bbbttt dMRrRUOD O oggd
oot

0o goooogo
ISSN 04475933
ood go,oo
go,oo
oo,O
ood gooood
0/0 490 400
goono
goooo p.367-372
oogno 20030 100

00000 00000000000000000000000 eA‘ ;
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ U IKnow IGGH"-'
Secretariat



Grassland Science 49 (4) : 367-372 (2003)

E—igLRaBRMNORBE LI TMR BV A L—2DICEITS
REERY L BEOBEROEL

PEEFERSS « JRHEEH - IO 3¢

FELLARF S (F700-8530 fELiEED 1-1-1)

Faculty of Agriculture, Okayama University, Okayama 700-8530, Japan

Z{TH 200241 A 4 H/5%HH 20034 H9H

Synopsis
Naoki NisHINO, Hiroaki Harapa and Ei SakacucHI (2003) :
Changes in Soluble Sugars and Fermentation Products of
TMR Silages Prepared with High and Low Malt Type
Brewer’s Grains. Grassland Science 49, 367-372.

Two types of brewer’s grains (BG), derived from high
and low malt brewing, were mixed with various dry feeds
(BG : beet pulp : oats hay : wheat bran : molasses=5:2:1:
1:1 on a fresh weight basis), and ensiled in polyethylene
bottles to prepare a total mixed ration (TMR silage). Silos
were opened after 5, 20 and 40 d of storage ; the composi-
tion of soluble sugars and the profile of fermentation prod-
ucts were determined. Experiment was duplicated using
different lots of BG (Exp. 1 & 2).

Regardless of the type of BG, lactic acid production
occurred and large numbers of lactic acid bacteria were
found at 12 h after BG production. Principal sugars were
maltose and raffinose in both BG, whilst the amount was
higher in low malt type BG. When TMR silage was made,
the main sugars altered to fructose, glucose and sucrose
due to added feeds, and the differences in sugar contents
diminished.

Lactic acid (Exp. 1) or ethanol (Exp. 2) was the major
fermentation product in TMR silage, and this property was
not influenced by the type of BG used. Mannitol ac-
cumulated in lactate silages as storage prolonged, indicat-
ing that heterolactic fermentation was enhanced even
when lactate silage was obtained. Accelerated ethanol
production was found in ethanol silage from the beginning
of storage ; the highest content (75 g kg ! DM) was given in
TMR silage prepared with low malt type BG. Propionic
and butyric acids were almost undetectable and ammonia
N accounted for less than 60gkg™! N in any of the silages,
suggesting that TMR silage can be considered “well pre-
served” regardless of lactate and ethanol fermentation.
Significant differences due to high and low malt type BG
were found in the fermentation of TMR silage ; however,
the production lot had much greater effects in the two
experiments.

Key words : Brewer’s grains, High malt brewing (beer pro-

duction), Low malt brewing (happo-shu pro-
duction), Silage, TMR.
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Table 1.

4 L— Y ORBERYIERE kM ERATHL
-V, FEEHEET, EElBgE T v - VIR RS
o k757 (GC-14A, BEEER) TIEL /2o #7413
ULBON HR-20M (0.53mm X30m) %L, #HIERE 80°C
T 2R L 724, 190°C £ T 10C min ' O EFE THES
HTHEEE L, + ) THRIZEAY T LEHL, FA
OEER L ORESEEEEZNF N 180 8L U 2000C & L,
B BE S L UBROHEIE, FhEh GYP-CaCO, s
LU YM A HWTT - 7", EBT — ¥ OfFEFHILIEE,
t-test ICL D IT- 7,

& R

- U & BB S L UEN S SR L REERO
b4 % Table 1 10/RY . LEAADEMHR R £ — LHDTTH
=, EE ORATEITII 200gke A TE - 7z, BEH
FRED, PRI F—R, LI —ZABLURY
O—- 2R EAEGSENIS - fz, BDBBEOFEERIEI L
FN—2&EST 4/ —RTHY, FORBIGE—IALD RAH
HOTTHBh - 1203, HHARIOBRVL D By Mgk b
BOOHBRED -,

TMREIH 1 L - VORTEHZYEIE550g kg™ Th-7%
P, EBEOHES IhISEVW LD TH » 7o, B/DEHORE
13EE 1 ©>130gkeg 'DM, EE 2 T>110gkg 'DM &7
D, BELIHMOBEHICEZERZELAL N o1, BD
WEIER 70— 2FKERY, THIZTAZ P—RETL
- ZADHR R E TS 5 7o BBV E—-RETF T 4
/= ZDEEIEL 20, BOEEORE L UHE,» 545
&, TMR BUEPRIESIR 3 £ — WA & RIAEHTIC L B8V
HETBEEL LN,

ERTE, A L — PRI SR AR L TV
2, TOBRIIER 1 B2 &b IIREBHOANE L, pH
bRIQBEEOHHHEVEE T Lo SR 2 0 v — AT

Characteristics of two types of brewers grains used in the two experiments.

Experiment

2

Proportion of malt used in brewing High (Beer)

Low (Happo-shu) High (Beer) Low (Happo-shu)

Raw Mixed Raw Mixed Raw Mixed Raw Mixed
Dry matter (g kg™) 221 557 180 538 215 548 203 537
Crude protein (g kg~ ! DM) 302 129 267 125 268 126 271 128
Fructose (g kg~! DM) 0.58 28.6 0.68 31.9 1.07 21.1 1.84 21.5
Glucose (g kg ™' DM) 0.71 25.5 0.30 27.8 1.37 16.4 0.60 16.9
Sucrose (g kg ™' DM) 1.36 70.6 1.76 69.3 1.26 59.9 1.42 62.5
Maltose (g kg~ ' DM) 16.7 6.95 28.0 7.49 50.0 9.22 57.9 11.6
Raffinose (g kg~ ' DM) 5.25 3.60 6.81 3.39 10.2 5.29 12.7 5.33
pH 4.61 5.21 4.13 5.08 4.71 5.28 4.02 5.00
Lactic acid (g kg™ DM) 12.8 3.24 21.9 4.74 11.4 3.84 24.7 5.30
Acetic acid (g kg™' DM) 1.88 1.41 1.80 1.35 ND 0.81 2.18 1.24
Ethanol (g kg ' DM) ND ND ND 0.11 ND ND ND ND
Lactic acid bacteria (log cfu g™ ") 7.88 6.40 8.00 6.95 — — — —
Yeast (log cfu g% 2.52 3.72 4.32 3.79 — — — —

Numbers of lactic acid bacteria and yeasts were not determined in Exp 2. ND ; not detected.
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Fig. 1. Changes in fermentation products of TMR silages prepared with brewers grains left after the production of
beer and happo-shu (low malt beer). Values are means and standard deviations represented by vertical bars

(n=3). NS ; not significant, * ; P<0.05, **P<0.01.
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Fig. 2. Changes in fructose, mannitol and glucose of TMR silages prepared with brewers grains left after the
production of beer and happo-shu (low malt beer). Values are means and standard deviations represented by
vertical bars (n=3). NS ; not significant, * ; P<0.05, **P<0.0L
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Fig. 3. Changes in sucrose, maltose and raffinose of TMR silages prepared with brewers grains left after the
production of beer and happo-shu (low malt beer). Values are means and standard deviations represented by
vertical bars (n=3). NS ; not significant, * ; P<0.05, **; <0.01.
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