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Abstract

Plant secondary metabolites (PSM|) are used as livestock
feed additives instead of chemicals for their multiple effects
on rumen microbiota, ammonia N production and
fermentation end products. In this study we investigated the
effect of two kinds of PSM used as feed additives and
compare their effects to the effect of alfalfa varieties which
contain PMS in different concentrations. Fifteen small tail
Han rams were randomly allocated into five groups (n= 3/
group). CONT group (control group fed on basal diet), HT
group (basal diet supplemented with 2 g of Hydrolizable
tannin), PF group (basal diet supplemented with 2g of
Pueraria flavone) G3 group (basal diet +200g of Gannon No.
3 alfalfa) and G9 group (basal diet +200g of Gannon No. 9
alfalfa) for 30 days. At the end of the experiment rumen
samples were collected for rumen pH, ammonia nitrogen
concentration, total and proportional volatile fatty acids
(VFA) and PCR quantification of total bacteria, F.
succinogenase, methanogens and protozoa population. An in
situ ruminal digestion kinetics experiment for soybean NDF
was applied. Results showed that ruminal pH and ruminal
ammonia N were not influenced by any of different diets, but
total volatile fatty acids (TVFA) and molar proportion of
acetic acid were significantly reduced in HT group and
significantly increased in G3 group. Protozoa were
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significantly increased in G9 and PF groups.

It could be

concluded feeding on Gannon No. 3 variety could be used for
dairy ewes and those causing decrease in rumen protozoa
numbers could be used for fattening rams. Feed additives and
different varieties of alfalfa could be used in different feeding
managements to obtain the maximum production

Keywords: rumen, hydrolizable tannin, Peuraria flavone, alfalfa,

sheep.

Introduction

Rumen is the most important
digestive organ in ruminants; it
plays a key role in the digestion
of cellulose and plant fibers
through fermentation processes.
Rumen environment encloses
mainly bacteria and protozoa
which are involved in the
process of microbial
fermentation. It is a process that
manipulates rumen metabolism,
ruminal digestion, and nutrients
availability which, in turn,
maintains ruminants’ health and
productivity (McCann et al,
2014).

Rumen  protozoa  produce
microbiota balance in the rumen
as they compete with bacteria
and fungi for nutrients as far as
they can predate on bacterial
and fungal spores (Williams
and Coleman 1992).
furthermore, protozoa scavenge
the oxygen in the rumen to
maintain the anaerobic
conditions which favor the
growth of anaerobic bacteria
and fungi (Mosoni et al., 2011).
In addition, they produce H,
which is converted into methane
(CH,) by methanogens

(Morgavi et al., 2014, Belanche
et al., 2014). In spite, several
studies suggested that
defuanation (Complete removal
of rumen protozoa) would
reduce CH,; emissions and
enhance a proper fermentation
process in the rumen (Faichney
etal., 1999).

Ruminal digestion is affected
directly and indirectly by food
ingredients.  Plants  produce
secondary metabolites which are
biologically active compounds
that can affect some animal
metabolic processes and growth
rate of some microorganisms
(Kamra et al., 2012). Multiple
defuanation experiments were
established on the concept of
adding anti-microbial elements
to ruminants’ diet (Machmuller
et al., 2003; Yafiez-Ruiz et al.,
2007 and Li et al., 2018). Some
of them used phenols which
represent a great category of
plant secondary metabolites
(PSM) which are characterized
by having a profound effect on
rumen fermentation because of
its known antimicrobial activity
against bacteria, protozoa and
fungi (Burt, 2004). Phenolic
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compounds are divided into
different classes according to
their chemical structure or their
metabolic pathway. Two classes
are the main concerns that
attract the attention towards

their effect on rumen
fermentation and on serum
metabolites; hydrolyzable

tannin which is derived from
gallic and e- gallic acids. The
other main class of phenols is
the flavonoids which are
polyphenolic compounds that
include  condensed  tannin.
Flavonoids provide the
attractive color to flowers and
besides  their  antimicrobial
properties, tannins and
flavonoids are reported to
reduce the volatile fatty acids
(VFA) production or to induce
some  changes in  their
proportions, decrease in both
rumen ammonia and methane
concentration (Tan et al., 2011;
Bodas et al, 2012 and
Oskoueian et al., 2013). PSM
are thought to have an inhibitory
effect on the growth of
cellulotic and proteolytic
bacteria of the rumen by binding
with their cell membrane, which
in turn influence the degradation
of  substrates and  feed
digestibility in rumen (Bodas et
al., 2012). Tannin can reduce
the protein degradation in the
rumen and the plant cell wall
digestion (MacSweeny et al.,
2001).

Alfalfa is considered as one of
the highest quality forages all
over the world. It is of a
significant value in the diary
managemental systems, and it is
recorded to significantly
increase the weight, and feed
conversion ratio in growing
lambs (Alhidary et al., 2016).
Alfalfa contains tannins and
flavonoids as secondary
metabolites which are variable
in its amount according to the
varieties of alfalfa (McMahon
et al., 2000). Alfalfa flavonoid
extract (AFE) showed variable
effects on the microbial
population of rumen of cows
whereas Ruminococcus
flavefaciens relative expression
tended to decrease with
increasing the dose of AFE
supple mentation, while
Butyrivibrio fibrisolvens relative
expression tend to increase
(Zhan et al., 2017). Feeding
ram lambs on purple prairie
clover containing high levels of
tannin resulted in lower levels
of rumen ammonia, total VFA
and protozoa (Peng et al., 2016)
while other fermentation
parameters were not changed.

It is assumed that feeding sheep
on different types of PSM or
feeding them on the same
source with different levels of
PMS would provide different
effects on rumen protozoal and
bacterial activity which will be
reflected on the rumen
fermentation, digestion. The aim
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of this study was to assess the
effect of feeding sheep on two
kinds of alfalfa varieties
(Gannon No. 3 and Gannon No.
9) which both are possessing
different levels of tannin and
flavonoids on rumen
fermentation, microbial
population, fiber digestion and

compare to the effect to
hydrolyzable tannin and
flavonoids of plant extract

which are used as feed
additives.

Materials and methods

1. Diet

Basal diet contents and its
chemical composition are listed
in table 1.A clean water was
offered ad libtum.

2 Animals and experimental
design

Fifteen small tail Han ruminally
cannulated rams (38.24 + 1.03
Kg), aged betweenl5- 18
months, were divided into five
groups and housed in a separate
pen; control group (CONT) was
fed on basal diet, HT group was
supplemented with 2g of
hydrolysable  tannins /animal
(hydrolysable  tannin  was
extracted from gallnut; content
of tannins was greater than
92%) (Aowei Science and
Technology LTD, Zhangjiajie,

Hunan, China), PF group was
supplemented with 2g of
Puerariae  flavones  /animal)

Puerariae flavone was extracted
from Puerariae Lobota with

purity of 81.5% (Baoji F.S.
biological development Co.,
LTD. China), G3 group offered
dried alfalfa Gannon No. 3 (200
g of / animal) and G9 group
offered dried alfalfa Gannon
No. 9 (200 g of / animal). Both
alfalfa varieties were offered in
the morning before the usual
diet. The experiment extended
for 30 days and on day 30
samples were collected. All
procedures  concerning  the
animals were following the
guidelines of animal care and
welfare of Gansu Agricultural
University Institutional Animal
Care and Use Committee.

3 In-situ experiment

Nylon bags of pore size 38-40
um and internal dimensions 80
x 150 mm purchased from First
Beef Cattle Information and
Technology Research Center,
Beijing, China were filled with
five-grams dried soybean (2-
mm screen) were sealed and
placed in the rumen of the
cannulated rams following the
routine all in gradually out at
specific time points (2, 4, 8, 12
and 24 hrs). After removal of
the bags outside the rumen, they
were washed immediately by
tap water and stored at —20 °C.
Two bags were not placed in the
rumen to be used as O hr value.
Drying in oven at 103 °C for 4
hrs. The neutral detergent fiber
(NDF) was measured according
to Van Soest et al. (1991). For
calculation of NDF effective
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degradation  (EDnpr)  that
equation was followed: EDnpr=
Bnor [KdB/(KdB+KpB)]

B noF was the potentially
degradable fraction of NDF,
KdB was the degradation rate of
degradable B fraction, and KpB
was the passage rate of
degradable B fraction which
was assumed =0.06/h. The
disappearance percentage (Y %)
for NDF was calculated
according to the following
equation described by @rskov &
McDonald (1979) Ynor =B (1 -
ekd)) where: Y is the
percentage NDF disappearance
at time (t) and kd is the
degradation rate.
4 Rumen
parameters.
Samples of rumen fluid were
collected, and the rumen pH of
the ruminal contents was
measured immediately using a
pH meter (Model PHS-3C,
Hangzhou Aolilong instrument
Co, Ltd, China). A 10-ml
sample of the strained fluid was
collected, acidified with 2 ml 25
(% (w/v) metaphosphoric acid,
and stored at —20 °C for further
analysis of total and
proportional VFA and NH3-N.
TVFA were assayed according
to Matsui et al (1992) by gas
chromatography (GC) using
methyl valerate as the internal
standard in an Agilent 6890
series GC equipped with a
capillary  column  (Agilent
Technologies, 6890N network

fermentation

gc system diameter and 1 ml
thickness).  Ammonia-N  was
assessed by the colorimetric
method described by
Weatherburn (1967).

5. DNA extraction and qPCR

analysis

Ruminal fluid was collected
though the cannula and stored in
-20 °C. Samples were thawed
on ice and 200 pL aliquots were
transferred to centrifuge tubes,
and total DNA was extracted
from ruminal microbes (Yu and
Morrison 2004) using a genome
extraction kit (TIANamp Stool
DNA® Kit (DP328) -
TIANGEN Biotechnology Co.
Ltd., Beijing, China), according
to the manufacturer’s
instructions. Total DNA purity
and concentration were
measured using a DHS NanoPro
2010® spectrophotometer (DHS

Technologies, Inc.  Beijing,
China.). Total bacteria,
methanogens, Fibrobacter

succinogenes (F. succinogenes)
and total protozoa PCR primers
are presented in table 2
(Sangong Engineering Co Ltd.,
Shanghai, China).

Conventional PCRs for the
validation of the specificity of
the primers against target genes
were  performed in  20pl
reactions using Premix Taq™
DNA Polymerase® (TaKaRa
Taq™ Version 2.0, cat. RR901).
Reactions were performed using
a Veriti Thermal Cycler®
(Applied Biosystems, Foster



326

Walaa l. Mohamadenetal.

City, CA, USA) for each gene
under the following cycling
conditions: one cycle at 95°C
for 5 min for initial denaturation
followed by 40 cycles of 95°C
for 30s, 60 °C for 30 s and 72°C
for 1 min, and a final elongation
step of 72°C for 10 min. The
PCR products were analyzed by
running on 1% agarose gels
containing ethidium bromide
(GoldView®) and visualizing for
a single specific band and the
absence of primer dimer
products.

The corresponding band of
agarose gel for each gene was
excised and the PCR products
for each gene were purified by
gel extraction (AxyPrep DNA
gel extraction kit®). The PCR
products for each gene were
then ligated onto the vector

(BIOTOPO KAN, Biogen
Science Co. Ltd, Hangzhou,
China®). The recombinant

plasmids were extracted using a
plasmid mini kit (AxyPrep
Plasmid Miniprep Kit®)
according to the manufacturer’s
instructions and were quantified
by a DHS NanoPro 2010®. The
standard curves for each
microbe were generated with
10%to 107 copies of recombinant
plasmids per pL.

The gPCR was performed using
Trans Start Tip Green gPCR
SuperMix kit (TransGen
Biotech, Co., Ltd, Beijing,
China) by thermal cycler gPCR
detection system (Light cycler

96® Roch), and genomic DNA
as the template. Each reaction
comprised SYBR Green
Supermix (10 pL), genomic
DNA (5 uL), 0.2 uM forward
primer (0.4 plL), and 0.2 M
reverse primer (0.4 plL) and
PCR grade water (4.2 puL) up to
20 pL reaction volume. The
reaction settings for DNA
amplification were as follows;
one pre-incubation cycle at
50°C for 2 min, one pre-
incubation cycle at 95°C for 2
min followed by 40 cycles at
95°C for 15 s and 60°C for 1
min. All samples were prepared
from the fifteen rams and each
sample was assayed in triplicate
The numbers of copies were
determined using the following
formula (Liu etal., 2012):

6 statistical analysis
Amount of DNA (ug/mL) x6.022 x 103

Length (bp) x 10° x 650

For all analyses SPSS 22.00
software (Armonk, NY: IBM
Corp.) was used. Effective
ruminal degradation (ERD nrp)
and disappearance rates of NFD
were calculated as previously
described. We used One-Way
(ANOVA) to investigate the
effect of different diet treatment
groups (independent variable),
rumen fermentation criteria and
rumen micro-organisms
community. To investigate the
effect of time (within-subject
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factor) and group (between-
subject factor) and time X group
interaction on the intra-rumen
degradation of NFD Kinetics we

(Mixed ANOVA. Duncan's
post-hoc test was used where
appropriate. Differences were
declared significant at P<0.05.

used, mixed analysis of variance

Table (1) Basal diet ingredients and its chemical composition

Ingredient (g/kg fed basis)
Wheat bran, sorghum straw, grains, and corn stalk 347.838g
Soybean meal 226.744 ¢
Wheat skin 174.4185 g
Sorghum, oats, millet, and corn 62.5g each
Sheep mineral mixture 1gm
Mineral-Vitamin block
Salt(NaCl) 14-16%
Calcium (Ca) 23.5-28%
Phosphorous (P) 6.6%
Copper (Cu) 13-24 ppm
Zinc (Zn) 2500 ppm
Vitamin A (1U) 350,000
Vitamin D3(1U) 250,000
Vitamin E (1U) 300
Chemical composition g/kg
Dry matter 575
Crude protein 104
QOrganic matter 941.7
Ash 58.3
NDF 102
Table (2) Rumen microbial primer sequences used for PCR and
gPCR assay.
Target species Primer sequence Amplicon
(forward/reverse) length (bp) Reference
Denman and
Total bacteria F: CGGCAACGAGCGCAACCC McSweeney,
130 2006
R: CCATTGTAGCACGTGTAGCC
Methanogens F: GGATTAGATACCCSGGTAGT 191 Zhanz%oe; al.,
R: GTTGARTCCAATTAAACCGCA
Koike and
F.succinogenes F:GTTCGGAATTACTGGGCGTAAA 121 Kobayashi,
2001
R: CGCCTGCCCCTGAACTATC
Protozas F: GCTTTCGWTGGTAGTGTATT 223 SZ:"G;BG&“
R:CTTGCCCTCYAATCGTWCT
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Results

1. Intra-rumen degradation of
Neutral Detergent Fiber (NFD)
kinetics

There was a significant effect of
different diet groups on the
effective ruminal degradation
(ERD%) | of NDF at 24 hrs
groups (P< 0.05) (Table 3). The
degradable fraction B was
significantly greater in PF
group, while the control group
(CONT) showed the lowest
degradable B fraction and
lowest ERD npr recorded in
CONT group (Figurel-A).
Concurrently with there was a
significant  increase of the
undegradable C fraction of the
control group and it was the
lowest in PF group (P< 0.05).
Time, diet treatment and time x
group interaction significantly
influenced the disappearance%
of NDF during 24hrs. The NDF
disappearance% was
significantly  changed from
1.20% at 2 hrs. to 46.48% at 24
hrs (P< 0.05, n2=0.99). And as
mentioned previously  the
greatest disappearance% was
recorded in the PF group while
the lowest was found in the
CONT group (P<0.001,
n%2=0.79) (Table 3). Finally, the
time x group interaction showed
that the greatest disappearance%
of NDF was found at 24 hrs in
PF group (52.88+0.41) while
the lowest disappearance% was
measured at 2hrs in the G3

group (0.35+0.04) (P< 0.05,
n2=0.62). (Figurel-B).

Results for rumen pH and
ammonia-N were not
significantly (P>0.05) affected
by diet| treatments among
groups, whereas the total VFA
were  significantly  greater
(P<0.05) in G3 group and
significantly lowered in HT
group (Table 4). The molar
proportions  of  isovalerate
propionate and isobutyrate did
not significantly change
(P>0.05) between the different
treatment groups. However, the
molar proportions of acetate and
valerate  were  significantly
(P<0.05) reduced in HT group.
Butyrate  were significantly
(P<0.05) increased in control
group. The acetate propionate
ration (A: P) ratio was not
affected by any of the diet
groups (P> 0.05) (Table 4).

4. Rumen micro-organisms
community

The quantity of the rumen
microbes showed a significant
(P<0.05) increase in the total
protozoa population in G9 and
PF groups and decreases HT
and G3 groups (Table 4).
Methanogens were significantly
(P<0.05) increased in G9 group
and significantly reduced in PF
groups (P<0.05). Total bacteria
and F. succinogenes populations
were not affected by any of diet
treatment groups (Table 5).
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Table (3) In situ ruminal Neutral Detergent Fiber (NFD) kinetic

Treatment group
Parameters CONT HT PF G3 G9 P-value
B % 84.15:0.95° | 85.20+1.91° | 93.7620.72° | 88.19+2.32> | 90.78+1.90® | 0.004
C% 15.49+0.95¢ | 14.80+1.91° | 6.24+0.72° | 11.812.32% | 9.22¢1.90 | 0.004
kdB (%h) 2.63° 3.08° 3.46° 3.51° 2.70° P<0.001
ERD % 81.48+1.40° | 83.57+1.87% | 92.1620.71% | 85.71+2.51* | 88.80+1.85% | 0.001
f;:sappeara”ce 39.730.55° | 44.64+1.35° | 52.88:0.41% | 50.18+1.32* | 44.98:0.53° | P<0.001

degradationin different diet groups at 24 h.

Means within a row with different superscript letters differ (P <0.05).

B%= degradable NDF fraction, C%= undegradable NDF fraction, kdB= The
degradation rate of degradable B fraction, CONT = control group, HT =
Hydrolyzable tannin group, PF = Pueraria flavone group, G3 = Gannon No.3

group and G9 = GannonNo.9group.
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Figure (1) Disappearance (%) of NDF during 24 hours in different
time points (A) and different treatment groups (B).
3 Rumen fermentation parameters




330

Walaa l. Mohamadenetal.

Table (4) Ruminal fermentation criteria in different diet groups.

Treatment group

Parameters CONT HT PF G3 G9 P-

value
PH 6.25¢0.00 | 6.44+0.16 | 6.4120.05 6.3740.05 | 6.3140.05 | 0.62
Ammonia-N 15.2743.12 | 15.8142.01 | 20.09+1.99 | 22.50+2.48 | 19.28+2.23 | 0.25
TVFA 115.7842.81° | 90.5046.68° | 102.02+4.41% | 120.4146.30° | 97.73+6.23" | 0.016
Isovalerate 1.40+0.37 0.7140.07 0.68+0.10 1.16+0.23 1.1940.10 0.12
Propionate 2431+1.60 | 23.23+1.98 | 21.51#1.01 | 27.12+1.34 | 20.27+1.95 | 0.094
Isobutyrate 0.85:0.14 | 0.56+0.06 | 0.610.02 0.8120.08 | 0.860.04 | 0.06
Acetate 73.2241.77° | 55.8645.10° | 67.86+3.52® | 76.913.85° | 64.57+4.68" | 0.03
Butyrate 14.38:0.68° | 9.3440.97° | 10.30:0.17° | 12.71#2.01% | 9.27+0.86° | 0.03
Valerate 1.6240.25% | 0.79+0.06° | 1.0640.09% | 1.714027° | 1.56+0.06® | 0.01
ﬁ:t?;ate’ Propionate | 5051006 | 2431029 | 3.15:0.02 2851021 | 3.22¢021 | 0.16

Means within a row with different superscript letters differ (P < 0.05).
CONT = control group, HT = Hydrolyzable tannin group, PF = Pueraria flavone group, G3 = Gannon
No.3 group and G9 = Gannon No.9 group.

Table (5) Effect of feeding different diets on rumen microbial
population (copies/mL) in different diet groups

Treatment group
Parameters CONT HT PF G3 G9 P-value
Totallsbacteria 5.60+3.59 | 2.82+0.02 | 10.71+10.0 | 0.66+0.38 | 5.78+0.45 0.23
g.igg():inogenes 7.44%1.22 8.465.30 5.17+0.77 5.72+0.68 | 10.19+7.88 0.81
&%’?rl?)nogens 2.0940.34° | 1.56+0.39° | 0.83+0.02° | 1.57+067° | 4.28+1.20° 0.036
I(Dxro(t)ozzaas (x10%) | 2.88+1.30* [ 1.61+1.00° | 6.01+5.90% | 1.36+0.23" | 6.95+2.40° 0.039

Means within a row with different superscript letters differ (P < 0.05).
CONT = control group, HT = Hydrolyzable tannin group, PF = Pueraria flavone group, G3 = Gannon
No.3 group and G9 = Gannon No.9 group.

4. Discussion

In the current study we found
some interesting results of the
effect of some PSM used as
feed additives versus feeding
the whole plants of alfalfa and
their effect on the rumen
fermentation of sheep.

Rumen fermentation
parameters, NDF digestion and
rumen microbial population

results are related to each other,
therefore we must discuss them
altogether. Rumen pH is the
balance between TVFA and
ammonia, and it is produced by
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rumen microorganisms. In the
current study, rumen pH and
ammonia did not significantly
change  between  different
groups; meanwhile, TVFA were
significantly reduced in HT
group because of the significant
proportional reduction in acetate
and valerate acids, similar to
Bhatta et al. (2009) and Gemeda
and Hassen (2015) in their study
about the effect of phenolic
compounds and tannin on
rumen fermentation, tannin had
decreased the TVFA production
in the rumen which is attributed
to the anti-microbial effect of
tannin. In fact, several studies
referred to the selective
inhibitory effect of tannins to
microbial growth, the
gallotannins which is the type
fed to the HT group strongly
inhibited the cellulolytic activity
of bacteria (Tagari et al., 1965)
these cellulolytic bacteria which
digest fibers and produce VFA
(Birgitte et al., 2018). Also, we
find that G3 group results
showed increased TVFA
although alfalfa Gannon No.3
contains higher levels of tannin
(Mohamaden et al.,, 2020),
which supports the theory that
different source s of tannins
provides different effects.

Addition of Flavonoids or
tannic acids to diet decrease the
degradation (Oskoueian et al.,
2013) or may have no
significant effect on NDF or
other chemical metabolites

(Aguiar et al., 2014). Paula et
al. (2016) and Zhan et al.
(2017) found that the NDF
degradation tended to increase
with  increasing  flavonoid
supplementation to cows’ diet.
Our study recorded that addition
of flavonoids to diet
significantly increased the NDF
ruminal effective degradation
due to the increased B
degradable fraction and
significant decrease in the C
undegradable  fraction, we
attribute the results of NDF the
significant increase in the total
protozoal population, according
to (Bera-Maillet et al., 2005)
who suggested the rumen
ciliated protozoa have a high
fibrolytic capacity. Also, total
bacteria showed non- significant

increase in the total bacteria
quatitiaive PCR, and even
though the F. succinogenes

were not significantly changed,
other unmeasured cellulolytic
bacteria would be increased in
population such as R. albus and
B. fibrisolvens. Ma et al. 2016
recorded a significant increase
in the digestibility of NDF in
the mulberry leaf flavonoid
supplemented sheep.
Nevertheless, G9 alfalfa variety
contains higher levels of total
flavonoid compared to G3
alfalfa variety (Mohamaden et
al., 2020). G9 and PF groups
favored the growth ruminal
protozoal, meanwhile, HT and
G3 groups showed a significant
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decrease in the protozoa
population due to the anti-
protozoal effect of tannin
(Animut et al., 2008 and
Hristov et al., 2013). In fact, the
increase in the total protozoa
enhances the  methanogens
growth (Newbold et al., 2015)
as they symbiotically live on
external surface of the protozoa
(Morgavi et al., 2014 and
Belanche et al., 2014).
Meanwhile, other researchers
found that adding different
types of flavonoids to rumen
fluid would suppress the
population of almost rumen
microorganisms generally and
specific types of flavonoids as
naringin and quercetin could
decrease the population of total
protozoa and methanogens
especially in Oskoueian et al.
(2013). However, these studies
were conducted in vitro which
follow restricted experimental
factors and only focusing on

their  specific  types  of
microorganisms,  while  the
rumen encloses billions of

microbes live under anaerobic
conditions which still cannot be
cultured and still influencing
rumen fermentation and
digestion in the presence or
absence of PSM and these
ruminal  microbes  deserve
further investigation.

5. Conclusion

Usage of PSM as feed additives
could produce different effects
on rumen ecosystem and in turn,

it would affect the different
management feeding according
to the purposes of animal
breeding. Hydrolysable tannin
proved to reduce the TVFA
production  and  protozoal
population which would
decrease the protein utilization
by ruminants and that is
important in improving the
fattening farms. Pueraria
flavone and Gannon No.9
alfalfa variety favored the
growth of protozoa which in
turn enhanced the digestion of
NDF. Feeding ewes on Gannon
No. 3 alfalfa variety would
increase the milk production
due to its favorable effect by
increases the TVFA.
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