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Abstract: The accurate determination of individual dry matter intake (DMI) is an important parameter
for evaluating the nutritional value of a diet and allows for an adequate supply of food according
to the nutritional requirements of each animal. When it is not possible to measure this parameter
using a direct method, the DMI can be estimated based on faecal production markers and the in vitro
digestibility of dry matter (IVDMD) of the diet. The objective of this study was to evaluate the effects of
the external marker titanium dioxide (TiO2) and enriched and modified hydroxyphenylpropane (LIPE®)
on DMI. Four multiparous Holstein x Gyr cows with an average of 60 days in milk and 488 kg of body
weight were used. The animals were housed in a free stall barn and fed diets based on sugarcane
silage supplemented with concentrate composed of ground corn, cottonseed meal and 0%, 5%, 10%
and 15% whole cottonseed on a dry matter (DM) basis. A 4 x 4 Latin square design was adopted. The
DMI was determined by the ratio between the faecal production estimated by the markers and the
IVDMD of the diet, with faeces collected by rectal grabbing twice a day for a period of seven days. There
was no difference (P>0.05) in the DMI estimated by the external markers TiO2 and LIPE® (10.3 vs. 12.1;
11.1 vs. 12.5; 10.2 vs. 12.9; and 12.7 vs. 10.9 kg/cow/day in relation to the measured DMI for diets
with 0%, 5%, 10% and 15% inclusion of whole cottonseed, respectively). The external markers LIPE®
and TiO2 proved to be suitable for estimating cow DMI. Regardless of the diet offered, both external
markers can be used to replace the external marker chromic oxide, as the DMI estimated by them did
not differ from the DMI measured in the trough.
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Resumo: A determinac¢do acurada do consumo individual é um parametro importante para avaliacdo
do valor nutritivo da dieta e permite o fornecimento adequado de alimentos, conforme as exigéncias
nutricionais de cada animal. Quando ha impossibilidade da sua mensura¢do pelo método direto, o
consumo pode ser calculado a partir da producao fecal estimada por indicadores e pela digestibilidade
in vitro da matéria seca (DIVMS) da dieta. Foi objetivo deste estudo avaliar os indicadores externos
dioxido de titanio (TiO2) e hidroxifenilpropano enriquecido e modificado (LIPE®) nas estimativas de
consumo de matéria seca (MS). Foram utilizadas quatro vacas multiparas Holandés x Gir com média
de 60 dias em lacta¢do e 488 kg de peso corporal. Os animais foram alojados em estabulo tipo free
stall e alimentados com dietas a base de silagem de cana-de-agUcar suplementada com concentrado
composto de milho moido, farelo de algodao e 0%, 5%, 10% e 15% de caroco de algodao (base da
MS). Adotou-se delineamento quadrado latino 4 x 4. O consumo foi determinado pela razdo entre a
producdo fecal estimada pelosindicadores e pela DIVMS da dieta, sendo as fezes coletadas diretamente
na ampola retal, duas vezes por dia, por um periodo de sete dias. Ndo houve diferenca (P>0,05) nos
consumos de MS estimados pelos indicadores TiO2 e LIPE® (10,3 vs. 12,1; 11,1 vs. 12,5; 10,2 vs. 12,9; e
12,7 vs. 10,9 kg/vaca/dia em relacdo ao consumo mensurado, para as dietas com 0%, 5%, 10% e 15%
deinclusdo do caroco de algodao, respectivamente). Os indicadores externos LIPE® e TIO2 mostraram-
se adequados para estimar o consumo de MS das vacas. Independente da dieta oferecida, ambos
mostraram que podem ser utilizados em substituicao ao indicador externo 6xido crémico, pois, as
estimativas de consumo estimadas por eles ndo diferiram do consumo mensurado no cocho.

Palavras-chave: cana-de-agUcar; caroco de algodao; diéxido de titanio; LIPE®; producdo fecal; silagem.

1. Introduction

Feeding programs are based on the assumption that animals will consume a certain
amount of the diet, and when they consume less than this amount, their needs will not be
met as planned. On the other hand, overestimated variations in individual consumption
will increase the costs of dietary supplementation and may have negative effects on food
consumption and digestibility, which, according to Velasquez et al. ", could cause negative
impacts on animal production.

Whole cottonseed has been used as an alternative for energy supplementation. The
main advantage of this feed is its high energy content, which reflects its high contents of oil
and crude protein (24%). The oil is rich in unsaturated fatty acids, with linoleic acid comprising
62% and oleic acid comprising 15% of the total fatty acids. In addition to these advantages,
whole cottonseed has the ability to supply fibre for rations when compared to soybeans. The
use of whole cottonseed in the diet of lactating cows has increased in Brazil in recent years,
mainly due to the availability of this product in some regions and the high cost of protein
supplementation @.

In diets formulated for ruminants, even when alternative food sources are used, it is
essential to provide roughage to maintain a balanced rumen environment. According to
Costa et al. ®, sugarcane (Saccharum officinarum, L.) is a suitable forage for this purpose,
especially for feeding dairy herds during the dry period of the year, and the conservation of
sugarcane in the form of silage has attracted the interest of researchers and producers due
to the benefits in logistics and operability that this technique can present.
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To estimate individual consumption, several techniques have been developed,
including electronic animal identification systems and the use of individual pens. According
to Peres et al. @, when livestock farmers do not have the infrastructure to directly measure
the amount of diet consumed, an alternative technique for estimating individual intake in
production animals is based on the use of substances called markers, which estimate total
faecal production.

Among the techniques used to estimate total faecal production, the use of markers that
may (internal) or may not (external) be naturally present in the diet stands out. This technique
is based on the ratio between the amount of the marker ingested by the animal and its
concentration in the faeces. Subsequently, the animal’s intake can be estimated using in vitro
digestibility values of the diet or food(s), which also allows the estimation of the digestibility
of a specific nutrient in the diet ™.

Despite the scientific enrichment in research for dairy cattle on the use of markers to
estimate intake, the limitations inherent to the use of different markers drive the search for
others that are more accurate and less expensive and, preferably, have simpler analytical
requirements. Giventhisscenarioandtheimpossibility of directlymeasuringfaecal production,
the present study aimed to estimate, using the external markers titanium dioxide (TiO2) and
enriched and modified hydroxyphenylpropane (LIPE®), dry matter intake by Holstein x Gyr
dairy cows fed diets based on sugarcane silage and increasing levels of whole cottonseed.

2. Material and methods

This study was approved by the Ethics Committee on the Use of Animals of the Federal
University of Minas Gerais - CETEA/UFMG (Protocol #163/2009) and was carried out at Campo
Experimental José Henrique Brusqui, belonging to Embrapa Dairy Cattle located in Coronel
Pacheco, Minas Gerais, Brazil, from September 2009 to January 2010.

Four 3/4 to 15/16 Holstein x Gir dairy cows were used; these cows were rumen fistulated,
multiparous (3 to 4 lactations), and in the initial third of lactation (60 days in milk), with a milk
production of 14.4+3.3 kg/day and an initial average weight of 488+35 kg. The experimental
design adopted was a 4 x 4 Latin square, with a total duration of 72 days. The trial was
subdivided into four periods of 18 days each, with 10 days for the animals to adapt to the diet
and the remaining eight days for faeces and food samples to be collected.

Cows were fed ad libitum with diets based on sugarcane silage (ensiled with 1% urea on
an as-fed basis) supplemented with concentrate composed of ground corn, cottonseed meal
and increasing levels of whole cottonseed (0, 5, 10 and 15% on a dry matter basis - DM). The
cows were allocated to a free stall with individual sand beds, a collective drinking fountain
and a flushing track cleaning system.

The free stall was equipped with electronic troughs (American Calan Inc., Northwood, NH,
USA), which allowed individual control of food intake. Water and mineralized salt were available
ad libitum. The diets were divided into two daily meals provided at 7:00 am and 5:00 pm, with
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the amount offered adjusted daily to allow approximately 10% remaining feed. The chemical
composition and percentage of ingredients in the experimental diets are shown in Table 1.

Table 1 Ingredients and chemical composition of the experimental diets, according to the inclusion
levels of whole cottonseed, on a dry matter (DM) basis.

Whole cottonseed in the diet (%DM)

Chemical composition (%DM) 0 5 10 15

Dry matter (%) 32.37 32.92 31.44 3231
Crude protein 8.38 8.05 8.56 8.08
Ether extract 1.82 2.50 2.71 4.84
Neutral detergent fiber 49.89 47.98 48.41 44.72
Acid detergent fiber 31.91 31.51 30.38 29.34
Gross energy (Mcal/kg of DM) 4.30 417 4.05 4.27

Whole cottonseed in the diet (%DM)

Ingredients (%DM) 0 5 10 15
Sugarcane silage' 59.1 59.2 59.0 59.2
Ground corn 23.0 21.7 21.0 19.7
Cotensiend| el 16.4 126 8.5 46
Whole cottonseed 0 5.0 10.0 15.0
Mineral/vitamin supplement? 1.5 1.5 1.5 1.5

'Ensiled with 1% urea (as-fed basis). “Warranty levels guaranteed by the manufacturer: 120 g of Ca, 87 g of P; 18 g of S; 147
gofNo, 0.59 g of Cu; 0.04 g of Co, 0.02gof Cr; 1.8 g of Fe; 0.08 g of | 1.3 g of Mn; 15 mg of Se,; 3.8 g of Zn; maximum F of
0.87 g; solubility of P in 2% citric acid (min.); vitamin A, 4 x 109 1U/kg; vitamin D3, 1 x 109 IU/kg, vitamin E, 3 x 104 1U/kg.

After the animals had adapted to the experimental diets, external markers were supplied.
LIPE® was administered in a 500 mg/cow/day capsule, supplied once a day (before morning
milking), while titanium dioxide (TiO2) was administered twice a day (before morning milking
and afternoon) at doses of 5 g/cow/day, wrapped in paper. To simulate the conditions in
which they are normally applied, both were administered orally, at the same time, after the
cows were restrained to an appropriate trunk.

Titanium dioxide was supplied for 11 consecutive days (six days of adaptation and five
days for faecal sampling), as proposed by Titgemeyer et al. ®, and LIPE® for a period of seven
days (two days for adaptation and five days for faecal sampling). Faeces were collected
by rectal grabbing twice a day after the morning and afternoon milkings, according to the
methodology proposed by Saliba et al. ©,

In addition to faecal samples, daily samples of food and leftovers were also collected
during each phase of the Latin square. All samples were stored at -15 °C, and at the end
of the experiment, they were thawed at room temperature, predried for 72 h in a forced
ventilation oven set at 55 °C, ground in a mill using a sieve with 1 mm screens and subjected
to laboratory analyses. Faecal and food samples were analysed for DM content at 105 °C,
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in accordance with AOAC recommendations ). The in vitro DM digestibility (IVDMD) of the
experimental diets was determined according to Tilley and Terry ©.

The concentration of titanium dioxide was determined by calorimetry according to
Detmann et al. ©®, and the concentration of LIPE® in faeces was determined at the Animal
Nutrition Laboratory of the Veterinary School of the Federal University of Minas Gerais (Belo
Horizonte, MG, Brazil) in a spectrophotometer (model Varian 099-2243) equipped with an
FTIV infrared detector; the samples were subsequently dried, ground to 2 mm and pressed
into tablets KBr, according to Saliba et al. ©.

The estimate of faecal DM production (kg/cow/day) was based on the ratio between the
amount of the marker ingested by the animal and its concentration in the faeces (faecal
DM production = grams of the marker ingested/concentration of the marker in the faeces).
Individual DM intake (DMI) was calculated by the ratio between the faecal DM production
estimated by the markers and the inverse of the IVDMD of the diets, according to the following
equation: DMI (kg/day of DM) = faecal production (kg/day of DM)/(1 - IVDMD) reported by
Prigge et al. (9.

The faecal DM production and DMI data were subjected to analysis of variance, depending
on the inclusion of whole cottonseed in the diet (0, 5, 10 and 15%) and the method of
estimating the measured DMI (real, LIPE® and TiO2). These data were analysed using ANOVA
at the 5% probability level.

3. Results and discussion

With the impossibility of collecting total faeces, estimates of faecal DM production (kg/
cow/day) were made with the external markers LIPE® and TiO2, where no significant effect
of the diet x marker interaction was observed for this variable. Table 2 shows the average
estimates of faecal DM production (kg/cow/day) obtained from cows fed diets based on
sugarcane silage and increasing levels of whole cottonseed, according to external markers.

Table 2 Average estimates of faecal dry matter production (kg/cow/day) of Holstein x Gyr cows fed
diets based on sugarcane silage supplemented with increasing levels of whole cottonseed obtained
from the external markers titanium dioxide (TiO2) and LIPE®.

Whole cottonseed in the diet (%DM)

External marker 0 5 10 15
LIPE® 4.43+0.41  4.71£1.16  4.77+0.47  3.82+0.54
TiO 4.94+0.16 4.38+1.62 4.76+0.67 5.75+0.83

2

Diet (P = 0.91), Marker (P = 0.50), Diet * Marker (P = 0.12)

The LIPE® marker estimated an average faecal DM production of 4.43 kg/cow/day,
regardless of the diet offered, while TiO2 estimated an average value for faecal DM production
that was numerically greater, at 4.96 kg/cow/day. The variability in average estimates of faecal
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DM production may be related to the variation in the nutritional quality of the daily portion of
sugarcane silage offered since, each day, it may have been removed from different locations
in the silo, mainly having different moisture levels depending on the location of removal,
which is more humid in the lower parts.

Lima et al. ™ observed elephant grass silage (Pennisetum purpureum, Schum.) reported
that the estimates of faecal production obtained from the external markers chromic oxide
(Cr203) and LIPE® did not differ from those obtained from total faeces collection. However,
the faecal production estimated by TiO, overestimated the total faecal production.

Faecal production was evaluated by Figueiredo et al. 12 in Holstein x Zebu heifers, with an
average live weight of 363.0+27.7 kg, receiving diets based on Tifton 85 hay with the inclusion
of cocoa coproduct at different levels (0, 8, 16 and 24% of MS). These authors concluded that
the chromic oxide and LIPE® markers accurately estimated faecal production, while the TiO2
marker was inefficient in estimating this variable. Faecal TiO2 recovery varied depending on
the characteristics of the diet.

Estimates of the apparent digestibility of diets based on elephant grass and cassava
root scrapings were obtained by Magalhaes et al. ® from the internal markers indigestible
neutral detergent fibre (NDFi) and indigestible acid detergent fibre (ADFi) and the external
marker LIPE® in sheep. These authors observed that the faecal production estimated by LIPE®
differed (P<0.05) from that obtained by the total faeces collection method, concluding that
LIPE® was not suitable for the study of digestibility in sheep.

The diets presented IVDMDs of 63.4%, 62.3%, 62.4% and 65.1% for 0, 5, 10 and 15%
whole cottonseed, respectively. The estimates of DMI provided by the markers did not differ
(P>0.05) from the DMI measured in the trough in any of the treatments evaluated (Table 3).

Table 3 Dry matter intake (DMI, kg/cow/day) measured in the trough or estimated by the external
markers LIPE® and titanium dioxide (TiO2) for Holstein x Gyr cows fed diets based on sugarcane
silage supplemented with increasing levels of whole cottonseed.

Whole cottonseed in the diet (%DM)

Treatment 0 5 10 15

Measured DMI 12.35+£1.18 12.23 +£3.11 13.06£1.18  10.92+1.35
LIPE® 12.104£1.13 12.49+3.09 12.87£1.26  10.95+1.54
TiO2 10.29+0.43 11.13+£2.76 10.23£1.80  12.67+2.38

Diet (P = 0.80), Treatment (P = 0.12), Dietx Treatment (P = 0.09)

DMI estimates obtained from LIPE® and TiO, showed that both can be alternative markers
for the use of chromic oxide in digestion studies, and according to Myers et al. ), TiO2 can
be legally added to food in amounts of up to 1.0% of the final product, while chromic oxide is
not approved by the Food and Drug Administration (FDA) as a food additive.

Ciéncia Animal Brasileira | Brazilian Animal Science, v.25, 77289E, 2024. @ @


https://creativecommons.org/licenses/by/4.0/

CostaD Aetal., 2024.

The average individual DMIs measured in the trough (control diet) and with 15% whole
cottonseed were 12.35and 10.92 kg/cow/day, respectively. Regardless of the method used for
estimating faecal DM production, the average DMIs were included in the respective confidence
intervals, suggesting that both LIPE® and TiO2 are suitable for estimating individual DMIs.

The markers used to estimate the individual DMI of cows fed sugarcane silage and
increasing levels of whole cottonseed in the diet allowed the DMI to be efficiently estimated,
regardless of the feeding group. The values estimated by the markers were very close to those
measured. The greatest variation observed with the use of TiO2 occurred in the treatment
with 15% whole cottonseed, in which the DMI was overestimated by approximately 51%. For
the LIPE® marker, the greatest variation in estimated DMI occurred in animals fed the control
diet, where the DMI was underestimated by only 2%.

Dairy cows are social animals that form hierarchical dominance classes. Dominance and
competition occur in relation to access to environmental resources, such as food. According
to HOTZEL et al. 19, competition can develop when cattle are placed in groups, and there is
insufficient space for all cattle to feed at the same time. In this study, the food supply and
trough space were not limiting and did not influence the cows’' consumption, as food was
provided twice a day and the percentage of remaining feed was approximately 10%, allowing
for an increase in feeding activities, especially among submissive animals.

Theingestive behaviour of goats on Panicum maximum cv. Tanzania pasture supplemented
with palm fruits and the use of the external marker TiO2 to estimate DMI were evaluated by
Garcez et al. ", Unlike what was observed in the present study, these authors observed that
the supplement influenced the pasture DMI, with a reduction of 8.61%, and the TiO2 marker
was efficient in detecting this change in DMI.

Saliba et al. " evaluated the DMI of crossbred heifers fed diets based on sugarcane
silage and different levels of concentrate supplementation. Faecal production estimates
were obtained from LIPE® and TiO2 markers and from the total faeces collection method. The
authors concluded that both markers were effective and did not differ statistically in relation
to the DMI estimates, corroborating the results obtained in the present study.

Moreira Filho et al. "® evaluated the correlations of faecal production estimates obtained
from TiO2 and LIPE® markers versus values obtained by the total faeces collection method
for sheep fed diets composed of untreated or hydrolysed sugarcane top hay with 3% and
6% urea or 1.5% and 3% calcium oxide (CaO). The authors reported that there was a positive
correlation greater than 90% between the faecal production estimated by TiO2 and LIPE®
markers and that measured, indicating that both markers were effective in estimating faecal
production and the digestibility of DM and nutrients.

In diets based on Tifton 85 hay and the inclusion of passion fruit byproduct for Holstein
x Zebu dairy heifers with an average live weight of 363128 kg, Figueiredo et al. 1® evaluated
the accuracy of TiO2 and LIPE® markers in estimating faecal production and digestibility. The
authors observed that the results obtained from LIPE® did not differ from those obtained
from the total collection method (P>0.05); however, for the TiO, indicator, the values obtained
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for faecal production were overestimated. These authors concluded that the use of LIPE® was
adequate for estimating the consumption and digestibility of nutrients in diets.

Silva et al. ?9 reported that the consumption estimates provided by LIPE® for Holstein
x Zebu heifers kept in confinement and fed diets based on elephant grass silage, chopped
sugarcane, urea and concentrate did not differ from the consumption measured in the trough
in any of the diets studied, corroborating the data obtained in the present study, in which the
consumption estimated by LIPE® was similar to that measured in the trough.

Faecal production estimated by the marker TiO2 in confined sheep fed diets based
on Digitaria decumbens hay and concentrate was evaluated by Silva et al. ®". The authors
concluded that TiO2 promoted accurate faecal production estimates, and the estimated
faecal excretion was similar to the measured total faecal excretion. In digestibility studies
using LIPE® in diets based on cassava root scrapings and elephant grass by rumen fistulated
sheep, Magalhdes et al. "® reported that the DMI was overestimated and concluded that LIPE®
does not accurately predict faecal production under the experimental conditions evaluated.

Santos et al. ?» evaluated the individual consumption of F1 Holstein x Gyr cows fed
sorghum silage, corn silage, fresh sugarcane and sugarcane silage treated with 1% CaO, as
estimated with the markers LIPE® and TiO2. The authors concluded that both markers were
efficient in estimating consumption and that the sugarcane silage-based diet resulted in
a low DMI. Divergent results were observed in the present study, when lactating cows fed
diets based on sugarcane silage and concentrate containing whole cottonseed were used,
where there was no effect of whole cottonseed levels in the diet on the estimates of faecal
production of the external markers.

In a study carried out on pasture evaluating the estimate of faecal production with the
marker TiO2 in beef steers with an average weight of 230.5+14.4 kg equipped with faecal
collection bags, Silva et al. @" observed that TiO2 had greater precision in estimating faecal
production and good faecal recovery rates, thus reinforcing the effectiveness of using the
marker TiO2 in nonfistulated animals kept in grazing systems.

4. Conclusion

The external markers LIPE® and TiO2 can be used to estimate the individual dry matter
intake of lactating confined cows fed diets based on sugarcane silage supplemented with
concentrates containing increasing levels of whole cottonseed. Moreover, the choice of external
marker to be used depends on the price, availability and laboratory analysis conditions.
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