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ABSTRACT

Integrated grass-tree systems have been proposed to address socio-ecological challenges in tropical cattle production. Borddo-de-
velho (Samanea tubulosa), a legume tree native to the Amazon, is commonly found in degraded pastures and valued by farmers for
its soil, forage, and livestock benefits. The present study aimed to evaluate the effects of the dietary addition of bordao-de-velho
fruit supplementation on intake, digestibility, feeding behaviour, and performance of grazing Nellore heifers. Twenty-six Nellore

heifers (148 £ 25.5 kg of body weight, mean + SD) were used in two treatments: 1) control (CON): Mombasa grass (Megathirsus

maximus) pasture without supplementation; and 2) Borddo-de-velho (BORD): Mombasa grass pasture plus 5 g dry matter BORD
fruits/kg of body weight per day. The trial lasted 63 days (three 21-day periods). Borddo-de-velho did not affect dry matter (DM),
organic matter (OM), or crude protein (CP) intake (p > 0.710). However, BORD improved (p < 0.050) total tract digestibility of
DM, OM, and CP and reduced (p = 0.017) animal activity levels. Additionally, average daily gain increased (p = 0.003) from 326 to
548 g/day. Thus, BORD enhances nutrient digestibility and growth performance without compromising intake. The findings sup-

port using native species to align livestock production with local ecosystems.

1 | Introduction

The conversion of natural vegetation into pastureland, especially in
tropical regions, is a key contributor to socio-environmental degrada-
tion, intensifying sustainability challenges for livestock production in
environmental, social, and governance terms (Brice et al. 2022).
Given that pasture-based systems supply 90% of global cattle produc-
tion (Terry et al. 2020), livestock farming has long been linked to
deforestation and biodiversity loss. Climate change and increasingly
unpredictable rainfall further threaten pasture resilience, exacerbat-
ing these pressures (Agethen et al. 2024). These challenges are par-
ticularly acute in the Amazon, where cattle production plays a vital
economic role while the biome itself is critical for regional rainfall
regulation. At the same time, similar pressures are faced in other trop-
ical and subtropical livestock systems worldwide, where pasture

degradation, climate variability, and feed scarcity demand innovative
and locally adapted solutions.

To address these challenges, innovative strategies are needed,
particularly those that harness biodiversity to tailor production
systems to local conditions instead of standardised methods
(Olival et al. 2022). One promising approach is integrating native
species into livestock systems, which can improve animal nutri-
tion and welfare while reducing greenhouse gas emissions
(Andrade et al. 2012; Roa-Fuentes et al. 2015). For example, fruits
from native trees can replace traditional feed ingredients (Olival
et al. 2021). Such approaches not only serve regional needs but
also provide transferable models for other parts of the world,
showing how under-utilised native resources can strengthen
global efforts to reconcile livestock production with biodiversity
conservation and climate mitigation.
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A key species with such potential is borddo-de-velho (BORD;
Samanea tubulosa), a Fabaceae (legume) tree widely distributed
across tropical regions, especially in the seasonal climates of the
western Amazon (Brazil, Bolivia, and Ecuador) (KEW 2024).
Commonly found in degraded pastures and regeneration areas,
farmers in Brazil have observed its benefits, including the use of
its fruit as supplemental livestock feed during dry seasons (Olival
et al. 2022). Local farmers report that BORD fruits are consumed
by diverse livestock, including cattle, goats, sheep, horses, don-
keys, pigs, and birds. Notably, these fruits are produced during
the dry season, a critical period when forage scarcity and declin-
ing nutritional quality reduce feed intake, nutrient digestibility,
and overall animal performance (Tambara et al. 2021; Feitosa
et al. 2021). Nutritional analyses of S. saman (a closely related
species) fruits reveal promising attributes, with crude protein
(CP) levels ranging from 102 to 245 g/kg and neutral detergent
fibre (NDF) from 292 to 530 g/kg (Delgado et al. 2014).

Despite this potential, no studies have evaluated BORD impact
on grazing animals’ digestion or performance. We hypothesised
that supplementing with BORD would enhance feed intake,
nutrient digestibility, and performance without altering feeding
behaviour. This study aimed to test these effects in grazing hei-
fers. Aligned to develop region-specific livestock solutions, this
work underscores the importance of identifying social technolo-
gies that boost productivity and system resilience while promot-
ing environmental sustainability and equitable value chains.
Although the research is region-specific, it exemplifies how the
valorisation of native biodiversity can inspire sustainable live-
stock feeding strategies across different regions of the world. By
situating BORD within the wider context of global sustainability
pathways, this work underscores the potential of under-utilised
native feed resources to improve animal performance, reduce
environmental impacts, and promote resilient value chains.

2 | Material and Methods

The trial was conducted at the Centro de Ciéncias Agrarias
(CCA) of the Universidade Federal de Sdo Carlos (UFSCar)
between October and December 2022. All animal procedures
were approved by the UFSCar Committee on Animal Research
and Ethics (Protocol No. 2 806 280 923).

2.1 | Animals, Treatments, and Pasture
Management

Twenty-six Nellore heifers (148 + 25.5 kg of body weight, mean +
SD) were randomly assigned to evaluate two treatments: 1) con-
trol (CON): Mombasa grass (Megathirsus maximus) pasture with-
out supplementation; and 2) Borddo-de-velho (BORD): Mombasa
grass pasture and 5 g/kg BW of BORD fruits. The supplementa-
tion rate (5 g dry matter of BORD fruits per kg BW per day) was
chosen to prevent nutritional disorders, as starch-rich diets
exceeding 7 g/kg BW may induce acidosis (NASEM 2016) and
reduce pasture intake. Fruits were individually offered to each
heifer in separate feeding places to ensure accurate dosing.
Borddo-de-velho fruits were sourced from Mato Grosso State
through the Rede de Coletores de Sementes do Portal da Amazénia
(Amazon Portal Seed Collectors Network) and sun-dried prior to
the experiment. The fruits were sun-dried prior to feeding to stan-
dardise their dry matter content and composition, ensuring

uniformity among samples. This procedure also reflects the natural
condition in which animals commonly consume BORD fruits, as
they typically feed on them at the end of the fruiting cycle, when
the fruits are naturally dry.

The animals were maintained in a 2.7-ha Mombasa grass
(Megathyrsus maximus) pasture divided into two paddocks, with
each experimental group assigned to one paddock. The trial con-
sisted of three consecutive 21-day evaluation periods. To ensure
uniform pasture utilisation, the groups were rotated between
paddocks every 16 days during the experimental period. On the
same 16-day interval, pasture samples were collected from vege-
tation above 35 cm in height for chemical composition analysis
(Table 1). Body weight measurements were taken on days 0, 21,
42, and 63 following treatment supply. Faecal and urine samples
were collected concurrently with weighing. Faecal samples were
obtained via rectal retrieval, while urine samples were collected
through vulvar stimulation.

2.2 | Chemical Analysis

Pasture and BORD fruit samples were ground to pass through a
1-mm sieve using a knife mill. Samples were then analysed for
dry matter (DM; AOAC method 950.15); organic matter (OM; cal-
culated as 1000-crude ash; AOAC method 942.05); crude protein
(CP; determined as N X 6.25 using the Kjeldahl method; AOAC
method 984.13); and ether extract (EE; AOAC method 920.39)
(AOAC 2000). Neutral detergent fibre (NDF) and acid detergent
fibre (ADF) were analysed according to Van Soest et al. (1991).
Non-fibre carbohydrates (NFC) were calculated as: NFC = 1000—
(NDF + CP + EE + ash).

Urine samples were analysed for creatinine (Chen and Gomes
1992) and allantoin (Fujihara and Yamaguchi 1978).
Indigestible neutral detergent fibre (NDF) was determined after
240 h of in vitro incubation (Huhtanen et al. 1994). Faecal and
feed samples were ground to 2 mm using a knife mill and placed
into non-woven tissue bags (100 g/m? Casali et al. 2008). Each
bag measured 5 X 5cm internally, with a sample weight below
20mg dry matter (DM)/cm?® (Nocek 1988). Triplicate bags per
sample were incubated for 240 h at 39°C in an in vitro incubator

TABLE 1 | Chemical composition of Mombasa grass and borddo-de-
velho.
Mombasa Bordao-de-
Grass velho
Item Mean SD* Mean SD?
Chemical composition, g/kg
DM unless stated
Dry matter, g/kg as-fed 263 45.8 820 19.8
Organic matter 899 8.8 966 0.9
Neutral detergent fibre 748 17.9 258 224
(NDF)
Indigestible NDF 176 47.9 188  28.6
Crude protein 126 21.5 143 7.2
Ether extract 26.0 1141 10.1 430

Non-fibre carbohydrates 109

Standard deviation.

288.7 558 13.1
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(NL162, New Lab, Piracicaba, Brazil). Each incubation vial con-
tained 2.0L of ruminal inoculum, 1.6 L of McDougall’s buffer
(1948), and 0.4 L of fresh ruminal fluid. The ruminal fluid was
collected from two Holstein heifers (600 kg body weight) grazing
on Mombasa grass pasture without concentrate supplementa-
tion. After incubation, the bags were rinsed under running tap
water and analysed for NDF as previously described.

Throughout the trial, animal behaviour was monitored hourly
using the Chip Inside S.A. system (Santa Maria, Brazil).
Behavioural data were recorded at hourly intervals to capture
diurnal patterns of grazing, rumination, and resting. This fre-
quency enables the detection of short-term behavioural fluctua-
tions associated with feeding motivation and circadian regulation
(Sheahan et al. 2013).

2.3 | Calculations and Statistical Analysis

Dry matter intake was calculated using the equation from Dorea
et al. (2017), which incorporates urinary allantoin, creatinine
concentrations, and body weight. These variables were then used
to calculate the PDC index and dry matter intake (DMI) using the
following equations:

allantoin + uric acid
creatinine

PDCipgex = |: X BWO73 )

kg
DMI (-’ ) =0.24+0.046 X PDCinger @

Nutrient intake was calculated from the estimated dry matter
intake, partitioned between pasture and supplement. Faecal
excretion and total-tract apparent digestibility of nutrients were
determined assuming 100% recovery of indigestible NDF in fae-
ces. Average daily gain was derived from the linear regression
slope of body weight over time.

Statistical analysis for nutrient intake, digestibility, and behav-
iour data was performed using PROC MIXED in SAS (version
9.4, SAS Institute Inc., Cary, NC) with the following mixed model

Yijk =/4+Bi+wj;i+Tk+BxTik+eijk 3)

where: Yj; is the observed value; u is the overall mean; B; is the fixed
effect of treatment/Bodrdo-de-velho (i = 1 and 2); w;; is the random
animal effect (j = 1 to 26), assumed w;; ~ N (0, 62); Ty is the fixed
effect of the period/time (k = 1 to 3 for intake and digestibility and
k =1 to 24 for behaviour); e; is the residual error, assumed multi-
variate normal (0, R), N stands for Gaussian distribution; ¢2 is the
variance associated with animal effect; R is a variance and covari-
ance matrix due to repeated measures. Matrices (CS, CSH, AR,
ARH, TOEP, TOEPH, FA, UN, ANTE) were evaluated using the
Bayesian method. The covariance structures used were ARH for
intake variables (DM, OM, NDF, and CP), AR or ARH for digest-
ibility variables, and ANTE or TOEPH for behavioural variables.

For animal performance (ADG), the model was simplified to

where: Yj; is the observed value of the dependent variable; u, B;,
and N were previously described; e; is the random residual error,
assumed with e; =N (0, 02); 62 is the variance associated with the
random residual effect. A 5% significance level was applied to all
analyses.

3 | Results and Discussion

The inclusion of BORD in heifer diets significantly reduced NDF
intake (p = 0.020) but did not affect DM, OM, or CP intake (p >
0.710; Table 2). This aligns with the typical high-fibre composi-
tion of tropical pastures, which physiologically limits voluntary
intake (Forbes 2007). The reduction in NDF intake can be attrib-
uted to BORD’s substantially lower NDF content compared to
the pasture (258 vs. 748 g/kg NDF; Table 1). Notably, the absence
of a negative effect on DM intake is advantageous, as it suggests
potential for increased pasture stocking rates without compromis-
ing feed intake. However, intake regulation in grazing ruminants
involves complex mechanisms, including osmotic balance and
metabolic feedback (Allen 2020).

TABLE 2 | Effects of Borddo-de-velho (S. tubulosa) dietary supply on grazing Nellore heifers’ nutrient intake and digestibility.
Treataments® Probabilities®

Item CON BORD SEM" Treat Time Treat. X Time

Intake, kg/d
Dry matter 3.75 3.70 0.103 0.816 <0.001 0.789
Organic matter 3.37 3.38 0.093 0.959 <0.001 0.773
Neutral detergent fibre 291 2.48 0.085 0.020 <0.001 0.792
Crude protein 0.470 0.479 0.0124 0.710 <0.001 0.916

Apparent digestibility
Dry matter 0.476 0.529 0.0091 0.008 <0.001 0.020
Organic matter 0.561 0.596 0.0084 0.050 <0.001 0.156
Neutral detergent fibre 0.595 0.567 0.0071 0.056 <0.001 0.039
Crude protein 0.517 0.600 0.0177 0.033 0.154 0.030

*Treatments: control (CON): mombasa grass (Megathirsus maximus) pasture without supplementation; and Borddo-de-velho (BORD): mombasa grass pasture and

5g/kg BW of S. tubulosa fruits.
bStandard error of mean.

Probabilities: Treat.: treatment effect (Con. vs. Bord.); Time: evaluation period effect; Treatxtime: treatment and evaluation period interaction effect.
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Overall, BORD supplementation significantly increased (p <
0.05) the total-tract digestibility of DM, OM, and CP. It also
tended to improve (p = 0.056) NDF digestibility. As noted earlier,
BORD reduced the dietary fibre content, which aligns with the
0.7
0.6

0.5

0.4

03 P=0.050

Dry matter apparent digestibility

0.2

0.1

well-established inverse relationship between fibre and energy
content in ruminant feeds (NASEM 2016, 2021). The higher
CP digestibility may be attributed to a reduction in acid-detergent
insoluble protein, as lower fibre content (due to BORD) is known

Il 11

Evaluation period
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Neutral detergent fibre apparent digestibility

P=0.420
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FIGURE1 | Effects of Borddo-de-velho (S. tubulosa) dietary supply on grazing Nellore heifers’ dry matter, neutral detergent fibre, and crude protein

total-tract apparent digestibility. Legends: CON (

) BORD (== ).
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to decrease acid-detergent insoluble protein (Sniffen et al. 1993).
Additionally, the trend toward improved NDF digestibility fur-
ther supports the beneficial effects of BORD on fibre utilisation.

During grazing, cattle had access to different pasture pools (Freer
et al. 2007). In this study, we observed a significant BORD by
period interaction (p < 0.039) affecting the digestibility of DM,
OM, and NDF. Improved pasture management during the trial
enhanced NDF digestibility, particularly in the CON treatment
(Figure 1). As a result, BORD supplementation led to higher
nutrient digestibility compared to CON, especially in short-term
assessments. Over the entire trial period, animals grazing on pas-
ture without BORD consumed lower-quality forage than those
receiving BORD supplementation. This improvement may also
be attributed to the higher CP content of BORD fruits, which
likely enhanced rumen microbial activity and thereby favoured
the degradation of fibre fractions (Reis et al. 2016). Moreover,
BORD supplementation reduced the overall fibre challenge of
the diet, improving ruminal fermentability and nutrient avail-
ability (NASEM 2016). Over the entire trial period, animals graz-
ing on pasture without BORD consumed lower-quality forage
than those receiving BORD supplementation.

60
Probabilities (P):
Treat: 0.017
50 Time: <0.001
Treat=<time: <0.001
40 |
E30
ey
£
220
10 ‘\
* "/ *
0:00 2:00 4:00 6:00 800 10:00 12:00 14:00 16:00 18:00 20:00 22:00
Hour
FIGURE 2 | Effects of Borddo-de-velho (S. tubulosa) dietary supply on

grazing Nellore heifers’ activity level. Legends: CON ( ) BORD

Overall, BORD supplementation significantly reduced (p =
0.017) animal activity levels from 27.6 to 26.4 min/h (Figure 2;
Table 3). Under grazing conditions, pasture availability and graz-
ing time are key determinants of feed intake (Freer et al. 2007).
The decrease in activity likely occurred because BORD supple-
mentation reduced pasture intake. However, BORD had no effect
(p = 0.208) on resting, ruminating, or panting behaviour.
Rumination time is primarily influenced by dietary fibre content
and particle size (Beauchemin 2018). Although BORD shortened
grazing time, its impact on overall diet composition was minimal,
resulting in negligible effects on rumination duration.

A significant BORD by time interaction (p < 0.001) was observed
for all behaviour variables (Table 3). Animals exhibited greater day-
time activity and increased nighttime rumination. Furthermore,
BORD supplementation significantly reduced activity (p < 0.05)
during early morning hours (01:00-04:00) and specific afternoon
periods. As noted earlier, CON-fed animals required extended graz-
ing time to achieve adequate forage intake (Freer et al. 2007; Missio
et al. 2010), explaining their different behavioural patterns com-
pared to BORD-supplemented cattle.

BORD supplementation significantly increased (p = 0.003) aver-
age daily gain from 326 to 548 g/d. This positive effect on cattle
performance aligns with previous findings reporting benefits of
Amazonian fruits (Olival et al. 2021). The enhanced growth
performance likely results from improved nutrient digestibility
in BORD-fed animals. These findings demonstrate the potential
of BORD as an effective nutritional supplement for grazing
beef cattle.

4 | Conclusion

The inclusion of Borddo-de-velho (S. tubulosa) fruits in grazing
heifer diets enhances nutrient digestibility, reduces physical
activity, and significantly improves average daily gain. These
findings demonstrate that Borddo-de-velho supplementation is
an effective nutritional strategy to boost cattle productivity in
pasture-based systems.

TABLE 3 | Effects of Borddo-de-velho (S. tubulosa) dietary supply on grazing Nellore heifers’ behaviour and productive performance.
Treataments® Probabilities®
Item CON BORD SEM" Treat. Time Treat. X Time
Behaviour, min/h
Activity 27.6 26.4 0.54 0.017 <0.001 <0.001
Resting 14.8 15.9 0.92 0.208 <0.001 <0.001
Rumination 10.0 10.1 0.80 0.849 <0.001 <0.001
Panting 7.56 7.57 0.260 0.955 <0.001 <0.001
Initial body weight, kg 147.8 148.5 5.0 0.945 — —
Final body weight, kg 163.3 183.2 6.3 0.239 — —
Average daily gain, g/d 332 505 26.0 0.003 — —

*Tratments: control (CON): mombasa grass (Megathirsus maximus) pasture without supplementation; and Borddo-de-velho (BORD): mombasa grass pasture and 5 g/kg

BW of S. tubulosa fruits.
bStandard error of mean.

Probabilities: Treat.: treatment effect (Con. vs. Bord.); Time: evaluation period effect; Treatxtime: treatment and evaluation period interaction effect.
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