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Effect of Yeast Culture and Aspergillus oryzae

Faermentation Extract on Ruminal
Characteristics and Nutrient Digestibility'

R.D.WIEDMEIER, M. J. ARAMBEL," and J. L. WALTERS

ABSTRACT

Four nonpregnant and nonlactating
Holstein cows firted with ruminal fistulas
were assgned to cach of four diets in
4 4 x 4 Laun square design Dictary
treatments were 1) basal dict containing
50% concentrate, 2) basal diet plus 90
g/d yeast culture, 3) basal diet plus 2 63
g/d Aspergillus oryzae fermentation ex-
tract, 4) basal diet plus 90 g/d of A
eryzae fermentaton extract and yeast
culture Cows were fed diets at a rate of
B6 g DM/kg BW™ for 14 d adaptation
followed by an 8-d collecuion period
Digesubility of dry marter was increased
by 4 oryzac and 4 oryiae and ycast
culture combinanion treatments Digest-
bil.ty of CP was increased regardiess of
fungal culture addiion Hemucellulose
digesubility, percent ruminal celluleiyuc
orgamisms, and acetate to propionate
ratio were inureased by the addinon of
fungal supplements

INTRODUCTION

Feeding cereal grawns to inceease the energy
density of cattle dicts has increased perform-
ance but resulted 1n a negative associative effect
in digestion of structural carbohydrates The
negatne effect 15 presumably due to alteration
i celtufolyuc bacteria habuat (12) One
solution has been to feed buffers to maintain
optimal ruminal pH (7) of 67 to 70 (15)
Another method to maimnrain structural carbo-
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hydrate digesuon in high cereal grain diets 1s
dady rununal noculation with orgamsms
capable of mamntaining cellulolytic acunity m
the ruminal habuar produced by high cereal
grain dicts Jahn (11) adapred rumen bactena in
batch cultures to speafic habitats and mnocu-
lated lactaung dairy cattle intraruminally with
the cultures lnoculated cattie produced 17%
more fatcorrected milk Ad7ition of a fungal
culture o the dier of lacraung dairy cows
improved milk fat content (13) Huber {personal
communication) reported increased fat-cor-
rected milk producuion when the diet of dairy
cows was supplemented with the same Asperge-
lus oryzae fermentation extract used in this
study. The purposc of this study was to measure
the effect of supplemental viable fungal cultures
on ruminal fermentauon characrenstics and
nutrient digesubility in cattle fed 50% concen-
tratc diets

MATERIALS AND METHODS

Four nonpregnant and nonlactating Halstein
cows (averaging 659 kg} fitted with rumunal
fistulas were assigned cach of four dictary
treatments (Tables 1 and 2) Cows were fed
individually at 0400 and 1600 h daily an@ had
free access 1o clean water Dhiets were fed fora
14-d adaptanion followed by an 8-d collecuon
penod Supplements were topdressed on the
basal ratuons

On d 1 to 3 of the collection period, fecal
grab samples were taken during the 0400 and
1600 h feeding Diet samples were taken daily
starting 2 d priot 1o the fecal collection period
Fecal samples were smtially dried for 72 h ina
forced ar oven at 60°C Laboratory DM was
determined in a forced air oven at 100°C for 24
h Feed and dned fecal samples were Wiley mull
ground (1-mm s¢reen) and analyzed for CP {2),
ADF, NDF (17), and acid insoluble ash (AlA)
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2064 WIEDMEIER ET AL

TABLE 1 Composition of diets

Diets (DM basis)

item IFN! Basal Basal + YC? Basal + AO/NC? Basal + AD*
(%)

Chopped alfslfa hay 1-00-063 3338 3338 33138 3338

Rolled barley 407 939 2587 24 88 2488 24 88

Beet pulp with molasses 4+-00-672 17 00 17 00 17 00 17 00

Chopped barley straw 1-00 498 15 00 15 00 15 00 15 00

Wheat bran +05-190 8 50 8 50 8 50 9 46

Trace-mineralized salit 25 25 5 15

¥C 705520 99

FC/IYC 99

AOQ 5 06-152 03

! International Feed Number
1yeast culture Diamond V Mills, Ire  Ceaar Rapids 1A
3y itaferm (Amaferm plus yeast culture vaamns and mrerass BioZyme Enterpnses Ine St Joseph MO

* Amaferm ( Aspergiling uryae fermentacon extract) BioZvme Freeprises Tne St joseph, MO

(16) Acd insoluble ash was used as an internai (1) excepr 500 ml of Cr-EDTA aaid solution (4)
marker to determine apparent nuirien: digesti-  were uscd as the water suluble marker instead
bility of pulyethilene glvcol A 300 mi sample of

On d 4, ruminai iqud volume fLV) was rmixed rumen digesta was raken it each time
determined at 0 3, 6. and 9 h postfeeding penod A 50-ml aliquot was used to determine
(0400 h) using the mezhod of Alexander etai DM by dning for 72 h 1n 4 forced uir oven at

TABLE 2 Esumated rutnient content of d.ets’

Diets (DM bawiss

Basal Basal Buasal
Item Basal s ¥C? * A0/¥C? « A0
Metabolizable energy, Vical/kg 241 241 241 241
Crude protein. % 13 32 1130 13132 13 32
Neutral detergent fiber, % 42 75 42 66 42 68 42 75
Acd detergent fiber, % 2503 2501 2504 2503
Calcium, % 64 64 69 64
Magnesium, % 26 26 29 26
Phosphorus. % 32 12 35 32
Potassjum, % 175 175 180 17
Sulfur, % 26 26 27 26
Cobalt, mgrkg 33 33 55 33
Copper, mg/kg 124l 12 33 1331 241
Manganese mg/kg 1677 Jons 09] 16 8u
Zinc mg/kg 3161 33 60 4 82 33 64

Y Nutrient analvsis baved on !aternatinndl Feed Number aod manufacrurer s puararrend analvas
1yeast culture Diamond V M ils Inc ¢ edar Kap.ds 1A
3 Viaferm tAmaform plus veasr cu —re vitamuns and aniraisi B0 Zvme § nrerpmies Ine S1 Juseph MO

*amafirm (Patent Nu 304373 b Telri-rarses Inc St lowph MO
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LFFECT OF CULTURFS ON RUMEN FERMENTATION

60°C A 200-ml aliquot was straned through
four lavers of cheesecloth and pH measured on
the nl-rate wsing 4 wombinanon electrude A
po-tn of the filtrate was acidified by placing
mae paris filtrate with one part 6 N HCl The
m.xiure was then clanfied by ceninfugartion ac
23000 + g for 20 man and analyzed for VFA
usiig gas chromatography with a 5% ncapentyl
sy cosu.cinate and 1% H,PO,; on Anakrour
A90/100 column® at 115°C and NH,N using
spenti o Lon electrode Another 30-ml portion
uf the fitrate was centrifuged at 25,000 x g for
2u m.» ind analyzed for Cr using a modifica-
r:in of the method of Fenton and Fenton (8)
Tem mil thzer ahquots ot clanfied ruminal flyd
were piaced inoa 25 ml volumeine flask and
wvapotated no o forced ar oven ar 100°C
Chromaum standards were prepared simidarly
1w wontained 10 5 25,125, 625 and 3125
rmg Cr'dl Ckromium content of the residue was
Jeturmined by digestuon with 5 ml of the
solution desenibed by Fenton and Fenton (8),
and percent transmittance was measured at a
warclength of 430 nm using a spectrophotom-
eter* The d.fference in Cr content of the
rumunal flad before and after the addition of
500 ml of Cr EDTA intu the rumen was used 1o
determine LV

On d 5, a pulse duse of 1000 ml of C+-EDTA
swviut'on (4) was hand mixed with rumen
J gusta immediately prnior to the 0400 h feed-
1ng Samp'es uf rumun Jigesta were wollected at
01,2 3,4,6.8.10.12,16. and 24 h postdus-
g and analvaed for Cr as desenibed Slope of
the ratural log of Cr content versus time was
defined a5 the rumnal iquid diluuon rare
(1.DR)

On d 6 to 7, 200 g of Cr mordanted dictary
fiber (9) way mixed wich the 0400-h ration
Rumen digesia samples were collected at 0, 2,
4,6, 8,10, 12, 16, 20, 24, 32, 40,and 48 h
pustfeeding and dnied 1n a forced air oven for
72 h at 60°C Samples were ground 1n 2 Wiley
mdi (l-ormm screen) and analyzed for Cr (8)
Ruminal particulate rate of passage was defined
as the siope of the naturat log of the chromium
LonIent versus ume

YAnalabs LM 109 Lnu of 1 oxbore Analytnal
~North Haven (.1
“spuctronns 601, Bausch and [ omb
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On J 8, rumen digesta was hand mixed and
samples collected at 3 h after the 04060 h
feeding and anah zed for total viable bactena
and cellulols tic bacienia using habitat stmulac-
ing med a 1n anaerobic roll tubes deseribed by
Hungate (10) Four replicate samples at two
ser.al dilunions were used for rolltube evalua-
uons Ce.'ulolyvaic  bacteria were counted
based on v.sual idenufication of clear zones
produced by bacter.a in the cellulose media

Data were analyzed using a model for the
Lann square design The model included
dietary treatments, cows, and ume peniods
When main effect means were significant,
fteatment means were separated using Duncan’s
new mulup'e range test (14)

AESULTS AND DISCUSSION

Ruminal digesta flow kinetics are presented
in Table 3 Ramindl LV, LDR, PROP, and
liquid outflow rate were not affecred by
reatment Rumnal fermentation charactens-
tucs arc presented in Table 4 Rummal pH,
VFA, and NH; N were unaffected by treatment

Effect of the fungal supplements on rumen
bacteria are 1n Table 5§ Fungal supplements
tended to increase viable bacterta numbers,
Cellulun nc bactena numbers were increased by
nearly 40% by fungal supplements (P< 05) The
use of yeast culture (Y C) supplement tended to
Increase the percent of bactenia thar were
celluloly tiz, and supplements that contained 4
oryza¢ fermentation extract (AQ) increased
percent ce'lulolyuc bactena by 27% (P< 05)
Because YC s not celiulolytic, the yeast may
have provided sumulatory factors for cellulo-
lvuc bactena, such as B vitamins or branched-
chain VFA (6) Oniy 2 63 g/d of AQ supple-
mem were fed, therefore, sumulatory factors
probably would not explain the increased
number and proportion of cellulolytic bacterna
Cellulolysis by 1 eorvzae 15 2 more probable
explanation The AQ/YC supplement may have
provided both sumulating facrors and cellulo-
Ivtic organisms The AO/YC was also fortified
with vitamins and minerals (Table 2) that may
have siumulated cellulolytic bactena (6)

Nurrient digestubility dara are presented 1n
Table 6 Digesubility of DM was increased by
4 2% aith supplemen:s contatning AD (P< 05)
Digesulnhey of CP increased (P 01) with all
fungal supplements. the AO/YC supplement
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2066 WIEDMEIER ET AL

TABLE 3 Effecr of zreatments on ramuinal digesta flow k.neucs

Dhets
Basal Basal Bagal
ltem Basl = YC! - AQIYC? - AD SE
Liquid volume, L 50 92 5131 52 37 52 60 55
Liquid didution rate, %/h 890 952 667 74 67
Liquid outflow rate. L/h 453 488 149 385 35
Paruculste rate of passage, %/h 452 511 339 362 1Y

1 Yeast culture, Diamond V Mulls, Inc , Cedar Rapuds 1A
1Vitaferm (Amafermn plus yeast culture vitamuns, and munerals) BioZyme Enterprises, inc 5t Joseph MO

1 Amaferm (Aspergsilus oryzze fermentation exeract) BoZyme Enterprises Irc, St Joseph MO

TABLE 4 Effect of treatments on ruminal fermentation charactenstics

Daets
Basal Basal Basal

Item Basa] + YC! -« AD/YC? + AQ! SE

pH 6 34 634 638 6 44 04
Total VFA mmol/L 64 60 &6 40 63 40 67 20 o0
Acenare, molar % &7 30 68 80 69 50 69 30 68
Propionate, molar % 14 00 13 80 13 40 1310 3
Butyraste, molar % i2 40 13 00 1270 1330 33
Acetate propionate® 496 508 520 510 15
% Branched chain VFA 425 4 44 443 431 27
NH,; N, mg/dl 1821 18 72 19 32 19 27 s
NH,N pool. g 927 961 1019 10 14 21

! Yeast culture, Duunaond V Mills, Inc  Cedar Rapsds LA
ayitaferm (Amaferm plus yeast culture witamins, arnd =1 ne-als, Bin7y e Fnterprises Inc St Joseph MO

Y Amaferm (Aspergilius oryzae [ermentazior extract' B.oZvme Enterprises Inc St Joseph MO

# Acetate pool to propionate pool

TABLE 5 Effect of tzestments on tuminal bactena

Diets
Basal Basal Basal
Item Basal - ¥C! +« AQ/YC? + AQ? SE
Total viable bacteria, ¥ 10* /ml 196 2 2550 2573 2235 165
Cellulolytic bacterws, «10° /ml 2500 39 80 as 60 39 1P R
% Celiulolytic bacteria 1298 15 43% 18 oP 17 50 y

"hMelns in the sarne row with different superscripts d-ffer (P~ 05,

! Yeuse culture, Diumond V Mills, Ine  Cedar Rapids 1A

AV iraferm (Amaferm plus yeast culture vitamuns and mineralsy BioZyvme Forerprises Inc, 5t Joseph, MO

! Amaferm (Aspergulus oryzae fermentauon 2xtract! B 57yme Enterprses, Inc , St Joseph MO
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EFFECT OF CULTURES ON RUMEN FERMENTATION 2067
TABLE 6 Elfect of treatments on total traer nutrient digestubilicy
Dets
Basal Basal Basal
item Basal + YC! + ADIYC? + AD? SE
(%)

Dry marter 77 O* 79 1ab 81 0P 7 a: 62
Crude protain 79 5 82 2de 84 4% 816 63
Ac.d detergent fiber 69 3 700 72 éb 71 Db &9
lemucllulose 76 3* so st 835 308 103

2 b\ham 1n the same row with differeny supersenpis differ (P< 05}

cde

Means .n the same row with different superscr-pts differ (P< O1)

! Yeast culture Diamond V Mills Inc Cedar Rapids (A

1V waferm (Amaferm plus yeast culture vitamins and minerals) Bio/vme Enterprises Irc St Joseph MO

Y amraferm tAwpregiliy oryzae fermentation extract) BwZyme Faterprises Inc St Joscph MO

resulted 1n the largest increase The YC supple
ment probably provided factors simulatory
toward proteolync bactena, whereas the AD
supplement was actinely proteolyrnic (5) The
AO0.YC supplement provided both factors
Hemice'lulose digestibalaty was increased 6 5%
with the fungal supp'ements (P< 05) Increased
digestibiliev  of structural carbohsdrates was
woncurrent wath increased number and propur-
uon of celiulolytic organism measured 1Tabie
51 and tendency toward reduced part.culate
and higuad passage rates (Table 30

The addinon of viabwe furpal supplements
canta,nirg AQ and YC 1o the d cts of catnie Tl
rouderate arounts of wincer rate is 2 medns t
vierease digesubdity of the srructural wrb s
hydrate portion of the dier The vombination
wf YC which probably peos ded stma'atony
faceors fuor rumen bactena and AO, which
pruoduces cetivclase enzymes was most benehi-
val Altheugh AQ dues not produce the ena -
mat.c machinery o depolhmenze comp.ezel
structural carbohvdrates o smple sugars «t
does  produce enzymes that cause  partual
de puly menzanon (5) and .t auls rumien whulo
how bacter.a n complete depuiy merizatien of
cel.ulosic matenial 1o sirnple sagars (3) Funcher
rese ireh on dose-response ar ar'fereni furage o
wonentrate  ranos dand  characternizanion  of
metabol tes of AD are necded to eluadarte
mode of a.tion
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