Jour, Agri. Sci.
Chungnam Nat1 Univ., Korea
Vol29(2): 20~34 (2002)

]

A2 A20|| TSt Aspergillus oryzae SE=22 M7}
in vitro 248, M54 L CHEAL Astan) 50| pHo|| O|X|[= sk

gt Al 057 - MFES - e T

The Effects of a Fermentation Product by Aspergillus oryzae on the
in vitro Digestibilities of Dry Matter, Fiber and Protein and pH in the
Fermentation Fluid of Diets for Dairy Cows
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ABSTRACT

This study was conducted to examine the effects of an Aspergillus oryzae fermentation culture on
the in vitro digestibilities of dry matter, crude fiber, acid detergent fiber (ADF), neutral detergent
fiber (NDF), crude protein, and pH in in vitro experiment of diets for dairy cows.

A fungal species, Aspergillus oryzae was supplied by Korea Research Institute of Bioscience and
Biotechnology, Daejeon, Korea (KCTC 1229). The experimental diets were commercial compound feed
(concentrate) and total mixed ration (TMR) for lactating cows, of which chemical analyses were
determined at Research and Development Institute, Woosung Feed Co. Ltd.,, while the digestibilities
were done at the laboratory of Chungnam National University. Aspergillus oryzae culture products
were added to compound feed and TMR at the rate of 0, 1.0, 20, 3.0% respectively. The
experimental diet with the rumen fluid sampled from Holstein fresian milking cows were used and
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digested for 24 hrs, 48hrs and 72hrs in the shaking incubator. The residues of the digesta were
digested for 48hrs in the incubator in which put 30ml of 0.IN HCl with 0.2% pepsin at 39°C. The
final precipitates were dried for 48hrs in the drier at 60°C. These experimental procedures were
triplicated to determine the in vitro digestibility of dry matter, crude fiber, ADF, NDF, crude protein
and pH.

Compared to control diet, not added Aspergillus oryzae, the DM digestibility of fungal diets were
improved 2.1%(63.1%), 9.7%(685%) and 9.0%(680%) for 24 hour fermentation in compound feed
while 4.8%(60.0%), 6.4%(61.1%) and 2.9%(58.8%) in TMR. On the contrary, for 48 hour and 72
hour digestibilities, the effects of Aspergillus oryzae culture on the digestibility of dry matter were
relatively lowered compared to 24 hour digestibility.

Referring to the digestibility of dietary fiber, Aspergillus oryzae was believed to significantly improve
digestibilities of crude fiber, ADF and NDF. Those were increased up to 13.3%(53.3%) for 24 hour
fermentation, while 2.4%(54.6%) for 30% added for 72 hour fermentation in compound feed.
However, there were no significant differences among the treatments for the inclusion rate of
Aspergillus oryzae, even though the more inclusion rate, the better digestibility.

The protein digestibilities were significantly improved from 0.4%(79.7%) to 94%(71.8%) by adding
Aspergillus oryzae into compound feed. However, there were no significant differences between the
two experimental diets, 2.0% and 3.0% Aspergillus oryzae included diets. In case of TMR, the
protein digestibilities were significantly improved from 4.0%(704%) to 6.3%(65.1%) by adding
Aspergillus oryzae. However, there were no significant differences between the two experimental
diets, 2.0% and 3.0% Aspergillus oryzae included diets.

In this study, there were no significant differences among the treatments in pH. On the contrary,
there were slightly decrease in pH by adding Aspergillus oryzae into experimental diets but not
significant.

Summarizing the results of this examination, Aspergillus oryzae fermentation culture is believed to
improve the digestibilities of dry matter, fiber and crude protein in cattle diets. However, more
detailed research for the mechanism of the fungal culture is required to improve ruminal
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Table 1. Ingredient composition of compound feed

for dairy cows

Ingredients DM (%)
Corn, ground 30.00
Lupin, flaked meal 18.63
Coconut oil meal 2.00
Corn gluten feed 16.96
Rice bran, polished 2.63
Cottonseed meal 7171
Palm kernel meal 6.00
Rapeseed meal 250
Soybean meal 44% 2.00
Limestone 143
Calcium sulfate 0.16
Molasses, cane 3.00
Seasoning by-product 1.50
Dicalcium phosphate 0.71
Salt, fine 1.00
Sweetener 0.05
Carobseed meal 040
Rumen inert fat 1.00
Magnesium oxide 0.40
Sodium bicarbonate 0.80
Mineral premix 0.28
Vitamin premix 0.14
Probiotics 040
Sodium bentonite 0.30
Total 100.00
Sdlo] HE3 ¥ 29C shaking water batholl A 2
AZF FANAT WERY AxE A /1R
T 60% HAEZ 28 T 200g< aluminium

Ale]] —61 ‘g& EURPANS %_451 z38 Bz

o
e e HHN% 5T %

=
ol AF
o
A% Fo] Imm mash screen4 B 71 &

Hdote] mjFE R ARSI

2. AYNE B AERY

2 Ao AFLE mISEE A|ZA] FuE

I SlE Af-g AR C]Y, TMRE whEHS-
(55 H2)olA Az-Austa = AkEo|H,
MEALES] WEE TMR MEs 2 ook o
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Table 2. Ingredient composition of total mixed

ration
Ingredients % of DM
Compound feed” 30.99
Cottonseed, whole grain 423
Alfalfa hay 563
Oat hay 563
Tall fescue hay 423
Citrus pulp, wet 13.02
Beet pulp 782
Brewers grain, wet 28.17
Trace element premix 0.28
Total 100.00

b Compound feed for dairy cows by Woosung Feed
Co., Ltd.
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Table 3. Chemical composition of compound feed
A—
multiple range test(Duncan, 1955)9 <J3ll 5% 4=

and total mixed ration
Compound  Total mixed
rations

Items feed
---= % of DM ----
Dry matter 89.58 90.36
Crude protein 2071 1829 M AAEH A
Ether extract 432 5.73
Crude fiber 747 19.75
Nitrogen free extract 59.35 48.53 i
Crude ash 8.15 7.69 Zot 9
Calcium 1.07 0.97
Phosphorus 0.67 0.53 o a0
Total digestible nutrients 80.38 72.48 L A2 &3 _
Acid detergent fiber 1271 26.05 A 5o 28 WEAESH TMR (total
Neutral detergent fiber 25.26 42.04 mixed rations)oll Aspergillus oryzae WEES ¥
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Table 4, In vitro DM digestibilities of compound

feed and total mixed ration for dairy

cows added  Aspergillus

fermentation products

oryzae

Feeds 24 hours

48 hours

72 hours

Compound feed 0% 61.8+0.30%
1.0% added 63.1%0.65°
20% added 685+0.30°
30% added 68.0+0.45°

(%)
72.3+0.41°
738+0.54°
74.3+0.19°
744+0,55°

74.7+054°
75.1+0.39
76.5+0.34°
75.0£0.61°

TMR 0% 57.1+045°
1.0% added  60.0+0.40°
20% added 611+0.71°
30% added 58.8+0.48"

50.9+0.47°
62.3+057
63.3+0.61°
6414057

61.6+051°
64.240.50°
64.5+0.29
64.7+0.28°

Y Mean+SD,

¢ Means in the same column with different
superscripts are significantly different (7X0.05).

WA S TMR AFRS Z2A4H A8k Wels
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80.0
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://—-——;:::;:;’::’j-—_-———— T

—e— Compound feed 0%
—a— Compound feed 2% added
— =& —TMR 0%

— > —TMR 2% added

60.0 & ——=- -
o= I
-
55.0
24 48 72
Time (h)

—x— Compound feed 1% added
—+—— Compound feed 3% added
— - —TMR 1% added
——-o-—TMR 3% added

Figure 1. Changes in DM digestibilities of compound feed and total mixed ration for

dairy cows added Aspergillus oryzae fermentation products.
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AW 128%(53.0%), 13.1%(532%), 13.3%
(533%), 48117k Z3-5-oll= th(488%) ] H]
3 64%(52.1%), 7.2%(52.6%), 6.8%(52.3%), L
2|3 7271748 73l thETH(53.3%) ¢ Hlalst
o] 2.3%(545%), 2.3%(545%) B 25%(54.6%) <]
oA NAEHE BAHX0.05), H7HE
B IRAEIE A Aol7E FAATH0.05).

Fgk TMR AFRS] AS-olxe AR Sl FrAL
3+ 73S BATh Aspergillus oryzae W¥E H7}
Al s Balg2 cellulolytic bacteriaZ} tiZ&+-
(25.0<10°/u1) ®l&] A2)7(39.1x10°/ nl) ol A
36.06% S7VFEM A el e PIAHT
I B3 Gomez-Alarcon 5(1987) 9] AgA3}e}
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A 2 AdHEe 7] w24
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Wb aEe UERAL QlolA Fgo] widE ]
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+ E(Wiliams®}t Newbold, 1990: Chademana
9} Offer, 1990: Fondevila 5, 1990: Dawson,
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2) ADF
HigtAlS 9t TMRO Aspergillus oryzae W) %E

Table 5. In vitro CF digestibilities of compound
feed and total mixed ration for dairy
added

fermentation products

COWS Aspergillus  oryzae

Feeds 24 hours 48 hours 72 hours
(%)

Compound feed 0% 462+0.85" 488+0.64" 533+054*
1.0% added 530041 52.1051" 545+047°
20% added 532+048" 526+058" 545:0.35"
30% added 533013 52.3+017° 54.6£0.15"

TMR 0% 389:039 4294045 47.8+0,61°
10% added  44.9%032° 465:044° 4944034
20% added 4512026 46.7+040" 495+0.24"
30% added  452+037° 46.7+0.25" 49.3+0.37"

Y Mean+SD.

® Means in the same column with different
superscripts are significantly different (P<0.05).

A7t 3 ADF A3kgol mX= in vitro A
A3E Table 6ol vrepch gk wigAoE
ADF 48h&9] HalE B7] 98] Figure 39 244]
ZF 43X E 2AIZPEE 27 R
HETF(FAE) £33 BEE A=Felx ADF &
3h&2 37.2%~51.1%% Gomez-Alarcon(1988) 5
o] in vivo 4843} LE3 40.3%(FAHEF) <t
48.6%( Aspergillus oryzae WEFEE 002% #7t
)¢ ADF &sh&3 22 733s Hoh
Aspergillus oryzae ME A5 E wl@ALE
o] ADF &sh&3 Wi 7] 24AZb oz
(395%)°l w8l 1.0% 7M1 105%(44.1%),
20% RH7WA 135%(45.7%), 30% H7MA
139%(45.9%) €] frel4Ql Mdass vehllt
(X0.05). =3 TMR AF&9] ADF 438k8-2 thx
T(372%) tiv] wiE 24A7kl 1.0% FH7HA
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Figure 2. Changes in CF digestibilities of compound feed and total mixed ration for dairy cows

added Aspergillus oryzae fermentation products.
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Table 6. In

vitro

ADF

digestibilities  of

compound feed and total mixed ration

for dairy cows added Aspergillus oryzae

fermentation products

Feeds

24 hours

48 hours 72 hours

Compound feed 0%

1.0% added
2.0% added
3.0% added

39,5+0.27%"
44.14046°
4574035
4594018

(%)
4324022 453017

46.2+052° 484+0.36°
46.0+0.29° 51.1+031°
4774019 486+019°

TMR 0%
1.0% added
2.0% added

3.0% added

37.24044°
431+021°
432+0.21°
4214044

385+0.39" 3974045
438+0.16° 451+0.20°
441+022° 452+017°
44.2+047° 454+0.40°

Y Mean+SD,

% Means in the same column with different
superscripts are significantly different (P<0.05).
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Figure 3. Changes in ADF digestibilities of compound feed and total mixed ration for dairy cows

added Aspergillus oryzae fermentation products.
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Figure 4. Changes in NDF digestihilities of compound feed and total mixed ration for dairy cows

added Aspergillus oryzae fermentation products.

2ol = 1.0% Wi¥] 2.0% 2 3.0% H7HA7F 914
ol Aol 7k A H AT 2.0%} 3.0% AT =
AL QI EA] ATk o] T2 A FEo]
HSFES A8 AL A71skSE W NDF &
3}&o] Z7HET Y BE Adams 5(1981), Van
Horn 5(1984), Weidmeier 5(1987), Fondevila
5(1990) % Dawson (1989) 59 A4 By}

S glek, ol%h o] Fol MAES A5
RSl AR A Balgel Fbe A

Harrison 5(1988)0] R 73l k=9 EAd47
60%, cellulolytic bacteria 47} 82% Z7FAth=
A} Fsithal AbRE T

Eok vt AZHE NDF 43k& ®¥isk= TMR
AL 7AoE HIgAIES 99k Arolsl
Z7) 24N7ZF wlkAek 48A1ZF F 72417 Atolo]

F9149 Aozt A=A

ST

Table 7. In vitro NDF digestibilities of compound
feed and total mixed ration for dairy

cows added  Aspergillus  oryzae
fermentation products
Feeds 24 hours 48 hours 72 hours

(%)
51.2+0.27 551+0.30°
52.3+0.32° 56.2+0.29"
52.1+046° 57.8+0.43°
5310.17° 56.6+0.32"

Compound feed 0% 453+0.27° "
1.0% added 47.3+0.35"
2.0% added  50.7+0.35°
3.0% added 50.7+0.38°

TMR 0% 404+040°
10% added 434+0.24°
2.0% added  44.3+0.35°

3.0% added 43.80.30°

438+0,63" 47.2+0.35"
47.0+0.17° 50.9+0.20°
4740.34° 515%0.35°
4794029 51.8+0.24°

Y Mean+SD.
% Means in the same column with different
superscripts are significantly different (P<0.05).
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Figure 5. Changes in CP digestibilities of compound
Aspergillus oryzae fermentation products.
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259 ARl i3t Aspergillus oryzae HEEZ

A7Vt in vitro AE, AH4 2 dF 428g3 dade) pHel wAs 9%

Table 8. In vitro CP digestibilities of compound
feed and total mixed ration for dairy

cows added  Aspergillus  oryzae
fermentation products

Feeds 24 hours 48 hours 72 hours

(%)

Compound feed 0%  656+023"  794+037 82.4+049"

1.0% added  669+058" 80.8+051° 82.8+0.36"

20% added 718+029° 79.7+018" 839+0.30°

30% added 714#045°  80.3+052° 82.9+056

TMR 0% 6124043 6774046 71.9+050"

1.0% added  64.0%035° 704+048° 747+055°

20% added 651067 T713+057° 750+026°

30% added  637+041° 714+054° 753+024°

Y Mean+SD.
® Means in the same column with different
superscripts are significantly different (P<0.05).
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Table 9. Changes in pH of compound feed and
total mixed ration for dairy cows added
Aspergillus oryzae fermentation products

Feeds 24 hours 48 hours 72 hours

5.32+0,11°"
512003
5.17+0.09°
5.27+0.22°

5.39+0.06° 509008
5.38+0.03 5.07+0,04*
5.34+0.02° 5.07+0,01°
5.38+0.04 5.08+0,01°

Compound feed 0%
1.0% added
2.0% added
3.0% added

5.510,06"
5.4120,04°
553013
5.46+0,08°

5.63+0.08" 5.35+0,01%
555+0.01° 5.21+0.04°
557+0,04° 5.24+0,04°
557+0.04° 528+0.01°

TMR 0%
1.0% added
2.0% added
3.0% added

Y MeanSD.
% Means in the same column with different
superscripts are significantly different (P<0.05).
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