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ABSTRACT

The effect of a polyclonal antibody preparation (PAP) against Streptococcus bovis and Fusobacterium
necrophorum on ruminal fermentation and digestion in ruminally cannulated cows was investigated in
two 3 x 3 Latin squares in factorial arrangement of treatments 3 x 2 regarding two feed additives (PAP
in powder (PAPP) and in liquid (PAPL) presentation) plus control (CON) and two managements of diets
(with or without adaptation to highly fermentable carbohydrate diets). Adapted group had greater DMI
(p<0.0001) and DM (p<0.0001), NDF (p=0.03) and total carbohydrates (p<0.0001) apparent
digestibility when compared to non-adapted group. PAPL had greater DM (p=0.02), NDF (p =0.03)
and total carbohydrates apparent digestibility when compared to PAPP or CON. Adapted animals had
lower (p <0.0001) rumen pH when compared to non-adapted animals. Moreover, PAPL group had
greater (p=0.04) rumen pH values when compared to PAPP and CON. PAPL showed potential effect as
an additive by increasing apparent digestibility of DM, NDF and total carbohydrates and also for being
more efficient to prevent the drop in rumen pH during the peak of fermentation.
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1. Introduction (2003) and Bastos et al. (2012) did not observe effects when
the additive was supplemented in powder form. However, Bar-
ducci et al. (2013) studied PAP in powder presentation and
reported lower feed efficiency, weight gain and carcass
weight in beef cattle when compared to monensin.

In a literature review, Millen et al. (2015) described a compi-
lation of investigations testing PAP in liquid and powder pres-
entation. The authors described consistent results on cattle
performance and rumen fermentation when liquid presentation
was tested and suggested further studies using PAP in powder
presentation, as the same results were not observed when this
presentation was used. Probably because this product is sub-
mitted to the drying process (spray-dryer) which could probably
impair its mode of action. So, in this study the objective was to
evaluate the effects of PAP against Streptococcus bovis and Fuso-
bacterium necrophorum in liquid or powder form on rumen fer-
mentation variables, as well as total tract apparent digestibility
in cows adapted or not to highly fermentable carbohydrate
diets.

To reduce the operational impact of roughage in feedlots,
animal nutritionists have increasingly adopted highly fermenta-
ble carbohydrate (HFC) diets (Oliveira and Millen 2014). These
diets can result in metabolic disturbances such as ruminal
acidosis (Nagaraja and Titgemeyer 2007). The main tools to
reduce the impact of this type of diet and to optimize feed
efficiency are step-up adaptation to diets and inclusion of
feed additives. The use of antibiotics in animal production
diets has been questioned regarding the food security
(EUROPA 2003).

In this scenario, passive immunization arises as an alterna-
tive. Avian polyclonal antibodies preparation (PAP) is obtained
after birds’ immunization against target microorganisms to be
controlled in the rumen (Shimizu et al. 1988; DiLorenzo et al.
2006). The studies obtained with PAP have diverse results in
relation to the type of product presentation. Millen et al.
(2015) evaluated the product in liquid form and reported
lower incidence of rumenitis and liver abscesses in beef cattle
and similar weight gain from animals supplemented with mon-
ensin. In the same way, Marino et al. (2011) reported that the
product in liquid presentation was effective in the prevention
of rumen pH drop at the peak of fermentation. Also, Blanch

2. Materials and methods

2.1 Study location

et al. (2009) reported that PAP was effective in the reduction
of acidosis risks, as the supplemented group had greater total
short-chain fatty acids but higher ruminal pH. Dahlen et al.

The guidelines established by the University of Sdo Paulo
(Brazil) Ethic Committee on Animal Use of the Research
(CEEA) - n°® 1982/2010 were used for taking care of the cows.

CONTACT Carolina T. Marino @ caroltobias@hotmail.com @ Embrapa Beef Cattle, Campo Grande, Mato Grosso do Sul 79106550, Brazil

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distri-

bution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1080/09712119.2019.1691561&domain=pdf&date_stamp=2019-11-19
http://orcid.org/0000-0002-1850-5280
http://creativecommons.org/licenses/by/4.0/
mailto:caroltobias@hotmail.com
http://www.tandfonline.com

566 (&) T.A.BARROSETAL.

The trial was conducted at the College of Veterinary Medicine
and Animal Science, USP, Brazil.

2.2 Polyclonal antibody preparation

Procedures for generating the PAP used in this study were
similar to those described by DiLorenzo et al. (2006, 2008)
and Marino et al. (2011). Polyclonal antibodies were produced
by CAMAS Inc. (Le Centre, MN, USA). The final product con-
tained approximately 46% of antibodies against Streptococcus
bovis (ATCC 9809), 23% against Fusobacterium necrophorum
(ATCC 27852), 16% against E. coli O157:H7 and 15% against
endotoxins. The same blend of microorganisms was used to
generate the PAP in two presentations. Polyclonal antibody in
powder presentation was obtained by spray-dryer process
and it was maintained in a hermetically sealed package
throughout the experimental period, being protected from
light and heat. Remaining antibody in liquid presentation was
kept between 2°C and 8°C and protected from light throughout
the experimental period.

2.3 Animal and experimental procedures

Animals were obtained as heifers from the University’s herd and
they did not present any special characteristics. Six nonpregnant,
nonlactating Holstein cows (747 £90 kg of mean BW, 48 +3
months of age) fitted with ruminal cannulas were used in the
present experiment. They were randomly assigned to two 3 x 3
Latin squares (18 experimental units) in a factorial arrangement
of treatments 3 x 2 regarding two feed additives (PAP in powder
presentation (PAPP) and PAP in liquid presentation (PAPL)) plus
control group (CON) and two managements of diets adaptation,
resulting in six treatments. The first Latin square (9 experimental
units) had a step-up diet adaptation in days: from D1 to D5 (100%
forage; 0% concentrate); D6 to D10 (70% forage; 30% concen-
trate) and D11 to D15 (40% forage; 60% concentrate). The
second Latin square (9 experimental units) received 100%
forage and 0% concentrate from D1 to D15. On D16 to D17, all
animals received 20% forage and 80% concentrate in diet. The
trial had three periods of 17 d each with 10 days of washout
between each period, totalizing 71 days of experiment. Cows
were housed in a tie-stall barn equipped with individual feed
bunks and individual sand beds, as well as automatic water drin-
kers shared by two animals. Body weight was measured at the
beginning of period 1 (D 0) and at the end of each of the three
periods (D 0 of next period) at the same time each day, before
morning meal.

2.4 Diets

Diets were offered as total mixed rations according to the pro-
tocol of step-up diet or not, twice a day, at 08h00 and 16h00
throughout the experiment ad libitum (5-10% of feed refusal).
Diets formulated were evaluated using the Cornell Net Carbo-
hydrate and Protein System CNCPS 6.5. The analysed nutrient
content of the experimental diets is presented in Table 1. The
forage source was fresh sugarcane chopped with theoretical
average particle size of 1.24 cm. Feed additive was placed

Table 1. Composition and analysed nutrient content of experimental diets on dry
matter basis (%).

Diets, % of concentrate
0 30 60 80

Ingredient, % of DM

Sugarcane, fresh and chopped 934 70.0 40.0 20.0

Dry-ground corn grain - 12.5 46.9 70.2
Soybean meal - 13.5 9.1 5.8
Urea 4.1 1.5 1.5 1.5
Salt 0.5 0.5 0.5 0.5
Vitamin and mineral premix® 20 20 2.0 2.0
Nutrient content

Dry matter, %" 38.8 51.1 67.1 77.8
Crude protein, % of DMP 14.3 15.1 14.5 15.2
Rumen degradable protein, %CP* 95.0 76.4 754 76.4
Rumen undegradable protein, %CP* 5.0 23.8 24.6 236
Neutral detergent fibre, % of DM® 44.6 36.8 26.5 18.8
NDF of forage, 9%NDF° 54.1 40.7 233 11.6
Non-fibre carbohydrates, % of pmt 43.2 420 536 60.8
Total digestible nutrients, % of DM* 54.8 62.7 716 77.2
Ca, % of DM® 0.84 0.78 0.63 0.53
P, % of DMP 0.40 0.47 0.43 0.45

?Composition of vitamin and mineral premix per kilogram of product:180 g of Ca,
130 g of P, 100 mg of Co, 1.250 mg of Cu, 2.200 mg of Fe, 90 mg of |, 2.000 mg
of Mn, 15 mg of Se, 5.270 mg of Zn and 1.300 mg de F (maximum).

PData of nutrient content were obtained by laboratory analysis.

“Value estimated by CNCPS 6.5.

directly through ruminal cannula, twice a day, just before
meals; PAP in powder presentation (PAPP; CAMAS Inc., Le
Canter, MN) at 7 gd™' (3.5 g each time) was administered in
absorbent tissue paper and PAP in liquid presentation (PAPL;
CAMAS Inc,, Le Center, MN) at 21 mL d™" (10.5 mL each time)
using a plastic syringe. The concentration of different PAP pre-
sentations was equivalent in a DM basis, allowing comparison
between the different forms, independently from dose.

2.5 Sampling and laboratory methods

2.5.1 Dry matter intake

All feeders were examined every morning at 07h00. If there was
no feed surplus, feed offered was raised by 10%. If there was
around 10% surplus, the feed was kept at the same level and
if the surplus was >10%, the feed offered was reduced by
10%. Feed refusal from each cow was daily collected and
weighed to calculate feed intake during all the experiment.

2.5.2 Total tract dry matter apparent digestibility

Chromic oxide was used as an external marker to estimate
apparent nutrient digestibility, as described by Bateman
(1970). For each animal, DMI was measured and samples of
faeces (approximately 200 g) were collected twice a day from
the rectum at D2 to D5, D7 to D10 and at D12 to D15. Cows
received 15gd™" of Cr,0s, through ruminal cannula, twice
daily (7.5 g at each feeding time) from 2 days before the begin-
ning of each period until D15. Chromic oxide concentration was
determined colorimetrically through its reaction with o-difenil-
carbazide. Feed and faecal samples were dried at 55 °C for 72 h
and ground to pass a 1-mm screen. Composite samples per cow
and per period were used to determine DM (method 934.01;
AOAC 1990); OM (method 924.05; AOAC 1990); CP by total N
determination using the micro-Kjeldahl technique (method
920.87; AOAC 1990); ether extract (EE) determined gravimetri-
cally after extraction using petroleum ether in a Soxhlet



extractor (method 920.85; AOAC 1990); calcium (method
968.08; AOAC 1995); phosphorus (method 965.17; AOAC
1990); NDF (with heat-stable a-amylase), ADF and pectin
according to Van Soest et al. (1991). Starch analysis was done
according to Pereira and Rossi (1995), with previous extraction
of soluble carbohydrates, as proposed by Hendrix (1993). The
value of non-fibre carbohydrates (NFC) was estimated by the
formula NFC (% DM) = 100 — (CP + NDF + EE + Ash).

2.5.3 Ruminal fermentation variables

Ruminal fluid was daily sampled 3 h after the morning meal, on
D1-D17 of each period, through the ruminal cannula with a
vacuum pump. Approximately 500 mL of rumen fluid was col-
lected, at each sampling time, from three different parts of
the rumen. Immediately after sampling, 100 mL of rumen
fluid were used for pH determination with a portable digital
pH meter (HANNA instruments Limited HI8424, Bedfordshire,
UK). Short-chain fatty acids (SCFA) analyses which included
acetate, propionate and butyrate were measured by gas chrom-
atography, according to Erwin et al. (1961). Lactic acid concen-
tration was measured by a colorimetric technique, according to
Pryce (1969). The determination of ammonia nitrogen (NHs-N)
concentration was done, according to the method described
by Chaney and Marbach (1962).

2.5.4 Protozoa counts

For total and differential counts of rumen protozoa, each
sample (10 mL of rumen content) was collected 3 h after the
morning meal at D4, D9 and D14 and was stored in glass vials
with 20 mL of 18.5% formaldehyde. Subsequently, each
sample was stained with two drops of 2% brilliant green dye,
diluted and protozoa were identified (genera Isotricha, Dasytri-
cha, Epidinium, Entodinium and Diplodiniinae subfamily) and
counted by optical microscopy (Dehority 1993).

2.5.5. Statistical analyses

Data were analysed by Statistical Analysis System version 9.3
software (SAS Inst. Inc.,, Cary, NC). Before the actual analysis,
data were analysed for the presence of disparate information
(‘outliers’) and normality of residuals (Shapiro-Wilk). Individual
observation was considered outlier when standard deviations
in relation to mean were more than +3 or less than —3. When
the normality assumption was not accepted, the logarithmic
transformation or the square root was required. Feed intake,
rumen fermentation, total apparent digestibility and protozoa
counts data were submitted to variance analyses by MIXED pro-
cedure of SAS that separated as source of variation the effects of
additive, adaptation, time and their interactions which were
considered fixed and the effects of period and animal nested
within adaptation which were considered random. The effect
of time was included in the model as repeated measures
(split-plot design), resulting therefore in two different error
terms (residual A and residual B). In this experimental design,
the effects of adaptation protocol are equivalent to the
square effect. In order to minimize differences between
squares both were conducted simultaneously with similar
animals in relation to age and body weight. Among 15
different covariance structures tested, the model used was
chosen based on the lower value of Corrected Akaike

JOURNAL OF APPLIED ANIMAL RESEARCH e 567

Information Criterion (AICC) (Wang and Goonewardene 2004).
The main effect of additive was separated by adjusted Tukey
test. The level of significance adopted was 5%.

3. Results

3.1 Dry matter intake (DMI) and as % of body weight
(DMIBW)

An interaction between day of experiment and diet adaptation
(p <0.0001) was observed for DMI. Between D1 and D18, the
adapted group had greater DMI than the non-adapted group
(1237 vs. 6.57 kg of DM, respectively, Figure 1a). When DMI
was expressed in relation to body weight (BW), an interaction
between day of experiment and adaptation (p <0.0001) was
also verified. Between D6 and D17, this variable was greater
in adapted (1.79% BW) than non-adapted group (0.95% BW)
(Figure 1b).
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Figure 1. Values of dry matter intake (a), dry matter intake in relation to body
weight (b) and ruminal pH (c) and from cattle with or without adaptation to
highly fermentable carbohydrate diets. The arrows indicate the change of diets
in the adapted group. The asterisks indicate significant difference in the respective
day of experiment.
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Table 2. Values of dry matter digestibility and its fractions in cattle adapted or not to highly fermentable carbohydrates diets.

Diet adaptation Additive p-value
Non- Adp* Day* Day*
Item Adapted adapted Control Liquid Powder SEM  Adp Add Add Day Adp Add Day*Adp*Add
Dry matter intake, kg/ 124 6.57 959 943 942 028 <0001 NS NS <0001  <.0001 NS NS
d
Dry matter intake, % 155 0.95 1.23 128 125 003 00107 NS NS <0001  <.0001 NS NS
BW
Total tract digestibility, %
Dry matter 65.9" 55.38 506° 636 584° 127 <0001 0.0186 NS 0.0110 NS NS NS
Crude protein 78.1 814 787 810 794 079 00024 NS NS 0.0010  <.0001 NS NS
Ether extract 54.2% 42.4° 49.1 503 462 261 00059 NS NS 0.0265 NS NS NS
Neutral detergent 40.6" 36.3° 354°  440° 362 158 00332 0.0248 NS NS NS NS NS
fiber
Acid detergent fiber 409" 37.08 359°  449*  365® 159 00104 0.0013 NS NS NS NS NS
Starch 90.1 87.8 879 898 895 278 NS NS NS NS NS NS NS
Total carbohydrates 66.4" 55.58 509°  63.9* 59.0° 127 <0001 0.0312 NS 0.0005 NS NS NS

SEM = standard error of mean; Adp = adaptation; Add = additive; Adp*Add = interaction between adaptation and additive; Day*Adp = interaction between day of exper-
iment and adaptation; Day*Add = interaction between day of experiment and additive; Day*Adp*Add = interaction between day of experiment, adaptation and addi-

tive; NS = not significant.

A-B: a-bywjithin row means without a common superscript differ by Tukey test (p < 0.05).

3.2 Total tract apparent digestibility

An effect of adaptation (p < 0.0001) was observed for dry matter
digestibility (DMD). The adapted cows had greater values
(65.9%) than the non-adapted animals (55.3%) (Table 2). The
effect of additive (p=0.02) was described and the group
PAPL (63.6%) had greater DMD compared with PAPP and
CON (584% and 59.6%, respectively), without difference
between these two groups.

An interaction between proportion of carbohydrates in the
diet and adaptation (p <0.0001) was observed for crude
protein digestibility (CPD), where the adapted animals had
greater values (83.2%) compared to the non-adapted (79.3%),
when both groups were fed with 100% forage (D1 to D5).
From D6 to D10, there was no difference (p > 0.05) for CPD for
both groups. From D11 to D15, when adapted animals received
a diet with 60% of concentrate, this group had lower CPD (69.4%)
than the non-adapted group (83.6%) (data not shown).

For ether extract digestibility (EED), an effect of adaptation
was observed (p =0.005), where it was greater in the adapted
(54.2%) than in the non-adapted group (42.4%) (Table 2). For
neutral detergent fibre digestibility (NDFD), effects of adap-
tation (p=0.03) and additive (p=0.03) were observed.
Adapted animals had greater NDFD (40.6%) when compared
to non-adapted animals (36.3%) (Table 2). For additive effect
(p=0.02), PAPL group had greater NDFD (44.0%) compared to
PAPP (36.2%) and CON (35.4%) (Table 2).

For total tract acid detergent fibre digestibility (ADFD),
effects of adaptation (p=0.01) and additive (p=0.001) were
shown. Adapted animals had greater ADFD (40.9%) compared
to non-adapted (37.0%). For additive effect (p=0.001), PAPL
group had higher ADFD (44.9%) compared to CON
(35.9%). The group PAPP (36.5%) did not differ from the
others (Table 2).

For total carbohydrates digestibility, an effect of adaptation (p
< 0.0001) was observed. Adapted animals had greater digestibility
when compared to non-adapted animals (66.4% vs 55.5%,
respectively). And also, an effect of additive (p=0.03) was
observed; PAPL group (63.9%) had higher total carbohydrates
digestibility compared to PAPP (59.0%) and CON (59.9%) (Table 2).

3.3 Ruminal fermentation variables

An interaction between day of experiment and adaptation (p <
0.0001) was observed for ruminal pH. Between D3 and D17, the
lowest values were observed for the adapted animals (6.40)
compared to non-adapted (6.77). At D16 and D17, a challenge
diet was offered with 80% of concentrates to all animals and
an abrupt drop of ruminal pH was observed in non-adapted
animals (Figure 1c). PAPL had greater values of ruminal pH
(6.62) compared to PAPP (6.57) and CON (6.56) (p = 0.04), inde-
pendently on day of experiment and adaptation (Table 3).

An interaction between day of experiment and diet adap-
tation (p <0.0001) was observed for total short-chain fatty
acids (tSCFA), from D4 to D16, period that the adapted animals
had greater concentration than the non-adapted animals
(100.3 vs. 77.7 mM, respectively) (Figure 2a). Exclusively on
D16, the adapted animals had lower values than the non-
adapted ones (107.9 vs. 121.2 mM, respectively) (Figure 2a).
There was no effect of interaction between day of experiment
and additive (p >0.05) or even additive (p>0.05) effect for
tSCFA. An interaction between day of experiment and adap-
tation was observed for acetate (p <0.0001), propionate (p <
0.0001) and butirate (p <0.0001) concentration (Table 3).
Acetate concentration was greater from D5 to D17 in the
adapted group (63.6 mM) than in the non-adapted animals
(48.5 mM). The same was observed for propionate concentration
(27.6 vs. 20.4 mM, respectively) from D5 to D16 and for butyrate
concentration (14.6 vs. 8.84 mM, respectively) from D1 to D17.

For molar proportion of acetate, an interaction between day
of experiment and adaptation (p < 0.0001), as well as interaction
between time and additive (p =0.03) were observed (Table 3).
Molar proportion of acetate from D1 to D12 was lower in
adapted (58.7) than in non-adapted group (61.6). At D17, after
the introduction of the challenging diet, the adapted group
had greater molar proportion of acetate (62.5) than the non-
adapted (58.8). At D5, molar proportion of acetate was greater
in CON (63.9) compared to PAPL (58.4), without difference of
these two groups from PAPP (60.7) (data not shown). An inter-
action between day of experiment and adaptation (p < 0.0001)
was observed for molar proportion of propionate. From D6 to
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Table 3. Values of ruminal fermentation variables in cattle adapted or not to highly fermentable carbohydrates diets.

Diet adaptation Additive p-value
Non- Adp.* Day* Day*

Variable Adapted adapted Control Liquid Powder SEM Adp. Add. Add. Day Adp. Add Day*Adp.*Add.
Ruminal pH 6.40 6.77 656" 662° 6.57° 0008 00003 0.0432 NS <.0001  <.0001 NS NS
Concentration of SCFA, mM
Total SCFA 100.3 77.7 90.3 87.7 89.1 112 <.0001 NS NS <.0001  <.0001 NS NS
Acetate (Cy) 59.6 475 54.6 526 53.5 0.63  <.0001 NS NS <.0001  <.0001 NS NS
Propionate (C3) 257 20.7 23.1 23.0 235 0.29  0.0004 NS NS <.0001  <.0001 NS NS
Butyrate (C,) 15.0 9.59 126 12.1 12.1 0.28  0.0002 NS NS <.0001  <.0001 0.0038 NS
Molar proportion of SCFA, mol/100 moles
Acetate (Cy) 59.5 614 60.8 60.2 60.3 0.15  0.0094 NS NS <.0001  <.0001 0.0302 NS
Propionate (C3) 259 26.6 256 264 26.6 0.18 NS NS NS <.0001  <.0001 NS NS
Butyrate (C,) 14.7 12.1 13.6 134 13.1 0.16  0.0006 NS NS <.0001 0.0004 0.0059 NS
(G5 ratio 237 233 242 232 231 0.02 NS NS NS <.0001  <.0001 NS NS
Lactate, mM/L 0.19 0.28 0.25 0.22 022 001 NS NS NS NS NS NS NS
Ammonia, mg/ 21.2 16.9 204 18.9 18.0 043  0.0022 NS NS <.0001 0.0003 NS NS

dL

SEM = standard error of mean; Adp = adaptation; Add = additive; Adp*Add = interaction between adaptation and additive; Day*Adp = interaction between day of exper-
iment and adaptation; Day*Add = interaction between day of experiment and additive; Day*Adp*Add = interaction between day of experiment, adaptation and addi-

tive; NS = not significant.

A-B: a=b\wjithin row means without a common superscript differ by Tukey test (p < 0.05).

D8, adapted animals had greater values (29.0) than the non-
adapted ones (27.1). From D12 to D17, this relation was
inverted, so that the adapted had lower values than the non-
adapted animals (22.1 vs. 25.6, respectively) (Table 3).

For acetate:propionate ratio (Ac:Pr), an interaction between
day of experiment and adaptation (p <0.0001) was observed.
At D3, D6, D7 and D8, adapted animals had lower Ac:Pr ratio
than non-adapted (1.96 vs. 2.29, respectively). However,
between D13 and D17, there was an inversion of this relation
and the adapted group had greater values than the non-
adapted (2.87 vs. 2.41, respectively) (Figure 2a). An interaction
between day of experiment and adaptation (p =0.0004) was
observed for molar proportion of butyrate. From D1 to D16,
the adapted animals had higher values (14.7) than the non-
adapted group (12.1), except on D17. An interaction between
day of experiment and additive (p = 0.0059) was also observed
on D16, where CON had greater molar proportion of butyrate
(20.7) than PAPL (17.7) and PAPP (16.6). No effect of adaptation,
additive or interaction (p > 0.05) was observed for lactate con-
centration (Table 3).

For ammonia nitrogen concentration, an interaction
between day of experiment and adaptation (p =0.0003) was
observed between D6 and D8, on D11, D12 and D14; the
adapted animals had greater values than the non-adapted
(24.7 vs. 16.0 mg/dl, respectively) (Figure 2b).

3.4 Protozoa counts

For total population of Dasytricha sp., an effect of
interaction between day of experiment and adaptation was
observed (p=0.04). At D15, this population was greater in
non-adapted (23.1 x 10°/mL) compared to adapted group
(13.3 x 103/mL). Similar effect (p =0.02) was observed for rela-
tive counts of Dasytricha sp., where on D15, the population
was higher in non-adapted (51.7%) than in adapted animals
(18.0%) (Table 4).

For total counts of protozoa, an interaction between day of
experiment and adaptation (p=0.03) was observed. At D15,
total counts were greater in adapted animals (103.6 x 10°/mL)
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Figure 2. Values of total concentration of short-chain fatty acids (a), acetate:pro-
pionate ratio (b) and ammonia nitrogen concentration (c) from cattle with or
without adaptation to highly fermentable carbohydrates diets. The arrows indicate
the change of diets in the adapted group. The asterisks indicate significant differ-
ence in the respective day of experiment.
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Table 4. Values of total and relative counts of rumen protozoa in cattle adapted or not to highly fermentable carbohydrates diets.

Diet adaptation Additive p-value
Variable Adapted  Non-adapted  Control  Liquid Powder SEM Adp Add Adp* Add Day Day*Adp Day* Add Day*Adp*Add
Total counts, x10%/mL
Dasytricha 22.71 25.02 26.67 21.53 23.40 2.03 NS3 NS NS NS 0.0446 NS NS
Diplodinium 0.27 0.04 0.27 0.07 0.13 0.06 NS NS NS NS NS NS NS
Entodinium 57.33 28.98 40.73 41.33 47.40 5.87 NS NS NS NS NS NS NS
Epidinium 0.09 0.00 0.00 0.00 0.13 0.04 NS NS NS NS NS NS NS
Isotricha 1.38 1.42 1.47 1.20 1.53 0.17 NS NS 0.0037 NS NS NS NS
Total/mL 81.78 55.47 69.13 64.13 72.60 6.23 NS NS NS NS 0.0275 NS NS
Relative counts, %
Dasytricha 3281 46.73 43.62 39.16 36.53 260 0.0100 NS NS NS 0.0259 NS NS
Diplodinium 0.33 0.11 0.29 0.24 0.12 0.10 NS NS NS NS NS NS NS
Entodinium 64.77" 50.428 53.84 58.21 60.74 274  0.0287 NS NS NS NS NS NS
Epidinium 0.04 0.00 0.00 0.00 0.06 0.02 NS NS NS NS NS NS NS
Isotricha 2.05 2.74 224 239 2.54 0.30 NS NS NS NS NS NS NS

SEM = standard error of mean; Adp = adaptation; Add = additive; Adp*Add = interaction between adaptation and additive; Day*Adp = interaction between day of exper-
iment and adaptation; Day*Add = interaction between day of experiment and additive; Day*Adp*Add = interaction between day of experiment, adaptation and addi-

tive; NS = not significant.

A8 abyithin row means without a common superscript differ by Tukey test (p < 0.05).

compared to the non-adapted ones (44.1 x 103/mL) (Table 4).
Relative population of Entodinium sp. was higher (p=0.03) in
adapted group (64.8%) compared to non-adapted (50.4%),
independently on time (Table 4).

4. Discussion

Greater DMI in the adapted animals to HFC diets is expected
since concentrate feed has greater acceptability by the
animal, less effect of rumen filling and higher passage rate com-
pared to roughage feed which stimulates intake (Allen 1996).
Peaks of DMI were verified during changes of diets in D6 and
D11 for the adapted group and during the challenging diet
on D16 for both groups. These peaks were followed by a drop
of DMI in the subsequent day (Figure 1a). The reason for the
peaks of DMI was probably the greater interest of the animals
for the new diets and the factors described above. The
reduction in intake in the subsequent day to the change of
diet (D7, D12 and D17) can be induced by increased total con-
centration of short-chain fatty acids (tSCFA) and concomitant
rumen pH drop in adapted animals, according to Conrad et al.
(1964), Fulton et al. (1979) and Goad et al. (1998).

Greater DMD in the adapted animals to HFC diets is expected
as the higher proportion of these diets is composed by starch
and other non-structural carbohydrates of simple and fast
rumen digestion (Valadares Filho and Pina 2006). There are
reports of DMD improvement with increased total population
of protozoa, similar to what was observed in the present
study (Lopes et al. 2002). Total tract CPD could be impaired in
adapted animals as the diet high in concentrate has greater
passage rate when compared to a high forage diet (Allen
1996). Increased NDFD in adapted animals could be due to
the presence of amylolytic and cellulolytic microorganisms
that are able to use both structural and non-structural sugars
as substrates for fermentation. Similar results were reported
by Goad et al. (1998), Brown et al. (2006) and Fernando et al.
(2010). Differently from this study, no effect of PAP was reported
on DMD by Bastos et al. (2012) who evaluated different doses of
PAP in powder presentation and Marino et al. (2011) who eval-
uated the effect of PAP in liquid presentation. The reason why

PAP could improve digestibility is unknown in the literature.
However, in the present experiment PAP in liquid form also
improve rumen pH (Table 3) and this could explain the result
observed with PAP, especially fibre digestibility.

Greater values of ruminal pH in animals supplemented with
PAPL were reported by DiLorenzo et al. (2007) and Marino et al.
(2011) and contrasting to Dahlen et al. (2003), DiLorenzo et al.
(2008), Blanch et al. (2009) and Bastos et al. (2012) who reported
no effects of PAP on ruminal pH. The lack of effect of PAP on
tSCFA concentration was also described by Dahlen et al. (2003),
DiLorenzo et al. (2008), Blanch et al. (2009), Marino et al. (2011)
and Bastos et al. (2012). The group of adapted animals had
greater tSCFA concentration probably due to the increasing
levels of HFC in diets (mean value of 109.24 mM). Similar value
was reported by Fulton et al. (1979), Goad et al. (1998) and
Bevans et al. (2005) who evaluated cattle adaptation to HFC
diets. When non-adapted animals received 80% of concentrates
in diet (D16), tSCFA concentration was greater than in the
adapted group (121.2 vs. 107.9 mM, respectively). The abrupt pro-
duction of SCFA shows that the rumen has great capacity to
ferment carbohydrates as described by Huntington (1997). And
this abrupt increase in tSCFA in non-adapted animals could have
contributed for the abrupt drop in rumen pH as observed in
Figure 1(c). Greater molar proportion of propionate in the
adapted group was expected due to higher availability of HFC in
the rumen inducing pH drop and excess of H, for this acid syn-
thesis (Goad et al. 1998; Moss et al. 2000; Bevans et al. 2005). This
pattern was observed until D11. From there, a drop in propionate
molar proportion in the adapted group was verified. As the
average rumen pH was not lower than 6.0, there was no inhibition
of methanogens which theoretically allowed the drainage of H,.
This pathway is closely related to acetate production. For this
reason, there was no need to change the metabolic pathways of
rumen microorganism for propionate pathway to drain or use
the excess of H, generated by concentrate inclusion (Moss et al.
2000). Values measured for lactate concentration in the present
experiment were low (mean value of 0.7 mM), probably because
rumen pH observed in this study allowed the development of
lactate-utilizing microorganism such as Megasphaera elsdenii.
These microorganisms are inhibited only below pH 5.5 (Nagaraja



and Titgemeyer 2007). No effect of PAP on NHs-N concentration
was also reported by Dahlen et al. (2003), DiLorenzo et al.
(2008), Blanch et al. (2009), Marino et al. (2011) and Bastos et al.
(2012).

Higher counts of Entodinium sp. in animals adapted to
HFC diet were reported by Franzolin and Dehority (1996) who
asserted that in the rumen of animals fed up to 60-70% concen-
trates tend to prevail the genus Entodinium sp. in the rumen, as
they use starch as a substrate and also can process lactate as
source of energy, common conditions in adaptation phases to
HFC diets.

5. Conclusion

Polyclonal antibodies in liquid presentation showed potential
effect as an additive in cattle nutrition, but the powdering
process must be reviewed. Step-up adaptation to highly fer-
mentable carbohydrate diets reinforces the importance as a
diet management practice.
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