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Abstract

Four early lactating Holstein cows were used to study the effect of live yeast (LY, Actisaf® CNCM
1-4407, Lesaffre Feed Additives, Marcq en Baroeul, France) supplementation on diet digestive utili-
zation of dairy cows receiving concentrated corn silage-based diets with two rumen-degradable
protein (RDP) levels. For a 33 d period, cows were fed a total mixed ration (TMR) containing an
adequate level (AL) of RDP or a low level (LL, 30% below AL) by using soybean meal or tanned
soybean meal, respectively: for 21 d with no LY addition followed by 12 d during which LY was
added to the diet. The pH and redox potential (E;) were recorded and ruminal fluid samples were
collected over 3 consecutive days. Feces were collected individually over 48 h and individual dry
matter intake (DMI) was measured for determining apparent nutrient digestibility. The effective
degradability of individual feed ingredients composing both diets was evaluated with nylon bags
technique. Structure of the ruminal bacterial community was studied and diversity index was cal-
culated. Digestibility of organic matter (OM) and crude protein (CP) were lower for LL than those
for AL. With LY, digestibility of OM and CP was increased: +2.4 and +0.8 points, for AL, and +3.7
and +5.9 points for LL, respectively. Live yeast reduced dietary N ruminal degradation with both
AL and LL. Ruminal pH and E, were lower with AL compared to LL: 5.95 and -167 mV vs. 6.13 and
-144 mV. Live yeast increased ruminal total volatile fatty acids (VFA) (+8.6%), C2 (+10%), and C4
(+35%) contents for LL and decreased that of C3 (—9.8%) for AL. Neither the structure of bacterial
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populations of the rumen nor the diversity index (Shannon) was altered by treatments. Those re-
sults suggested a specific interest in using LY in RDP deficient diets for early lactating cows.
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Dairy Cow, Live Yeast, Nitrogen Digestion, Ruminally Degradable Protein

1. Introduction

Early lactation high-producing dairy cow nutrition strategies aim at providing adequate energy and rumen unde-
graded protein (RUP) to support high requirements regarding milk production increase and because, most of the
time, cows are in negative energy balance. On one hand, absorbed protein requirements implied that more die-
tary protein escapes rumen degradation with the risk that ruminal ammonia concentration is insufficient to sup-
port rumen microbial crude protein (CP) production. This can cause a depression in fiber degradation, and re-
duce dry matter intake (DMI) and energy supply to the animal. On the other hand, it is necessary to increase the
proportion of grain to increase energy content of the diet. This strategy resulting in an increase in non structural
carbohydrates (NSC) supply, can favor the appearance of ruminal acidosis precipitating depressed fiber diges-
tion [1]. An imbalance in NSC and rumen degradable protein (RDP) may be responsible for uncoupled fermen-
tation and consequent reduction in ruminal microbial growth and/or activity. During this critical period, many
alternatives have been evaluated to improve digestive processes in the rumen and increase feed efficiency.

Many studies put forward the relevant use of live yeast (LY) as a feed additive for early lactating dairy cows
by, most of the time, questioning LY effect on energetic metabolism. Inclusion of LY has been shown to stabi-
lize the rumen environment through higher pH values and enhance fiber digestion [2]-[4]. These key results cer-
tainly explain why the impact of a LY supplementation has been studied primarily on energetic metabolism, in
relation with the dietary forage: concentrates ratio [5]-[10]. The consensus was that the effects of LY were en-
hanced when animals consumed a high concentrated diet or during an abrupt dietary transition, as also high-
lighted by Chaucheyras-Durand et al. [11]. However, regarding determinations of ruminal ammonia nitrogen
(N), some of these works also have been conducted to often consider a potential effect of LY on N metabolism,
more specifically on protein degradation and/or microbial proteosynthesis.

To our knowledge, no study has already questioned the interaction between dietary N level, in terms of RDP
to RUP ratio, and LY supplementation in dairy cow. Sniffen et al. [12] simply pointed out the fact that the diet
balance between RDP and RUP could be a key factor in the response to LY supplementation. In early lactation
dairy goats, Giger-Reverdin et al. [13] tested the effect of LY addition on DMI, milk production and blood pa-
rameters at two levels of RDP intake (10.8% and 7.7%, on a DM basis) and at a constant RDP to RUP ratio.
These authors concluded that LY effect depended on the N level of feed. It was therefore necessary to consider
the LY and dietary RDP content interaction effect on lactating dairy cow N utilization and to investigate its po-
tential effect when incorporated in not correctly RDP and RUP balanced diet. In this context, the present study
aimed at questioning the effect of LY supplementation on diet digestive utilization of dairy cows receiving con-
centrated corn silage-based diets with two different RDP to RUP ratios.

2. Materials and Methods
2.1. Animals, Experimental Design, and Diets

Four ruminally cannulated early (46 + 20 days in milk) lactating Holstein dairy cows (mean milk production of
35.6 + 2.4 kg/d) were involved in a cross-over experimental design. Cannulation techniques provided for hu-
mane treatment of cows adhered to locally approved procedures and were similar to those described by Streeter
et al. [14]. Animals were housed in individual tie stalls throughout the experiment with free access to water.
Both experimental diets were balanced to meet energy and CP requirements for maintenance and production of
dairy cows in early lactation, producing 35 kg/d of milk with 3.0% of fat and 3.0% of protein [15] at a level in-
take of 20 kg DM. Cows were fed a diet (AL) balanced to meet RDP requirements [15] or a diet (LL) to contain
30% less RDP. Soybean meal (SBM) and tanned soybean meal (TSBM) were the feed ingredients chosen as the
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primary source of proteins to achieve formulation of these two experimental diets (Table 1). Both experimental
diets included recommended level of RUP and were fed as total mixed ration (TMR) with two equal distribu-
tions, at 0900 and 1700 h.

Each of the 2 experimental period consisted of 33 d. Cows were fed control diets for 21 d with no live yeast
(LY) addition (14 d of adaptation and 7 d of sampling and measurements period), followed by 12 d with LY ad-
dition in which 5 d were allowed for adaptation to LY and 7 d of sampling and measurements period. Cows re-
ceived randomly one of the two diets (AL or LL) during the first period, and the other one during the second pe-
riod. The recommended LY dose of 5 g/cow/d (10*° cfu/g of DM, Actisaf® CNCM 1-4407, Lesaffre Feed Addi-
tives, Marcq en Baroeul, France) was top-dressed on the TMR. Dairy cows were milked twice a day at 0700 and
1700 h and weighted on two consecutive days before and after LY supplementation of each experimental period.

2.2. Measurements and Sampling

2.2.1. Ruminal Physicochemical Measurements and Fermentative Parameters

Measurements of pH and redox potential (E;,) were realized over 3 consecutive days (d 15tod 17 and d 27 to d
29) using the ex vivo method described by Julien et al. [16]. For each cow, ruminal pH and E; were recorded
hourly over a 9-h period from 1 h before to 8 h after the morning meal (T_; to T.g). On the same days, for each
treatment, two 10-mL ruminal fluid samples were collected at Ty, T+1, T+o, T44, T+s and T.g. Samples were pre-
served by the addition of 1 mL of mercuric chloride (2% wt/vol) for subsequent volatile fatty acids (VFA), lactic
acid and ammonia-N (NH;-N) determinations.

2.2.2. Apparent Total Tract Digestibility of Diet
Feces were collected individually and quantitatively during 48 h, starting at 0800 h of d 20 and d 32, and finish-
ing at 0800 h of d 22 and d 34 of each experimental period. Collection was performed manually, over the whole

Table 1. Ingredients, chemical composition and nutritional value of the total mixed diets fed to lactating dairy cow.

AL LL

Ingredients, % DM

Corn silage 62.5 62.6

Wheat 18.0 18.0

Soybean meal 17.6

Tanned soybean meal - 17.5

Minerals and vitamins 19 19
Chemical composition, % DM

Organic matter 94.5 94.6

Crude protein 15.7 15.6

Neutral detergent fiber 34.1 34.8

Acid detergent fiber 18.0 17.8

Starch 29.1 29.1

Non structural carbohydrate? 42.3 41.6
Nutritional value®

NE_, Mcal/kg DM 1.67 1.65

RDP, % on DM basis 10.6 7.5

RUP, % on DM basis 5.1 8.1

AL = adequate level of rumen degradable protein; LL = low level of rumen degradable protein. “Calculated as [100 — (CP + NDF + ash + fat)]. *NE_
= net energy for lactation; RDP = rumen degradable protein; RUP = rumen undegradable protein.
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48 h, into plastic barrels. The collected feces were weighed daily. After thoroughly mixing, two subsamples
(approximately 1 kg) were taken: one immediately dried at 104°C for DM determination and the second frozen
at —20°C for subsequent organic matter (OM) and CP determinations. Feed intake and refusals were recorded
daily on d 19 to 21 and on d 31 to 33 to determine individual DMI of the cows. Representative samples of die-
tary ingredient were taken each day then analyzed for DM, OM and CP. Apparent nutrient digestibilities of the
diet were calculated from the different measurements.

2.2.3. In Situ Incubations

Individual feed ingredients composing both diets were dried at 60°C and ground through 1-mm screen. Then,
samples (3 g) of each were weighed into small (7.0 x 11.0 cm) heat-sealed nylon bags (Buisine, Clermont de
I’Oise, France; mean pore size of 51 um). Fifteen bags per feedstuff per cow were introduced into the ventral sac
of the rumen immediately before the morning meal and anchored by a nylon cord string to the cap of the ruminal
cannula. Three bags per incubation time were removed from the rumen after 2, 4, 8, 16 and 48 h for wheat, SM
and TSM, and after 2, 8, 16, 48 and 72 h for maize silage. Upon removal, they were briefly rinsed under cold tap
water to eliminate surface debris and machine-washed (2 x 5 min) to remove rumen fluid. Then nylon bags were
dried at 60°C for 48 h in a forced air oven. Bags were wheighed and residues analyzed for DM, OM and CP.

For each incubation time ruminal disappearance (%) of nutrients was calculated from the proportion remain-
ing in the bags. Data were fitted to the nonlinear regression equation of Orskov and McDonald [17]: Dis (t) = a
+b (1 — &™) where Dis is percentage disappearance of nutrient at time t; a represents the soluble fraction, b the
less rapidly degradable fraction which disappears at the constant fractional rate ¢ per time t. The nonlinear pa-
rameters a, b and ¢ were estimated by an iterative least squares procedure, with the constraint that a + b < 100.
The constants (a, b, ¢) were later used to calculate the theoretical effective degradability (ED) of nutrient as fol-
lows: ED = a + (b x c)/(c + k) where k is the rumen outflow rate. The outflow rate was calculated for each cow
at each experimental period by using equation of NRC [15] taking into account individual DMI and percentage
of concentrate in the diet.

2.2.4. Purine Derivatives in Urine

During the two consecutive days of feces collection, a spot sample of urine (500 mL) was made once a day
around milking hour after manual stimulation. A 10 mL-aliquot was immediately mixed with 90 mL of 0.036 N
H,SO, and stored at —20°C pending allantoin, creatinine and uric acid determinations.

2.2.5. Structure of Rumen Bacterial Community

On d 17 and d 29 of each experimental period, 1 L of ruminal content was collected at T.4 then strained through
a metal sieve (1.6 mm mesh). Approximalely 200 mg of strained ruminal fluid filtrate were precisely weighted
and kept in a vial warranted without any DNAase or RNAase and then frozen at —80°C for subsequent analysis
based on molecular biology techniques.

2.3. Analytical Methods

Dry matter and OM content of samples were determined by oven drying at 104°C for 24 h (48 h for feces) and
by ashing at 550°C for 12 h, respectively. Crude protein was analyzed using a Leco FP-428 Nitrogen Combus-
tion Analyzer (Leco, St. Joseph, MI, USA). The concentrations of VFA were determined using the gas chroma-
tographic method of Playne [18], modified by Marden et al. [3]. The determination of NHs-N was based on the
modified Berthelot reaction with the Skalar Method [19]-[21] on the separated liquid phase of ruminal samples
centrifuged at 4000 x g for 20 min. Total lactic acid was determined enzymatically using a commercial kit
(D-lactic acid/L-Lactic acid, UV method, Cat. No. 11 112 821 035, Roche). Purine derivatives (PD) in urine
(allantoin, uric acid and creatinine) were determined from the adapted method from George et al. [22] by High
Performance Liquid Chromatography (HPLC). Just before analysis, the urine samples were diluted tenfold with
water after adjusting the pH to 7 using 0.01 N sodium hydroxide and 0.01 N sulphuric acid. Then 100 pL was
mixed with 900 pL of ultrapure water. The quantitative HPLC separations were performed at a temperature of
25°C (controlled by an oven) on a Phenomenex Synergi Hydro-RP C18 (250 mm x 4 mm I.D., 4 um particule
size). The mobile phase was 10 mM potassium dihydrogen phosphate solution (pH 4.7). The flow rate was 1
mL/min and the absorbance detector was set at 220 nm. Compound peaks were identified by the retention times
and quantified by comparison of the peak areas of the samples with those of authentic standards on a 20 pL in-
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jection. Total DNA from about 0.2 g of template was extracted with QlAamp® DNA Stool Mini kit (Qiagem S.
A., Courtaboeuf, France). The V3 region of 16S rRNA bacterial genes was amplified by PCR using the primers
w49 and 5’-6FAM-labeled w34 [23] [24]. Amplicons were subjected to capillary electrophoresis single-strand
conformation polymorphism (CE-SSCP) as described by Michelland et al. [25]. The CE-SSCP profiles were
aligned, normalized and Shannon diversity index and Richness were estimated using StatFingerprints program
version 1.3 [26] running on R version 2.7.2 [27].

2.4. Calculations

The Ej, yields only a rough indicator of the reducing power in a given milieu because it is highly dependent upon
the effects of pH. To give a better appreciation of absolute reducing power, Clark’s Exponent (rH) was calcu-
lated by integrating both pH and E;, values in the Nernst’s equation: rH = E, (mV)/30 + 2 pH [28]. Because of
the diet being TMR, the assumption that the centesimal composition of the diet ingested by the animal was iden-
tical to that of a ration has been made. Potential ruminal degradation (PotRD) of OM and N of the diet distrib-
uted to each animal was calculated from the ED of each feed ingredients composing the diet measured on each
cow in each period, with or without LY supplementation and from individual DMI. The amount of OM and N
going out of the rumen was considered equivalent to the amount available in the duodenum. Total tract digesti-
bility of the diet being measured, the OM and N post-ruminal disparition of the diet was estimated as follows:

Post-ruminal disparition = [Intake x (1 — PotRD) — Fecal excretion]/[Intake x (1 — PotRD)]

Urine volumes used to compute daily excretion of allantoin and uric acid from spot urine samples analysis
were estimated: Body Weight x 29/creatinine concentration (mg/L) [29]. Total PD excretion was the sum of al-
lantoin and uric acid excreted in urine.

2.5. Statistics

All statistical analysis was conducted using R software (2009). Sources of variation included design effects of
period, time and fixed treatment effects of dietary RDP and LY addition. Cow was included as a random effect.
All statistical analyses concerning microbiota study were carried out using StatFingerprints Package [26] with R
(2.7.2 Version). An analysis of multiple variance 50 - 50 MANOVA was performed to study the structure of the
bacterial communities taking into account diet and LY effects. Because the interaction between diet and LY was
not significative, it was eliminated from the model. Difference between both diets was tested by unparametric
test of Mann and Whitney. Diversity index and richness values were compared by means of univariate analysis
including diet, LY and LY x diet interaction. Correlations between quantitative variables were calculated fol-
lowing Pearson. Multivariate correlations between quantitative variable and community structure were calcu-
lated by means of Statfingerprint package of R [26]. Differences were considered significant at P < 0.05 and
trends were discussed at 0.05 < P < 0.10. Differences between treatment effects were assessed by pairwise
comparisons (Tukey’s test).

3. Results
3.1. Ruminal Physicochemical Measurements and Fermentative Parameters

Ruminal pH, E, and rH were significantly lower for HL compared to values recorded for LL: on average 5.95,
—167 mV and 6.35 vs. 6.13, —144 mV and 7.47, respectively (Table 2). Ruminal pH did not differ significantly
with LY supplementation, regardless of the level of RDP.

Regarding ruminal fermentative parameters, levels of IC5 were higher (P = 0.0002) and concentrations of
NH;-N were 2.3 times lower (P < 0.0001) in LL compared with HL. Ruminal lactic acid content tended (P =
0.114) to be different between HL and LL (5.45 mM and 4.55 mM, respectively), but was not influenced by the
addition of LY. There was an interaction effect between LY and diet: LY supplementation induced a significant
increase of ruminal total VFA (+8.5%), C2 (+10%), IC4 (+17.8%) and C4 (+35%) contents for LL but not for
HL. Live yeast significantly decreased C3 ruminal content (—9.8%) whatever was the diet.

3.2. In Situ Ruminal Degradation of Dietary Ingredients

Live yeast had no significant effect on ruminal degradation parameters of OM and CP for SBM (Table 3). On
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Table 2. Effect of live yeast and dietary RDP level on ruminal physicochemical and fermentative parameters.

AL! LL p3
-LY +LY -LY +LY SEM? D LY DxLY
Physicochemical parameters
pH 5.95°% 5.95° 6.19° 6.07° 0.02 <0.0001 0.27 0.15
Ex’, mv -166° -167° -147° -140° 1.7 <0.0001 0.72 0.0002
rH* 6.36 6.33 7.48° 7.46° 0.07 <0.0001 0.88 0.001
Fermentative parameters
Total VFA, mM 94.3 89.6® 84.1° 91.3° 1.4 0.006 0.75 0.005
C2,mM 49.6° 48.9° 48.7° 53.6° 0.68 0.24 0.13 0.012
C3, mM 28.7c 25.9° 18.5° 16.7¢ 0.56 <0.0001 0.0001 0.77
C4, mM 9.9° 9.8* 12.2° 16.5¢ 0.36 <0.0001 <0.0001 <0.0001
c2/C3 1.7 2.0° 2.9¢ 3.3c 0.06 <0.0001 0.0001 0.33
C5, mM 4.0 3.0° 2.6° 2.4 0.11 <0.0001 0.001 0.006
IC4, mM 0.71° 0.66" 0.56° 0.66" 0.01 <0.0001 0.19 0.0009
IC5, mM 1.2 1.3° 1.4° 1.3 0.04 0.0002 0.71 0.60
NH;-N, mg/L 81.2 81.6 33.1 37.9 33 <0.0001 0.99 0.53
Lactic ac.’>, mM 6.0 4.9 4.3 4.8 0.67 0.11 0.91 0.80

AL = adequate level of rumen degradable protein; LL = low level of rumen degradable protein; —LY = without live yeast; +LY =5 g of live yeast per
cow and per day. 2SEM = standard error of the mean. °D = diet effect; LY = live yeast effect; D x LY = diet x live yeast interaction effect. *E, = redox
potential; rH = E, (mV)/30 + 2 pH. *Mean lactic acid concentration of ruminal fluid sampled at 1-h and 2-h post-feeding.

Table 3. Effect of live yeast and dietary RDP level on the rumen degradation characteristics of the OM and CP in soybean
meal and tanned soybean meal.

-LY +LY SEM? pe
Soybean meal in AL" diet

Organic matter at 22.7 29.8 3.0 0.31
b* 71.4 62.6 32 0.22

¢t 7.9 6.4 0.78 0.45

ED* 61.6 63.1 1.3 0.52

Crude protein a 9.6 18.0 2.8 0.18
b 84.8 73.0 3.7 0.06

c 7.7 6.3 0.49 0.44

ED 54.9 55.8 2.3 0.42

Tanned soybean meal in LL diet

Organic matter a 28.7 26.4 0.99 0.42
b 377 41.8 2.7 0.50
c 2.2 38 0.50 0.08
ED 37.8 415 1.1 0.11
Crude protein a 13.3 16.0 11 0.28
b 35.7 412 4.9 0.63
c 11 2.8 0.40 0.02
ED 17.9 28.1 21 0.007

AL = adequate level of rumen degradable protein; LL = low level of rumen degradable protein; —LY = without live yeast; +LY =5 g of live yeast per
cow and per day. 2SEM = standard error of the mean. °LY = live yeast effect. *a = slowly degradable fraction (%); b = rapidly degradable fraction (%);
¢ = rate of degradation of the b fraction (%/h); ED = effective degradability (%).



C.Julien et al.

the contrary, EDCP of TSBM was significantly increased (+10 points) in presence of LY and the rate of degra-
dation of the b fraction was twofold higher (P = 0.025): 1.1%/h to 2.8%/h.

3.3. Digestibility of the Diet

Results of the digestibility trial were presented in Table 4. Daily intake of OM and nitrogen (N) did not differ
between diets, averaging 19 kg of OM and 534 g of N. The amount of N excreted in the feces was significantly
lower for HL than for LL: respectively 128.5 and 232.9 g/d. Total tract digestibility of OM and CP were signifi-
cantly higher for HL than LL: 69.5% vs. 66.3% and 75.1% vs. 57.9%, respectively. Potential ruminal degrada-
tion of OM was significantly lower for LL than HL (56.3% vs. 62.4%). Amount of OM going out of the rumen
was significantly higher for LL than for HL: 8.4 vs. 7.3 kg/d. The amount of available duodenal N was on aver-
age higher (P < 0.0001) for LL (347.8 g/d) than for HL (238.6 g/d). Post-ruminal disparition of OM was higher
for LL (21.6%) than HL (18.2%).

With LY supplementation, fecal OM and N excretion was reduced respectively by 19% and 20% for LL. To-
tal tract digestibility of dietary OM and CP were significantly increased with LY supplementation: respectively
+2.4 and +0.8 for HL, and +3.7 and +5.9 for LL. Potential ruminal degradation of OM was significantly reduced
by 0.5 and 1.3 points in presence of LY, for HL and LL respectively. Potential ruminal degradation of dietary N sig-
nificantly decreased with LY supplementation for both HL and LL by —0.6 points and 5.2 points, respectively.

Table 4. Effect of live yeast and dietary RDP level on OM and nitrogen digestion in lactating dairy cow.

AL LL p?
-LY +LY -LY +LY SEM? D LY D x LY

Measured parameters

Intake

OM, kg/d 18.5 19.8 19.9 18.1 0.61 0.44 0.55 0.14

N, g/d 520.8 561.4 549.3 504.7 16.8 0.95 0.73 0.09
Fecal excretion

OM, kg/d 5.6 5.5 6.7 5.4 0.20 0.003 0.007 0.09

N, g/d 128.5° 135.2° 232.9° 185.9° 11.2 <0.0001 0.03 0.03
Total tract digestibility

OM, % 69.5 71.9 66.3 70.0 0.58 0.005 0.003 0.66

N, % 75.1 75.9 57.9 63.8 1.6 <0.0001 0.01 0.15
Estimated parameters
Potential ruminal degradation

OM, % of OM intake ~ 62.6° 62.1° 56.9 55,6 0.75 <0.0001 0.004 0.03

N, % of N intake 56.2 55.6 36.0 30.8 2.2 <0.0001 0.001 0.25
Amount going out of the rumen*

OM, kg/d 7.0 7.6 8.7 8.1 0.28 0.0001 0.87 0.39

N, g/d 228.1 249.1 350.5 345.0 134 <0.0001 0.29 0.13
Post-ruminal disparition®

OM, % 18.2 26.0 21.6 324 15 0.05 0.001 0.43

N, % 42.3 45.8 39.7 47.3 1.6 0.21 0.02 0.96

AL = adequate level of rumen degradable protein; LL = low level of rumen degradable protein; —LY = without live yeast; +LY =5 g of live yeast per
cow and per day. SEM = standard error of the mean. *D = diet effect; LY = live yeast effect; D x LY = diet x live yeast interaction effect. “Taking
into account only dietary OM and N. *Expressed as % of OM or N amount going out of the rumen. Different superscripted letters in each row indicate

significant differences (P < 0.05).
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The amount of N going out of the rumen did not differ with LY supplementation whatever was the diet.
Post-ruminal disparition of OM and N was significantly increased by LY supplementation for both diets: respec-
tively, +7.8 and +3.5 points for HL, and +10.8 and +7.6 points for LL.

3.4. Urinary Purine Derivatives

Total urinary PD excretion tended (P = 0.075) to be lower for LL than for HL: 85.5 vs. 90.0 mg/d (Table 5).
There was a tendency (P = 0.089) for a LY x diet effect: LY tended to decrease urinary PD excretion (—45%) for
LL but not for HL and specifically allantoine excretion (—46%), which represented, on average, 88% of total PD
excretion whatever was the diet.

3.5. Ruminal Microbial Communities

The structure of the bacterial community was different between HL and LL (50-50 MANOVA, P = 0.03) but not
altered by the addition of LY (50-50 MANOVA, P = 0.77). The mean profiles obtained by CE-SSCP for each
diet differ by 29% depending on the iterative test of Mann and Whitney (data not shown). Addition of LY to the
diet did alter neither richness nor diversity index of ruminal bacterial community (Table 6).

Richness of the bacterial community for HL was significantly higher than for LL: respectively 32.4 and 27.9.
The diversity index of the ruminal bacterial community for LL was 10% lower than for HL (P = 0.032).

Richness of molecular fingerprints of bacterial communities was correlated (Table 7) with ruminal NH;-N
content (P = 0.031), C3 (P < 0.001), C4 (P = 0.007), C2:C3 ratio (P < 0.001) and rH (r* = 0.35, P = 0.025). Di-
versity index and CE-SSCP profiles were significantly correlated with C3, C4, and the C2:C3 ratio, and diver-
sity index tended (P = 0.061) to be correlated with ruminal NH5-N.

4. Discussion

In the present study, diets were formulated to have a higher starch content compared to the threshold value of 25%
on a DM basis recommended by Sauvant et al. [30] to avoid ruminal latent acidosis. Consequently, both diets
could be suspected to induce a ruminal acidotic state. Over the 8-hour period of post prandial measurements,
ruminal pH of cows fed AL remained below 6.0 for 6 hours, with 4 hours less than 5.8, while it remained below
6.0 for 4 hours but never go below 5.8 for cows fed LL. So, only AL induced ruminal pH values reflecting the
appearance of latent acidosis, as defined by Sauvant et al. [31]. The more pronounced effect on the dynamics of
pH with AL than LL could be explain by different rapidly degradable DM (RDM, %) and degradable OM

Table 5. Effect of live yeast and dietary RDP level on urinary purine derivatives excretion.

AL’ LL p?
-LY +LY -LY +LY SEM? D LY DxLY
Allantoine, mg/d 79.0 835 76.2 41.3 5.81 0.08 0.14 0.08
Uric acid, mg/d 11.0 10.7 9.3 5.6 6.47 0.05 0.17 0.25
PD*, mg/d 90.0 24.1 85.5 46.9 0.78 0.07 0.14 0.08

AL = adequate level of rumen degradable protein; LL = low level of rumen degradable protein; —LY = without live yeast; +LY =5 g of live yeast per
cow and per day. 2SEM = standard error of the mean. °D = diet effect; LY = live yeast effect; D x LY = diet x live yeast interaction effect. “PD = Al-
lantoin (mg/d) + Uric acid (mg/d).

Table 6. Effect of live yeast and dietary RDP level on richness and diversity index of rumen bacterial community.

AL LL p3
-LY +LY -LY +LY SEM? D LY DxLY
Richness 325 323 28.0 27.7 0.78 0.003 0.81 0.93
Diversity index 6.65 6.68 5.99 5.98 0.16 0.03 0.83 0.84

AL = adequate level of rumen degradable protein; LL = low level of rumen degradable protein; —LY = without live yeast; +LY =5 g of live yeast per
cow and per day. ’SEM = standard error of the mean. °D = diet effect; LY = live yeast effect; D x LY = diet x live yeast interaction effect.
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Table 7. Correlations between richness, Shannon diversity index or capillary electrophoresis single-strand conformation
polymorphism profiles and ruminal parameters.

Richness Diversity CE-SSCP profiles

Parameters® Pearson r? P Pearson r? P Pearson r? P

pH 0.18 0.13 0.07 0.37 0.12 0.11
En, mV 0.19 0.12 0.02 0.66 0.04 0.51
rH 0.35 0.02 0.06 0.41 0.08 0.16
Total VFA, mM 0.06 0.38 0.08 0.33 0.08 0.50
C2, mM 0.15 0.16 0.07 0.36 0.08 0.27
C3, mM 0.67 <0.001 0.42 0.01 0.31 <0.001
C4, mM 0.47 0.007 0.33 0.03 0.23 0.01
C2/C3 0.78 <0.001 0.52 0.004 0.34 <0.001
NHs-N, mg/L 0.33 0.03 0.26 0.06 0.13 0.17

'E,, = redox potential; rH = Clark’s Exponent.

(DOM, g/kg DM) contents, considered as accurate predictors of the response of ruminal pH [32]. Actually, by
using analyzed chemical composition and in situ values of the feed ingredients, concentrates from AL diet pro-
vided greater amounts of RDM and DOM than LL: respectively 21.2% and 375 g/kg DM vs. 17.3% and 324
g/kg DM. However for both diet, the concentrate DOM content remained below the threshold value of 400 g/kg
DM, recommended to prevent a drastic pH fall with high-starch diets [32]. This also supports that cows fed AL
and LL were prevented from the appartition of acute ruminal acidosis (Table 2).

Nethertheless, LL implied a depleted fermentative activity compared to AL as shown by total VFA ruminal
contents which differed significantly: the higher total VFA content observed with AL (94.3 vs. 84.1 mM) was
caracterized by a lower acetate to propionate ratio (1.7 vs. 2.9). Propionic ruminal metabolic pathways were
much more privileged when SBM was included in the diet than TSBM, leading to a significantly lower ruminal
pH with AL than LL (5.95 and 6.13, respectively). It suggested that TSBM resulted in a less acidogenic protein
source than SBM for dairy cows in early lactation receiving a concentrated diet. Hristov et al. [33] did not ob-
serve such result with late-lactation dairy cows fed diets composed with SBM and SoyPass® and characterized
by different RDP level (9.4% and 11.6% on a DM basis) but not inducing ruminal acidosis (pH = 6.43 on aver-
age). Gressley and Armentano [34] tested two diets presenting similar RDP contents (10.1 vs. 7.4% on a DM
basis) than those used in the present study and both inducing the same ruminal pH. However, their diets were
not acidogenic (pH averaged 6.75) and moreover, the additional RDP for the high-RDP diet was supplied by
urea whereas it dealed with a peptide and protein RDP source in the present study.

In our trial, decreasing the dietary RDP content, significantly reduced rumen N-NH; by 56%. Gressley and
Armentano [34] observed such a decrease (—60%) with low RDP-diets (—27% relative to recommendation). In-
adequate RDP, which cause reduced ruminal N-NH; concentrations, can lead to a depression in DMI. Our re-
sults showed that DMI was not significantly affected by the RDP level. These observations agreed with the re-
sults of Gressley and Armentano [34] who reported no change in DMI when a 7.4% RDP diet was fed as com-
pared with a 10.1% RDP diet. Similarly, Kalscheur et al. [35] and, Reynal and Broderick [36] did not observe
changes in DMI when RDP concentrations as low as 6.8% were fed. The LL diet provided NHs-N content (35.5
mg/L) below the requirements of 61 mg/L found by Satter and Slyter [37] while ruminal NH3-N for the AL diet
was above (81.2 mg/L). Later, Hoover [38], indicated that the minimum rumen NHz-N required for microbial
CP production may be closer to 24 - 40 mg/L. As a result, LL seemed to induce a lack of soluble N in the rumen
certainly propitious to decrease ruminal proteosynthesis as stated by Russell and Hino [39]. The tendency of a
lower total PD urinary concentration (Table 5) and specifically of uric acid concentration corroborated this hy-
pothesis. As a matter of fact, Johnson et al. [40] stated a positive relationship between uric acid urinary excre-
tion and microbial N flow to the duodenum. Therefore, with the LL diet, ruminal NHs-N was just adequate to
support rumen microbial CP production but not sufficient to support ruminal digestion, particularly carbohydrate

O,
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digestion. This was supported by the observed concomittent decrease in OM rumen degradation. Part of the de-
crease of OM rumen degradation observed with LL could originate from less N rumen degradation (36.0% for
LL vs. 56.2% for AL) on the one hand and, probably a lower degradation of carbohydrates on the other hand
[41], as evidenced by decreased in total VFA and C3 concentrations (Table 3).

The use of TSBM in the diet resulted in a rise of Ey, in the range of 19 mV compared to AL. The ruminal en-
vironment of dairy cows fed LL, i.e. fed a diet deficient in soluble N, was characterized by a reducing power
about 10 times lower, as reflected by the observed rH values: 7.48 for LL vs. 6.36 for AL. As a result, the level
of RDP, selected as a discriminating factor of the two experimental diets, lower for LL (7.5% DM) than for AL
(10.6% DM), fed the cows would have an impact on the reducing power of the rumen. These physico-chemical
observations were to be compared with the microbiological data obtained for both diets: the molecular finger-
print of bacterial communities differed significantly by 29% between cows receiving LL and AL. Thus, present
results put forward that the ruminal reducing status varies with the diet of animals as already observed by Mon-
teils et al. [42] and suggested by Julien et al. [16] in dairy cows fed a fiber- or a starch-based diet.

Regarding ruminal bacterial community, the lack of RDP seemed to penalize heavily the number of taxo-
nomic units of the bacterial community (Table 6). Although it is important to keep in mind that at this level of
number of peaks detected in this study, co-migration of 16S-stranded DNA extracted from bacterial communi-
ties could not be excluded [43], biasing the assessment of richness. Richness of the profiles was significantly
correlated with rH confirming the possible relationship between the ruminal reducing level and the ruminal bac-
terial communities. The correlation (Table 7) between the richness and NHs-N content highlighted the potential
impact of the lack of soluble N on ruminal bacterial communities. Similarly, the diversity index-log Simpson,
taking into account both the number of taxonomic units detected and their relative abundance was lower for LL
than for AL (5.99 and 6.67, respectively). In addition, the microbial community structure observed for AL and
LL was correlated with ruminal fermentative parameters, particularly with C2:C3 ratio induced by the diet and
C3 content, as already observed by Michelland et al. [25] in dry-dairy cows. Those observations obviously high-
lighted the relationship between ruminal bacterial communities and fermentative activity.

Live yeast had significant effect on neither ruminal pH nor lactic acid content of the rumen, contrary to the
observations of Marden et al. [3] in cows suffering from SARA with an initially high ruminal acid lactic content.
In our study, lactic acid concentrations found 1 to 2 hours after feeding, i.e. at the peack of production [6] were
much lower than those recorded by Marden et al. [3]. Nonetheless, they were consistent with those measured in
cows receiving a diet composed by corn silage, hay and concentrates by Guedes et al. [44] who did not report
ruminal pH values below 6.0 over an 8 h-post-feeding period. As a result, LY mode of action proposed by
Marden et al. [3] was not verified in the present study, certainly because of less acidogenic ruminal conditions
induced by both experimental diets.

However, the main results of the present study showed that LY supplementation increase OM and N total
tract digestibility. Indeed, LY effect was more pronounced for LL diet: OM and N total tract digestibility in-
creased by +3.7 and +5.9 points, respectively. It therefore suggested that differing LY effects on diet digestion
depend on the dietary RDP content in early lactating dairy cows.

With LL, LY induced a higher ruminal total VFA content (+8.6%) which led to a numerical decrease of ru-
minal pH (-0.12 pH units). Live yeast seemed particularly to stimulate the production of C2 and C4 at the ex-
pense of C3 which would be a sign of an increasing activity of fibrolytic bacteria as already stated by Marden et
al. [3]. In fact, these fermentative end-products are known to be produced by fibrolytic bacteria such as Bu-
tyrivibrio fibrisolvens whose activity could be promoted in the presence of LY as suggested by Julien et al. [45].
As a matter of fact, no effect of LY on structure, richness and diversity of ruminal bacterial communities was
detected by means of CE-SSCP molecular fingerprints technique. However, using terminal restriction fragment
length polymorphism technique which permit to define more precisely the composition of ruminal community
and focus on some specific taxa, Pinloche et al. [46] showed that supplementation of the diet with LY in lactat-
ing dairy cows induced indeed an increase in the relative abondance of the taxa representing fibrolytic bacteria
(Fibrobacter, Ruminococcus and Eubacterium) in the rumen. Meanwhile, these same authors also reported a de-
crease in the relative proportion of Proteobacteria, this bacteria being involved in ruminal proteolysis. The de-
crease in the proportion and/or activity of proteolytic bacteria in presence of LY could explain the reduction (5.2
points) of dietary N ruminal degradation observed with LL (Table 4).

The amount of N escaping from microbial degradation, estimated by calculation, was not altered by LY sup-
plementation but the post-ruminal disparition of CP was increased: +3.5 points and +7.6 points for AL and LL,
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respectively. This suggested that LY supplementation led to a shift in digestion from rumen to the intestine, spe-
cifically when ruminal CP degradation was limited. Indeed, few authors have focused on potential effects of LY
on the part of post-rumen digestive tract of ruminant. However, in cows fed diet supplemented with LY, colo-
nies of yeasts were counted in ileal and fecal contents [47] confirming the hypothesis of a potential probiotic ac-
tivity in the large intestine.

5. Conclusion

The present study put forward that RDP content of diet fed lactating dairy cows could have a direct impact on
the acidogenic capacity of the diet: TSBM resulted in less acidogenic than SBM used as main protein source in
diet fed early-lactating dairy cows. The positive effect of LY on ruminal pH in cows receiving highly acidogenic
diet and therefore suffering from subacute ruminal acidosis has already been demonstrated. The present study
put forward that in the case of early-lactating dairy cows receiving diet with inadequate RDP content, LY re-
vealed capable of modulating dietary N digestion. In fact, LY seemed to have a post-ruminal effect on N di-
gestibility even more pronounced than the quantity of bypass N, i.e. with sources of protected dietary protein. In
both cases, LY used as dietary feed additive permit a better utilization of diet in dairy cows.
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