacy, Food supplement.

INTRODUCTION

The productive efficiency of sheep production systems depends, among other
factors, on reproductive efficiency. However, this is influenced by the lambing interval
and the number of offspring per birth (Martinez-Gonzdlez et al., 2017). One strategy
to enhance productivity and profitability in these production units i3 to improve flock
reproductive capacity, thereby increasing the number of lambings per ewe per year and

reducing production costs (Hinojosa-Benavides et al., 2019). Among the reproductive
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management strategies that enhance ewe performance, the use of biotechnologies such as
estrus synchronization stands out. This technique involves the application of effective and
ecasily implementable pharmacological methods to manipulate reproductive physiology,
improving both productivity and economic efficiency in sheep production systems
(Lozano-Gonzdlez et al., 2012). Nutrition is the key determinant of economic efficiency
in livestock production units. Consequently, there is constant pressure to minimize both
the quantity and duration of supplementation periods to optimize the cost-benefit ratio of
this practice (Baldi et al., 2008). Supplementing with energy- and protein-rich concentrates
during specific periods and in appropriate amounts —an approach known as “Targeted
Nutrition” (IT'N)— can enhance reproductive efficiency in females (Martin & Reza, 2016).
The fruits and foliage of tropical trees and shrubs (Pifieiro-Vazquez ez al., 2013) can serve
as valuable feed sources, improving livestock productivity by increasing dietary protein
levels (Ku-Vera et al., 2014). Some of these plants contain secondary compounds capable
of modifying nutrient degradation rates and transit through the gastrointestinal tract
(Getachew et al., 2000; Pirela et al., 2010). The gudcimo tree (Guazuma ulmifolia Lam.),
belonging to the Sterculiaceae family, is widely distributed in the tropical regions of Mexico
and adapts well to various soil and climatic conditions (Manriquez-Mendoza et al., 2011).
From a producer’s perspective, it represents an alternative forage resource that mitigates
seasonal feed shortages for livestock during drought periods (Villa-Herrera et al., 2009).
The fruits of G. ulmifolia contain up to 13.6% crude protein, 56.0% neutral detergent fiber,
41% acid detergent fiber, 1.5% ether extract, and 49.5% in vitro dry matter digestibility
(Cervantes-Marin et al., 2015; Herndndez-Herndndez et al., 2017). Their chemical-
nutritional composition makes them a viable supplement to meet the dietary requirements
of small ruminants. Based on this, the aim of the present study was to determine the
chemical composition and in situ degradability of dry matter and crude protein in G.
ulmifolia fruits. Additionally, the study aimed to evaluate whether TN with 300 g of mature
G. ulmifolia fruit meal for seven days prior to progestogen withdrawal influences estrus
synchronization, prolificacy, and fecundity in Pelibuey ewes.

MATERIALS AND METHODS
Study site

The study was conducted from June to December 2015 at the commercial production
unit “La Gloria,” located in the community of Tequexquinahuac, Texcoco municipality,
State of Mexico (98° 82° W, 19° 47° N, 2,480 m.a.s.l.). The climate is classified as
temperate sub-humid, with an average annual temperature of 15.9 °C and an average
annual precipitation of 686 mm (INEGI, 2023).

Fruit collection and processing

Mature G. ulmifolia fruits were manually collected during the fruiting season (February-
March) when they turned dark brown and naturally detached from the tree. Collection
took place in pastures within the community of Angostillo, Paso de Ovejas municipality,
Veracruz, Mexico (96° 54° 197 W, 19° 21° 80” N, 260 m.a.s.l.). After collection, the fruits
were sun-dried for approximately two days, then ground using a hammer mill equipped
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with a 1/8-inch sieve. The processed fruit meal was stored in sealed containers to prevent
moisture absorption. A subsample was further ground using a Thomas Wiley® Model 4 mill
with a 1.0 mm retention sieve for chemical composition analysis and ruminal incubation to
determine in situ degradability.

Chemical composition

Proximal chemical analysis of the ground fruits was performed following the methods
of the Association of Official Analytical Chemists (2016). Neutral detergent fiber (NDF)
and acid detergent fiber (ADF) were determined using the ANKOM filter bag technique.
All analyses were conducted at the Animal Nutrition Laboratory of the Colegio de
Postgraduados, Montecillo Campus.

In situ ruminal degradability of dry matter and protein

To estimate the in situ degradability of dry matter and protein, two adult Rambouillet
rams (65.06x£1.75 kg body weight) fitted with permanent rumen cannulas (50 mm
diameter) were used. The animals were housed in individual cages and fed 2.0 kg DM
animal ™! day_1 of a total mixed ration consisting of 30% commercial concentrate (Borrega
Plus; Alimentos Unién Tepexpan®™) and 70% oat hay. The degradability of G. ulmifolia fruits
was assessed over two 72-hour experimental periods, following a 7-day adaptation period
designed to stabilize rumen conditions. During adaptation, rams were supplemented with
300 g animal ™! day_1 of G. ulmifolia fruit meal.

For ruminal incubation, 5X5.5 cm multilayer polyester filter bags (F57 bags, Ankom
Technology Corp., Macedon, NY) were used. Each bag was filled with 0.5 g of fruit
sample (dry basis) and placed inside a mesh tied to a 70 cm nylon cord with a metal weight
to ensure immersion in the ventral sac of the rumen. The bags were incubated at 0, 6, 12,
24, 48, and 72 hours (n=4 bags per incubation time) in reverse order, ensuring all were
retrieved simultaneously. After removal, the bags were washed under low-pressure running
water until clear, then dried in a forced-air oven at 65 °C for 24 hours and weighed.

To calculate in situ crude protein degradability, dry matter content (AOAC method
954.01) and crude protein (AOAC method 925.09) were analyzed in the ruminal incubation
residues (AOAC, 2016). Dry matter loss was estimated as the weight difference of the sample
before and after ruminal incubation, following the methodology of Orskov & McDonald
(1979).

The degradation kinetics were modeled using the equation:
D=a+bx(1—¢")

Where: a=soluble fraction of the substrate; #=insoluble but potentially degradable fraction
and c=degradation rate of the potentially degradable fraction; £=incubation time.

Reproductive performance
A total of 71 adult Pelibuey ewes (3.4+0.2 years old, 47.2+4.2 kg BW) were selected.
All ewes were fed 2.0 kg ewe ! day_1 of the same total mixed ration used during the
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adaptation period (70% oat hay, 30% commercial concentrate), which contained 12.4% CP,
42% ADF, 50% NDF, 2.0% EE, and 9% ash. Seven days before the synchronization protocol,
all ewes underwent sanitary management, which included deworming (Closantil oral 5%,
Laboratorios CHINOIN) and selenium supplementation combined with vitamin E (MU-
SE®, Intervet Schering-Plough Animal Health), following the recommended dosage for
cach product.

Treatments and estrus synchronization protocols

All ewes underwent an estrus synchronization protocol (Figure 1). Each ewe received an
intramuscular injection of 1.0 mL prostaglandin Fya (5 mg dinoprost, Lutalyse®, Zoetis) at
the time of insertion of a CIDR intravaginal device impregnated with 0.3 g progesterone
(CIDR P4), which remained in place for nine days. Seven days before CIDR removal,
ewes were randomly assigned to one of two treatments: CIDR (n=36); CIDR+ Targeted
Nutrition (n=35) (300 g of G. ulmifolia fruit meal per day for seven days before CIDR
removal). Supplemented ewes received 300 g/day of a wet-based mixture containing

ground G. ulmifolia fruits, processed to a particle size of 1-4 mm.

Evaluated variables

Estrus response: number of ewes in estrus relative to the total number of ewes per
treatment; time to estrus onset: time elapsed from progestogen removal until the first signs
of estrus; fertility rate: number of pregnant ewes relative to the total number of inseminated
ewes; prolificacy: number of lambs born per ewe that gave birth; fecundity: number of
lambs born per ewe exposed in each treatment. Estrus detection began four hours after
CIDR removal and was subsequently monitored every four hours using a teaser ram fitted
with an apron; ewes displaying external estrus signs were separated from the group for
natural mating, with a second service 12 hours after the first. Fertility was determined
45 days post-insemination via abdominal ultrasound (Contec CMS600P2VET); ewes
were classified as pregnant (positive) or non-pregnant (negative) based on the presence or
absence of well-defined fetal structures; prolificacy and fecundity were recorded at lambing
by counting the number of lambs born per ewe.

inserted CIDRP; 0.3 g
and injection with Natural Pregnancy
5 mg PGF,,, mating diagnostic

FN: 300 g of Guazuma ulmifolia fruit meal
for seven days

0 Day 9 Day 12 Day 57
T1= Treatment CIDR (n=36)
T2= Treatment CIDR + NF (n=35)

Figure 1. Estrus synchronization protocol implemented in Pelibuey ewes treated with progestogens (CIDR)
and Targeted Nutrition with Guazuma ulmifolia fruits.
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Statistical analysis

Estrus response and fertility variables were analyzed using a logistic regression model
with the Logistic procedure in SAS; time to estrus onset, prolificacy, and fecundity were
analyzed using the Log-Rank survival curve method with the Life Test procedure; mean

comparisons were performed using the Bonferroni method (SAS, 2011).

RESULTS AND DISCUSSION

The fruits used for supplementation contained 5.7% moisture, 12.6% crude protein,
1.6% ether extract, 7.1% ash, 47.9% neutral detergent fiber, and 38.8% acid detergent
fiber. In situ dry matter digestibility (Figure 2) was 58.8%; the degradation parameters were
a=37.98,b=22.09, c=0.04, resulting in an effective degradation of 59.93% with a passage
rate of 0.02%.

In situ crude protein digestibility was 60.2%, with degradation parameters a=42.32,
b=18.26, c=0.05, leading to an effective degradation of 59.9% and a passage rate of 0.02%.

The chemical composition of G. ulmifolia fruits falls within the ranges reported by other
authors (Cervantes-Marin et al., 2015; Hernandez-Herndndez ¢t al., 2017) and is considered
sufficient to meet the maintenance nutritional requirements of sheep (NRC, 2007). A high
proportion of the fruit undergoes ruminal degradation, as in situ dry matter degradability
reached 58.8%, differing from the 40% previously reported by Romén ¢z al. (2008) and
Goémez-Gurrola et al. (2014). The high in situ crude protein degradability observed in
this fruit may be attributed to its nutritional composition, secondary compounds, and low
neutral and acid detergent fiber content, which influence the digestive dynamics of certain
feed fractions, as reported in other ruminant studies (Getachew et al., 2000; Pifieiro-
Viazquez et al., 2013). No significant difference (p>0.05) was observed in estrus response
between treatments, as both groups had the same number of ewes in estrus (Table 1), with
values similar to those reported by Ake-Lépez et al. (2014) and Sosa et al. (2014). The estrus
synchronization response exceeding 97% confirms the effectiveness of the progestogen-
based hormonal treatments used to synchronize estrus in small ruminants. The mechanism
of this hormonal method is based on prolonging the luteal phase of the estrous cycle,
which inhibits gonadotropin activity. Upon progestogen withdrawal, progesterone action

65
60
55
50
45

40 —DMS ——DPC
35
30

Degradability (%)

0 6 12 18 24 30 36 42 48 54 60 66 72

Incubation time (h)

Figure 2. In situ ruminal degradation of dry matter (D MS) and crude protein (D PC) from Guazuma ulmifolia

fruit meal, using the model D=a+b* (1 - e_f*t)
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ceases, leading to gonadotropin release and estrus onset in most ewes within a short period
(Cérdova-Izquierdo et al., 2019).

However, ewes that received fruit supplementation exhibited estrus sooner after
progestogen withdrawal (Table 1) compared to the CIDR group. The time to estrus onset
observed in this study was shorter than the values reported by Fraire e al. (2013) and Sosa
et al. (2014) in CIDR-treated ewes.

The reduced time to estrus onset in the CIDR+TN group is likely due to the nutrient
intake, as follicular populations in small ruminants are highly sensitive to the availability
of energy and protein, which can enhance folliculogenesis through nutrition (Martin et
al., 2004). Protein- and energy-rich supplementation increases plasma concentrations of
metabolic signals that influence folliculogenesis (Vifioles et al., 2009), ultimately affecting
circulating estradiol levels, leading to a shorter time to estrus onset (Scaramuzzi et al.,
1999; Martin et al., 2004; Ake-Lépez et al., 2014). The fertility rates obtained in this study
(Table 2) were similar between treatments (p>0.05), with acceptable values exceeding 80%.
Fertility is influenced by the number of services and body condition at mating (Salomon &
Maxwell, 2000; Vinoles et al., 2009). In this study, each ewe received two services, one at
estrus detection and a second 12 hours later. Body condition may have also contributed to
the high fertility rates, as the ewes’ initial body condition scores (BCS) ranged from 3.00 to
3.75 (on a 1-5 scale; Russel e al., 1969), which is considered moderate to high and had a
positive effect on pregnancy rates, measured as fertility.

Targeted nutrition with G. ulmifolia fruits did not affect prolificacy (p>0.05) in this
study; ewes gave birth to 1.44 to 1.66 lambs, values similar to those reported by Fraire
et al. (2013) in ewes synchronized with progestogens alone and supplemented during
the synchronization period. Fecundity (Table 2) differed between treatments (p<0.05)
and was higher in ewes receiving targeted nutrition. This index depends on fertility
and prolificacy, as well as factors influencing these parameters, including ovulation
rate, number of fertilized ova, and embryo survival. These, in turn, are affected by
genetic factors (e.g., breed and individual variation) and environmental factors (e.g.,

Table 1. Reproductive variables of Pelibuey ewes synchronized with progestogens (CIDR) and Targeted
Nutrition (TN) for 7 days with 300 g of Guazuma ulmifolia fruit meal.

Treatment n Sheep in estrus % Onset of estrus (h)
CIDR 36 35 97.22a 32.82x1.71a
CIDR+FN 35 35 100 a 28.68x1.15b

a, b Values with different literals in the same column are statistically different (p<<0.05).

Table 2. Fertility, prolificacy, and fecundity of Pelibuey ewes synchronized with progestogens (CIDR) and
Targeted Nutrition (TN) for 7 days with 300 g of Guazuma ulmifolia fruit meal.

Fertility
Treatment n Prolificacy Fertility
n (%)
CIDR 36 29 80.55 a 1.44%0.09 a 1.20%£0.12 b
CIDR+FN 35 33 94.28 a 1.66+0.11 a 1.57%0.12 a

a, b Values with different literals in the same column are statistically different (p<0.05).
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nutritional status before and after mating, and the use of hormonal treatments) (Rojas
& Rodriguez, 1995; Rubianes & Ungerfeld, 2002). The higher fecundity observed in
the CIDR+TN group with G. ulmifolia fruit supplementation is likely related to the
higher fertility rate in this group and the effect of targeted nutrition, which stimulates
follicular development, increases the number of preovulatory follicles, and ultimately
enhances the number of follicles reaching ovulation (Pérez-Herndndez et al., 2009).
These factors contribute to an increased ovulation rate, directly impacting fecundity
(Rattray et al., 1981).

CONCLUSIONS

The chemical composition and degradability of G. u/mifolia fruits are suitable for their
use in targeted nutrition for ewes. The consumption of 300 g of these fruits for seven days
before progestogen withdrawal reduces the time to estrus onset and increases the fecundity
of Pelibuey ewes. Therefore, this resource has potential for inclusion in targeted feeding

programs to enhance the reproductive performance of Pelibuey ewes.
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