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ABSTRACT

This study was conducted to determine the effects of partial replacement of corn grain and soybean meal with agricultural
by-product feeds on in vitro rumen fermentation characteristics and optimum levels of mixing ratio. The agricultural by-products
to examine the effectiveness of the partial replacement of concentrate were wheat bran, corn gluten feed, bakery waste, soybean
curd, rice bran, green kernel rice, soybean hull, distillers’ grain, and mushroom substrate. In the first experiment, in vitro ruminal
fermentation characteristics of feedstuffs were evaluated at 0, 3, 6, 12, 24, and 48 hours after incubation. In the second
experiment, fermentation characteristics were investigated with green kernel rice and soybean curd which replaced corn grain or
soybean meal. Feed were formulated with 40% corn grain + 20% soybean meal (T1), 40% corn grain+ 17.5% soybean meal +
2.5% soybean curd (T2), 25% corn grain + 20% soybean meal + 15% green kernel rice (T3), and 30% corn grain + 15% soybean
meal + 6% green kernel rice + 9% soybean curd (T4), respectively, with forage source of 10% alfalfa hay, 20% timothy hay, and
10% corn silage as fed-basis. In 24 and 48 hour cultivations, T4 showed significantly lower pH compared to TI, whereas in 3
and 24 hour cultivations, T4 showed significantly higher DM degradation compared to T1. In addition, the gas production of T3
was also higher than T1 (p<0.05). Overall results of the present experiments indicated that green kernel rice and soybean curd as
agricultural by-products have the possibility of partial replacements of corn grain and soybean meal.
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Table 1. Chemical composition of feedstuffs in the experiment

Feedstuffs ltems >
DM CP EE CF CA NDF ADF NFC
......................................................... o DM
Corn grain 88.32 7.43 3.51 2.50 1.32 10.52 2.82 77.22
Soybean meal 90.33 45.30 1.95 6.00 7.01 14.03 8.09 31.71
Wheat bran 88.04 15.14 2.85 8.13 4.04 38.07 10.20 39.90
Corn gluten feed 92.64 19.33 1.35 9.83 8.26 35.38 11.69 35.68
Bakery waste 77.92 7.20 17.95 0.32 0.76 3.14 0.47 70.95
Soybean curd 13.44 22.30 4.34 15.60 3.47 33.86 19.45 36.03
Rice bran 87.14 13.62 19.47 7.37 9.19 23.82 10.78 33.90
Green kerneled rice 84.75 7.35 2.86 1.66 1.57 7.46 2.30 80.76
Soybean hull 91.85 11.43 1.24 29.69 5.97 56.01 38.08 25.35
Distillers grain 24.06 24.55 2.75 15.27 15.27 43.00 23.42 14.43
Mushroom substrate 25.50 10.49 0.92 27.27 11.61 58.47 38.60 18.51

) DM: dry matter, EE: ether extract, CP: crude protein, CF: crude
detergent fiber, NFC: non fiber carbohydrate.

fiber, CA: crude ash, NDF: neutral detergent fiber, ADF: acid

» NFC: nonfiber carbohydrates calculated as 100 —(CP+EE+CA+NDF).
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Table 2. Formulas and chemical composition of experimental diets

T1 T2 T3 T4

............ Ingredient Composition, % DM et ereeaaans

Corn grain 40.0 40.0 25.0 30.0
Soybean meal 20.0 17.5 20.0 15.0
Green kerneled rice 0.0 0.0 15.0 6.0
Soybean curd 0.0 2.5 0.0 9.0
Alfalfa hay 10.0 10.0 10.0 10.0
Timothy hay 20.0 20.0 20.0 20.0
Corn silage 10.0 10.0 10.0 10.0
- Chemical composition, % DM -+----eee
Crude protein 15.94 15.37 15.93 15.38
Ether extract 2.42 2.48 2.33 2.54
Non fiber carbohydrate” 45.04 45.14 45.57 43.82
Neutral detergent fiber 29.02 29.51 28.56 30.74
Acid detergent fiber 18.89 18.15 17.81 19.05
Rumen degradable protein” 9.97 9.57 10.00 9.54
NE.”, Mcal/d 15.76 15.85 15.71 15.80

Y Non fiber carbohydrates calculated as 100 —(CP+EE+CA+NDF).
2% Rumen degradable protein and net energy for lactation were calculated according to NRC (2001).
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Table 3. Effects of feedstuffs on in vitro ruminal pH value in experiment 1

; Effects of By-Product Feeds on In Vitro Rumen Fermentation Characteristics

Incubation time CG GKR RB SH e SEM"
0 hr 7.03" 7.04° 7.03" 7.02% 7.00° 0.005

3 hr 6.97° 7.01° 6.93° 7.04° 6.98° 0.010

6 hr 6.89° 6.93° 6.87° 6.97" 6.92° 0.009

12 hr 6.76™ 6.78" 6.74° 6.92° 6.66" 0.023

24 hr 6.52¢ 6.56° 6.68" 6.83" 6.58° 0.030

48 hr 6.28° 6.34° 6.61° 6.67" 6.39° 0.041
Incubation time SM CGF WB DGS MS BW SEM"
0 hr 6.95™ 6.93¢ 7.00° 6.99° 6.99° 6.97" 0.007

3 hr 6.93° 6.90° 6.87° 6.92% 6.98° 6.84° 0.010

6 hr 6.88" 6.88° 6.81° 6.89" 6.97" 6.66° 0.024

12 hr 6.77° 6.72° 6.66° 6.77° 6.95° 6.56° 0.031

24 hr 6.74° 6.56° 6.56 6.69° 6.87" 6.37° 0.039

48 hr 6.79° 6.43° 6.48¢ 6.68° 6.84° 6.39" 0.043

Abbreviated CG; corn grain, GKR; green kerneled rice, RB; rice bran, SH; soybean hull, SC; soybean curd, SM; soybean meal, CGF;
corn gluten feed, WB; wheat bran, DGS; distillers grain with soluble, MS; mushroom substrate, BW; bakery waste.

D SEM, standard error of means.

+be4¢ Means in the same row with different superscripts differ significantly (p<0.05).

Table 4. Effects of feedstuffs on in vitro gas production (mL/g DM) in experiment 1

Incubation time CG GKR RB SH SC SEM"
3 hr 5.45® 450 6.05 4.00° 5.00% 0.292

6 hr 9.50° 7.80° 8.60° 5.80° 8.90° 0.485

12 hr 14.90° 14.80° 11.65° 9.00* 19.50° 1274

24 hr 26.15° 27.50° 14.30° 15.80° 27.20™ 2.430

48 hr 29.70° 30.50° 15.75° 17.00° 27.00° 2,675
Incubation time SM CGF WB DGS MS BW SEM"
3 hr 6.50° 6.77° 8.50° 5.43° 4.00° 8.03" 0.372

6 hr 12.63° 10.80° 14.00" 8.80" 467 13.70° 0.791

12 hr 19.37° 17.63 21.47° 14.40° 7.90" 20.10° 1.109

24 hr 26.87" 26.17" 26.83" 18.20° 13.53¢ 25.77° 1.255

48 hr 36.00° 37.53° 38.73" 24.93° 22.07° 35.33¢ 1.568

Abbreviated CG; corn grain, GKR; green kerneled rice, RB; rice bran, SH; soybean hull, SC; soybean curd, SM; soybean meal, CGF;
corn gluten feed, WB; wheat bran, DGS; distillers grain with soluble, MS; mushroom substrate, BW; bakery waste.

D SEM, standard error of means.

sbedel Means in the same row with different superscripts differ significantly (p<0.05).
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FA% Bga Qs pHI} GolA= Aoz dEA %E}(Valadares . Aoz Hi¥t)(Beuvink 5,
A Aglo A TR e Hﬂot
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gro] 7P 2 Ao wdEm, 9l Atk dA|Eei A WA, S5, AR FoE =okoH, 24413 § A, vlA|



Park et al. ; Effects of By-Product Feeds on In Vitro Rumen Fermentation Characteristics

2 SFdA w7 g giFg]eh waste]l frejebAl SRkt 7 7H E9kom (Table 5), T WAl A= oiFate] A
(p<0.05). T WA AgojM= 27} DA wjFA 7 FoF G2 A WAz B AEES S P =okth wleha] 2 AFe) A
Az} vwsle 7pg ZUkelgen, FAw AR E st & by} AR & dRdAUE 2 Ao Yehgtt
kol 7P SUTH(p<0.05). AEEaHE Egk 7RI 5 (Table 6).

det Az 12 A HA AFA BATE 124174 4841kF R YolE] A4 EE 3 AR APelA g F 6ARke Al

Table 5. Effects of feedstuffs on in vitro DM degradation (%) in experiment 1

Incubation time CG GKR RB SH SC SEM"
0 hr 14.75° 4.85° 32.43" 2241° 22.89 2.496

3 hr 10.55° 13.07° 38.85" 24.93° 25.18° 2.724

6 hr 20.53° 16.70° 49.70° 31.33° 25.70™ 3.478

12 hr 39.66™ 34.61° 55.00° 41.64° 50.78" 2.172

24 hr 63.80" 67.31° 56.49° 54.49° 70.34° 2.140

48 hr 84.68" 83.25" 63.59 53.32° 79.58" 3352
Incubation time SM CGF WB DGS MS BW SEM"
0 hr 28.92% 34.63° 24.85° 10.79° 18.12° 4391° 2.695

3 hr 43.95° 34.84° 32.77° 26.23" 27.92° 45.30° 2.096

6 hr 51.79° 40.51° 41.61° 25.74° 30.11° 46.69" 2432

12 hr 63.91° 543" 62.45" 35.06° 31.80° 58.95% 3.205

24 hr 86.95" 78.42° 76.32° 55.35¢ 44.41° 76.68" 3.706

48 hr 96.77" 91.55 86.78° 61.76 52.85° 84.03¢ 3.914

Abbreviated CG; corn grain, GKR; green kerneled rice, RB; rice bran, SH; soybean hull, SC; soybean curd, SM; soybean meal, CGF; comn
gluten feed, WB; wheat bran, DGS; distillers grain with soluble, MS; mushroom substrate, BW; bakery waste.

D SEM, standard error of means.

*> Means in the same row with different superscripts differ significantly (p<0.05).

Table 6. Effects of feedstuffs on in vitro ammonia-N concentration (mg/dl) in experiment 1

Incubation time CG GKR RB SH SC SEM"
0 hr 5.08 5.36 5.23 5.74 4.98 0.181

3 hr 5.39¢ 6.84% 11.12° 7.56° 19.87° 1.316

6 hr 1.374 2.50% 21.21° 6.32° 14.93° 2.103

12 hr 1.40° 1.45° 13.63" 4.92° 11.77° 1415

24 hr 3.50° 247 18.41° 10.31° 24.51° 2.320

48 hr 15.61¢ 16.74 32.60° 22.42° 50.82° 3.516
Incubation time SM CGF WB DGS MS BW SEM"
0 hr 11.22° 18.70° 11.78° 10.88™ 6.34° 8.20% 0.988

3 hr 13.66° 9.12¢ 24.54° 16.94° 30.00 8.87° 2.051

6 hr 41.18 38.82° 26.02° 10.36° 26.48" 5.00° 3.270

12 hr 57.07° 2831° 28.21° 17.71° 29.26" 12.00° 3.522

24 hr 139.79° 55.57° 4581° 42.55% 35.89¢ 14.74° 9.646

48 hr 205.10 88.88" 80.64° 80.88" 48.82° 38.75¢ 13.235

Abbreviated CG; com grain, GKR; green kerneled rice, RB; rice bran, SH; soybean hull, SC; soybean curd, SM; soybean meal, CGF; com
gluten feed, WB; wheat bran, DGS; distillers grain with soluble, MS; mushroom substrate, BW; bakery waste.

D SEM, standard error of means.

*b¢4¢ Means in the same row with different superscripts differ significantly (p<0.05).
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M T377F 7 =900 (p<0.05). 38, dRYol A4 F&
T 12ARE oF E ATelA F43] TFIAeH 12 B 24
ARV T2 (2.62~18.80)°l141 T1(4.91~21.09)¢} wisto]
o3l Akt (p<0.05). AT 4841 A= BE A
ol frelgk Afol& YERA] Agit AEEE &S ¥E7] 3 h)
of TI7elA 7Hg sokom, wd$7] 24 hyell Ta47elA 7HE =
ATH (p<0.05).
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Fig. 1. Effects of substitution levels of concentrate with by-products on in vitro pH, gas production, ammonia-N,

and DM degradation in experiment 2
Treatments are the same as describe in Table 2.
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Table 7. Effects of substitution levels of concentrate with by-products on in vitro volatile fatty acid production
(mM) in experiment 2

Treatments"

Incubation time SEM?
TI ™ T3 T4
............................................. ACCtiC acid
0 hr 30.90 33.07 33.10 32.93 0.443
3 hr 47.59" 47.96" 47.16" 46.02° 0.256
6 hr 52.03° 53.36™ 55.11% 56.39" 0.559
12 hr 67.90 66.77 66.07 68.04 0.445
24 hr 78.34% 74.93° 86.51° 83.70™ 1.898
48 hr 91.22® 88.01° 92.71° 92.14° 0.722
.......................................... Propionic acid «««swesesereereersseiasniiinns
0 hr 6.78 7.40 7.29 7.11 0.109
3 hr 11.84 11.94 11.82 11.79 0.042
6 hr 13.87° 14.39™ 14.76° 15.55" 0.206
12 hr 19.89" 19.39™ 19.13° 19.60™ 0.103
24 hr 23.77 2293 25.59 25.14 0.475
48 hr 27.74 27.85 27.97 28.28 0.152
.......................................... Butyric acid ««eeeeeesessersssni
0 hr 425 4.59° 461° 440" 0.062
3 hr 6.69 6.68 6.56 6.45 0.047
6 hr 8.44° 8.86™ 9.11%™ 9.35° 0.115
12 hr 14.72° 14.06° 14.17° 13.45° 0.142
24 hr 19.71° 19.35° 22.30° 20.09™ 0.464
48 hr 24.59 25.26 25.46 24.20 0.245

D Treatments are the same as describe in Table 2.
2 SEM, standard error of means.
**¢Means in the same row with different superscripts differ significantly (p<0.05).

A2 9w A7 g e A FEE Table 79 2 ot
2t} Acetate FEE 3A17H T4TolA 714 wkgkon) ujekx|zk
o] A5 T27olA T3 B T47-<} Hluste] fol3A] ¥ 2 A7 S S o] &9t in virro WS LE
(p<0.05). W9 acetate Fri= AlES ARZ AR A4 AS AUz AlgSl sFALRS} fAFEE W) WgE
dreejote] gt WaAgor AAHE HFAEo|tH(Hutjens, = RS A AANETES B
1998). BIZ vlGAIZHE FoJdt ol QAL AA wjFAr A a¥E ] fgte] st
A EE A7 YA ¢ olfe BE Aol A Sto] el o A= it
SR ARSSE gEn Az, A dx 2 S5 AR s AR, viA), o7, AR, iR, 2 wAeA)) S Auskglch

>

s 2AE F7] wiEolg dwkdch 4, propionatest 13 AHNAE in virro WSS FI 44 o
butyrate F55 6417t TITF7F 718 AT 12413k 718 (0, 3, 6, 12, 24, 48h) w9 BEEAS Hrlsidon, S44¢
EUTH(p<0.05). B35k 48AItl = B AETeA sk Aols B oiFEty fARgE B EAAS UEhle 48AlE 28RE AT
Holx| gkt oty HEAoR Awd 2%F] d8AET UE YEAES

Ao FAtakEel AAsh viA o ARG S5k gt EFRE 2TE WEC] in viro WMYS T S559} i)
S 4 AR g8 ARV Ao duEm o ALY giAaYE Rt AdAAE S5t oiFds v12ude
AP F3 F7HERA A7 HeF Zlo R A7 2 3o, ¢, By 11x 2 STFRALEAE ZAER AN
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