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ABSTRACT

This study was conducted to determine effects of supplementation levels of aqueous direct-fed microbials
(DFM; Bacillus spp.) to TMR (exp. 1.) and aqueous DFM addition under the various ratios of starch and
cellulose (exp. 2.) on ruminal fermentation and fibrolytic enzyme activity. In experiment 1, ruminal fluids
taken from rumen-cannulated Holstein cows were incubated during 24 hr by using TMR as substrates.
Aqueous DFM was applied at a rate of 0, 0.025 and 0.05%, respectively. The pH of 0.025% treatment
was not significantly different from that of control at 6 and 9 hr, but it was significantly lower (P<0.05)
than 0.05% treatment.

Concentrations of ammonia-N and VFAs were not affected by supplementing aqueous DFM. The A:P
ratio of 0.05% treatment was significantly increased (P<0.05) by supplementation of aqueous DFM as
compared with that of control at 24 hr. Although overall fibrolytic enzyme activities were not significantly
affected by supplementing aqueous DFM, CMCase (carboxymethylcellulase) activity showed significant
increase (P<0.05) compared to control at 6hr. However, the xylanase activity of 0.05% treatment
significantly decreased (P<0.05) at 12 hr due to the application of aqueous DFM. There was no significant
difference for in vitro dry matter disappearance among treatments.

In experiment 2, ruminal fluids were incubated under the condition of various ratios of starch to
cellulose (90:10, 70:30, 50:50, 30:70 and 10:90) with or without aqueous DFM (0.025%). Ruminal pH was
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unaffected by the addition of aqueous DFM, however, as increased level of starch, ruminal pH partially

showed significant decrease (P<0.05). Ammonia-N concentration was not affected by aqueous DFM and

ratio of starch and cellulose. On 9 hr incubation, DFM addition at a ratio of 70:30 showed significantly
(P<0.05) lower value of ammonia-N (35.65 mg/dL) than that (65.05 mg/dL) of control. Concentrations of

VFAs were significantly increased (P<0.05) by aqueous DFM addition compared with control at the same

ratio on 6 hr incubation. The overall CMCase activity was not affected by aqueous DFM addition.

However, the xylanase activity by aqueous DFM partially showed significant differences at the ratios of

90:10, 30:70 and 10:90.

Our results indicated that supplementation of aqueous DFM did not significantly improve in vitro

fermentation and fibrolytic enzyme activity. In addition, the DFM utilized in this study did not show

consistent results by having various effects on ruminal fermentation under different feeding regimens.

(Key words : Aqueous direct-fed microbials, Bacillus spp., Ruminal fermentation, CMCase, Xylanase)
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USA)2l AA5F(0.025%)° 31
c}.

A7l

2. BV |Ee| =8| & M4 DFM &7t

A3 19 wgel AREE SPHEFAEE ] wy
5 2 3leky 24 Table 19 YERAS
o} o] mlS $18] 60T drying oven(Hanbaek
Scientific Co., Korea)oll 48A]7F A% 3 1 mm

Table 1. Ingredients and chemical composi-
tions of total mixed ration used in

experiment R

Ttem Total .mixed
ration
Ingredient composition * % of DM ---
Cracked com 17.89
Corn gluten feed 7.16
Beet pulp 8.21
Lupin hull 1.03
Corn bran 11.15
Soybean meal 10.03
Brewers’ grain 8.13
Sesame meal 2.12
Whole cottonseed 6.22
Hay mixture" 22.47
Sugarcane molasses 3.24
Vitamin/mineral mixture” 2.35
Chemical composition
Crude protein (CP) 16.77
Nonfibrous carbohydrate” 38.05
Neutral detergent fiber (NDF) 35.13
Ether extract (EE) 4.66
Crude ash 7.35
Calcium 0.61
Phosphorus 0.44

" Contained tall fescue straw, oat hay, and bermuda
hay;

? contained 2.85% Ca, 1.31% P, 1.18% Na, 0.4% Mg,
2.63% K, 238,000 IU vitamin A, and 57,000 IU
vitamin D;

% nonfibrous carbohydrate content was calculated as 100
— (CP+EE+NDF+ash).
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A oS 7174383 t(Steel ¥ Torrie, 1980).

A pHst ghmlohds el VAt 9%

DFM 0025%*“1?7} \'441?9} Fogh Afol=
3L, 0.05%4 87 Bobs FosiAl s
THP<0.05). ¥1%F 9AIZF = 12A17F9] 0.025%T
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il Jﬂ 1A R A S eAEAY
A A= A7hE A, 4 DFM
o] EHlghE w4 WEW AbRe] 23l
A8e Aow Atmdtt AR, % DFMA

Table 2. Effects of aqueous DFM supplementation levels on in vitro ruminal pH and
ammonia-N concentration
Incubation time Treatments” 2
SEM P-value
(hr) Control 0.025 % 0.05 %
........................... pH
3 6.43 6.47 6.45 0.03 0.4867
6.30 6.25 6.33 0.03 0.1448
9 6.06™ 6.03 6.08° 0.01 0.0477
12 5.88" 5.81° 5.95° 0.03 0.0420
24 5.58 5.53 5.52 0.03 0.2491
.................. Ammonia-N, mg/dL
3 5.72 7.95 5.87 1.19 0.2617
31.31 17.77 22.48 8.51 0.3949
9 28.90 26.71 25.90 1.93 0.3928
12 47.85 43.80 46.99 2.54 0.3755
24 47.82 43.49 42.01 5.70 0.6235

D All values represent the mean of triplicates;
different superscripts differ(P<0.05).

? standard error of the mean;

3)ab . .
)*® means in the same row with
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Table 3. Effects of aqueous DFM supplementation levels on in vitro volatile fatty acids

concentrations
Incubation Treatments 2)
time (hr) Control 0.025 % 0.05 % SEM P-value
........................ Acetate(A), mM
3 40.15 43.63 4237 5.67 0.8337
6 56.39™ 47.36 50.97 2.49 0.0482
9 59.80 56.11 58.78 6.57 0.8522
12 56.40 68.82 62.36 11.38 0.6057
24 68.62 76.81 84.22 5.96 0.1680
..................... Propionate(P), InM
3 15.61 17.07 16.07 2.48 0.8431
6 21.61 19.37 20.34 1.43 0.4079
9 23.52 21.91 22.65 2.95 0.8675
12 20.50 25.51 23.05 475 0.6233
24 27.34 30.38 32.32 2.32 0.2444
........................ Butyrate, mM
3 9.34 9.92 9.55 1.22 0.8926
6 13.36 11.35 12.15 0.68 0.1259
9 15.36 13.28 13.68 1.53 0.4530
12 13.38 16.12 14.65 3.13 0.7099
24 18.01 19.65 20.98 1.42 0.2580
........................ Valerate, InM
3 1.84 2.01 1.96 0.30 0.8561
6 227 2.12 2.19 0.14 0.6161
9 2.85 2.42 2.48 0.38 0.5362
12 248 321 2.86 0.58 0.5267
24 3.72 4.10° 5.04° 0.38 0.0434
..................... Iso-butyrate, 130)Y BEEEETEET TR R PR PP PP
3 1.26 1.39 1.31 0.23 0.8695
6 1.65 1.48 1.59 0.09 0.2996
9 2.04 1.76 1.78 0.27 0.5782
12 1.57 2.01 1.80 0.36 0.5504
24 2.36 2.66 2.89 0.24 0.2463
..................... Iso-Valerate, MM ceerrreeearreeeenas
3 2.26 247 2.35 0.32 0.8221
6 257 2.30 243 0.13 0.2522
9 3.37 2.96 3.01 0.34 0.5027
12 3.05 3.86 343 0.67 0.5473
24 473 5.05 5.41 0.29 0.2081
..................... Total VFAS, mM
3 70.46 76.49 73.59 10.21 0.8479
6 97.85 83.96 89.67 4.69 0.1272
9 97.36 98.43 102.36 12.03 0.7928
12 106.94 119.50 108.13 20.81 0.6186
24 124.77 138.64 150.85 10.47 0.1857
.............................. AP
3 2.58 2.56 2.64 0.05 0.3989
6 2.61 245 251 0.10 0.3499
9 2.55 2.57 2.60 0.05 0.5399
12 2.76 271 271 0.09 0.8481
24 251° 2.53% 261° 0.03 0.0469

" All values represent the mean of triplicates; ? standard error of the mean;
** means in the same row with different superscripts differ(P<0.05).
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Table 4. Effects of aqueous DFM supplementation levels on in vitro fibrolytic enzyme
activities and dry matter disappearance

Incubation time Treatments' 2
SEM P-value
(hr) Control 0.025% 0.05%
..................... CMCase, Units)
3 25.65 16.81 17.56 4.9169 0.2821
6 15.09"Y 17.83" 18.13 0.7576 0.0486
9 15.57 17.84 17.18 1.0065 0.2133
12 22.09 18.31 20.63 3.9707 0.6690
24 18.80 20.10 19.80 0.9896 0.4801
..................... Xylanase, Units)
3 14.84 15.44 13.89 0.6878 0.2227
6 15.60 15.27 14.74 0.4327 0.2793
9 15.78 15.29 14.97 0.2962 0.1506
12 15.78" 13.70® 11.98° 1.0462 0.0492
24 12.20 11.17 14.74 2.3878 0.4175
.................. DM disappearance(%)
12 35.78 33.71 3431 1.0425 0.2699
24 54.51 55.20 54.88 0.6842 0.6410

D All values represent the mean of triplicates; > standard error of the mean; > one unit of CMCase activity equals 1 pmol

glucose/min./mL of ruminal fluid; 92> means in the same row with different superscripts differ(P<0.05); ° ) one unit of
xylanase activity equals 1 pmol xylose/min./mL of ruminal fluid.

DFMS] 712 S48 HAELAENdE F  DFEMO| H7P7F thah g2t Hu 3744 74

o3t zfol = QAAE A ekttt 2 e 2H(P>0.05), HI%¥ 12417F2] 50:50
H| S A= 2388 tizToA fosiA i
2. AlE| BFATHP<0.05). <1 DFM®| 77k pHell W] 4]

v QI AnsialaL, frogh Aol wgh e
A3 2% starch®} cellulose®] W& A4t upA] egkeh pHell gk 2 A3 Ay AL
DFMS] H7Fol 57} w9y gl Afii 82 FFHE 71-49 2A4d e ogiko] 7
argdge vHE aYE FAESa, W g ¥bA DEMO] @b v gksittar & 4 9l
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t}. o|9} &9 iso-valerates == 70:30H] 2]
DFMA 7ol gk 6A1XF} 9AIZToll A 1.949F
3.13 mMZA 279 1329} 227 mMEY
Al H& e JERNRNAL(P<0.05), THE A
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H)ste] frolhAl A4S THP<0.05). 3] A
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