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Abstract

The objective of this study was to evaluate the use of a faeces sieving tool
“Digescan” as an indicator of feed valorization, and to test the influence of
feeding strategy on fecal particle size (PS) distribution and weight, milk per-
formance and the possible association between them. Data from 95 trials were
used. During each trial, two periods were identified: before and during live
yeast probiotic (LYP) supplementation. The LYP used at 5 g/d/cow was Sac-
charomyces cerevisiae (CNCM 1-4407, 1010 CFU/g, Actisaf Sc47; Phileo by
Lesaffre, France). Milk yield and composition were recorded. Fecal samples
were taken at the end of each period and sieved with a set of two wire-mesh
screens with pore sizes of 5 mm and 2 mm under running tap water. Yeast
probiotic supplementation significantly reduced (P < 0.001) the quantity of
particles remaining on the 5 mm (P < 0.001) and 2 mm sieve (P < 0.05). Live
yeast supplementation increased significantly milk yield, energy-corrected
milk, and fat corrected milk (P < 0.01). Each 10 points increase in % of PS > 5
mm was accompanied by 1.2 and 0.65 kg/d decrease in MY, 2.5 and 2 kg/d
decrease in ECM and 3.2 and 2.6 kg/d in FCM before and during LYP sup-
plementation, respectively. Fecal particle distribution appears to be a practic-
able tool to predict influences of feeding systems on feed valorization and
performance in dairy cows. Live yeast increases dairy performance and de-
creases the quantity of fecal particles remaining in the two sieves after rinsing.
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1. Introduction

Because feed is the largest single expense associated with the production of milk,
farmers and stakeholders in the dairy industry are focusing increasingly on op-
timizing feed efficiency, feed valorization and milk production because they di-
rectly affect profitability [1] and environmental sustainability [2]. In the dairy
cow, these two parameters depend on rumen health and its environment which
allows the cow to obtain the greatest nutritional benefit from the feed for main-
tenance and production [3] [4]. Feeding live yeast to ruminants has been empir-
ically known to improve productivity, health, and well-being by optimizing the
environment and the fermentation conditions of the rumen [5] [6].

For long time, in vivo, in vitro digestibility, undigestible neutral detergent fi-
ber (uNDF) or ash insoluble ash (AIA) have been used as methods to evaluate
rumen function, feed nutritive value, feed valorization and animal performance
[7] [8]. Yet, these methods which necessitate specific material such as digestibil-
ity cage, cannulated animals, laboratory conditions are laborious, invasive, and
expensive and could not be routinely performed on farm [9] [10] [11] [12]. To
have easily measurable indicators of digestion and ration valorization in field
conditions, several sieving methods of manure and faeces were used such as wet
sieving [13] [14] or dry sieving [15] [16]. [17] described on-farm fecal sieving
using a screen or kitchen strainer with 1.66-mm openings and a steady stream of
water as an easy procedure to evaluate manure. Furthermore, a commercially
available system, the Nasco Digestion Analyzer (NDA; Nasco, Fort Atkinson,
WI), employs principles of wet sieving and uses 3 stainless steel screens to eva-
luate fecal particle size. Yet, there is no standard procedure and there is a lack of
knowledge regarding the appropriate fecal evaluation method that could provide
better assessment of feed valorization and ruminal fermentation. Hence, the aim
of the current study was to evaluate the usefulness of a new sieving tool to inves-
tigate under on-farm conditions the evaluation of fecal PS distribution as an in-
dication for feed valorization and to investigate the effect of live yeast probiotic
(LYP) supplementation on PS distribution of faeces and performance parame-

ters.

2. Materials and Methods
2.1. Farms and Animals

Data were obtained from 95 trials conducted in 52 different commercial dairy
farms in Europe from 2012 to 2021. All farms used Holstein cows. In each trial,
10 dairy cows were used to collect faeces before LYP distribution (control group)
and 10 cows with the same characteristics (same DIM, parity, MY) were ob-
served during LYP supplementation (experimental group) for one month on av-
erage (Figure 1).

During all these trials, PS > 5 mm was measured. However, PS between 2 and
5mm (2 mm < PS < 5 mm) was measured only in 68 trials. Among the 95 trials,
MY was measured in 27 trials, ECM in 25 trials and FCM in 26 trials (Figure 2).
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Figure 1. Schematic diagram of the experimental design.
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Figure 2. Number of trials used to analyze the different parameters. PS = particle size,
MY = Milk yield, ECM = Energy corrected milk, FCM = Fat corrected milk.

During all the trials, the cows were fed with corn silage as basic ration and the
same protocol was used. Yeast probiotic used is produced and marketed by Phi-
leo by Lesaffre “Actisaf Sc 47” (Saccharomyces cerevisiae CNCM [-4407).

In total, 950 dairy cows between 40 and 160 days in milk were included in the
study. Milk yield, fat and protein introduced in the data base are the average ob-
tained on 10 cows before and during the distribution of LYP. Particle size data
introduced in the database was also the average obtained on 10 cows before and
during LYP distribution. Two sieves of 5 mm and 2 mm (length: 30 cm, width:
20 cm and depth: 14.5 cm) were used and overlaid “Digescan tool”. The 5 mm
sieve was placed above the 2 mm sieve. The choice of this sieve was made fol-
lowing comparisons with others in terms of results, simplicity and time savings
highly demanded by farmers. The dung (1 kg) was placed on the top of 5 mm
sieve and then rinsed with low pressure. Rinsing was performed in 20 seconds
shower intervals using circular movements to cover all the sieve set and repeated

in as many 20 seconds intervals until water easily passed through the top sieve
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and became clean. The rinsing was carried out just on the 5 mm sieve, but be-
tween each rinsing cycle of 20 seconds, the retained particles in the bottom sieve
(2 mm) were stirred with circular movements.

After each rinse, a visual inspection was done to verify the absence of small
particles. Once the rinsing was finished, the residual quantity of dung remaining
in each sieve was pressed during 30 second against the sieve wall and then in
hands to evacuate the water according to a well detailed protocol. The residue
from each sieve was then weighed to quantify the weight of PS above 5 mm and
between 2 and 5 mm before and during LYP distribution (Figure 3). For each
trial, the same person made the same measurements at the same place in the
farm before and after LYP distribution to reduce bias linked to manipulation.
The effect of LYP on PS and milk performances including milk yield (MY),
energy-corrected milk (ECM) and fat corrected milk (FCM) was tested. The as-
sociation between % PS retained in 5 mm sieve and milk parameters was also
established. Energy corrected milk was estimated from the measured milk yield,
fat, and protein content according to the following equation: ECM = (0.327 x kg
of milk) + (12.95 x kg of fat) + (7.2 x kg of protein) [18]. Fat corrected milk was
estimated through the formula of 4% FCM = 0.4 x milk yield (kg) + 15 x fat
yield (kg) as stated by [19]. Milk fat and protein data were obtained from official
milk recording.

Randomly choose 10 cows in good
condition and between 40-160 DIM

|

Collect and mix 1 kg of dung

Digescan tool

Phileo

mm sieve

Put the dung in the 5 mm sieve, and
place the 5 mm sieve it on top of the 2

LESAFFRE ANIMAL CARE

the sieve became quite clear

Rinse the 5 mm sieve with low pressure
till the water coming out at the bottom of

|

draining water

Stir the residue by using spatula for

Weight remaining particles in each sieve

Figure 3. The different steps of sieving.

2.2. Statistical Analysis

Trials were individually encoded to be used in the model. Two complementary
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analyses were performed. The effect of LYP on PS was performed following the
recommendation of [20] using Minitab software. The statistical model applied to

the data was:

Y, = p+Treatment, +Trial, + E

where Y, =animal response as explained variable, 4 = overall mean, Treatmen-
t; = fixed effect of the treatment (before and during LYP), 7ria/; = random effect
of the trial j, £;= random residual error.

The association between % PS retained in 5 mm sieve and milk parameters
was performed by using linear regression before and during the distribution of
LYP to validate the Digescan™ tool efficiency. For each variable, a graphic verifi-
cation of data quality was done via boxplot to identify outliers. Outliers were
considered for data appearing with an asterisk in the boxplot (and thus for val-
ues with * 1.5 interquartile range) and outside the 95% confidence interval of
the normality probability plot. This method was accompanied by a verification
of normalized residuals (e, differences between model-predicted and measured
value of the studied parameter, divided by the standard deviation of the resi-
duals’ values). For each dependent variable, experiments presenting norma-
lized residuals greater than 2.0 or less than 2 were discarded from the analysis
but not from the analyses of other variables. The effect was considered signifi-
cant at P < 0.05, considered a tendency toward significance at P < 0.1, and

non-significant at P > 0.1.

3. Results

3.1. Effect of Yeast Probiotic Supplementation on
Weight of Particle Size

Total weight of retained fecal particles in the two sieves after rinsing was signifi-
cantly different between the two groups (290 and 226 g for control and LYP, re-
spectively). Reported to percentage, these values correspond to 29% and 22.6%
for control and LYP, respectively. The use of LYP reduced by 36% the weight
and the percentage of PS retained in the 5 mm sieve (P < 0.001) and by 9.5% the
weight of PS retained in 2 mm sieve (P = 0.058; Figure 4).

3.2. Effect of Yeast Probiotic Supplementation of Milk Parameters

Milk yield (MY) was recorded in 27 trials. Overall, 70% of those trials (19/27)
showed clear positive effect of LYP on MY. There was 7% of the trials (2/27) that
showed a slight reduction, 7% (2/27) that showed clear reduction in MY with
LYP and 15% (4/27) showed no variation in MY (Figure 5). The statistical anal-
ysis showed significant positive effect of LYP supplementation on MY (28.88
and 30.20 kg/d for control and LYP group, respectively, P < 0.01; Figure 6).
Energy-corrected milk was recorded in 25 trials. Live yeast supplementation
increased ECM in 18 trials, reduced slightly ECM in 3 trials and didn’t have any
effect in 4 trials (Figure 5). The statistical analysis showed significant positive
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Figure 4. Effect of LYP Actisaf® Sc 47 on PS distribution.
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Figure 5. Milk yield (MY), Energy corrected milk (ECM) and fat corrected milk (FCM)
production during the different trials. Empty squares represent FCM, empty circles
represent ECM and stars represent MY.

effect of LYP supplementation on ECM (31.8 and 33.4 kg/d for Control and LYP
group, respectively, P < 0.01; Figure 6).

Fat corrected milk was recorded in 25 trials. Live yeast supplementation in-
creased FCM in 18 trials, reduced FCM in 1 trial and didn’t have any effect in 6
trials (Figure 5). The statistical analysis showed significant positive effect of LYP
supplementation on FCM (28.77 and 30.30 kg/d for Control and LYP group, re-
spectively, P < 0.01; Figure 6).

3.3. Association between % PS > 5 mm and Milk Parameters

The association between % PS > 5 mm and milk performances was evaluated
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separately before and during LYP supplementation to validate the feasibility of
Digescan™ tool. For both periods, the relationship between % PS > 5 mm and
MY was negative and presented in Figure 7. The decrease of MY with PS was
more important without LYP supplementation than with LYP supplementation
as indicated by the slope (0.056 vs. 0.12). The results showed that each 10 points
increase in % PS > 5 mm was accompanied by 0.65 and 1.2 kg/d decrease in MY
with and without LYP supplementation, respectively.

For ECM, during the two periods, the relationship between PS and ECM was
negative and presented in Figure 8. The decrease of ECM with PS was more

36
34
32
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2
2
2
2
20

MY (kg/d) FCM (kg/d) ECM (kg/d)

Milk performances (kg/d)
& & ®

[\

@ Control ™ Actisaf Sc 47

Figure 6. Effect of LYP supplementation of milk performances.
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Figure 7. Effect of % of PS > 5 mm (wet basis) on MY before and during LYP Actisaf Sc®
47 distribution.
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important without LYP supplementation than with LYP supplementation as in-
dicated by the slope (0.20 vs. 0.25). The results showed that each 10 points in-
crease in % PS > 5 mm was accompanied by 2 and 2.5 kg/d decrease in ECM
with and without LYP supplementation, respectively.

For FCM, during the two periods, the relationship between PS and FCM was
negative and presented in Figure 9. The decrease of FCM with PS was more
important without LYP supplementation than with LYP supplementation as in-
dicated by the slope (0.26 vs. 0.32). The results showed that each 10 points

40- ECM during Actisaf Sc 47 = 35,86 (+2,10) - 0,2 (+0,15) PS > Smm
N=24,P=0,20

. BECM before Actisaf Sc 47 = 36,5 (£2,57) - 0,25 (£0,12) PS > 5mm

® N=24,P=0,10
35 o (]
~ o n
z ||
BT
: . g
8 .......
d |
30
25
5 10 15 20 25 30 35
PS > 5 mm (%)
Figure 8. Effect of % of PS > 5 mm (wet basis) on ECM before and during YP Actisaf® Sc
47 distribution.
40 FCM during Actisaf Sc47 = 34,6 (£2,67) - 0,26 (+0,20) PS > 5mm
N=25P=0,20
.. FCM before Actisaf Sc47 35,12 (+3,27) - 0,327 (+£0,16) PS > 5mm
35 N=25,P=0,05
—
<)
~
=)
]
E 30
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25
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Figure 9. Effect of % of PS > 5 mm (wet basis) on FCM before and during YP Actisaf® Sc
47 distribution.
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increase in % PS > 5 mm was accompanied by 2.6 and 3.2 kg/d decrease in FCM

with and without LYP supplementation, respectively.

4. Discussion

To describe the feeding situation and its efficiency under field condition, fecal PS
evaluation might be a useful tool [21] [22] [23]. The fecal PS distribution has
been measured using dry sieving [16] [15] or wet sieving technics [13] [14]. Yet,
there is no standard procedure and there is a lack of knowledge regarding the
appropriate fecal evaluation method that could provide better assessment of ru-
minal fermentation and feed valorization. The objective of the current study was
to propose a new sieving tool composed of two sieves as indirect method to un-
derstand feed valorization under field conditions and to investigate the effect of
LYP supplementation on PS distribution and milk parameters in dairy cows.

Total weight of retained fecal particles in the two sieves after rinsing was 290 g
for control group and 226 g for LYP. Reported to percentage, these values cor-
respond to 29% and 22.6% for control and LYP, respectively. These values are
comparable to those obtained by [21] for NDA separator which varies from
14.66% to 20.37%. In the same way, [24] compared laboratory, monolayer and
multilayer (NDA) sieves in three different farms and obtained a range of re-
tained fecal fraction from 12.7% to 18.2% with the laboratory method composed
of 6 screens, from 17.8% to 33.8% with monolayer method and from 18.9% to
29.6% of the total fecal weight with multilayer method. Our results agree with
ones obtained [14]. Using a wet sieving procedure with 6 screens, they obtained
values that ranged from 16.2% to 17.8% of sample larger than 1.18 mm from
faeces of lactating cows fed treatment rations with grass hay varying in particle
size.

Fecal analysis showed lower weight of PS above 5 mm and between 2 and 5
mm in animals receiving LYP. Our results confirm those obtained by [25] who
analyzed fecal PS by using NASCO Digestion Analyzer composed of three sieves
(4.8, 2.4 and 1.6 mm). These authors observed smaller fecal particles in cows
supplemented with live yeast compared to non-supplemented cows. To our
knowledge, except for the publication of [25] there are no published data eva-
luating the effects of feeding live yeast on fecal PS distribution. The effect of live
yeast on reducing fecal particle weight can be explained by better rumen envi-
ronment and consequently better fiber digestion [26]. In goat, [27] mentioned
that as digestibility increases, fecal PS decreases. In this context, [28] evaluated
the effect of 0.5 and 1 g/d of live yeast in dairy cow and observed higher fiber di-
gestion for both amounts of yeast compared to control. Many small particles in
faeces describe good rumen environment and fermentation [29]. However,
many long particles in faeces indicate a diet that has not been properly fer-
mented in the rumen [29]. Hence, many studies have shown a positive effect of

live yeast on rumen fermentation [30] [31].
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In the current study, we observed positive and significant effect of LYP sup-
plementation on MY. This agrees with several previous researchers [32] [33] [31]
[34]. By analyzing data from 14 trials, [33] observed an increase in MY by 1.15
kg/d with LYP supplementation. In a review of 14 experiments, representing 193
cow observations, the increase in milk yield to yeast supplementation was 1.45 L
[35]. As observed previously, the use of LYP during our study significantly in-
creased ECM. For example, [36] reported an increase in ECM by 1.4 kg/d as re-
sult of LYP supplementation. [37] observed higher ECM (+1.2 kg/d) in their
meta-analysis on the effect of yeast supplementation. More recently, [28] de-
tected a + 0.9 and + 2 kg/d increase in ECM when dairy cows were fed 0.5 and 1
g/d of LYP under heat stress conditions.

The positive effect of LYP on FCM observed in our study is in agreement with
previous observations. Indeed, Improvement in FCM have been observed in
other studies investigating LYP supplementation. [34] reported significant in-
crease in FCM (+6%) when dairy cows were supplemented with 1 g/d of LYP.
[38] reported greater FCM content as result of live yeast supplementation in in
mid-lactation cow. More recently [28] observed a trend for increased FCM in
their study in the effect of feeding LYP at 2 dosages on dairy cow under heat
stress conditions. In sheep, [39] reported a numerical increase in FCM when
animals were supplemented with 2 g/f of LYP.

Optimizing rumen environment and function is a key to optimize milk per-
formance and feed efficiency. Several studies have shown the positive effect of
LYP on the rumen through the stabilization of rumen pH, scavenging oxygen
[40] [41], promotion of anaerobic cellulolytic bacteria [26] [41] [42] and in-
creased total volatile fatty acid (VFA) concentration [32] [43] [44]. The observed
benefit of supplementing LYP could be a consequence of higher total VFA con-
centration [32] [45], and their relationship with growth of rumen papillae [46]
[47] an increased mitotic index and an inhibition of apoptosis of rumen papillae
[48]. All those mechanisms could result in improvement of rumen absorption
capacity [49].

The increase of ECM with yeast probiotic observed in our study can be ex-
plained by its effect on protein metabolism. [50] indicated that LYP may reduce
dietary nitrogen ruminal degradation and consequently increase rumen unde-
gradable protein (RUP) which is positively correlated to ECM as observed by
[51]. Indeed, these authors tested different combinations of rumen degradable
(RDP) and undegradable proteins and observed an increase in ECM by 16%
when RUP increases from 6% to 8% with the same level of RDP and an increase
in ECM by 10% when RDP decreases from 10% to 8% with the same level of
RUP (6%) [51]. The positive effect of LYP supplementation on FCM can be ex-
plained by the positive effect of LYP on fiber digestibility. [52] reported a posi-
tive correlation between fiber digestibility and FCM and concluded that per
1-unit increase in fiber digestibility was associated a 0.25 kg increase in FCM.

In the present study, a negative correlation was observed between % of PS > 5
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mm and milk parameters with or without LYP supplementation. Although the
decrease of milk parameters was not the same with or without LYP supplemen-
tation, we observed the same tendency which indicates the feasibility of Digescan
as a tool. To our knowledge there are no published data evaluating this associa-
tion. [53] showed that PS increases when the digestibility of organic matter and
crude fiber decreases which could explain the drop of milk parameters with the
increase of % of PS > 5 mm [54]. In the same way, [54] established a positive
correlation between fiber digestibility which is negatively correlated to fecal PS
and MY and FCM. The use of yeast probiotic attenuated the drop in MY, ECM
and FCM which indicates the double effect of yeast probiotic on fecal PS and

milk performance.

5. Conclusion

The current study has been conducted to develop and promote fecal particle
evaluation system by using a wet sieve with or without yeast probiotic supple-
mentation in dairy cow as indicator of feed valorization. The results obtained
revealed that fecal particle distribution and milk parameters responded to yeast
probiotic supplementation. Therefore, the proposed instrument Digescan™
seems to be a suitable and handy method to understand feed valorization, evalu-
ation of feeding situation and feed efficiency in a global context oriented towards
more efficient and sustainable dairy systems. However, more parameters such as
chemical composition of the ration, maybe microbiota analysis and digestibility
would be needed for further development of the system. The tool and data show
that the addition of yeast probiotic reduced large fecal PS and positively influ-
ences milk performances in term of MY, ECM and FCM. Effects of diet compo-
sition and behavior of feed intake on PS distribution of the feces were not consi-
dered.
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