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ABSTRACT

The aim of the study was to evaluate the effect of supplementation with a product of
fermentation of dry fungi expressing residual enzymatic fibrolytic activity on the
productive and behavioral performance of lactating cows. The study was carried out on a
commercial dairy farm. 36 Holstein cows divided into two groups (control and
supplemented) were evaluated for 23 days. The product came from a commercial source
MAXFIBER® (Provita Supplements, Pinneberg / Germany) and was supplied in the
amount of 10g / animal / day. The total digestibility of the mixed feed, the individual milk
production, the feeding behavior in intelligent feeders (Intergado®), and the behavior of
the animals were verified using cowMed animal monitoring collars (Chiplnside®
Technology / Santa Maria / RS / Brazil). Supplementation affected the animals' behavior,
with an increase in activity time (P = 0.002) and a tendency to decrease in rumination
time (P = 0.08). There was an increase in the frequency of ingestion (P = 0.001) and the
duration of the meal (P = 0.001). Milk production was higher in the supplemented group
(P = 0.05). The use of this additive alters the animals' behavior, reflecting an increase in
milk production.

Keywords: dairy cattle, digestibility, precision nutrition, rumination, solid state
fermentation.

RESUMO

O objetivo do estudo foi avaliar o efeito da suplementacdo com um produto da
fermentac&o de fungos secos expressando atividade fibrolitica enzimatica residual sobre
o desempenho produtivo e comportamental de vacas em lactacdo. O estudo foi realizado
em uma fazenda comercial de laticinios. 36 vacas Holandesas divididas em dois grupos
(controle e suplementadas) foram avaliadas por 23 dias. O produto é de origem comercial
MAXFIBER® (Provita Supplements, Pinneberg / Alemanha) e foi fornecido na
quantidade de 10g / animal / dia. A digestibilidade total da racdo mista, a producgdo
individual de leite, o comportamento alimentar em comedouros inteligentes (Intergado®)
e 0 comportamento dos animais foram verificados por meio de coleiras de monitoramento
de animais cowMed (Chiplnside® Technology / Santa Maria / RS / Brasil). A
suplementacéo afetou 0 comportamento dos animais, com aumento do tempo de atividade
(P =0.002) e tendéncia de diminuicdo do tempo de ruminacéo (P = 0.08). Houve aumento
na frequéncia de ingestdo (P = 0.001) e na duracdo da refei¢do (P = 0.001). A produgéo
de leite foi maior no grupo suplementado (P = 0.05). O uso desse aditivo altera o
comportamento dos animais, refletindo no aumento da producéo de leite.
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Palavras-chave: Bovinocultura de leite, digestibilidade, fermentacdo em estado sélido,
nutricdo de precisdo, ruminacao.

1 INTRODUCTION

The forages are characterized by being a feeding base in ruminant’s diets and
represent 40 to 100% in the diet costs dairy cows, playing a fundamental role in animal
production, health, and well-being (Adesogan et al., 2019). Ruminants are able of
transforming low-quality fibers into proteins of high biological value, due to the synthesis
and secretion of microorganism enzymes present in the ruminal fluid that act by
promoting the hydrolysis of the plant cell wall (Refat et al., 2018).

Such wall is structured by cellulose, hemicellulose, and lignin, constituents that
can be resistant to an enzymatic attack carried out by ruminal bacteria, limiting fiber
digestibility and the energy available to the animal (Beauchemin, et al., 2003) which, in
optimal conditions, can reach up to 70% of digestibility (Sujani and Seresinhe, 2015).
Therefore, maximizing the use of fodder is essential to maintain the sustainability of the
system, taking into account that food represents the largest proportion of production costs
(Peters et al., 2015).

Therefore, exogenous fibrolytic enzymes (EFE), which have the synergistic action
of hydrolysis of specific fiber bonds together with ruminal bacteria, become an interesting
alternative for the greater use of the fibrous fraction of the diet (Arriolaetal., 2017). This
synergism of endogenous enzymes and EFE can reduce the levels of neutral detergent
fiber (NDF) and acid detergent fiber (FDA), increasing the digestibility of the diet (Zilio
et al., 2019). This is because EFE can remove structural barriers of feed, facilitating the
access and adhesion of bacteria, releasing monosaccharides for the bacteria to convert to
short-chain fatty acid (SCFA) (Arriola et al., 2017).

The improvement in feed efficiency provided by the inclusion of additives has
shown effects on metabolic and behavioral since changes in rumination, leisure, and
serum markers are evident in these cases. In this context, the observation of feeding
behavior is configured as another instrument of control of cows diets that makes it
possible to effectively adjust feed management (Borchers et al, 2016; Johnston and
Devries, 2018). However, up to now, few studies are describing such results (Silva et al,
2016; Peters et al., 2015).
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Thus, the efficacy of enzyme products is still unclear, due to the great variability
of results. Therefore, the objective of this study was to evaluate the effect of including a
fermentation product of dry fungi on animal behavior and consumption and its reflex on

the productive performance of dairy cows.

2 METHOD

This study was approved by the Animal Ethics and Experimentation Committee
of the Federal University of Pelotas (46050-2019).

The study was carried out on a commercial dairy farm in the municipality of Rio
Grande, at Rio Grande do Sul, at geographic coordinates 32°16'S, 52 ° 32'L, during the
period from September 23 to November 11, 2019.

Thirty-six Holstein cows were allocated in a compost barn system and milked
twice a day. The cows were segregated into two groups, the control group (CG) and the
supplemented group (SG), both with 18 animals, followed for 23 days. For SG there was
the inclusion of 10g / animal / day of a dry fungus fermentation product that expresses
residual fibrolytic enzymatic activity produced from the strains of Aspergillus niger,
Aspergillus tubingensis, Aspergillus orzyae, Aspergillusoyae and Neurospora intermedia
(MAXFIBER®, Provitta Supplements GmbH, Pinneberg / Germany), containing
xylanase, endoglucanase, and exoglucanase activities, added to the total mixed feed
(TMR) before the morning feed. The CG was fed the same diet without the inclusion of
the dried fungus fermentation product.

Both groups were kept together during the experimental period and received the
same diet in a roughage proportion: 70:30 concentrate (Table 1), twice a day, with water
ad libitum. To maintain the homogeneity of the groups, some lactations were considered,
between two and four, days in milk (DIM) from 40 to 70 days, average milk yield of 38.0
+ 4.10 kg, the average body weight of 700 + 20 kg and 3 + 0.44 body condition score
(BCS). The individual and daily milk yields were recorded automatically by the
mechanized milking system (DeLaval®).
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Table 1: Ingredient and composition bromatological of the animals' TMR (n = 36) of the control group
(CG) and supplemented group (SG) with 10g / cow / day of product resulting from the solid-state
fermentation of fungi, with residual enzymatic activity (MAXFIBER®, Provita Supplements GmbH,
Pinneberg/Germany).

Diet composition (%DM)

Ingredient (TMR) %DM Kg/animal/day

water 0.01 8.0

Corn grain, ground fine 86.14 1.0

bran soy meal 87.84 2.9

Soy bark 89.86 2.6

Rice bran 88.65 1.9

Moist grain corn 70.00 2.0

Corn Silage 44.85 27

Pre dried ryegrass 44.37 2.0

Rice residue 89.20 1.0

Bromatological composition of TMR (%)

DM!? MM? CcpP? EE* NDF? ADF® LIG’
91.74 9.37 12.71 5.54 35.04 18.89 1.59

TMR: total mixed ration; DM*: Dry matter, MM?: matter mineral, CP3: Crude protein, EE*: Ether extract;
NDF®: Neutral detergent fiber, ADF®: Acid detergent fiber, LIG’: Lignin

Feeding behavior was assessed daily through the use of intelligent feeders
(INTERGADO®) in an automatic and individualized way (Robles et al., 2007). Animal
behavior was assessed using CowMed monitoring collars (Chiplnside® Tecnologia -
Santa Maria / RS / Brazil /) which indicated the time in minutes that the animal remained
active (social, search for food, water consumption), rumination or leisure daily for 24
hours, for 23 days.

Daily samples of the diet were collected for analysis of dry matter (DM) content
and weekly collected and sent to the Laboratory of Bromatology and Nutrition of
Ruminants, at the University of Santa Maria, to proceed with in vitro digestibility analysis
by the method described by Tilley & Terry (1963). A daily sample of the total ration was
also taken to evaluate the particle size using a sieve system (Pen State Particle Separator
- Nasco, Fort Atkinson, W1) as described by Kononoff et al., (2003).

All cows were weighed after the morning milking on days 0, 14, 19, and 23 of the
experimental period, using a weighing tape and the BCE was measured through visual
assessment using parameters 1 to 5, with intervals 0.25 (Edmonson et al., 1989).

Statistical analysis of the data obtained was performed using the Statistical
Analysis System program (SAS Institute Inc. Cary, NC, USA). For this, analysis of

variance with Mixed Model was used to compare the groups (supplemented and control),
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collections, and their interaction (group x collection) through the Tukey HS test, with

significant values of P < 0.05 and biased values of P <0.1.

3 RESULTS

In the assessment of behavior, the rumination time showed a tendency (P = 0.08;
Figure 1) being lower in the supplemented group (619.78 min = 5.42 vs 632.47 min *
4.8). There was a longer activity time (P = 0.002; Figure 2) in the supplemented group
compared to the control group (199.60 min £ 4.31 vs 183.79 min £ 2.96 P = 0.02) while
the leisure time showed no difference (P = 0.33), being 615.56 min + 6.07 for the CG and
623.73 min = 5.97 for the SG.

Figure 1. Effect of supplementation with 10g / cow / day of dry fungus fermentation product that expresses
residual fibrolytic enzymatic activity (MAXFIBER®, Provita Supplements GmbH, Pinneberg / Germany)
on the rumination time of animals in the supplemented group (SG) and Control (CG) (n = 36) evaluated
daily using monitoring collars (ChipInside®).
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Figure 2. Effect of supplementation with 10g / cow / day of dry fungus fermentation product that expresses
residual fibrolytic enzymatic activity (MAXFIBER®, Provita Supplements GmbH, Pinneberg / Germany)
on the ativity time of animals in the supplemented group (SG) and Control (CG) (n = 36) evaluated daily
using monitoring collars (Chiplnside®).
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In the results of feeding behavior, there was a higher intake frequency (P = 0.001;
Figure 3) in the SG when compared to the CG (26.45 n° / day + 0.53 vs 23.66 n° / day *
0.53), as well as an increase in the frequency of accesses to feeders in the supplemented
group (67.62 £ 1.40 vs 60.71 £ 1.12) (P = 0.001). In contrast, the meal size (P = 0.005;
Figure 4) and the meal intake duration (5.83 + 015 vs 5.92 + 0.18 min/meal) (P = 0.05;
Figure 5) were higher for the CG compared to the SG. There was no difference between
the groups in the intake of DM obtaining averages of 20.67 £ 0.31 vs 20.25 + 0.31 (P =
0.32) and in the intake time 122.18 + 2.41 vs 118.59 + 2.23 (P = 0.32) in the SG and CG
respectively.
Figure 3: Effect of supplementation with 10g / cow / day of dry fungus fermentation product that expresses
residual fibrolytic enzyme activity on the intake frequency of animals in the supplemented group (SG)

(MAXFIBER®, Provita Supplements GmbH, Pinneberg / Germany) and Control (CG) (n = 36) assessed
daily using Smart Feeders (Intergado®).

49 —e— Control -0~ Suplemented

>

1]

)

S

2

€ 301

=

£

>

(&)

c

(7]

=

T

o 20

—

Q

4

s

= Group: 0.001

Day: 0.001
10 Group*Day: 0.80

34567 8 9101112131415161718 19 20 21 22 23
Day

Brazilian Journal of Development, Curitiba, v.7, n.1, p.2548-2563 Jan. 2021



Brazilian Journal of Development
ISSN: 2525-8761

2555

Figure 4: Effect of supplementation with 10g / cow / day of dry fungus fermentation product that expresses
residual fibrolytic enzyme activity on the meal size of animals in the supplemented group (SG)
(MAXFIBER®, Provita Supplements GmbH, Pinneberg / Germany) and Control (CG) (n = 36) assessed
daily using Smart Feeders (Intergado®).
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Figure 5: Effect of supplementation with 10g / cow / day of dry fungus fermentation product that expresses
residual fibrolytic enzymatic activity on the meal intake duration of animals in the supplemented group
(SG) (MAXFIBER®, Provita Supplements GmbH, Pinneberg / Germany) and Control (CG) (n = 36)
assessed daily using Smart Feeders (Intergado®).
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The yield milk was greater than SG when compared to CG (P = 0.05; Figure 6).
The digestibility analysis was similar between the groups (P = 0.501), obtaining averages
of 60,270 £ 4.99 and 62,014 + 4.54 for the CG and SG, respectively. There was no
difference between the groups regarding weight and BCS (P> 0.05).
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Figure 6: Milk Yield of cows (n = 36) of the control group (GC) and of the supplementing group (GS) with
10g / cow / day of dry fungus fermentation product that expresses residual fibrolytic enzymatic activity
(MAXFIBER®, Provita Supplements GmbH, Pinneberg / Germany).
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4 DISCUSSION

When assessing animal behavior in the present study, we observed a tendency to
reduce the rumination time (RT) of animals in SG and this may be related to a smaller
size of diet particles, caused by the increase in endogenous microbiota and its enzymatic
activity. The average percentage of long fiber (> 19mm) in this study was 11%. According
to Kononoff et al (2003), the guidelines for TMR of high production dairy cows are from
2 to 8% of the particles in the upper sieve. Thus, this greater amount of long particles
should have increased the RT, which did not happen in the current study, suggesting that
the tendency to decrease rumination may have been affected by an effect of the dry fungus
fermentation product with residual fibrolytic enzymatic activity on endogenous enzyme
activity. Silva et al. (2016) found an increase in RT of cows that received fibrolytic
enzymes in the diet due to the higher consumption of long fibers observed in the
supplemented group. According to Mertens (1997) rumination is stimulated by the intake
of physically effective fiber (feFDN) defined by a particle size greater than 8 mm. Krause
et al. (2002) found a positive relationship between dry matter intake of long particles and
RT, since more rumination time is needed to process long fiber as well as an increasing
amount of food. The TR observed in the present study (SG = 619.78 min £ 5.42 and CG
= 632.47 min £ 4.83) are within the standards verified by Soriani et al (2012) who found

a range of 400 to 685 min / day of lactating cows.
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Activity time (AT) indicates how much the animal has moved, but without
specifying the type of action, some authors report that the decline in AT is associated with
the presence of possible diseases, being used as an aid for early diagnosis (King et al,
2017). The average time spent on activity in the SG was 199.60 min, of which 121.56
min was for intake, with 78 min remaining for other activities. While in the CG, values
of 183.70 minutes were found, where 50.77 min spent on activities when excluding intake
time. It is important to note that this subdivision in leisure time into intake time and other
activities is only possible due to the simultaneous use of troughs and collars, given that
this has been little described in the literature until then.

The increase in activity time in the SG corroborates the higher intake frequency
observed for this group when evaluated in the intelligent feeder systems. Kondratovich et
al (2019) found no difference in the activity rate of beef cattle supplemented with EFE
but observed an increase in rumination time justified by the increase in consumption
verified in the experiment.

Idle time (IT) is defined by the time that the animal is not eating feed, ruminating,
or drinking water. In the present study, IT was similar between groups and both remained
within the average values reported by Carvalho (2009) of 600 min / animal/day for
lactating cows in confinement systems, showing that the animals did not show signs of
stress during the experimental period.

The increase in the intake frequency in the SG may be related to a faster rate of
passage of the digest through the gastrointestinal tract, since we noticed an increase in the
AT and a trend in the RT, suggesting that the animals needed less time to fractionate the
particles of the diet and moved more often to the smart feeders, as there was also an
increase in the frequency of access to the troughs for the SG. Also, the meal size was
smaller for the SG, demonstrating that these animals ate more frequently and in smaller
proportions, which corroborates with Devries (2019) when he emphasized that smaller
and more frequent meals are beneficial to maximize fermentation ruminal since the higher
frequency of feeding favors the buffering of the rumen and the activity of fibrolytic
bacteria.

In the present study, supplementation with the fungal fermentation product with
residual fibrolytic enzyme activity did not alter intake (19.34 + 0.28 and 19.24 + 0.30 for
the CG and SG, respectively), which corroborates with Refat et al. (2018) that verified
more access to the feeding troughs without changing intake. With EFE supplementation,

an increase in DMI was expected, since the enzymes can increase the speed of fiber
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hydrolysis and digestion of nutrients, which in turn feeds the dry matter intake by
allowing a higher rate of passage of digested nutrients through their beneficial effects on
ruminal fermentation kinetics parameters (Elghandour et al., 2013; Kondratovich et al.,
2019).

Contrary to the results of the present study, Clément et al (2014) found a higher
intake, as well as a longer intake time in cows with high yield milk. In contrast,
Holstshausen et al (2011) found a decrease in the DMI with the inclusion of enzyme
products in the diets, speculating that it is due to the increased efficiency in the use of
nutrients leading to the animals' satiety. He et al. (2015) found that feeding time increased
when fibrolytic enzymes were added to the diet of beef heifers. In the current study, the
use of the dry fungus fermentation product with residual fibrolytic enzyme activity
increased the intake frequency as well as the frequency of access to troughs,
demonstrating that the animals in the supplemented group became more active. Such
findings are following the study by SILVA (2014), which found that the animals had
more visits to the feeding troughs.

The DMI in ruminants can be regulated by the animal's energetic state on
stimulation of the brain's satiety center (Allen et al., 2009). Although greater digestibility
of nutrients can increase the rate of passage of food and promote the feed consumption ,
it also can provide greater amounts of oxidizable fuels for hepatocytes, resulting in an
intake depression (GRANDA, et al. , 2017). Corroborating this, Allen (2000) when
infusing propionate or acetate in the reticulum-rumen of lactating cows observed a
reduction in DMI by 33% and 14%, respectively when compared to the control group.

With the possible increase in the microbiota and/or its enzymatic activity, we
suggest that there may have been an increase in the synthesis of short-chain fatty acids
(AGCC), providing greater energy available to the animal. This greater available energy
sends signals to the satiety center in the hypothalamus, ceasing intake. This possible
increase in energy availability caused by supplementation may have caused an increase
in yield milk, a fact observed in the GS of the current study. Ratifying this speculation
Oh et al. (2019) and Abid et al. (2019) observed an increase in AGCC synthesis with EFE
supplementation, also suggesting that the occurrence of this fact is due to greater rumen
enzymatic activity.

Besides, Gado (2009) found an increase of 3 kg of milk in cows supplemented

with fibrolytic enzymes, speculating that it was due to increased digestibility, intake, as
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well as changes in the acetate/propionate ratio in the rumen, which increased the energy
available for the production of milk.

The use of fibrolytic enzymes resulting from fungal fermentation in the solid-state
(SSF), which has been used in human nutrition for many years, to increase its nutritional
value, has the potential to reduce the level of concentrate in the diet of ruminants by
reducing feed costs. due to the greater availability of nutrients, resulting from the
improvement in rumen bacterial fermentation, as suggested by the general results found
in the present study with supplementation with MAXFIBER®. However, there is still
great variability in the answers about the effectiveness of enzymatic products that can be
attributed to the animal's nutritional needs, lactation stage, diet composition, enzymatic

activity, dose, and method of using the products (Ran et al., 2019).

5 CONCLUSIONS

Supplementation of a dry fungus fermentation product that expresses residual
fibrolytic enzymatic activity for lactating cows increases the time spent for activity time,
increases the intake frequency, as well as the frequency of access to feeders by cows,
decreasing the size of meals and tending to decrease rumination time with positive effects

on milk yield.
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