Effect of Aspergillus oryzae Extract Alone
or in Combination with Antimicrobial Compounds

on Ruminal Bacteria?

ABSTRACT

The effect of an Aspergilius oryzae fermentation
cxtract on the growth rates of pure cultures of rum-
nal bacteria was determined. Bactena were grown in
an anaercbic ruminal fluid and carbohvdrate
medium A sicnle filtrate made with 10% A oryzae
was addcd to the medium at 2 or 5% (volfvol) to
provide a final A cryzee concentration of 2 or § mg/
ml, respecinely The filtrate had no elfect on the
growth rates of 10 of the 19 rununal bactena tested,
howescr, the filtrate 1ncreased the grow th rates of the
bacteria that digest fiber, Ruminococcus elbus and
Fibrobecter succinogenes, and the bacrer.a that utihize
lactate, Alegasphaera elsdenu, Selenomonas lactilyt-
ica, and Selenomonas rumingntium No differences in
growth rata were detected between the two concentra-
nons of A omazee fltrate

We also invest:rated the interactions between A
orvzae and antimicrobial compounds on the growth
rates of aixn species of rummnal bactera that had
shown positne responses or no response to the
filtrate The addition of A orviae filtrate to medium
containing chlortetracycline or neomyein tended to
dininish the negauve effects of those compounds on
the growth rates of some rummnal bactena, although
the bactena had no positive growth responze to the
filtrate alone ln contrast, the combination of A ary-
zae filtrate and tylosin decreased the growth rate of
Sul. rununantium D These results indicated that A
oryzae stimulates growth of some bactena that digest
fiber and ferment lactate in the rumen and mteracts
positively or negatively with certain antimicrobial
fead additines
(Key words Aspergillus oryzae, fermentation ex-
tract, rumical bactena, antimicrobial feed additives)
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INTRODUCTION

A wide range of nucrohial feed additives 1s commer-
crally available to hvesiock producers. These addi-
tives tonlain muervorgzmisms (¢, bactena and fun-
g1}, thar products, or spent growth medium
comtavung metabolic end prodiocts The uwse of
microbial add tives 1n the diets of ruminanis 15 11-
creasing because these additives are an appealing
allernaine to annbiotics Becanse microbial products
are not identical in conposition and beeause the mode
of act:0m 15 thought Lo differ amony products, 1t 15 not
surprising that vanation 11 ammal performanes 1s
cons:derzble (2, 12, 30),

A fermentaf.on extract of the mold Aspergulins ory-
zae (AO, Amaferm®, PioZyme Enterpnses Inc, St
Joseph, MO) 15 one of several fungal products that
ara commercially available Supplementauion with
AO increased ruminal microbial acuvity 1n a rumen
simulator {9), in calves (2), und in cows (3Q), as
was ev:denced by increased VFA concentrations and
bactenal numbers, particularly bactenta that digest
fiber Supplementation with AQ also influences the
metabohism of ruminal mrcroorgarusms For example,
AO enhanced lactate uptake by the ruminal bactena
Selenomones rumnantium (19) and Megasphaera
elsdenit (28) The effeet of AQ on the acetatz {o
propionate ratio produced from mixed cultures of ru-
minal microorganisms has been inconsistent (9, 30),
and research on the elfects of AO on the growth of
rununil bacternia and their fermentation products 13
lacking

Varwoas antunicrobial feed add.tives, including
tylosin and moncnsin, are fed to livestock to reduce
infections and to increase performance Microbial feed
additives such as AO do not fall under FDA guide-
Iines and, thus, can be fed 1n combination with any
approved compound Therefore, the deterimnatinn of
possible interactions between AQO and anLiricrobial
feed add'tines 15 of inteicst Qur oljective was to
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determine the effects of AQO with and without an-
tumicrobial compounds on the growth rate of pure
culturcs of ruminal bacteria

MATERIALS AND METHODS

Organisms

The ruminal bacteral strains exzmuned were
Anaerovtbrio Iipolytica 7553; Bifidobacterium globo-
sum RU224, Butyrivibrio fibrisaluens 49, Eubacterium
ecllulosoliens 5495, Fibrobacter succinogenes S85,
Fusobacterium ncerophorum biotypes A and B, Lach-
nosmra multiparus D32, Lactobactllus ruminis RF2,
Lactobacillus vitulinus CL1; Mcegasphaera elsdenu
B159, T81, and LCl; Rurminobacter amylophilus 70
and A18, Rumnococeus albus 7, Streptococcus botis
7H4 and JBI1, Selenomonas lactiviien PC13, Selcrno-
monas rununantium HD4, HD1, GA31, and D, Pep-
tostreptococcus indolicus, Frevotella ( Bacterordes)
rurninicole 23, ard Vedlonclla alcalescens UW221
Fibrobacter succtnogenes 585 and R albus 7 were
obtained from American Type Culture Collection
{(Rockyville, MD)Y. Fusobacterium necrophorum ho-
types A and B wcre 1solated in our laboratory (16)
Sources of the remammng strans were reporied by
Taylor and Nagaraja (26)

Culture Medium

All orgamisms were grown 1n a prercduced, anacr-
obically sier:lired, ruminal flwmd and carbohydrate
med:ur, cvste ne IHICl (0 05%) was the reducing
agent (8) The anaerobic techniques for preparing
and dispersing the medium were according to the
methods of Hungate (14) as mod.fied by Holdeman et
al {13

The AO was added as a sterile filtrate to the cul-
ture medium The Hltrate was prepared according to
Nisbet and Martia (19) Brweilv, 5 g of the AQ
product were mined with 50 ml of sterile, deionized
water for 1 h at room temperatuie (25°C) The slurry
was straned through four layers of cheesecloth, cen-
infuged, and then vacuum filtered through a What-
man numher 1 flter (Whatman Lab Sales, Illlzsboro,
OR) The supernaiant was then filtered through a
membrane filter (0 45 jau) 1nside an anaerolne glove
bux and stored mside the glove box Therefore, the
final concentration of AQ product in the filirate was,
at best, 107 The filtrate was added to the culture
medium at 2 or 5% (vol/vol) to provide a concentra-
twon of 2 o1 5 my of AQ/inl These concenfrations were
sumilar to AQ concentrations used 1n vilro (18) and
m vina (2)  Cuntent reeommended  wvsage  of
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Amaferm® in the diets of ruminunts is beltween 1 and
3 g/d per head

Effects of AO on Growth Rate
of Ruminal Bacteria

Serew-cap tubes (Hungate type anaerobic culture
tubes, Belleo Glass Ince., Vineland, NJ) cuntaiming 10
ml of ruminal fluid medium with or without AQ
filtrate were inoculaied with 100 ul of an overmght
culture of ruminal bacteria Bacternal growth was
monitored by measurement of ahsorbance at 600 rm
in a spectraphotometer (Milton Roy, Rochestcr, NY}
mtially and al 1-h intervals until ahsorbance was
maximal Absorbance was comparcd against a control
sanple of uninoculated medium The speafic growth
rat. and doubling time were calculated (15 Ali
incubanons were performed 1in triplicate, and the -
pernment was replicated three timus

Effect of AC on VFA Concentration

To determine the effect of AO on VFA concenira-
tion, bacter:al species that exhibited 1ncreased growih
rates with the addition of AQ were used When the
growth rate was mawmmal, the culture was cen-
trifuged, and the supernatant was acidified with 23
metaphosphoric acid and analvzed for VIFA by gas
chromatography (2)

Interactions Between AD
and Antimicrobial Compounds
on Growth Rates of Ruminal Bactena

Three bactenal species that ehibited increascd
growth rates with the addition of AQ (Af elsdenu
B158, Rc albus 7, and S ruminantium D) and
three species that had no resporse te AO (Prer
ruminieola 23, Rb amylophilus 70, and Sel ruminar.-
fium GA31) were usad to determine interactions be-
tween AO and antinucrobial fecd additives on bae-
tenial growth rates

The following compounds were included bacitrac.n
120 TU/mD), chlortetracycline (2 5 pg/ml), moners.n
(10 pg/ml), neomycin (20 ug/mly, oxytetracyclre
(2 5 pgfl), tylosin (2 5 pg/ml), and monensin plus
tylosin Antimicrobizl concentrations uged were based
on recommended concentrations for renunants (3, §,
10, 29). All antibiotics were dissolved 1in methanaol
except far chlortetracsehine aud  owyletracachne,
which were dissolved 1n stenile disuilled water Ax
equivalent amount of methanol was added o 1he
control tubes

The organisms were grown 1n a medium contirang
AO filtrate, antibioue, AO plus antihiotie, ar no addi-
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tive (control) Three tubes were used for each treat-
ment, and each tube was inoculated with 100 ul of an
overmight culture grown 1n the same medium without
autibiotic or AO Growth was monitored, and the
specific growth rate and doubling time were caleu-
lated as before

Statistics

All experiments were performed in triplicate from
three separate batch culture incubations Treatment
means were compared by a paired saomple Student’s £
test, Significance was declared at P < 0.05 unless
otherwisc indicated

RESULTS

Effect of AD on Growth
of Ruminal Bacteria and VFA Concentration

Ten of the 19 species of ruimmnal battena tested
(An hpolvtica 7553, Bif globosurm RU224, B fibrisol-
vens 49, E, cellulosolvens 5195, Fs necrophorum bio-
types A and B; L multipares D32, Lbd rumims RF2,
L witubinus CL1, Rb. armylophilus 70 and Al8, Strep
bouts THt and JB1, Sel ruminantium GA31, P. In-
dalicus, Prev ruminicole 23, and V' alcalescens UW
221) were not affected by AO treatment. However,
Fb succinogenes S83; M elsdenu B159, T18, and LC1,
Rc albus 7, Sel loctidytica PC18; and Sel, ruminan-
tium D, HD1, and HD4 exhubited higher (P < 0 05)
growth rates and shorter doubling times in medum
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containing AO than in medmum without AQ (Table
1). Responses did not differ (P > 0 1) between the 2
and 5% (0 2 and 0 5 mg/ml), respectively) concentra-
tron of AO filtrate Among Sel ruminantiumn stra:ns,
Sel ruminantiumn GA31 was unaffected by the addi-
tien of AQ. None of the ruminal bacteria tested was
negatively affected (dcercased growth rate) by AO

The effect of AQ on the VFA concentration from
bacteria that showed an increased growth rate In
responze to AQ supplementation was examned Adds-
tion of the 5% AO fiitrate, but not of the 25 filtraic,
increased (P < 0 01} the acetate concentration in the
medium from Re albus 7 and increased the propio-
nate concentration in the medium from Sel ruminan-
tium D compared with the control (Table 2y The
increased propionate concentration accompamed by
no change in acetste conceatration in the medium
from Sel ruminantium D lead to a decreased (P <
0 01) acetate to propionate ratio Additionally, the
inclusien of AQ increased VFA productton (P < 0 01)
by R~ eclbus 7 at the 5% AQ Gltrate Selenomoncs
ruminentium D and HD1 exhibited a trend (P =0 1)
toward increased propionate and total VFA concen-
trations and a lower acetate to propionate ratio when
AQ was added to the medium The concentrations of
acetate, proponate, and totzl VFA in the medium
from Sel lactilytica were unaffected by the addition of
AD (Table 2), although AO did i1ncrease the growth
rate. The production of butyrate by M. elsdenu B159
mcereased from 63 to 72 mV (P < 0 01), and total
VFA concentration from M elsdenu B159 (Table 2)
increased, with the addiwon of 2%, but not 5%, AO

TABLE 1 Effict of Aspurgillus ory2ae formentaton extract { AO) on spec:fic prowth rate and deubling

time of runmimal bacteria

Cont-ol 22 AQ Filtrate! 5% AQ Filtrate

Growth Doubling Growth Doukling Growth Deublhirg
Orgamsm rate e raie tune rale time SE

{/h) (rmin? {(/h) {rn) t/h) {min)
Fibrobacter succinogenes S85 D26 155 033 125 036 112 004
Megasphaera elsdenu B159 032 130 013 o9 04 107 003
M elsdenn TSl 0 30b 150 0 4na 113 042 108 003
Al eledenu LC1 02¢ 141 03X 129 039 117 ool
Ruminococcus albus 7 0 5gb 72 07o 60 0692 64 004
Selenomonas rurmnantium D 059 70 0Tt 61 072 39 002
Sel rumunenttum HD1 063° G 075 53 0 752 35 003
Sel ruminantium HD4 0Gab 69 0742 54 072 59 003
Sel rumunantitum GA3L 0 502 85 D3 S0 053 T 005
Selenomonas lactilytiea PC18 057 73 07m 60 0710 51 003

8"\eans within a row with different supersenpts differ (P < 0 OL)
¢dMeans within a row with different supersenpts differ (P < 0 05)
1A stenle Fitrate of 10% AO was added to the medium at 2 or 5% (vol/vel), provideny g firal AQ

enncentration of 2 or 5 mp/ml, respectively
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Additionally, the acetate o propionate ratio tended
(P = 0.12) to increase with the addition of 5% AQ
The concentrations of acetate, propionate, 1sobutyrate
(0 39, 011, and 041 mAf iscbutyrate from medium
contaiming 0, 2, and 5% AQ, respectively), and valer-
ate (15, 17, and 17 mif valerate from medium
contz:ming 0, 2, and 5% AO, respectively) did not
change with the addition of AO to the growth medium
from M. elsdenii B159

Effect of AO with or
Without Antimicrobial Compounds
on Bacterial Growth

To determine possible interactions between AO and
antimicrobial feed additives on ruminal bactena, we
grew bacteria in media containing seleeted an-
timicrobnals with or without AQ and compared their
growth rates (Tables 3 and 4) Growth rates were
measured from three bacteria (M. elsdenu: B159, Re.
albus 7, and Sel ruminantium D) that had shown
increased growth rates and three species ( Prer.
ruminicola 23, Rb amylophilus 70, and Sel ruminan-
tium GA31) that had demonstrated no change in
growth rate 1n response to AQ

As shown previously, M. elsdenu B153, Re albus 7,
and Sel ruminantium D grew faster (P <0 01) 1n the
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growth medium with AQ than in the control medium
(Tables 3 and 4) Growth of M elsdenu B159 was
unaffected by the presence of monensin in the
medium (Table 3). However, M elsdenu B159 grew
slower (P < 001) with the addmion of tyvlosin or
monensin plus tylosin to the medium than without
(control} Addifion of AO to the media contaning
monensin, tylosin, or monensin plus tylosin did not
affect the growth rate of M. clsdennt B159 compared
with the growth rate of M elsdenu B159 1n medium
contaiming the antimicrobial alone Growth of Re. al-
bus 7 was inhibited by monensin, and the growth rate
was slower (P < 0 01) than the growth 1n the control
medium when tylosin or monensin plus tyvlosin was
included. Addition of AQ to media contaiming these
antimicrobial compounds did not affect the growth of
Re albus 7 (Table 3). Prevotella ruminicola 23 grew
slower (P < 0 01) 1» media conlaining monensin,
tvlosin, or monensin plus tylosin than in the conirol
medium. The addition of AQ to the media contaiming
monensin or moncnsin plus tylosin did not efisct the
growth of Prev ruminicola 23 when compared with
growth 1n media containing the antumecrob:als alone
However, growth of Prev rumunicola 23 in the
medium contamning tylosin plus AQ was lower than
that 1n media containing AQ or tylosin alone, 11dicat-

TABLE 2 Effect of Aspergillus onzge formentation exteact (AD) ony the fura.entation produsts of

se.ected ruminal baecteria

AD Acctate Propiona'a Total
Organsm Filtrate! ;9] 1P VFA AP
() i
Runnnorocers alhus 7 0 21 9k 25 4h
2 22 gt 26 03
3 28 Qs 3372
SE 11 13
Selenomonas rurunantizm D 0 282 12 Qb 402 2612
2 296 13 §ab i34 2110
3 294 1490 44 3 201k
SE 12 10 24 10
Sel rurungntium HD1 0 278 10 & 333 271
2 272 110 382 251
5 274 125 399 221
SE 12 10 22 10
Selenomones loctilsticn PC18 \] 220 62 313 361
2 240 66 333 361
H 213 70 342 351
SE 11 10 21 10
Mogasplarra cledenu B15% 0 185G 25 297 74
2 218 25 3n3 79
5 201 25 322 80
SE 10 04 13 10

abMeans within a coutnn within each organism with diFuent supersa pts Wler (P < 0 1)
"A stenle filtrate of 10 AO was added to the medium at 2 or 5% (ve)Acl), proviemg a final AQ

woncentration of 2 or 5 wegiml, respect rly

Jou nal of Ca -y Scrence Vol 81, No 6, 1998
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TABLE 3 Effect of Aspergillus oryzae fermentation extract (AO) with or without antimicrobial compounds on specific growth rates (per

hour) and doubling tunes {minutes) of selected rumnal bactena

Treatment media

Monenui,
Monensin Monensin - Tylosin Tylosin Monensia tvlosin,
Controt At (10 gg/ml) and AO {25 pp/ml) and AD amd ty'vs'n  aml AQ
Speafic growth rate
Mcgasphnera clsdenu B159 0 34® 043 0 30 0 28 0 25 0 26 0 24c 024
Prevolella ruminicola 23 042n 0462 0 28> 0 24% 0024b 015¢ 012 011
Rurmnebacter amylophilus 70 0 362 N34 0 32 030 028 0302 024 027
Ruminococcus albus 7 053b 06l1s 020 021 0104 0 pad
Sclenomonas ruminantiun D 0575b 071> 0 56° 0 50 057k 043 053t 0 qabe
Sel runinantium GA31 0 S00b 0 562 0 33 0 17 0 46be 0 40nb HEE 01t
Doubling time
M elsdenu: B139 123 ag 140 158 170 161 151 152
Prev rumincoln 23 122 103 185 180 3 2717 401 419
Rb amalophilus 7 118 123 123 139 150 140 201 152
Re albus 7 86 69 211 205 425 411
Sel rumungnizum D 73 61 75 76 80 95 &9 101
Sel ruminantium GA31 85 75 79 107 105 an g3 105

adcdhieans within a row with different superscng:s differ (P < 0 O1)
A stenile filirate of 10% AO was added tu the medium at 2 or 3% (volioll, provid.rg a final AQ corcertration of 2 or 5 ma/ml,

racpectively

Ing a negative interaction between the two com-
pounds Growth rates of Rb amylophilus 70 and Sel
ruminantium D and GA31 were unaffected by monen-
s1n, tylosin, or monersin plus tylosin The addition of
AQ to the medium contamning tylosin did not affect
the growth rate of Se! rununantiuvm GA31 compared
with the growth of Sel rurunantium in the medium
conlaining tylosin alone (P < 0.01) However, the
combination of tylosin and AO caused Sel ruminan-
trum D to grow slower (P < 0 01) than Sel ruminan-
tiurn D in mediem contmining tyvlosia alone, indicat-

ing a negative nteroction between the two
compounds.

None of the bactenal species tested grew when
oxytetracycling (2 5 pg/ml) was included 1n the
medium (Table 4) Rumunebacter amalophtius 70 and
Prev rumimcola 23 did not grow, and M elsdenu
B159 and Sel ruminantium D and GA31 exhibited
extremely slow growth rates when chlortetracychne
was added to the medium compared with growth in
the control medium (P < 0 01) (Table 4) All bac-
terial species tested grew slower (P < 0 01) 1n the

TABLE 4 Effect of Asprrgillus oryzae fe-mentation extract {AO) with or without antim.crotnal cumpounds on spetific growth rates (per

hour} and doublirg times {rinutes) of rununal bactena

Treatmnent media

Chlor-

tetracyci:ne tetracychine Neomycin

Chlor-
Neomyan  Bactracin Baatracin

Control AO! (25 pg/ml) and AQ (20 ug/ml) and AO (20 U/ml) and AO

Spraoific grownth rate

Afegasphaera elsdenu B159 034> 0 432 01e o 01 0 28c 020k 0 30Le

Prevotella ruminicola 23 042 0 160 . 0 135% 017 0 i0n 0392

Rumunobncter amylophtlus 70 0362 0342 0 16¢ 013 0 2ot 030

Rurunococcus albus 7 053% 06l 014 0184 0134 0 14¢ 037¢ 0 2%

Selenomonas ruminantium D 057> 0171a 020 0 39 0314 041e 047 048t

Sel rumanantium GA3L 0 Soh 0 36eb 0 13cd 0 16 0 12d 021 0 590 064
Douabling ttme

M elsdenit B159 128 99 300 246 265 161 128 148

Prie rumimcola 23 122 103 289 218 103 99

Rb amylophius 70 118 123 347 a2a 196 145

Rc albus 7 86 €9 375 232 338 325 113 1585

S rumingntium D 73 61 211 107 173 146 116 93 .

Scl rumingntium GA31 85 5 315 261 361 197 70 65

rbediMeans withon a row with dufferent supersenpts differ (P < 0 O1)
A stenle filtrate of 107%¢ AQ was added tu the mediumn at 2 ur 3% {volivol), providing a final AO concentratien of 2 or 5 my/ml,

respctively

Journal of Dairy Science Vol 81, Mo 6, 1923
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medium with neomyean than in the control medium
(Table 4) Addition of AC to the medium containmng
chlortetracycline or neomyecin increased (P < 0.01)
growih rates of M e¢lsdenu B159 and Sel. ruminan-
i D (Table 4), however, growih rates were stil]
slower than those in the control medium. Addilion-
zlly, Sel ruminentium GA31 tended (P = 0 1) {o
grow faster when both neomycan and AO were added
to the medium than when neomycin was added alone,
even though AO alone did not aflect the growth rate
of Sel ruminantium GA31 Ruminococcus albus 7 and
Rb amylophilus 70 grew slowly { P < 0 01) with the
inclusion of bacitracin 1n the growth medium (Table
4). Addition of AQ to the medium containing bacitra-
an did not affect the growth rate of either species

DISCUSSION

The use of dircct-fed micrabial feed additives, such
as AQ, mn vanous feeding situations is increasing
However, information on the mode of action of such
feed additives is very himited Among direct-fed
mucrobials, fungal products such as AO and Sac-
charomyees cerevisice have atiracted more attention
than bactenal products Some strains of the fungus A
oryzae produce substances with a wide range of an-
tibactenal activities (20) However, none of the rumu-
nal bactenia tested was negatively affected (decreased
growth rate) by the addition of AO, suggesting that
AOQ Lad no antibactenial effects on the rumnal bac-
tena surveyed Ina facl, most of the ruminal bacteria
tosted showed no response o AO supplementation,
however, some specics grew faster when AO was 1n-
cluded in their growth medium In this study, AD
imcorporated in culture media was a filtered waler
extract of the commeraizl product Amaferm®. With
the assumption that extraction was complete, the
maximal concentration of AQ added at 2 or 5% (vol/
vol) was 2 or 5 mg/ml, respectively This concenira-
tion 1s stmilar to the concentration that wus used by
Martin and NMNishet (17} The concentration was
higher than the expected concentration of AQ 1in rumi-
nal contents of adult cattle fed at the recommended
dose of 3 g/d (18, 27)

Although a wide variety of ruminal bacteria was
tested, bactena responding to AQ positively with
growth represented only two functional groups, bac-
teria that digest fiber and bacteria that ferment lac-
tate Among bactena that digest fiber, only Fb suc-
cinagenes S85 and Re albus 7 were stimulated by AQ,
and othets (B fibrisolvens and E cellulosolvens)
were unafiected The AO could have possibly provided
a growth factor nceded by Fb succinogenes S85 and

Journal of Dairy Science Vol 8%, No 6, 1528
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Re albus T. The AO contains biotin, pantothenic acd,
pyndoxine hydrochloride, vitamin Bjz, and many
amino acids (composition data from BioZyme) Sec-
ond, A oryzac may possess some endogenous protco-
Iytic activaity (1, 3) that could lead to the increased
cuncentiration of branched-chain VFA thul 15 some-
times reported with AQO supplementation (9)
Branched-chain VFA are growth factors for many ru-
minal fibrolytic bactenia (4, 7) However, all of the
species of baclena tested that digest fiber require
biotin and pynidoxin and are stimulated by branched-
chain fatty acads (4) Fibrobacler succinogenes 1s
unique among the bacteria tested because 1t requires
the straight chain acid valerate for optimal growth
(4). A highervalerate concentration might contribute
to a higher cell growth rate Analysis of VA of the
medivm containing AQ alone showed low concentra-
tions (above the concentrations already mn the
medium) of branched-cham VFA (05 mlf
1subutyrate and 0 2 m\f isovalerate) but no valerate
Additionally, AD might have possibly enhanced
nutrient uptake by the bactenna (19, 28)

Because Fb succinogenes and Re albus are among
the predominant fibrolyt:c bacteria in the rumens of
cattle and sheep (6), the increased growth rate of
these bacterna could account for the increased num-
bers of fibrolyuc bacteria thzt have been reported in
vitro (9) and in vino (2) with AO supplementation
Weidmeler et al (30) reported that cows fed dits
supplemented with AO had higher total numbers and
a greater proporuion of bactena that digest fiber than
did control cows Beharka et al (2) reported 1in-
creased numbers of cellulo!ytic, hemeeliuloly tie, and
pectinolvtic bacteria swhen calves were fed diets sup-
plemented with AQ compared with control cazlves In
theory, a larger and more actine population of fibro-
Iytic ruminal bacteria can increase the rate and
amount of fiber degiadation However. resuits from
digestion studies thal ineluded AQ have been mixed
Weirdmeicr et al (30) reported increased total tract
dagestibility of hemicellulose, but not acid detergent
fiber, 1n response to AQ Varel et al. (27) reported
that AO enhanced the rate, but not the extent, of 1n
vitre degradation of bromegrass and switchgrass fiber
fractions by mixed 1ununal miervorganiesms Addition-
ally, Frumholz ¢t al (9) reported that AQ had no
efiect on in vitro DM digestion despife increased num-
bers of cellulolytic bactena

In addition to 1ncreased growth rates, inereased
rununal pH might also be a factor that 1s responsible
for the increased numbers of cellulolylic bactena 1n
the rumen A reduction in the lactic acid conwentra-
tion could lead to stahbization of Lhe rununal pH,
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which could be accomphshed hy decreased lactate
producltion or increased lactate utihzation None of
the ruminal bactenia that produce lactate in our
study, part:cularly the two major lactate producers,
Strep boriz ard Lactobacillus species, demonstrated
increased mowth rates wath the addinon of AO In
contrast, some bacterial species that are copable of
utihzing lactate were stimulated by the addition of
AO, including Sel lactilyiica PC18, M clsdenut B1539,
T81, and L.C1, and Sel ruminantium 11D1, HD4, and
D {(Table 1) Ilowever, the growth rate of Sef
ruminentium GAR1 was unaffecled by the addition of
AQ (Table 1) Other ruminal bacteria that ferment
lactate, An lwwolytiea V' alcalescens, Fs necrapho-
rum, and P indolicus, were unaffected by AO sup-
plementation However, Sel ruminantium and M els-
denu are the major baetena that utihze lactate 1n the
rumen Qur results agree with results of Nishet and
Martin (19), who showed that 8ol rurmuinarniium
HD4 grew faster with AQ addition to the culture
medium, and with the results of Waldnp and Marun
(281, who reporied growth stimulation of M elsdenu
B159 and a selennmonad strain H18 with the addi-
ttan of AQ Waldrip and Martin {28) reported that
growth of M elsdenut B139 1n laclate mediem con-
taining tryphicase and yeast extract was only shghtly
stimulated by the add:tion of 5% AO filtrate, however,
the growth of M elsdenti in a2 sstmilar medium lacking
trypticase and yeast exiract was increased twofold by
the addition of AO, suggcsting that AO provides
growlh factors, such as amino acids and B vitamans,
that are required by M c¢lsdenn (28) Furthermore,
AO wvas shown tu erhance lactaie uptake by Sel
ruminanfium (19) and Af elsdenn (23) The AO
contains malate (19, 24), which increased the growth
rate and lactate uptake by Sel ruminentium 1 vitro
(19)

The increased activity of bacteria that ferment lac-
tate may reduce lactic acid accumulation 1n the ru-
men, leading to stabil:zation of the ruminal pH, be-
cause lactate 15 a stronger acid than VFA and 1s often
associated with low ruminal pH (25). The addition of
AO to the fermentation using a ruminal simulation
technique (Rusitec) reduced the postfeeding dechine
m pH (%) Stabihzation of pH 1s important 1n
ruminants fed high concentrate diets in which low pH
can lead to reduced feed intake and wewght gam
Megasphaera clsdeni and Sel ruminantium make up
a large portion of the tutal ruminal bacteria 1n cattle
that consume a high «councentrate diet (22)
Megasphaera elsdenu 1s a producer of the branched-
chamn VFA and ammoma required by cellulolytie hae-
teria The cellulalytic bacteria, 1n turn, provide solu-
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ble carbohydrates to be used by bactena that ferment
Inctate (4).

Concurrent with increased growth rate, the addi-
tion of ADQ affected VFA production by somc bacteria
but not by others Supplementation of AD Lo Sel
rumingntturn D and HD1 resulted in an increaged
propionate concentratinn and decreased the acetate to
propionate ratic This result agrees with results of
Nisbet and Martin (19) In contrast, Re albus 7 and
M. elsdenu 159 tended to have higher acetate to
propionate ratios This result disagrees with the
results of Waldrip and Martin (28}, who reporied AO
increased valerate production only when M clsdenn
was grown on lactate Both inereased (1, 9, 30} and
decrcased (17) acetate to propionate ratios have been
reported with AO supplementation to muxed ruminal
nucroorganmsms  Several bacter:a tested had in-
creased concentrations of VFA with the add:tion of
AQ to the med.um Nishet and Mart:n (19) reported
that AQO supplementation inereased production of to-
tal VFA by Sel ruminanfium HD4. Additionally, in-
creases 1n total VFA have been reported 1n vivo and
in vitro with mixad cultures of ruminal baciena (9,
30) The rncreased VFA concentrations by severxl
ruminal bactena with the addition of AO probably
reflected 1ncrezsed growth rates (19)

Microbial feed addirives appear to have an expand-
ing role 1n the nutrition of ruminants Therefore, they
are lkely to be used in combination with an-
timicrobial feed additives, especially the ronephores
Res:stance or susceptibility of ruminal bactena to
antimicrobal compounds included 1n this study were
in general agrecment with other reports (3, 8, 10,
29) The cxceptions were Rb amylophilus and Sel
ruminantium, which have been reported to be ress-
tant (29) but were inhubited by neomycin 1 our
study, The addition of AD to growth media partally
overcame imnhubition of some bactera by chlortetracy-
chine and neomycin Although these two antibioties
represent different classes, both 1nhibit growth by
binding to ribosomes and inhbiting prote:n synthesis
{11 Why AQ was able to reduce the inhitory
effects of these antibiotics in some, but not all, bac-
tena tested 1s unknown However, the binding ability
of snme antihiotics, such as chlortetracyeline, 15 1n-
fluenced by the 1omic concentrations in the growth
medium and the growth rate of the bacteria (11). The
addition of AO to a medium containing monensin did
not increase the growth rate of M. elsdenuz B159 and
Sel. ruminantium I and GA31, although they are
supposedly resistant to monensin Activities of ono-
phores, such 4s munensn, are influenced by the 1nic
cuncentration of the growth medwum {21) The reason
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for the negative interaction between tylosin and AQ1s
,unknown

CONCLUSIONS

In conclusion, AO increased the growth rate of
cortain ruminal bactena that belong o digest fiber or
utilize lactale. Several ruminal bacteria showed no
increase in growth rate, but none was negatively
affected by the addition of AQ to the culture medium
Bactenal stimulalion by AQO may result from pH
stabilization (9), enhanced nutrnent uptake (19), or
provision of some unknown growth factors (18, 19,
28) Undoubtedly, these factors are interrelated, and
stimulation of growth rates of certain ruminal bae-
teria ecould aceount for increased ruminal bactenal
numbers and aclivities 1n ruminants fed diets sup-
plemented with AO. Also, AO interacted positively
and negatively with certain antimicrobial compounds,
suggesting that care must be taken when mixing AO
with antimicrobial feed additives Therelore, further
rescarch, especially that which investigates the ef-
fects of AO and antimicrobial compounds 1n vivo, are
warranted.
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