I Ciéncias Agrarias
— SEMINA —

DOI: 10.5433/1679-0359.2021v42n6Supl2p3947

Which non-fibrous carbohydrates: neutral detergent
fiber ratio optimizes the use of cactus cladodes in diets
of growing heifers?

Qual relacao carboidratos nao fibrosos: fibra em
detergente neutro otimiza o uso de palma forrageira em
dietas para novilhas em crescimento?
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Highlights

The NFC and TDN intakes increased with elevation of the NFC:NDF ratio.

The NDF digestibility decreased with increasing NFC levels in diets.

Chewing time and feeding efficiency of NDF decreased with elevation of the NFC.
The ruminal pH showed the lowest values at 4 hours after feeding.

The number of ruminal protozoa increased 64.5% with elevation of the NFC:NDF ratio.

Abstract

This study aimed to evaluate the effect of different non-fibrous carbohydrate (NFC):neutral detergent
fiber (NDF) ratios (0.70:1, 0.90:1, 1.14:1, 1.42:1, and 1.85:1) in diets containing cactus cladodes on intake,
digestibility, ruminal parameters, ingestive behavior, and microbial protein of growing heifers. Five rumen-
cannulated heifers (194 + 70 kg of body weight) were distributed in a Latin square design (5 x 5). There
was a quadratic effect on the intake of dry matter (DM) (Kg day™' and %BW) and crude protein (CP) with the
increase in non-fibrous carbohydrate (NFC): neutral detergent fiber (NDF) ratio, with maximum values of 7.07
kg day™, 2.86%, and 0.949 kg day™", estimated for 1.37:1, 1.39:1, and 1.27:1 ratios. When the intake of NDF
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decreased, in turn, the intakes of NFC and TDN increased. The NDF digestibility decreased with increasing
NFC levels in diets. The other nutrients were not influenced. The ruminal pH showed the lowest values at
4 hours after feeding, mainly for animals fed the 1.85:1 ratio. There was a quadratic effect for rumination
time with maximum values estimated for an NFC:NDF ratio of 0.88:1. The time spent idle increased linearly,
while total chewing time and feeding efficiency of NDF decreased. The urinary volume increased linearly.
However, microbial protein synthesis and the efficiency of the synthesis were not influenced. The number
of protozoa increased by 64.5% with the elevation of the NFC:NDF ratio. We recommend a NFC:NDF ratio
of 1.37:1 in diets containing cactus cladodes, to improve the use of nutrients, without negatively affecting
ruminal parameters.

Key words: Cactaceae. Effective fiber. Protozoa. Ruminal pH. Rumination. Semiarid.

Resumo

Este estudo teve como objetivo avaliar o efeito de diferentes relagdes carboidratos nao fibrosos (CNF): fibra
em detergente neutro (FDN) (0,70: 1;0,90: 1; 1,14: 1; 1,42: 1 e 1,85: 1) em dietas contendo palma forrageira
sobre o consumo, digestibilidade, parametros ruminais, comportamento ingestivo e proteina microbiana
de novilhas em crescimento. Cinco novilhas, fistuladas no rimen (194 + 70 kg de peso corporal) foram
distribuidas em um delineamento em quadrado latino (5 x 5). Houve efeito quadratico sobre o consumo de
matéria seca (MS) (kg dia™ (% PC) e proteina bruta (PB) com o0 aumento darelagcao carboidratos nao fibrosos
(CNF): fibra em detergente neutro (FDN), com valores maximos de 7,07 kg dia™, 2,86% e 0,949 kg dia™,
estimado para 1,37: 1; 1,39: 1 e proporcao de 1,27: 1. Enquanto a ingestao de FDN diminuiu, a ingestao de
CNF e NDT aumentou. A digestibilidade da FDN diminuiu com o aumento dos teores de FDN nas dietas. Os
demais nutrientes nao foram influenciados. O pH ruminal apresentou os menores valores 4 horas apds a
alimentacao, principalmente para os animais alimentados na proporc¢éao de 1,85: 1. Houve efeito quadratico
para o tempo de ruminacdo com valores maximos estimados para uma relacao CNF: FDN de 0,88: 1. O
tempo de 6cio aumentou linearmente, enquanto o tempo total de mastigacéo e a eficiéncia alimentar da
FDN diminuiram. O volume urinario aumentou linearmente. No entanto, a sintese de proteina microbianae a
eficiéncia da sintese nao foram influenciadas. O nimero de protozoarios aumentou 64,5% com a elevagao
da relacdo CNF: FDN. Recomenda-se a relacao CNF:FDN de 1,37: 1 em dietas contendo palma forrageira,
para melhorar o aproveitamento dos nutrientes, sem afetar negativamente os par@metros ruminais.
Palavras-chave: Cactaceae. Semiarido. Fibra efetiva. Protozoarios. pH ruminal. Ruminacao.

Introduction gain and maintenance (National Research
Council [NRC], 2001).

The ratio of fibrous and non-fibrous
carbohydrates should be explored in the
production of heifers to improve production
efficiency without losses, such as late growth,
implying age at first calving. One way to
achieve this relationship is the association
of different roughage and/or concentrated
foods. However, in arid and semiarid regions

In milk production systems, the heifer
rearing phase generates greater expenditure
on feed, indicating an investment that is offset
by the production phase (Gonzaga, Pimenta,
& Leite, 2011). Additionally, this investment is
linked to the category's feed, since the feed
favorsthebodyandphysiologicaldevelopment
of heifers, meeting the requirements for weight
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there is a limitation on the production of
forage resources in the production of fodder,
due to the irregularity in the distribution of
rain, making itimportant to use forage species
adapted to these conditions.

The cactus cladodes (Opuntia and
Nopalea) have become one of the most
important energy sources in dairy farms of
semiarid regions (Monteiro et al., 2018; Soares
et al., 2020). This cactus has high values of
non-fibrous carbohydrates (528-545 g kg™ of
dry matter (DM)), low values of crude protein
(CP)(51-64 g kg' of DM), and neutral detergent
fiber (257-272 g kg™ of DM) (Barros et al., 2018;
Moraes et al., 2019). Furthermore, this plant
presents DM and NDF disappearances of 606
gkg' of DMand 611 g kg™ of NDF, after 12 and
48 hours of ruminal incubation, respectively
(Batista, Mustafa, Wang, Soita, & McKinnon,
2003). Therefore, association with other fiber
sources must be recommended (Siqueira et
al., 2017).

The non-fibrous carbohydrate (NFC):
neutral detergent fiber (NDF) ratio in a diet has
a direct effect on the intake of DM, ruminal
health, NH,-N, volatile fatty acids, microbial
population (Ma, Tu, Zhang, Deng, & Diao, 2015;
Pu et al, 2020), and nutrient digestibility,
consequently exerting effects on the growth
and productivity of ruminants. The NRC (2001)
recommends a maximum content of 440 g kg™’
of NFC, and a minimum content of 210 g kg™ of
physically effective NDF to maintain adequate
ruminal functioning.

It was hypothesized that there is an
NFC:NDF ratio that optimizes nutrient intake
and utilization, without negatively affecting the
ruminal environment for growing heifers. Thus,
the objective of this study was to evaluate the
influence of different non-fibrous carbohydrate
(NFC):neutral detergent fiber (NDF) ratios in the
diets of growing heifers on intake, digestibility,
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pH and protozoa amount, ingestive behavior,
and microbial protein synthesis.

Material and Methods

The experiment was carried out at
the Bovine Clinic belonging to the Federal
Rural University of Pernambuco (UFRPE), in
the municipality of Garanhuns in the state
of Pernambuco, located in the Microregion
of Agreste. All procedures were conducted
following the guidelines set by the Ethics
Committee on Use of Animals for Research
(CEUA) of the UFRPE.

Five rumen fistulated heifers (%
Holstein-Zebu) with an average initial body
weight (BW) of 194 + 70 Kg were assigned in
a 5 x 5 Latin square design. The animals were
weighed, identified, and vermifuged before the
start of the experimentand housedinindividual
pens fitted with feeders and waterers. The trial
lasted for 100 days, with five consecutive 20-
day periods divided into 15-day adaptation
and five-day sampling periods.

The animals were fed twice daily
(at 07h00 and 17h00). The amount of feed
supplied was corrected daily to generate 5%
to 10% of orts. Feeds and orts were weighed
daily throughout the experimental period to
calculate the voluntary intake.

The experimental treatments
consisted of five different proportions of
non-fibrous carbohydrates (NFC) and neutral
detergent fiber (NDF) (0.70:1, 0.90:1, 1.14:1,
1.42:1, and 1.85:1), with levels (0.0, 12.5, 25.0,
37.5, and 50.0%) of cactus cladodes (Opuntia
ficus indica Mill) replacing by elephant grass
(Pennisetum purpureum Schum) at contents
of (0, 25, 50, 75, and 100% based on dry
matter (DM)). The roughage, elephant grass,
and cactus cladodes were used in different
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proportions to modify the ratios of NFC and
NDF. The experimental diets were formulated
considering the food composition and protein
requirements for a weight gain of 800 g day™’,
according to the NRC (2001). The chemical
composition of the ingredients and proportion
of the ingredients and chemical composition

The diet ingredients, orts, and
feces samples were pooled per animal and
experimental period and stored in plastic bags
at -20 °C. At the end of the experiment, the
samples were oven-dried at 60 °C for 72 hours
and ground to pass through a 2 mm mesh for
in situ ruminal incubation and through a 1 mm

of in the experimental diets are shown in
Tables 1 and 2.

screen for further chemical analyses.

Table 1
Chemical composition of diet ingredients

Cactus Elephant Ground Wheat Soybean
ltem . Urea
cladodes grass corn Bran oil
Dry matter 7.30 21.8 84.7 88.0 99.6 99.0
Crude protein 4.5 9.5 9.6 18.5 - 280.0
Ether extract 1.94 1.73 4.01 353 99.0 -
Neutral detergent fiber 21.0 76.2 11.6 44.0 - -
Non-fibrous carbohydrates 59.9 &3 73.3 26.5 - -

Table 2
Proportion and chemical composition of experimental diets (based on DM)

NFC: NDF ratio

Ingredients 0.70:1 0.90:1 1.14:1
Cactus cladodes 0.0 12.5 25.0 37.5 50.0
Elephant grass 50.0 37.5 25.0 12.5 0.0
Ground corn 35.6 31.2 26.2 19.9 15
Wheat bran 10.0 15.0 20.6 27.5 33.0
Soybean oil 2.4 1.8 1.2 0.6 0.0
Mineral mix 1.0 1.0 1.0 1.0 1.0
Urea 1.0 1.0 1.0 1.0 1.0
Chemical composition
Dry matter’ 34.9 25.0 19.4 15.9 13.5
Crude protein 12.8 12.7 12.6 12.7 12.6
Ether extract 5.04 4.47 3.89 3.31 2.73
Non-fibrous carbohydrates 32.8 37.3 41.6 45.3 49.7
Neutral detergent fiber 46.6 41.4 36.4 31.8 26.8
NDF? elephant grass 38.0 28.5 19.0 9.5 0.0
Total digestible nutrients 68.2 68.5 68.8 69.0 69.3

' % of natural matter. 2 NDF = Neutral detergent fiber.
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For estimated apparent digestibility
and total digestible nutrients (TDN)
concentration, spot fecal samples were
collected directly from the animals' rectums,
and the samples were pooled per animal and
experimental period, and stored at -20 °C
for chemical analyses. Fecal excretion was
estimated using the indigestible NDF (iNDF) as
an internal marker. The feces, feed, and orts'
iINDF contents were obtained after 288 hours
of ruminal incubation 288 hours (INCT-CA n.
F-009/1 method) (Detmann et al., 2012).

The samples of the feed and orts were
analyzed for chemical composition through
the INCT-CA methods to determine dry matter
(DM; G-003/1), mineral matter (MM; M-001/1),
crude protein (CP; Kjeldahl method; N 001/1),
ether extract (EE; G-004/1), and neutral
detergent fiber (NDFap; F-002/1), according to
the methodologies described by Detmann et
al. (2012).

For the estimation of non-fibrous
carbohydrates (NFC), the equation proposed
by Hall (2000) was used:

NFC (g kg™") = 1000 - (ash + EE + NDFap +
(CP-CPu+U))

where: NDFap = neutral detergent fiber
corrected for ash and protein; CPu = crude
protein content from urea; U = urea content.

For estimating the concentration of
total digestible nutrients (TDN), the equation
described by Weiss (1999) was adopted, in
which:

TDN (g kg™') = (CPd + NDFapd + NFCd +
EEd * 2.25)

where: CPd = digestible crude protein; NDFapd
= digestible neutral detergent fiber corrected
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for ash and protein; NFCd = digestible non-
fibrous carbohydrate; and EEd = digestible
ether extract.

Urine spot samples were obtained from
all heifers on the eighteenth day of the second
experimental period, during spontaneous
urination, approximately 4 hours after their
morning feeding. The urine was filtered
through gauze and an aliquot of 10 mL was
diluted immediately in 40 mL of H,SO, (0.036
N). The samples were stored at -20 °C for
further nitrogen, urea, allantoin (AL), uric acid
(UA), and creatinine analysis.

To analyze AL in urine, the colorimetric
method as described by Chen and Gomes
(1992) was used. The urea concentration
in urine was analyzed via the enzymatic-
colorimetric system of the urease method,
the UA concentration in urine was analyzed
via the enzymatic Trinder method, and the
creatinine concentration in urine was analyzed
using “end point” markers with picrate and
acidification, both using commercial Kkits
(Labtest Diagndstica® S.A.).

According to Valadares and Valadares
(2001), the total urinary volume was estimated
by dividing the urinary excretion of creatinine
by the value observed for urine creatinine
concentration. Creatinine excretion (CE) was
estimated by using a mathematical model
proposed by Chizzotti, Valadares, Diniz
Valadares, Chizzotti and Thedeschi (2008):

CE (mg kg BW"): 32.27 - 0.01093*BW.

The total excretion of purine derivatives
(PD) was obtained from the sum of urinary
excretions of allantoin and uric acid. The
absorption of microbial purines (X, mmol/d)
was calculated from the excretion of purine
derivatives (Y, mmol/d) by using the equation:
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Y = 0.85X + 0.385*BW°75

where: 0.85 is the recovery of absorbed
purines as purine derivatives in the urine,
and 0.385*BW°75 is the endogenous purine
derivatives' excretion in the urine.

The intestinal flow of microbial nitrogen
compounds (Y, g of N-day) was calculated as
a function of the absorbed purines (X, mmol
dia™), by using the equation:

Y=(70X)/(0.83 x 0.116 x 1000)

where: the number 70 represents purine
N content (mgN mmol”); the number 83
represents the microbial purine digestibility;
and the decimal number 0.116 represents
the NRNA-NTotal ratio in the microorganisms
(Chen & Gomes, 1992).

TodeterminetheruminalpH, collections
of ruminal content were carried out for five
days, every 26 hours. Samples of the ruminal
digest were taken, corresponding to O hours
(immediately before the feed was supplied) and
at 2, 4, 6, and 8 hours after morning food. The
samples were collected directly via ruminal
fistula at various points in the rumen, forming a
sample composed of 400 ml. The material was
placed on three layers of tissue and squeezed
strongly to extract the liquid, taking an aliquot
of approximately 90 mL in which, immediately,
the pH was measured using a potentiometer
(Kasavi, Modelo K39-0014P, Taiwan).
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The variables studied were analyzed
with the PROC MIXED option in the Statistical
Analysis System Institute [SAS Institute]
(2015) software (version 9.1.3, SAS Institute
Inc., Cary, NC, USA). After the analysis of
variance, the significance of the linear and
quadratic effects was evaluated adopting a 5%
significance level for type | errors, according
to the following model:

Yijkl = i + Ti + Qj + Pk + (A/Q) [j + T * Qij + eijkl

where: Yijkl = observation ijkl; y = over mean; Ti
= fixed effect of treatment i; Qj = fixed effect of
square j; Pk = random effect of period k; (A/Q)
| = random effect of animal | into square j; T*Qij
= random effect of treatment i and square j
interaction; €ijkl = random residual error.

Results and Discussion

There was a quadratic effect (P < 0.05)
on the intake of dry matter (DM) (kg/day and
%BW) and crude protein (CP) with maximum
values of 7.07 kg day™, 2.86%, and 0.949
kg day’, estimated for NFC:NDF ratios of
1.37:1, 1.39:1, and 1.27:1. The intake of ether
extract (EE) and neutral detergent fiber (NDF)
(kg day™ and %BW) decreased linearly (P <
0.05) with elevation of the NFC:NDF ratio. The
non-fibrous carbohydrates (NFC) and total
digestible nutrient (TDN) intakes increased
linearly (P < 0.05, Table 3).
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Which non-fibrous carbohydrates: neutral detergent fiber ratio...

I Ciéncias Agrarias
SEMINA —

Table 3

Intake and digestibility of dry matter and nutrients by heifers fed with different NFC: NDF ratios

NFC: NDF ratio

0.70:1 0.90:1 1.14:1

Ingredients

1.42:1 1.85:1

Intake (Kg day™")

Dry matter B.7%5 6.81 6.78 7.03 6.51 0.172 0.008 0.0011
Crude protein 0.78 0.84 0.84 0.86 0.78 0.017 0.492 0.0022
Ether extract 0.32 0.30 0.25 0.22 0.16 0.008 0.0013 0.117

NDF 2.59 2.75 2.55 2.02 1.43 0.146 0.0014 0.067

NFC 1.74 2.43 2.58 3.44 3.68 0.174 0.0015 0.779

NDT 3.88 4.69 4.43 4.84 4.56 0.200 0.0346 0.066

Dry matter (% BW) 2.29 2.71 2.79 2.82 2.65 0.048 0.004 0.0017

NDF (% BW) 1.04 1.09 1.03 0.81 0.57 0.084 0.0018 0.035
Digestibility (g kg™)

Dry matter 583.7 601.0 582.2 621.0 619.3 3.162 0.380 0.871
Crude protein 636.0 616.1 570.4 641.6 588.3 2.812 0.446 0.643
Ether extract 638.0 677.8 710.0 681.7 658.0 6.976 0.846 0.486

NDF 595.8 602.7 551.6 435.5 351.1 3.987 0.0019 0.123
NFC 830.6 804.2 803.4 868.8 893.9 4.165 0.172 0.299

NDF = Neutral detergent fiber, NFC = Non-fibrous carbohydrates, SEM = Standard error of the mean,

W =2.18+7.1213X - 2.5945X2
2¥ = 0.58 + 0.5821X - 0.2294X?2
3¥ =0.42-0.1413X
4¥=362-1.1317X

5 =0.75+ 1.6787X

6 = 3.93 + 0.4558X
7¥=0.73+3.0778X-1.1101X?
8Y = 1.45 - 0.4533X

9%y =795.9 - 236.78X.

The quadratic behavior observed on
DM intake, with a maximum point for the 1.37:1
ratio of NFC:NDF, possibly occurred due to
the reduction of NDF contents (46.6 to 26.8
in the DM) and elevation of the NFC contents
(32.8 to 49.7 in the DM) of the diets (Table 1).
The cactus cladodes had a high rate of ruminal
degradation, mainly from DM, favoring the
maximization of the fermentative capacity
due to the high content of NFC, whereas,
with higher levels of fiber in diets, digestion

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 3947-3960, 2021

is slower, the content remains in the rumen
for longer periods, limiting rumen capacity
(Siqueira et al., 2017).

However, from the 1.37:1 ratio, the DM
intake decreased due to the higher energy
intake, since the TDN intake increased. There
may have been a physiological regulation of
DM intake due to excess energy, when meeting
the animal's energy requirements, or also
by molecules that can influence satiety. It is
known that with ruminal fermentation, volatile
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fatty acids are produced, which is influenced
by the substrates used by microorganisms
present in the rumen, and these volatile acids
can influence feed ingestion, due to an effect
of physiological regulations. Lins et al. (2016)
observed values of 34.5 mmol L of acetate,
15.3 mmol L of propionate, and 6 mmol L'
of butyrate, when replacing wheat bran with
cactus cladodes at contents of 70.6, 54.2, and
57.5%, respectively. However, Siqueira et al.
(2017) and Pinho et al. (2018) did not observe
any change in the proportion of volatile fatty
acids with increased inclusion of cactus
cladodes in the diets of goats and cattle,
respectively.

Another hypothesis to reduce the
intake of DM, after the maximum point is
the cactus cladodes water content, which
promotes a rumen filling effect. Previous
research has also noted quadratic behavior
on DM intake with increased levels of cactus
cladodes in the diets of cattle (Conceicéao et
al., 2016; Siqueira et al., 2017), sheep (Cardoso
et al., 2019; Maciel et al., 2019), and goats
(Pinho et al., 2018).

Consequently, with the increase in the
NFC:NDF ratio, the intake of NFC increased
and that of NDF decreased (Table 3), due to
the replacement of elephant grass by cactus
cladodes, since the latter has a higher NFC
content and a lower NDF content (Table 1).
Thus, due to the increase in NFC intake, the
NDT intake increased.

3954

The NDF digestibility decreased
linearly (P < 0.05) with elevation of the
NFC:NDF ratio in the diets (Table 3). On the
other hand, the digestibility of DM, CP, EE,
and NFC was unaltered (P > 0.05). Therefore,
due to the increase in the intake of NFC, the
digestibility of fiber decreased, possibly due
to the shorter duration of the diet in the rumen
with the increase in the NFC:NDF ratio, as fiber
has a direct effect on the digestion rate of the
diet (Siqueira et al., 2017). Other studies have
also observed reduced NDF digestibility with
the inclusion of cactus cladodes in cattle diets
(Barros et al., 2018; Siqueira et al., 2017).

The pH decreased linearly with the
increase of the NFC:NDF ratio (P < 0.05) and
showed the lowest values at 4 hours after
feeding (P < 0.05), mainly for the liquid animals
fed with the 1.85:1 ratio of NFC: NDF (Figure 1).
The reduction in ruminal pH with the increase
in the NFC:NDF ratio, especially at 4 hours
after feeding (Figure 1), may be related to the
effect of NFC on the fermentative profile, being
related to less rumination and total chewing,
incorporating less saliva into the rumen
environment (Table 4). Siqueira et al. (2017)
observed lower pH values in the rumen liquid
of cattle fed increasing contents of cactus
cladodes. The same was observed by Pinho et
al. (2018) and Lima et al. (2019) working with
goats and sheep fed on cactus cladodes.
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Figure 1. Variation of ruminal pH of heifers fed with different NFC: NDF ratios as a function of time
after feeding.

Thetime spentfeedingwasunchanged and rumination efficiency of DM increased
(P > 0.05). There was a quadratic effect (P  linearly (P <0.05), while total chewing time and
< 0.05) for rumination time with maximum feeding efficiency of NDF decreased linearly
values of 447.1 min day™, estimated for an with the increase of the NFC:NDF ratio (P <
NFC:NDF ratio of 0.88:1. The time spent idle 0.05, Table 4).

Table 4
Ingestive behavior and feeding efficiency and rumination of heifers fed with different NFC: NDF ratios

NFC: NDF ratio SEM P-value
Ingredients 0.70:1 090:1 1.141 1.42:1 1.85:1
Feeding time? 5,73 6.81 6.78 7.03 6.51 0.172 0.008 0.0011
Rumination time? 0.78 0.84 0.84 0.86 0.78 0.017 0.492 0.0022
Idle time? 0.32 0.30 0.25 0.22 0.16 0.008 0.0013 0.117
Total chewing time? 2.59 2.75 2.55 2.02 1.43 0.146 0.0014 0.067

Feeding efficiency of DMP 1.74 2.43 2.58 3.44 3.68 0.1774 0.0015 0.779
Rumination efficiency of DM®  3.88 4.69 4.43 4.84 4.56 0.200 0.0346 0.066
Feeding efficiency of NDFP 2.29 2.71 2.79 2.82 265 0.048 0.004 0.0017
Rumination efficiency of NDF®  1.04 1.09 1.03 0.81 0.57 0.084 0.0018 0.035

SEM = Standard error of the mean; a min. day™"; b g min™.
1Y =312.5+306.51X - 174.5X2

2Y = 653.50 + 120.87X

3y = 377.7 - 1.092X

4Y =1169.7 + 1379.4X

5 = 0.98 - 0.3348X.
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In diets based on cactus cladodes,
due to their processing in forage machinery,
the mucilage is exposed which favors the
adherence of particles of dietary ingredients,
thus, promoting less time spent on feeding
when compared to diets based on other
fibrous roughage sources (Rezende et al.,
2020; Siqueira et al., 2018). Despite this fact,
it was observed in this study that there was
no difference in the time spent on feeding,
which may possibly be related to the particle
size when the elephant grass was chopped,
favoring better incorporation of the other
ingredients, as well as the age of the grass.

The replacement of elephant grass by
cactus cladodes favored an increase in the
time spent on rumination up to the maximum
point of 0.88 NFC:NDF, even with the reduction
of the NDF intake of the diets. This was due
to the intake of DM, which was quadratic,

Table 5

reducing the time spent with rumination after
the maximum point, justified by the reduction
in the time of total chewing and efficiency
of the NDF ingestion that decreased with
the increase of the NFC:NDF ratio. The
concentration of NFC and its rapid ruminal
degradation reduces ruminal movements
and consequently, total chewing. Despite
this, it was observed that the NDF rumination
efficiency was unaltered, possibly due to
the particle size and fiber quality of elephant
grass. Similar results for the efficiency of NDF
rumination were observed by Conceicao et al.
(2016) and Siqueira et al. (2018).

The urinary volume increased linearly
(P < 0.05) with elevation of the NFC:NDF ratio.
The microbial protein synthesis and synthesis
efficiency were unaltered. On the other hand,
the number of protozoa increased (P < 0.05)
(Table 5).

Urinary volume, synthesis and efficiency of microbial protein synthesis, and number of protozoa of

heifers fed with different NFC: NDF ratios

NFC: NDF ratio
1.14:1

0.70:1 0.90:1

P-value
1.42:1

Ingredients

Urinary volume (L day™") 8.47 8.86 16.54 2420 1831 8470 0.021" 0.437
Microbial protein
Synthesis (g day™") 4184 486.7 7279 7011 610.8 1385 0.196 0.281
Efficiency (kg TDN™) 1134 105.1 1729 159.3 1303 37.28 0.460 0.403
Protozoa (x10°)
Total count (mL) 1.6 2.3 4.8 4.1 4.7 0.827 0.0212 0.127

SEM = Standard error of the mean.
1¥=1.7174-11.28X
2¥=0.9816 - 2.2616X.

The increase in urinary volume may be
related to the increase in water supply with the
increase in NFC:NDF ratio, due to the increase
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in the amount of cactus cladodes in the diets
(Table 2). The use of cactus cladodes in the
ruminant diet leads to an increase in urinary
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volume (Barros et al., 2018; Cardoso et al.,
2019; Rezende et al., 2020).

Microbial protein synthesis depends
largely on the energy and nitrogen sources
available in the rumen. As observed, the intake
of CP was quadratic, following the DM intake
(Table 3), and that even with an increase in the
amount of NFC, a readily fermentable energy
source in the rumen, the microbial protein
synthesis was unaltered; so much so that the
synthesis efficiency with an average value of
136.4 grams of Pmic kg-1 TDN, was close to
the value of 120 grams of Pmic kg-1 TDN for
cows in tropical conditions (Pina, Valadares,
Valadares, & Chizzotti, 2010). The increase
in the rate of passage of the diet due to the
increase in the NFC:NDF ratio may have
provided a shorter time of activity of ruminal
bacteria, providing ammonia for the synthesis
of microbial protein.

The elevation in the population of
protozoa (65.9% higher) with the increase in
the NFC:NDF ratio occurred due to the cactus
cladodes’ inclusion, promoting an increase
in the rate of DM degradation in the rumen,
which may have a rate disappearance of 606
g kg-1 of DM in 12 hours of ruminal incubation
(Batista et al., 2003), similar to what occurs with
concentrated foods. According to Franzolin
and Dehority (1996), the number of protozoa
increases with the elevation of concentrate
content in the diet, and this population is
influenced when the ruminal pH decreases.
The reduction in pH values of the ruminal
liquid (Figure 1) was apparently insufficient to
influence the protozoa population.

Anotherhypothesisforthe differencein
the number of protozoa observed between the
lowest and the highest NFC:NDF ratio, was the
oil content in the diets since it was necessary
to add this additional ingredient in the diet

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 3947-3960, 2021

with a 0.70:1 ratio of NFC:NDF, to meet energy
requirements. This inclusion was reduced as
the NFC:NDF ratio was increased. The lipid
supplementation has an inhibitory effect on
ruminal microorganisms, notably protozoa
(Granja-Salcedo et al., 2017a; Hartanto et al,,
2017). Soybean oil can reduce the population
of protozoa as it has rich unsaturated fatty
acids and contains more than 50% linoleic
acid (Granja-Salcedo et al., 2017b).

Conclusion

We recommend a non-fibrous
carbohydrate (NFC):neutral detergent fiber
(NDF) ratio of 1.37:1 in diets for improving the
use of nutrients, without negatively affecting
ruminal parameters.
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