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This study evaluated the effects of active dry yeast (ADY) supplementation and supplementation stra-
tegies on ruminal fermentation, bacterial community, blood metabolites, and growth performance in
young dairy goats. Sixty young female Guanzhong dairy goats of similar age (4.00 + 0.50 months) and
BW (19.65 + 0.41 kg) were randomly divided into 3 groups (n = 20): (1) basal diet group (CON); (2) basal
diet continuously supplemented with 3.0 g/goat per day commercial ADY (a proprietary strain of
Saccharomyces cerevisiae with 5.0 x 10° cfu/g) group (CSY); (3) basal diet with intermittently supple-
mented ADY group (ISY; 5 d supplementation with ADY at 4.5 g/goat per day following 5 d of no sup-
plementation). The experiment lasted 67 d with the first 7 d as an adaptive period. Rumen fluid and
blood samples were collected bi-weekly. Data were analyzed using the MIXED procedure combined with
the SLICE option in SAS. Specific orthogonal contrasts of ADY vs. CON and CSY vs. ISY were also analyzed.
During the experimental period, ADY supplementation resulted in greater DMI (P = 0.03), ruminal ac-
etate proportion (P < 0.01) and acetylesterase activity (P = 0.01), and blood contents of glucose (P = 0.01)
and IgM (P = 0.02) and tended to have greater ADG (P = 0.05) and paunch girth (P = 0.06) than the CON,
despite the propionate proportion (P = 0.03) and contents of total protein (P = 0.04) and IgA (P = 0.03)
being lower. The lower ruminal NH3—N (P < 0.01) and blood urea nitrogen (P = 0.07) contents indicated
greater nitrogen utilization with ADY supplementation. ADY supplementation showed persistent effects
after it was stopped because the BW at 12 months of age (P = 0.03) and birth weight of lambs (P = 0.02)
were greater than the CON. However, the ISY did not show those benefits and had significantly lower
relative abundances of fiber-degrading related bacteria than the CSY. In conclusion, ADY supplementa-
tion, especially continuously supplemented, may enhance ADG and ADG:DMI ratio by improving DMI,
ruminal cellulolytic bacteria abundance and enzyme activity, nitrogen utilization, and immune status.
These findings provide a theoretical basis for the rational application of ADY and have important practical
implications for the design of nutritional strategies in growing dairy goats.
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development of young dairy goats dramatically affects the profit-
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ability and sustainable development of the dairy industry. Young
ruminants have greater potential for growth and development but
have lower disease resistance ability (Khan et al., 2016). Due to the
unparalleled role of microbes in ruminants, establishing a stable
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gastrointestinal tract microbial community has unique value in
ruminants. In addition, facilitating the early growth and develop-
ment of young ruminants may have long-term effects on lifetime
production levels (Soberon et al., 2012; Soberon and Van Amburgh,
2013). Therefore, optimal nutrition levels and feeding regimes
should be introduced in growing young ruminants.

After antibiotic additives were banned in animal feed, re-
searchers and farmers extensively sought alternative,
environmentally-friendly additives. Probiotics, which can influence
gastrointestinal fermentation and microbiota, have emerged as a
popular alternative for maintaining and improving livestock health
and performance (Amin and Mao, 2021; Ban and Guan, 2021). As a
functional and cost-effective probiotic, studies suggest that active
dry yeast (ADY; Saccharomyces cerevisite CNCM [-4407 or pro-
prietary strains; 5.7 x 107 or 4.0 x 10'° or 5.0 x 10'° cfu/d per cow)
alters ruminal fermentation and volatile fatty acid (VFA) production,
stimulates ruminal microbial growth, and increases fiber degrada-
tion in the parturient and lactating ruminants (Jiang et al., 2017;
Kumprechtova et al., 2019; Li et al, 2021). With the ability to
potentially improve rumen environment and function, ADY
(S. cerevisiae strain 1242 or proprietary strains; 8.0 x 10'° cfu/d per
animal or not indicated) was also used to alleviate the effects of
subacute ruminal acidosis in lactating and/or fattening ruminants
(AlZahal et al., 2014; Ishaq et al, 2017; Elmhadi et al, 2022).
Recently, we also found that S. cerevisiae product (either ADY or its
fermentation products) supplementation could stimulate the
development of the rumen and promote immunity resulting in
greater dry matter intake (DMI) and average daily gain (ADG) in
preweaning calves by conducting a meta-analysis (Zhang et al.,
2022a). Villot et al. (2019) even showed that ADY (S. cerevisiae
CNCM 1-1079; 1.0 x 10" cfu/d per animal) supplementation
decreased the risk of diarrhea in preweaning calves and altered the
fecal microbiota of diarrheic calves to be similar to nondiarrheic
animals. In addition, ADY supplementation also had the potential to
modulate host immune function possibly as a direct effect of ADY
(S. cerevisiae CNCM 1-1079; 1.0 x 10'° cfu/d per animal) supple-
mentation or the interaction between ADY and gut microbiota on
immunoglobulin production in young ruminants (Villot et al., 2019,
2020). On the contrary, the benefits of ADY supplementation can be
influenced by factors including animal physiological status, basal
diet, the source and dose of ADY, and supplementation strategies (He
et al., 2017; Amin and Mao, 2021; Ban and Guan, 2021). Our recent
meta-analysis showed that the improvement in ADG by S. cerevisiae
product (either ADY or its fermentation products) supplementation
only presented in preweaning other than postweaning calves (Zhang
et al., 2022a). Due to the limited number of studies investigating the
S. cerevisiae products supplemented in postweaning ruminants, we
were unable to determine an explanation.

Unlike newborn and lactating ruminants, growing ruminants
have a certain level of disease resistance but always have moderate
performance due to poor feeding and management strategies.
However, there is little known about ADY utilization in growing
ruminants. Active dry yeast supplementation might be an oppor-
tunity to improve the performance of growing ruminants. More-
over, most studies only collected experimental data during or
briefly after the ADY supplementation period, which can not reveal
whether there is a persistent effect of ADY supplementation on
animals. Therefore, we hypothesized that ADY supplementation
would benefit growing ruminants as it would for newborn and/or
lactating ruminants. The objective of this study was to evaluate if
the ADY supplementation improved growth and development,
altered rumen metabolism, enhanced immune ability, and had
persistent benefits in young ruminants with growing dairy goats as
the model. We also explored the differences between different ADY
supplementation strategies. Considering the high feed cost, an
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intermittent supplementation ADY strategy with a lower total cost
and a similar performance may be preferred over a continuous
supplementation strategy.

2. Materials and methods
2.1. Animal ethics statement

This study was carried out under the recommendations of the
Administration of Affairs Concerning Experimental Animals (Min-
istry of Science and Technology, China, revised 2004). All the pro-
cedures used were approved by the Institutional Animal Care and
Use Committee of the Northwest A&F University.

2.2. Experimental design and animal management

This study was conducted at Aonike Dairy Goat Farm (Fuping,
Shaanxi, China). Sixty healthy female Guanzhong dairy goats of
similar age (4.00 + 0.50 months old) and body weight (BW)
(19.65 + 0.41 kg) were divided into 3 groups (n = 20) identified by
one of the following feeding regimens: (1) basal diet (CON; which
mainly consisted of alfalfa hay and ground corn; the detailed in-
gredients and nutrient composition are listed in Table 1); (2) basal
diet continuously supplemented with 3.0 g/goat per day commer-
cial ADY (CSY); (3) basal diet intermittently supplemented with
4.5 g/goat per day commercial ADY (ISY). The ADY was a proprietary
strain of S. cerevisiae purchased from Qingdao Aolan Mingdong
Biotechnology Co., Ltd (Qingdao, Shandong, China) with
5.0 x 10° cfu/g. According to previous reports, 1.0 x 10'° and 4.0 to
8.0 x 10'° cfu/d per animal were the typical doses used for newborn
and adult ruminants, respectively (AlZahal et al., 2014; Villot et al.,
2019; Li et al., 2021). The amount of ADY used for supplementation
in this study was between the doses used in newborn and adult
ruminants. Considering the practicality and lower frequency of
change in diets, we alternated 5 d of supplementation with 5 d of
no supplementation until the end of the experiment in the ISY

Table 1
Ingredients and chemical composition of the total mixed ration (%,
DM basis).
Item Contents
Ingredients
Alfalfa hay 48.5
Oat hay 121
Ground corn 27.6
Soybean meal 3.9
Cottonseed meal 4.7
Wheat 21
Limestone 0.5
Sodium chloride 0.2
Sodium bicarbonate 0.2
Calcium hydrophosphate 0.1
Premix’ 0.1
Chemical composition
DM 55.7
CP 16.6
NDF 38.4
ADF 25.7
Ash 7.2
ME, MJ/kg? 9.0

ADF = acid detergent fiber; CP = crude protein; DM = dry matter;
EE = ether extraction; ME = metabolizable energy; NDF = neutral
detergent fiber.

! Contained (per kilogram of premix; DM basis): 150,000 IU of
vitamin A, 45,000 IU of vitamin D, 975 IU of vitamin E, 332 mg Cu,
611 mg Mn, 1,390 mg Zn, 12 mg [, 8 mg Se, and 7 mg Co, and was
designed to meet the requirements for young growing goats.

2 ME was calculated according to NRC (2001).
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group. To ensure the supplemental ADY was completely consumed,
the ADY was mixed with a small amount of total mixed ration
(TMR) before feedings and was provided in equal amounts in all
feedings. The remaining TMR was delivered only after the mixture
was consumed. The TMR was provided three times daily at 07:00,
13:30, and 20:00. Goats were housed in separate fences (approxi-
mately 2 m?) with individual bunks and were given free access to
water. The experiment lasted 67 d with the first 7 d as an adaptive
period. After 67 d, goats from the 3 groups were integrated together
and fed the basal diet without ADY supplementation.

2.3. Sample collection and analysis

2.3.1. Feed intake and growth performance

The feed intake was recorded daily. Samples of individual in-
gredients, TMR, and refusals were collected biweekly and frozen for
further analysis. Feed samples were analyzed for dry matter (DM;
oven method 930.15), crude protein (CP; Kjeldahl method 976.05),
neutral detergent fiber (NDF; using a heat-stable amylase and
expressing inclusive of residual ash), and acid detergent fiber (ADF)
(Van Soest et al., 1991; AOAC, 2000).

The BW, withers height, body length (shoulders to pins), heart
girth, chest width, and paunch girth were measured on d 29, 30, 59,
and 60 before morning feeding, and the mean values of 2 consec-
utive d were used to account for day-to-day variation (Lascano et
al., 2009). To evaluate the long-term effects of ADY on young
dairy goats and their offspring, the BW of maternal goats at 12-
months old and the total birth weight of the corresponding kids
were measured at delivery.

2.3.2. Blood sample collection and analysis

Blood samples were collected on d 15, 30, 45, and 60 of the
experiment from 30 goats (n = 10) 2 h after morning feeding. These
30 goats were randomly selected at the first sampling time point
and were consistently collected at the following time points. After
storing at room temperature for approximately 30 min, samples
were centrifuged at 3,000 x g at 4 °C for 15 min to obtain serum,
which was stored at —20 °C for further analysis. Blood metabolites,
including glucose (GLU), total protein (TP), albumin (ALB), and
triglycerides (TG), were quantified using a commercial kit (Hunan
Yonghe-Sun Biotechnology Co., Ltd., Changsha, China) and a clinical
autoanalyzer (Hitachi 7600; Hitachi, Tokyo, Japan). Globulin con-
tent was determined by subtracting the content of ALB from the
content of TP. Blood urea nitrogen (BUN) was measured using re-
agent kits (Jiancheng Bioengineering Institute, Nanjing, China) and
a Multi-Mode Microplate Reader (Synergy HT, BioTek Instruments,
Winooski, VT, USA). Serum IgG, IgA, and IgM levels were deter-
mined using commercial ELISA kits (Fankewei Biotechnology
Company, Shanghai, China) and a Multi-Mode Microplate Reader
(Synergy HT).

2.3.3. Rumen sample collection and analysis

Rumen fluid was collected on d 15, 30, 45, and 60 of the
experiment from the same 30 goats (n = 10), whose blood was
sampled, using a flexible esophageal tube at 2 h after morning
feeding. The first fraction of the rumen samples was always dis-
carded to avoid saliva contamination. The rumen fluid was
measured with a mobile pH meter (PH818; Wanchuang Electronic
Products Co., Ltd., Dongguan, China) immediately after collection.
Rumen liquid was then filtered through 4 layers of cheesecloth and
centrifuged at 4 °C at 12,000 x g for 10 min to get a clear super-
natant. One milliliter of filtered rumen fluid was analyzed for
NH3—N using a phenol-hypochlorite assay with a Multi-Mode
Microplate Reader (Synergy HT) (Weatherburn, 2002). Another
sample of rumen fluid (1 mL) was added to 100 pL of 25%
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metaphosphoric acid to determine VFA using capillary column gas
chromatography with crotonic acid as the internal standard, ac-
cording to a previous method (Zhang et al., 2017). The activities of
carboxymethyl cellulase (CMC), microcrystalline cellulase (MCC),
xylanase, and acetylesterase were determined using a colorimetric
method with carboxymethylcellulose, microcrystalline cellulose,
xylan, and p-nitrophenyl ethyl ester as the respective substrates
and with a UV-1800 spectrophotometer (Shanghai Mapada In-
struments Co., Ltd, Shanghai, China) (Cao and Yang, 2011).

2.3.4. Microbial DNA extraction, PCR amplification, sequencing, and
analysis

Genomic DNA was extracted from the rumen samples on d 60 of
the experiment using an E. Z.N.A. soil DNA Kit (Omega Bio-Tek,
Norcross, GA, USA), according to the manufacturer's protocol.
DNA samples were quality checked, and the concentrations were
quantified using a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, Wilmington, DE, USA). Bacterial 16S rRNA gene
fragments (V3—V4) were amplified from the extracted DNA using
primers 338F (5'-ACTCCTACGGGAGGCAGCAG-3’) and 806R (5'-
GGACTACHVGGGTWTCTAAT-3') (Zhang et al, 2020) with the
following PCR conditions: initial denaturation at 95 °C for 3 min, 30
cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s,
and elongation at 72 °C for 45 s, and a final extension at 72 °C for
10 min. PCRs were performed with 4 uL 5 x TransStart FastPfu
buffer, 2 uL 2.5 mM deoxynucleoside triphosphates (dNTPs), 0.8 uL
of each primer (5 uM), 0.4 pL TransStart FastPfu DNA Polymerase,
and 10 ng of extracted DNA, then adding ddH,O to increase total
volume to 20 pL. Agarose gel electrophoresis (2%) was performed to
verify the size of the amplicon. Amplicons were subjected to
paired-end sequencing on the Illumina MiSeq sequencing platform
using PE300 from Majorbio Bio-Pharm Technology Co. Ltd
(Shanghai, China).

After demultiplexing, the resulting sequences were merged
with FLASH (v1.2.11) and quality filtered with fastp (0.19.6) (Magoc
and Salzberg, 2011; Chen et al., 2018). Then the high-quality se-
quences were de-noised using the DADA2 plugin in the QIIME 2
(version 2020.2) pipeline with recommended parameters, obtain-
ing single-nucleotide resolutions based on the error profiles within
the samples (Callahan et al., 2016; Bolyen et al., 2019). These DADA2
denoised sequences are called amplicon sequence variants (ASVs).
To minimize the effects of sequencing depth on alpha and beta
diversity measures, the number of sequences from each sample was
rarefied to 4,000, yielding an average Good's coverage of 97.90%.
Taxonomic assignment of ASVs was performed using the Naive
Bayes consensus taxonomy classifier implemented in QIIME 2 and
the SILVA 16S rRNA database (v138). Beta diversity was measured
according to unweighted UniFrac distances and displayed using
principal coordinate analysis (PCoA). Analysis of similarity (ANO-
SIM) was used to test the significance of bacterial communities
between treatments. Analyses of the 16S rRNA microbiome
sequencing data were performed using the free online platform of
Majorbio Cloud Platform (cloud.majorbio.com). The raw reads were
deposited into the NCBI Sequence Read Archive (SRA) database
(accession number: PRJNA810766).

2.4. Statistical analysis

The intake, growth performance, rumen fermentation, enzyme
activity, and blood metabolite data were initially checked for
normality and outliers using the UNIVARIATE procedure of SAS
(version 9.3, SAS Institute Inc., Cary, NC, USA). They were then
analyzed using the MIXED procedure combined with the SLICE
option when treatment-by-time interaction effect was significant.
The model included treatment, time, and their interaction as fixed
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Table 2
Effect of active dry yeast (ADY) supplementation on feed intake and feed efficiency in young dairy goats.
Item Treatment! SEM P-value P contrast
CON Csy ISY Treat Time Treat x Time CON vs. ADY CSY vs. ISY
BW, kg
Initial 19.55 19.82 19.59 0411 0.96 0.86 0.83
Final 25.01 26.42 25.31 0.445 0.40 0.37 0.31
DMI, g/d
d 0—-30 926.3 952.2 938.7 5.98 0.22 0.13 0.36
d 30—-60 10104 1042.7 1021.6 6.23 0.09 0.10 0.16
d 0-60 968.3" 997.5% 980.2%° 534 0.02 <0.01 0.92 0.03 0.10
ADG, g/d
d 0—-30 93.1 96.9 90.0 3.38 0.71 0.97 0.41
d 30—-60 103.9° 139.4% 110.0° 4.05 <0.01 0.01 <0.01
d 0-60 98.5° 118.12 100.0° 2.85 <0.01 <0.01 0.03 0.05 <0.01
Feed efficiency?
d 0—-30 0.10 0.10 0.10 0.004 0.77 0.83 0.51
d 30—-60 0.10° 0.13? 0.11° 0.004 <0.01 0.02 <0.01
d 0—60 0.10° 0.122 0.10° 0.003 0.01 <0.01 0.05 0.13 0.01

ADG = average daily gain; BW = body weight; DMI = dry matter intake; SEM = standard error of means.
! CON, basal diet; CSY, basal diet continuously supplemented with ADY (5.0 x 10° cfu/g; Qingdao Aolan Mingdong Biotechnology Co., Ltd., Qingdao, China) at 3.0 g/goat per

day; ISY, basal diet intermittently supplemented with ADY at 4.5 g/goat per day.
2 Feed efficiency = ADG:DMI ratio.

effects. Measurements at the beginning of the experiment were
used as covariates in the model and were then removed from the
model if they had no significant effects on the model. Specific
orthogonal contrasts were analyzed to test (1) ADY vs. CON, and (2)
CSY vs. ISY. Covariance structures with the lowest Akaike infor-
mation criterion were used in the model (Littell et al., 1998). Vari-
ables within the microbial parameters were analyzed using the
Kruskal—Wallis test and the Wilcoxon test between treatments.
Results were reported as least squares means. Significance was
declared at P < 0.05, and a trend was indicated at 0.05 < P < 0.10.

3. Results
3.1. Feed intake and growth performance

The BW was similar among treatments at the onset and termi-
nation of the experiment (Table 2). ADY supplementation resulted
in a greater DMI than that in the CON during the whole experi-
mental period (P = 0.03), even though this difference did not
appear on d 0 to 30 and d 30 to 60. DMI of the CSY and ISY was
similar on d O to 30, d 30 to 60, and d O to 60. ADY supplementation
produced a greater ADG on d 30 to 60 (P = 0.01), and tended to have
a greater ADG on d 0 to 60 than the CON (P = 0.05). The CSY had
greater (P < 0.01) ADG than the ISY on d 30 to 60 and d O to 60. ADY
supplementation yielded a greater feed efficiency (FE; ADG:DMI
ratio) than the CON only on d 30 to 60 (P = 0.02). The CSY had
greater FE than the ISY on d 30 to 60 (P < 0.01) and d 0 to 60
(P=0.01). The CSY had a greater (P = 0.01) body length than the ISY
during the experimental period and especially on d 30 (Fig. 1B).
ADY supplementation tended to produce a greater (P = 0.06)
paunch girth than the CON during the experimental period (Fig. 1E).
No significant differences were found in other body frame mea-
surements among treatments at individual sampling time points or
throughout the experiment.

3.2. Rumen fermentation parameters and cellulolytic enzyme
activity

ADY supplementation produced a lower rumen pH than that in
the CON only on d 30 (P = 0.04; Fig. 2A). ADY supplementation also
yielded a lower NH3—N concentration than that in the CON during
the whole experimental period (P < 0.01) and especially on d 15
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(P = 0.01; Fig. 2B). On d 60, the CSY had a lower NH3—N concen-
tration than the CON and ISY (P = 0.03; Fig. 2B). On d 30, the CSY
had greater total VFA (TVFA) concentration than the ISY (P = 0.03);
however, the comparison was the opposite on d 60 (P = 0.01;
Fig. 2C). No significant difference was found in the overall values of
TVFA. ADY supplementation produced a significantly greater ace-
tate proportion than the CON during the whole experimental
period and especially on d 15 and 45 (Fig. 2D). On d 60, the acetate
proportion was lower in the CSY than in the ISY (P = 0.03). The
groups with ADY supplementation had a lower propionate pro-
portion than the CON on d 15 (P = 0.03) even though it was
numerically larger in the groups with ADY supplementation on d 60
(Fig. 2E). Thus, the average propionate proportion from d 15 to
d 60 d was still lower in the ADY supplemented group than the CON
(P = 0.03). ADY supplementation yielded lower valerate pro-
portions than the CON on d 15 (P < 0.01), however, the comparison
was the opposite on d 60 (P = 0.01; Fig. 2G). Thus, no significant
difference was found for the overall values of valerate proportion.
ADY supplementation produced a greater isobutyrate proportion
than the CON on d 60 (P = 0.01), but no difference was found for the
overall values (Fig. 2H). The isobutyrate proportion was lower in the
CSY than in the ISY based on the overall values (P = 0.03). ADY
supplementation had no significant effect on butyrate and iso-
valerate proportions (Fig. 2F and I).

ADY supplementation yielded a lower MCC activity than that in
the CON on d 15 (P = 0.02); however, the comparison was the
opposite on d 30 (P = 0.01; Fig. 3B). The MCC activity was greater in
the ISY than in the CSY on d 30 (P = 0.01). However, no significant
difference was found in the overall values of MCC activity. ADY
supplementation produced greater acetylesterase activity than the
CON during the whole experimental period (P = 0.01) and espe-
cially on d 45 (P < 0.01; Fig. 3D). The acetylesterase activity was also
greater in the CSY than in the ISY (P < 0.01). No significant differ-
ence was found in CMC and xylanase activities among treatments at
sampling times or for the entire study (Fig. 3A and C).

3.3. Ruminal microorganisms

A total of 18 phyla were detected via the taxonomic analyses of
all 30 samples. Bacteroidetes, Firmicutes, Synergistetes, and
Patescibacteria were the four most abundant phyla, representing
65.65%, 28.03%, 2.22%, and 1.02% of total sequences, respectively
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Fig. 1. Effect of active dry yeast (ADY) supplementation on body weight (A), body length (B), heart girth (C), chest width (D), and paunch girth (E) measurements in young
dairy goats. The "**" at the individual sampling time point means a significant difference (P < 0.05) between the CSY and ISY by using contrast testing. The error bars are based on
the standard error of the means. CON, basal diet; CSY, basal diet continuously supplemented with ADY (5.0 x 10° cfu/g; Qingdao Aolan Mingdong Biotechnology Co., Ltd., Qingdao,
China) at 3.0 g/goat per day; ISY, basal diet intermittently supplemented with ADY at 4.5 g/goat per day.

(Fig. 4A). At the genus level, 217 genera were detected from all
samples. Prevotella, Olsenella, Rikenellaceae_RC9_gut_group,
Quinella, Christensenellaceae_R-7_group, unclassified FO82, Freti-
bacterium, Ruminococcus, unclassified Selenomonadaceae, Oscil-
lospiraceae_NK4A214_group, and Prevotellaceae_UCG-003 were
the ten most abundant genera, representing 47.25%, 10.45%, 7.87%,
2.65%, 2.30%, 2.21%, 1.94%, 1.89%, 1.70% and 1.43% of total sequences,
respectively (Fig. 4B).

Similar values for Chaol, Shannon, and Simpson indices were
observed among the 3 groups (Fig. 5A, B, and C). A PCoA analysis of
overall diversity based on unweighted UniFrac metrics was per-
formed to compare the three treatments (Fig. 5D). ANOSIM sug-
gested a trend of different bacterial community composition
between treatments CON and CSY (R = 0.088, P = 0.08) and be-
tween treatments CON and ISY (R = 0.072, P = 0.06). No significant
differences were found between treatments CSY and ISY (R = 0.071,
P =0.12).

Spirochaetota was the only significantly different (P = 0.04)
phylum among treatments. Fourteen genera were identified as
significantly different among treatments. Among these, eight
genera — Christensenellaceae_R-7_group, Succiniclasticum, norank
Bacteroidales_RF16_group, Veillonellaceae_UCG-001, Erysipelato-
clostridiaceae_UCG-004, Anaeroplasma, Sphaerochaeta, and norank
Ruminococcaceae — had an average relative abundance of more
than 0.10% (Fig. 5E). Among that, the relative abundances of
Veillonellaceae_UCG-001 (P = 0.01) and Succiniclasticum (P = 0.04)
were greater but the relative abundance of Christensenellaceae_R-
7_group was lower (P = 0.01) in the ADY supplemented groups
than in the CON. The relative abundances of norank Bacter-
oidales_RF16_group (P = 0.03), Erysipelatoclostridiaceae_UCG-004
(P = 0.02), Anaeroplasma (P < 0.01), and norank Ruminococcaceae
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(P = 0.02) were greater but the relative abundance of
Veillonellaceae_UCG-001 was lower (P = 0.01) in the CSY than in
the ISY.

3.4. Blood metabolites and immunoglobulin concentrations

ADY supplementation produced a greater serum glucose con-
centration than that in the CON during the whole experimental
period (P = 0.01; Fig. 6A). ADY supplementation tended to result in
a lower BUN than in the CON during the whole experimental period
(P = 0.07), and had a lower BUN especially on d 15 (P < 0.01;
Fig. 6C). The BUN concentrations were significantly lower in the CSY
than in the ISY on d 15, 30, and 60. ADY supplementation produced
lower TP concentrations than that in the CON during the whole
experimental period (P = 0.04) and especially on d 45 (P = 0.02;
Fig. 6D). The globulin concentration was lower in the CSY than in
the ISYon d 30 (P = 0.01; Fig. 6F). ADY supplementation produced a
greater ALB:globulin ratio than the CON on d 15 (P = 0.04), but no
difference was found for the overall values (Fig. 6G). The ALB:glo-
bulin ratio was also greater in the CSY than in the ISY on d 30
(P = 0.03). No significant difference was found in triglyceride and
ALB concentrations among treatments at any sampling times or for
the entire study (Fig. 6B and E).

ADY supplementation resulted in a greater serum IgG concen-
tration than that in the CON on d 15 (P = 0.01; Fig. 7A). ADY sup-
plementation also yielded greater serum IgM concentrations than
that in the CON during the whole experimental period (P = 0.02)
and especially on d 15 (P = 0.03; Fig. 7B). IgM concentration was
greater in the CSY than in the ISY on d 30 (P = 0.03). However, ADY
supplementation produced lower serum IgA concentrations than
that in the CON during the whole experimental period (P = 0.03)
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Fig. 2. Effect of active dry yeast (ADY) supplementation on rumen fermentation parameters in young dairy goats. The pH (A), contents of NH;—N (B) and TVFA (C), and
proportions of acetate (D), propionate (E), butyrate (F), valerate (G), isobutyrate (H), and isovalerate (I) are displayed. The "*" and "**" at the individual sampling time point mean
significant differences (P < 0.05) between CON and ADY and between CSY and ISY by using contrast testing, respectively. The error bars are based on the standard error of the means.
TVFA = total volatile fatty acids. CON, basal diet; CSY, basal diet continuously supplemented with ADY (5.0 x 10° cfu/g; Qingdao Aolan Mingdong Biotechnology Co., Ltd., Qingdao,
China) at 3.0 g/goat per day; ISY, basal diet intermittently supplemented with ADY at 4.5 g/goat per day.

and especially on d 60 (P = 0.02; Fig. 7C). IgA concentration was
greater in the CSY than in the ISYon d 15 (P = 0.01).

3.5. Long-term effect of ADY on growth performance

ADY supplementation resulted in higher BW at birth and 12
months of age than the CON group (P < 0.03; Table 3), but the BW
gains during 6 to 12 months were similar. The BW at 12 months of
age and BW gains during 6 to 12 months were greater in the CSY
than in the ISY (P < 0.03; Table 3).

4. Discussion

Because growth and development occurring at a young age af-
fects later performance, feeding and management regimes for
young growing ruminants are critical. Even though probiotics, such
as ADY, are widely used in newborn and adult ruminants to
improve health status and performance, reports of ADY application
and its long-term effects in young growing ruminants are seldom
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found. Furthermore, the outcomes of ADY supplementation are
inconsistent, which may be a result of differences in animal age,
diet, physiological stage, and source and dose of ADY as well as the
different supplementation strategies (Ban and Guan, 2021).
Therefore, this study mainly focused on ADY supplementation and
its persisting effects in growing young dairy goats. Meanwhile, the
difference in ADY supplementation strategies, such as continuous
or intermittent supplementations, was also investigated.

Rumen pH and VFA are essential indicators that illustrate the
ruminal environment. As in previous studies (Yang et al., 2004;
Bayat et al., 2015; Xiao et al., 2016), our study found no notable
differences in rumen pH and TVFA concentrations with ADY sup-
plementation despite a lower pH on d 30. However, ADY was re-
ported to alter the rumen pH to alleviate ruminal acidosis and
increase TVFA concentrations (Desnoyers et al., 2009; Chung et al.,
2011; AlZahal et al.,, 2014). Even though the rumen pH and TVFA
concentrations were similar across all treatments, the proportions
of acetate and propionate were different in this study. The ADY
supplementation resulted in an increased acetate proportion but a
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Table 3
Long-term effects of active dry yeast (ADY) supplementation in young dairy goats.
Item Treatment! SEM P-value P contrast
CON CSsy ISY Treat CON vs. ADY CSY vs. ISY
Body weight at 12 months, kg 36.30° 41.67% 37.04° 0.716 <0.01 0.03 0.01
Body weight gain during 6 to 12 months, kg 11.57° 15.37¢ 11.81° 0.676 0.04 0.16 0.03
Birth weight of lambs, kg 2.74 3.68 3.42 0.171 0.05 0.02 0.56

SEM = standard error of means.
2= Means within a row with different superscripts differ significantly (P < 0.05).

! CON, basal diet; CSY, basal diet continuously supplemented with ADY (5.0 x 10° cfu/g; Qingdao Aolan Mingdong Biotechnology Co., Ltd., Qingdao, China) at 3.0 g/goat per

day; ISY, basal diet intermittently supplemented with ADY at 4.5 g/goat per day.

decreased propionate proportion. Previous studies have reported
an increase in ruminal acetate following yeast supplementation in
calves and dairy cows (Malekkhahi et al., 2016; Amin and Mao,
2021; Sun et al, 2021). The increased acetate proportion
observed both in our study and other studies could be due to the
benefits of yeast on cellulolytic bacteria growth and then fiber
degradation (Amin and Mao, 2021). The decreased ruminal NH3—N
concentration with ADY supplementation indicates improved ni-
trogen utilization, which may be related to ADY increasing the
cellulolytic bacteria that prefer using NH3—N as their N source
(Hristov et al., 2010; Kamal et al., 2013).

How ADY supplementation affects the rumen microbial com-
munity depends on both the animal and ADY related factors (Xiao
et al., 2016; Jiang et al., 2017; Bach et al,, 2019). As in previous
studies (Jiang et al., 2017; Bach et al., 2019), we found no significant
differences in alpha diversity indices (Chao1 and Shannon) among
treatments. The four most common bacterial phyla, Bacteroidetes,
Firmicutes, Synergistetes, and Patescibacteria, were observed in all
the treatments and accounted for a total of 96.9% 16S rRNA gene
reads. The same rumen bacteria have been reported as the domi-
nant phyla in previous studies (Zhang et al., 2017, 2020; Chen et al.,
2021b). The only bacteria significantly different at the phylum level,
Spirochaetota, has good potential for degrading hemicellulose like
pectin, even though its role in the rumen is not fully understood
(Liu et al., 2015; Gharechahi et al., 2021). Spirochaetota was found
to be more abundant in the rumen of more concentrate-fed rumi-
nants (Chen et al.,, 2021a). A higher relative abundance of Spi-
rochaetota in the CON was consistent with lower ruminal
cellulolytic enzyme activity. Overall, we found ADY supplementa-
tion had limited effects on the rumen bacteria at the phylum level.
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At the genus level, Prevotella, Olsenella, Rikenella-
ceae_RC9_gut_group, Ruminococcus, and Prevotellaceae_UCG-003
were the common and dominant bacteria in our study, which
was consistent with previous studies (Bach et al., 2019; Zhang et al.,
2022b). Among the significantly different bacterial genera,
Christensenellaceae_R-7_group had the highest relative abundance
and represented an average of 2.63% ASVs among samples. The
family Christensenellaceae is related to structural carbohydrate
fermentation with acetate and butyrate as end products (Morotomi
et al., 2012), but we did not observe this relationship in this study.
As in previous studies (Jewell et al., 2015; Bach et al., 2019; Huang
et al, 2021), we found that the relative abundance of
Christensenellaceae_R-7_group was negatively correlated with the
ruminal proportion of valerate (r = —0.63, P < 0.01), indicating that
members of Christensenellaceae might have some differences from
those reported. Succiniclasticum and Veillonellaceae_UCG-001
were both higher with ADY supplementation. Succiniclasticum is
specialized in fermenting succinate, converting it to propionate
(Shabat et al., 2016; Zhang et al., 2017), but no significant correla-
tion between Succiniclasticum and propionate was found in this
study, suggesting that the changes of Succiniclasticum herein were
not significant enough to induce any difference associated with
rumen fermentation. Although propionate is a primary fermenta-
tion product of the Veillonellaceae family (Myer et al., 2015; Lyons
et al., 2017), the relative abundance of Veillonellaceae_UCG-001
was significantly positively correlated with ruminal acetate
(r = —0.53, P < 0.01), which was consistent with previous studies
(Lyons et al, 2017; Li et al, 2019). This suggested that
Veillonellaceae_UCG-001 might have a function that differs from
other members in the Veillonellaceae family.
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Norank Bacteroidales_RF16_group, Erysipelatoclostridiaceae_
UCG-004, Anaeroplasma, and norank Ruminococcaceae were
significantly decreased in the ISY group. Bacteroidales have a broad
range of plant polysaccharide-degrading genes and have more
potential for fiber digestion. Unclassified Bacteroidales are more
abundant in ruminants fed more forage (Henderson et al., 2015; Hu
et al., 2021). The function of Erysipelatoclostridiaceae_UCG-004
and Sphaerochaeta is still unclear, but they might facilitate plant
fiber degradation (Caro-Quintero et al., 2012; Xie et al., 2018; Qian
et al., 2019). Ruminococcaceae is more prominent in forage-fed
ruminants, and the members of Ruminococcaceae, especially
Ruminococcus, are known to be involved in cellulose degradation
(Morrison and Miron, 2000; Ozbayram et al., 2017; Zhang et al,,
2017). We speculate that norank Ruminococcaceae has a similar
function to other Ruminococcaceae. The decreased relative abun-
dance of these potential fiber-degrading bacteria might be consis-
tent with the numerical lower ruminal CMC and MCC activities in
the ISY compared with the CSY on d 60. The greater relative
abundance of Anaeroplasma and Asteroleplasma in the CSY suggests
that ADY has oxygen-consuming characteristics as Anaeroplasma
and Asteroleplasma are obligate anaerobes (Joblin and Naylor, 2002;
Alugongo et al., 2017). One of the most plausible mechanisms of
ADY working in the rumen is that ADY could eliminate dissolved
oxygen and enhance lactate metabolism within the rumen, creating
an optimal environment for cellulolytic microbes (AlZahal et al.,
2014). It is assumed that yeast affects the growth of lactate-
producing bacteria (Streptococcus and Lactobacillus), lactate-
utilizing bacteria (Megasphaera), cellulolytic bacteria (Rumino-
coccus and Fibrobacter), and/or amylolytic bacteria (Ruminobacter
and Selenomonas) (Jiang et al., 2017; Bach et al,, 2019; Amin and
Mao, 2021). However, we did not observe any significant differ-
ences in these bacteria from ADY supplementation. This discrep-
ancy could be related to the difference in animal physiological
stages and basal diets, as well as the source and dosage of yeast
products (Ban and Guan, 2021).

Cellulolytic enzymes, secreted by rumen microbes, are crucial to
fiber degradation in the rumen, a process unique to ruminants.
Cellulolytic enzyme activity reflects how well fiber is degraded.
Increased acetylesterase activity with ADY supplementation might
be consistent with greater relative abundances of the above-
mentioned cellulolytic bacteria, which might confer further bene-
fits for the digestibility of NDF and ADF. Similarly, previous studies
reported improved digestibility of NDF and ADF in both young and
adult ruminants supplemented with ADY (Li et al., 2021; Ma et al,,
2021). The increased acetylesterase activity also might be related to
the growth of rumen fungi as ADY can stimulate the growth of
Neocallimastix ~which has greater acetylesterase activity
(Chaucheyras-Durand et al., 2008; Cao and Yang, 2011; AlZahal
et al.,, 2014).

As in previous studies (Dehghan-Banadaky et al., 2013; Li et al,,
2021), blood glucose concentrations were elevated in ADY-
supplemented ruminants. Although ADY supplementation did not
increase the rumen propionate proportion and concentration
(13.51 mM vs. 15.58 mM) in this study, the higher blood glucose
concentration might be due to the increased total propionate pro-
duction in the rumen resulting from more DMI. On the other hand,
elevated glucose concentration can be a result of promoted gluco-
neogenesis, intestinal glucose absorption, or both. A previous study
also reported that ADY facilitates gluconeogenesis in ruminants, but
the specific molecular mechanism still needs further investigation
(Ma et al., 2021). Increasing fiber degradation in the rumen might
also produce more substrates for gluconeogenesis in the liver. Post-
ruminal digestion of feeds might be affected, especially when ADY
passes through the rumen (Jiao etal.,2017; Ran et al., 2018). The BUN
indicates nitrogen balance — a lower BUN suggests better nitrogen
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utilization. Combined with the lower ruminal NH3—N concentra-
tion, the lower BUN in the ADY-supplemented groups suggested
improved nitrogen utilization, as demonstrated in previous studies
(Dehghan-Banadaky et al., 2013; Issakowicz et al., 2013), which
might also contribute to the greater growth performance. Although
the TP was lower with ADY supplementation and globin was lower
in the CSY group on d 30, they were still within the normal ranges of
healthy animals in similar studies, suggesting no negative influences
on the hepatic metabolism of goats with ADY supplementation (Li
et al., 2021; Sun et al., 2021).

Serum levels of IgG, IgM, and IgA serve as indicators for adaptive
immune status, as they constitute approximately 90%, 9%, and 1%,
respectively, of all immunoglobulins (Zaworski et al., 2014). IgG and
IgM bind to antigens to activate complement proteins that kill
pathogens, whereas IgA agglutinates pathogens which interfere
with bacterial adhesion, as well as possessing anti-inflammatory
properties (Zaworski et al., 2014). Greater IgM concentrations in
the ADY supplementation group suggested improved resistance to
pathogens, consistent with a previous study of weaned beef calves
(Ma et al, 2021). Our recent meta-analysis also showed that
S. cerevisiae products (either ADY or its fermentation products)
increased serum IgG concentration by decreasing fecal pathogen
colony counts, especially Escherichia coli, in young ruminants (Zhang
et al.,, 2022a). Although the blood IgA concentration was slightly
lower with ADY supplementation, the observed immunoglobulin
concentrations were within normal physiological range, indicating
no specific disease occurrence (Zaworski et al., 2014; Liu et al., 2020;
Wau et al,, 2021). In addition, the lower IgA concentration in the
blood did not necessarily mean decreased bacterial adhesion ability,
as a previous study reported significantly increased secretory IgA in
the ileum and colon of calves supplemented with ADY (S. cerevisiae
boulardii CNCM 1-1079) despite numerically decreased serum IgA
concentration (Villot et al., 2020). According to previous studies,
ADY not only can reduce the adherence of pathogenic bacteria to
inhibit them from colonizing the intestinal mucosa but also can
compete with the binding sites of some toxins in the digestive tract
(Ban and Guan, 2021; Ma et al., 2021). This suggested that quality
feed and management strategies enhanced immunity and promoted
the health of goats in this study.

As in previous studies (Bayat et al., 2015; Phesatcha et al., 2021),
we found an increase in DMI with ADY supplementation. In rumi-
nants, the dietary fiber content and fiber digestibility greatly in-
fluence DMI (de Souza et al., 2019). Based on our observation and
previous studies (Li et al., 2021; Ma et al., 2021), the greater ruminal
cellulolytic enzyme activity and relative abundance of fiber
degradation-related bacteria might increase the degradation of
feed in the rumen, which further improves intake. On the other
hand, ADY supplementation can decrease the meal interval in dairy
cattle, which increases DMI (Bach et al., 2007; Olagaray et al., 2019).
Previous studies also reported the benefits of ADY on ADG and FE in
neonatal, weaned, and finishing ruminants (Kamal et al., 2013;
Hassan et al., 2016; Ma et al., 2021). The long-term effect of ADY on
growth performance might be due to facilitating the development
and maturation of the gastrointestinal tract and ecosystem. Previ-
ous studies have suggested that ADY establishes a healthy gastro-
intestinal ecosystem by preventing pathogens from binding to the
gastrointestinal tract or accelerating its development in young ru-
minants (Chaucheyras-Durand and Fonty, 2009; Xiao et al., 2016;
Ma et al,, 2020). Similarly, a previous study reported persistent
effects in calves by inhibiting the colonization of harmful bacteria in
the rumen (Chang et al.,, 2022). From a holistic view of animal
physiological state, better growth performance was associated with
improved feed intake, rumen fermentation, microbial community,
nutrient digestibility, gastrointestinal tract health, whole body
metabolism, and immunity. Few studies have examined the long-
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Fig. 8. An overview of the means whereby continuous active dry yeast supplementation might facilitate the average daily gain and feed efficiency in young dairy goats.
Cellulolytic bacteria included norank Bacteroidales_RF16_group, Erysipelatoclostridiaceae_UCG-004, Anaeroplasma, Sphaerochaeta, and norank Ruminococcaceae. Cellulolytic
enzyme was represented by acetylesterase. Nitrogen utilization was represented by ruminal NH;—N and blood urea nitrogen concentrations. Immune status was represented by
blood IgM concentration. Red arrow indicates an increase, and blue arrow indicates a decrease.

term effects of probiotics and prebiotics on young ruminants. We
suggest that future studies should focus on how ADY supplemen-
tation persistently affects gastrointestinal tract health, nutrient
digestibility, immune status, and then growth performance.

Compared with the CSY group, the adversely affected parame-
ters in ruminal bacterial relative abundance and growth perfor-
mance in the ISY group might be due to a disturbance in
gastrointestinal microbes, digestion, or both by the intermittent
ADY supplementation. A previous study asserted that even if the
rumen pH and TVFA concentrations return to their pre-exchange
values after a near—total exchange of ruminal contents, it takes
14 to 61 d for the ruminal bacterial community composition to
regain a similar profile (Weimer et al., 2010). After a 4-day dietary
challenge, 83.3% of Holstein heifers experienced digestive upset, as
indicated by > 50% feed intake decreases (Moya et al., 2009). Even
when S. cerevisiae culture products are used as dietary supplements
to stabilize ruminal fermentation, they do not significantly affect
the incidence or the time to cause the digestive upset. The required
time for stabilization varies with intake, ruminal fermentation pa-
rameters, the composition of digested matter, nutrient digestion,
and blood metabolites and can range from 4 to 30 d when diets are
shifted (Sun et al., 2010; Machado et al., 2016; Qiu et al., 2021). In
our study, even though the disturbance from the intermittent
pattern was not as severe as the near—total exchange of ruminal
contents, the 5-day interval may not have been enough for the
animal to recover. In addition, since certain S. cerevisiae strains
cannot colonize the rumen for a long period of time (Chaucheyras-
Durand et al., 2012), the intermittent ADY supplementation, which
was designed to decrease the feed cost, was not a suitable sup-
plementation strategy for young growing dairy goats under this
circumstance. Future studies investigating the mechanism whereby
intermittent ADY supplementation influences animal performance
are also warranted.

5. Conclusions

ADY supplementation enhances ADG and FE primarily by
improving DMI, ruminal cellulolytic bacteria abundance,
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cellulolytic enzyme activity, nitrogen utilization, and immune
status in young growing dairy goats (Fig. 8). Moreover, goats fed
ADY exhibited persistent effects on the BW at 12 months of age
and even the birth weight of lambs. However, these benefits did
not all occur with intermittent ADY supplementation compared
with continuous ADY supplementation, indicating that the ADY
supplementation strategy had significant effects on the perfor-
mance of young growing dairy goats. Overall, continuous ADY
supplementation, rather than intermittent ADY supplementation,
can be used as an effective feed additive and supplementation
strategy to promote the healthy and efficient growth of young
growing dairy goats.
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