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ABSTRACT

Three trials were conducted to evalu-
ate the eflect of dned culrures of Asper-
gulus oryzae on nument uhlizauon by
mature Holstein cows fitted with rumnal
and duodenal cannulas In tnal 1, four
cows {two dry and wo lactanng) were
used to test Aspergillus onzae (3 g/d)
and a control treatment at two forage
amounts 1n a 4 X 4 Latin square Tna 2
compared control, A oryzac, and Sac-
charomyces cerevesiae using six lactating
cows in a repeated 3 x 3 Laun square
destgn For mrial 3, four lactahng cows
were used in a switchback design o com-
pare control to A onzage tmeatment In
trials 2 and 3, diets contained 70 and 61%
concenmrate. A fourth in viro tial was
conducted in conjuncoon with tal 3 1n
which rumen fluid was obtained from
cows adapted or unadapled to A oryzae
On all mals except high forage in mal 1,
A ory:ae increased rumen and total tract
digesubihiy of fiber fractions Rumen
VFA and ammonia were not affected by
fungal cultures Aspergillus oryzae in-
creased rate of rumen fermentanion of
altalfa but not of mio or wheat straw In
vitro disappearance of DM from alfalfa,
mulo, and wheat straw was increased by
A oryzae, and previous adaptation was
not required o stimulate in viro DM
digesability. These results indicate that a
pnmary effect of A oryzae is sumulation
of fiber digestion by rumen microbes.
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INTRODUCTION

When added 1o forages pnor w0 ensiling,
cellulases from the fungus Trichoderma viride
made plant celiulose more digesuble (4) In
viro and 1 vivo fungal addmmons increased
celluluse digestion of hay and nce hulls (7, 16)
Van Hom et al (26) reported a 29% tncrease in
apparent digestion of OM in the rumen wirh
Asperg:lius oryzae addinon to dairy cattle diets
Weidmeier et al (28) reported increased num-
bers of celiulolync bacteria when A oryzae,
Saccharomyces cerevesiae, or both were fed to
rumen-fistulated steers. Increased numbers of
anaerobic bactena were reported by Dawson (8)
after supplementation of hay or grain diets with
S cerevesiac The objecuve of this study was
to determine the effect of A. oryzae on digest-
ibility of DM and 1ts components in the rumen
and total digesuve tract of dairy cows

MATERIALS AND METHODS

Trial 1

Four Holstein cows fitted with ruminal and
duodenal cannulas were used in a Latin square
design with a 2 xX 2 factorial arrangement of
weatments The dietary factors were A. oryzae
versus control without additive, and low versus
high forage in the dict. Forage ratios were 2.1
and 1:2 concentrate to forage. Table 1 describes
diet compositon The treatments A oryzae (3
g/d + 87 g of ground sorghum gran) and
control (30 g/d of sorghum) were top-dressed 1n
equal poruons 1o a.m and pm. meals.

Cows were housed in individual pens with
concrete floors and had free access to water,
feed, and a mineralized salt block. Feed was
provided at 10% in excess of voluntary intake
in two meals (0430 and 1640 h), and weigh-
backs were measured prior to the moming feed-

703



704

GOMEZ-ALARCON ET AL

TABLE 1 Ingredicat and nutnient composiion of eaperumental rauons used n the tnals

Tnal 1
Low High
Iem forage forage Tral 2 Trial 3
(% DM)

Ingredients

Alfaifa. hay 2 63 30 25
Alfulfa, cubes .- . 10
Cottonseed. hulls . . 4
Couonseed. whole 11 3 4 15
Couonsced. meal . . 6

Soybean, meal 5 5 .
Commercial concentrae! ] . 1%
Mulo, Naked 57 2 50

Molasscs k] [ 9

Muneral-vuamun mix2 1 1 1

Nutnients

DM o o0 9310 919
CP, % of DM 160 161 147 18C
NDF. % of DM 251 326 213 43 ]
ADF, % of DM 153 255 156 293
NE,. Mcalkg® 173 133 169 166

'lnp':dlems (%) rolied com 44, mag pelleis, 25, almond bulls 10 alfalfa pellet, 6, wheat mix, 5. couvnseed meal
25, molasses, 2 5, dicalcium phosphate, 1 7, urea 1 5, salt. 9, calciem carbonate, 6. trace munerals, 05, viamm A {IU
kg). 22,000, viamun D3 (IU/kg), 8800. vitamm E {mg/ky). 11

2pwalcwm phosphale, 3%, galt, 3% tace muerals, 05%, viamun A, 70000 IU

3Esumated from NRC (19)

ing Milking was at 0500 and 1700 h Cows
were adapted to treatments for art [east 7 d after
which feed intake and mulk production were
recorded

Treatment periods were for 21 d Dunng the
last 10 d. 24 g/d CryO3 were administered
twice daly in two 12-g gelaon capsules Fecal
grab samples were collected twice daly the last
5 d, and duodenal samples were collected every
4 h the last 3 d. Fecal and duodenal samples
were frozen immediately and stored at —5°C
until further analysis

On the last day of each peniod, rumen sam-
ples were collected every 2 h from 0420 to
1630 h After measuring the pH, rumen sam-
ples were acidified, frozen, and stored at —5°C.
Samples of feed, orts, feces, and digesta were
dried at 55°C in a forced air oven, ground in a
Wiley mill to pass a 2-mm screen, and analyzed
for DM, OM, and CP (3), NDF, and ADF (9).
chromum by atomic absorption spectropho-
tometry using 2 multielement hollow cathode
lamp at 3579 nm with an air-acetylene flame
after digestion with sulfuric acid and rediges-
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tion with periodic acid. Purines 1n digesta and
in rumen bacteria were determined by the
method of Zinn and Owens (29) Thawed ru-
men samples were centrifuged at 800 x g for 5
min in a refrigerated centmfuge (4°C) Supema-
tant was analyzed for ammona {6) and VFA by
GLC with a 80/120 Carbopack B-DA/4 Carbo-
wax 20-m column. Part of the supernatant was
further centrifuged at 16,300 x g for 20 mn 1n
a refrigerated centnfuge {(4°C) 1o separate bac-
terial cells The rato of purines to protemn tn
bactenal cells and digesta was used o esumate
bacterial mass in digesta

Trial 2

Six Holstein cows 1n mid to late lactanon
fined with duodenal cannulas were used in a
replicated 3 x 3 Latin square design Treat-
ments consisted of control, A oryzae, and S
cerevesiae (3 + 87 g sorghum grain daly)
Saccharomyces cerevesiae was provided by Dr-
amond V Mills, Inc, Cedar Rapids, IA The
diet contained 70% concentrate and 30% forage
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{Table 1). Treatment admunistration and cow
management were as in trial 1, except expen-
mental periods were 28 d (7 d of adjustment
and 21 d of treatment). Because all cows were
not equipped with rumen fistulas, ruminal sam-
ples were collected only from two cows per
treatment and used to measure content of CP
and purines in rumen bacterial cells as de-
scnbed for tnal 1

Trial 3

Four lactating Holstein cows fitted with nu-
minal cannulas were used 1n a crossover design
to study the effect of A. oryzee on cenain
rumen parameters Cows in tnal 3 were housed
m 4 x 12-m dirt pens equipped with lock-1n
stanchions for sampling Two cows also were
equipped with duodenal cannulae so that rumen
digestbility estimates could be made Duets
contained 61% concenrate and 39% forage
plus the control or A oryzae supplements as
descnbed (Table 1). Feeding. milk producnon
evaluation, and chromium oxide administration
were as in previous trials, and periods lasted for
28 d

To determine feed passage rates, 300 g of
ytterbium-treated corn and 150 g of dyspro-
sium-treated alfalfa were prepared by scaking
according to the procedures of Goetsch and
Galyean {10) and were introduced into the ru-
men of each cow at 0800 h on d 23 of treat-
ment. Previous studies showed less than 3%
mugration of markers added in this manner (17).
Fecal samples were collected at Q, 8, 12, 16, 20,
24, 32, 40, 48, 60, and 72 h after administrabon
of marked feeds and frozen at -5°C until ana-
lyzed After thawing, samples were dried and
ground as in tnaf 1 and analyzed for markers
using the acid-digested filrate of the ashed
sample by atomic absorption spectrophotometry
as indicated by Poore (21). Calculations of
passage ratcs were according to the model of
Grovum and Williams (11) for the descending
part of the fecal decay curve. Composite fecal
samples were analyzed for OM, CP, NDF, and
ADF as described 1n mal 1.

For rates of digestion, triplicate nylon bags
{8 x 25 cm; 50 pore size) contaning 4 g of
milo, alfalfa hay, or wheat straw were tied to a
weighted chain with nylon twine and incubated
in the rumen starting d 19 of the expenmental
period for 3, 6, 12, 18, 24, 36, 48. 72, or 36 h
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Incubations were started so that all bags would
be removed from rumens at the same ume
After removal, bags were gently washed severaj
umes with cold tap water until the wash water
became clear Nonincubated bags containing
the feed samples were washed similarly to de-
termmne amount of soluble DM. Dry matier
residue after 96 h of incubation was considered
indigesuble The dafference between the insolu-
ble and indigesuble DM fractions was consid-
ered the potennally chigestible DM (PDDM) for
which the rawes of digestion were calculated by
regressing the natwral log of percentage of re-
maining PDDM against ame (23)

For the 1n viwo mal, the Tilley and Temry
(25) technique was used with urea added to the
buffer Tnplicate sample tubes containing .5 g
of esther milo, alfalfa hay, or wheat straw were
incubated with rumen contents from control
cows with or without added A oryzae (25 mg/
L} or with rumen coatents from cows fed A
oryzae Microbial incubation was 48 h and the
acid-pepsin incubaunon was for 24 h, both were
incubated at 40°C. Samples were filtered 1n
preweighed Gooch crucibles with glass wool

Results from the three tnals were analyzed
using analysis of variance and, when appropri-
ate, orthogonal contrast procedures descnibed
by Steel and Torne (24) Results of thal 1 were
analyzed as a 2 % 2 factorial arranged in a 4 X 4
Laon square Trial 2 data were analyzed as a
rephicated 3 % 3 Labn square and tal 3 (in
vivo) was a simple crossover design with 2
treatments. Animal passage rates, PDDM, and
dhgeshon rates of PDDM for the vanous feeds
as affected by A oryzae treatment were tested
by analysis of vanance using a crossover de-
sign (24), In viro digestibilines of DM (25) of
the different feeds were tested by orthogonal
comparisons for effects of A oryzge added o
the diet or directily to the incubaton media

RESULTS AND DISCUSSION

Cows were fed for ad hibitum intake in all
tnals and differed gready in DM intakes (Table
2) both within and between ftrials. Two of four
cows in trial 1 were dry and consumed about
1 0% of their body weight as DM; the lactanng
cows consumed 2 5%. The lactating cows in
trial 2 consumed about 2.5% of body weight as
DM, and those in trial 3 consumed 3.5% Trials
were not designed to evaluate effect of add-

Journal of Dairy Sciepce Vol. 73, No 3, 1990
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TABliE 2 Effect of Aspergiilus oryzae (AO) un feed intake and total tract digestibiity of nutnents Summary of three

mnals

Dictary DM

treament Incake DM oM CcP NDF ADF

{kg/d) Digestion coefficient (%)

Tnal 12
L.C 109 76 746 679 502 Mt
L. AO 126 724 742 699 548 385
H.C 115 678 747 744 668 521
H. AO 94 712 729 735 673 519
SEM 33 43 15 56 13 11

Tnal 23
C 161 661 671 05 475 180
sC 67 668 &S 73 513 22
AQ 170 667 692 718 502 3
SEM 7 i3 9 B 16 56

Tnat 3
(o 23 6* 638 660 741 396 203
AO 26 2° 675" 693 761 470° 00°

35Means i the same column within a tial with different superscripts differ (P< 05)
1SC = Succharomyces cerevisiae, C = conurol, L = low forage H = lugh forage
IConcentrate cffedt signuficant (P< 01) for ADE and NDF, also. mteraction elfect sigmificane (P< 05) for ADF and

NDF

3Orlhogq:mzll conwrasts C vs S5C and AQ sigmficant (#< 05) for CP, NDF, and ADF digestion coefficients. SC vs AD

did not differ (P>25)

aves on milk production because of swessful
management dunng sampling and the short
length of experimental periods However, in
mial 2, milk production was 17.8, 16.8, and
15 8 kg/d for the control, 5 cerevesiae, and A
oryzae treatments, respecuvely, while in mal 3,
control cows produced 28 4 kg/d and A oryzae
cows 293

Total tract digestdbilines for the three mals
are summarized in Table 2 Driferences wathin
trialy in DM digestibility were small and higher
(P<.05) for A oryzae only for mal 3 Trends
were simular for digestibility of OM and CP
Greatest differences were observed for digest-
ibliues of NDF and ADF 1n all trials In tnal 1,
ADF and NDF digestion was higher (P<01)
for the high than low forage diet, and A. oryzae
had no effect (P> 10) on high forage Lower
fiber digestion mught be expected in low forage
dicts, because a major proporuon of that fiber
was from cotronseed, which 1s lower in digesi-
ibility than alfalfa fiber

On the low forage diet 1n trial 1, A oryzae
partally restored fiber digesnbility with in-
creases of 9% (P<.05) for NDF and 13%
(P<.05) for ADF. Thesc results support those of
the tmal of Huber and Higginbotham (15)
where an A oryzae supplement increased milk
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producton of cows fed nomnal forage but not
high forage diets.

In tmal 2, orthogonal contrasts with control
treamments showed that § cerevesige and A
oryzae fungal reatmenrs increased (P< 05) CP,
NDF, and ADF digesubihines despite relatuvely
small differences Weidmeier et al (28) ob-
served increases above controls in digestbility
of DM, CP. and hemucellulose with § cereves-
1ae and A oryzae. A later report from Utah (5)
showed no response to § cerevesize Harnson
et al (13) mdicated a depression in NDF and
ADF digesubiliues with a commercial yeast
extract Ocher fungal additves have increased
fiber digesubility in steers (7) and cows (26)

Table 3 summanzes rumen digesubilines of
the three tnals as calculated from the composi-
won and flow of digesta 10 the duodenum
Previous work (27) showed that chromic oxide
was a suable marker using the samphng
schedule employed in this study. but vanauon
was farge In vial 1, no dufferences 1n DM,
NDF, or ADF digesubility in the rumen were
detected (P>.10), but A oryzae numencally
increased ADF digesnbilities by 20%

In mal 2, A. oryzae increased (P< 05) NDF
digesnbility and numerically increased that of
ADF. Trial 3 showed a 36% advantage in NDF
digesnbility and 41% in ADF for A ory:ae
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TABLE 3 Effect of Aspergillus oryzas {AQ) on rumen digesubility of DM, NDF, and ADF, tuly fermentable orgnmc
matier (TFOM), and efficiency of mxrobal yields (Yom, g rucrobsal protew/g TFOM) Summarny of three tnals !

Dactary
treatment DM NDF ADF TFOM Yom
(%)

Tral 12
L.C 48.5 431 304 643 183
L. AO 451 436 362 67.8 206
H C 639 662 a1s 96 a3
H, AO 625 673 457 834 195
SEM 81 93 97 738 010

Tna 2}
C 261 209 164 580 192
sC 371 531 293 517 197
AD 428 566 08 589 188
SEM $17 al 13 89 020

Tnal 3
c 252 7 19 5 530 JAT71
AQ 269 37.6° 27 4P 537 181
SEM 21 34 16 35 010

15%feans 1 the same column with different superscnipts witin a 1nal differ (P<0%)

IC = conwrol, L =
2Fgr Yom. C < AD (P<05)

low forage. H = high forage, SC = § cerevisiue

3Onhogcnal contzasts C vs S5C and AO sigmficant (P<05). SC vs AQ did oot duffer (P>25)

treaiment and strongly supports A oryzae ef-
fects observed on high concentrate diets 1n
wrials 1 and 2. Fermentanon of OM afier correc-
tion for microbial mass was not affected by
geatments 1n any of the trials In tmal 1, an
increase in efficiency of microhal yield was
observed {P< 05) for the A oryzae treatment at
both forage intakes Weidmerer et al (28)
showed an mincrease in microbial numbers with
fungal cultures In trials 2 and 3, however, no
significant effect in mucrobial efficiency was
observed

Analyses of the rumen contents from tmal 1

individual VFA were affected by A oryzae
There was a trend goward lower pH, higher
toual VFA, and a lower acetate to propionate
raho (264 vs 3.01) on high concentrate diets,
but numbers may have been insufficient to
detect real differences. These results are in
agreement with others for A oryzae (33) but
different from those cbserved with yeast sup-
plementanon (17)

Rumen ammonia was relanvely high for all
treatments, but variahon was too high to detect
sigmificant effects Van Hom et al (26) and
Harris et al (12) reported reductions 1n rumen

are in Table 4. Neither pH, total VFA. nor ammonia with fungal addiaves. However,
TABLE & Effect of Aspergillus oryzge reaiment on rumen fermentation (tnial 1) !

Low forage High forage
Iiem C AO C AQ SEM
Rumen pH 61 63 617 6.6 2
Towd VFA, mM 842 90.8 727 781 76
Acetate, % 620 609 66 R 642 43
Propionate, % 236 228 214 21 16
Bulyralc, % 96 120 101 113 9
Rumen ammomia, mgl 206 351 226 254 6.8

IC = Conmol, AO = A oryzae Nonc of the differcnces was sigmficant (Iwe cows/treatment)

Joumat of Dawry Science Vol 73, No. 3, 1990
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TABLE 5 [nfluence of Aspergiiius oryzae (AO1 addinon
on notunal passage rate of corn and alfalfa hay (nat 3) *

c AO SEM

{%h1)
Com 91 102 189
Alfalfa 42 36 o2

IMarkers yuerbum for com, dysprosium for alfalfa C
= conwol (four cowsfireaiment)

Arambel et al (2) reported that A oryzae in-
creased rumen ammonmia and brunched-chain
VFA concentrauons in vimo They suggested
that A ory-ae promoted greater protein degra-
dauon and that branched-chain VFA are prod-
ucts of protein degradaton Boing (5) obsened
that A oryzae has prowolytic activity

in mal 3, dynamics of the rumen digeston
were stuched by determuning the effect of A
oryzae treatmeat on rates of passage and fer-
mentanon Mo differences in rates of passage of
comn or alfalfa were observed (Table 5). sup-
porung data of Weidmeier et al. (28) for A
oryzae and S cerevesiae. Rates of com passage
were more than twice as fast as and are consis-
tent with other data with lactating dairy cows
(20, 22).

Treatment had no effect on PDDM (Table
6), which appears 10 be inherent n the specific

TABLE 6 Potenually digesuble Divl (PDDM) and rates of
digesuon for mulo, alfalfa hay, and wheat swaw DM deter-
muned In s

Alfalfa Wheat
ltem Milo hay straw
Salublc

fracuoon % 577 613 519
PDDM. %

C 916 552 441

AO 921 592 462

SEM 8 A 18
Drgestion rate

of PDDM, %h~!

C 662 779 565

AO 666 (Y. 488

SEM 11 27 74

8.bMeans wathin the same column with different super-
scnpts are different (P<03)

IFour cows per rearment {tnal 3). C = conirol, AQ =
Aspergillus eryzue
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feedsruff (18) Digesnon rates of PDDM were
sumiar for control and A oryzae treatmenis for
milo and wheat straw (P> 10); but A on:ae
mncreased (P< 05) the rate of PDDM digestion
for alfalfa hay, reflecing a more active metabo-
lism of microbes fermennng alfalfa and was
probably associated with the increased rumen
digesubilites of NDF and ADF (28). Weid-
meer et al (28) showed increased numbers of
cellulolytc bactena with A orvzae addition,
and Harnison et al (13) and Dawson (8) re-
ported similar findings with yeast. Greater
numbers of fiber-digesing organisms may ex-
plain the increased rate of alfalfa digesnon

Effects of A oryzae may not be hmited 10
increased bactenal numbers Microscopic ob-
servauons in our laboratory (22) revealed nu-
merous colonies of fung! simular in appearance
1o normal rumen fung were attached to feed
particles collected at the duodenum of cows fed
A oryzae, but such fungi were essentially ab-
sent :n ducdenal contents of control cows Ru-
men fung: have a complete armay of enzymes to
digest fibrous matenails (18)

Table 7 presents the results from in viro
studies The control treatment had lower
(P<.01) extent of digestion for milo, alfalfa
hay, and wheat straw DM than treatments
where A oryzae was added to rumen tnocula
from control cows or where rumen inocula was
taken from cows fed A oryzae The magmtude
of the response to A oryzae was similar in both
conditions However, the response was greater
with forages than with milo grain Arambel et
al (2) reported that in order to reproduce the A

TABLE 7 Effect of Aspergilius oryrae (AQ) uc:nunc-u on
in viro digesubility of DM of different foedstufls.!

Treatment?
Feedstufl C C+ AD AQD
(%)
Milo? 6 911 910
Alfalfa hay?. 504 618 594
Wheat stra 496 658 668

Yincubauon n buffered medium for 48 h followed by
24 h of pepsin digesuon (30)

2C = conrol
30nhogonal companson of C vs C + AO and AO was

s:puﬁc:;t {P<.01), but C + AQ vs. AO was not (P> 50),
SE = 151
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oryzae effect in viwo, the rumen moculum had
1o be obtained from adapted animals However,
other authors have observed a posinve response
by direct addinon of Fungal culres to 1 vitro
systems (4, 7, 16). Because A oryzae effects
can be reproduced in vitro, study of the mecha-
msm of increased digesnon becomes more
plausible These results and those discussed
previously suggest that A oryzae affects diges-
von differently in the different feedstuffs and
that immechate response might be obtained by
addition of A. ¢ryzae to rummnant diets In
conclusion, addiuon of the A oryzae or §
cereveside cultures to rurunant diets generally
increased in vivo digesobility of fiber in the
rumen and the total digestive tract These 1n-
crcases were supported by in situ increases in
rate of DM disappearance of alfalfa hay and in
vioo increases 1n DM digestitnlity of grain and
forages These results help explain the higher
milk yields resulong from feeding A onyzae w
lactaung cows
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