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Sufficiency for amino-acid requirements, %

His lle Leu Lys Met Ala Thr Trp Val
+Cys  +Tyr

Amino-acid sufficiency of conventional and low-protein
diets for requirements of fattening pig

Values of amino-acid requirements are expressed as 100%

mmmm Conv. @ Low-protein diet (Kaji, 2000,
B Crystalline Amino acid supplement translated by the authors)




Low-protein diet with amino acid for swine

N accretion = meat Reduction of
nitrogen levels
In manure (7%
for feces-N and
35% for urine-
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Nitrogen balance of fattening pig (g N /day)

Red: conventional diet Blue: low-protein diet supplemented with amino acids

In the case of Fattening pig (Kaji et.al 2000)



Development of Quantification of N,O
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Method: feeding study A&\ Va\;{e]
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@® 5 LWD barrows with average body weight of 32.7kg

@® ad libitum feeding in individual cages

@® CP17.1% for control diet (CONT), CP14.6% for low-
protein diet (LOW) supplemented with amino acids (Lys,
Thr, Met, Trp)

@ Twice, 10 days per each

@® Daily gain (weight), feed intake, feed
efficiency (gain/feed), nitrogen balance, L

and BUN were measured

CP, crude protein; BUN, blood urinary nitrogen



Composition of diet, % A&\ J:\;{e
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CONT LOW

CP (17.1) (14.5)
Corn 61. 90 69. 05
Soybean meal 25. 50 18. 00
Brown rice 10. 00 10. 00
Tricalcium phosphate 1. 60 1. 60
Salt 0.30 0.30
Vitamine, mineral 0. 60 0. 60
L-Lysine, HCI - 0. 21
L-Threonine - 0. 06
DL-Methionine - 0.06
L-Tryptophan - 0. 02
Chromic oxide 0.10 0.10

Total 100. 00 100. 00




Nitrogen balance per kg-feed
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N excretion
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Methods: composting study,

@ 5kg feces mixed with sawdust Inhnova 1412
h treatment (65% of MC) photoacoustic
per - gas monitor

4 - =
--------

was composted for 5 weeks (twice) (CEEERE:
@® Composting materials were
aerated (0.6L/min) and weekly
mixed for aerobic fermentation.

@® Exhaust gases were carried to
gas monitor and gas concentrations
were measured.

@® Composting was finished based
on temperature change and BOD of
composting materials.

Experlmental compostlng apparatus



Methods: wastewater treatment study

@ Urine and 20% of feces from
CONT and LOW were treated
using experimental activated
sludge apparatuses (3L of
effective volume) for 6 weeks.

@® Wastewater was applied at
hydraulic retention time (HRT) of
5d.

@ \\Vastewater contained
2400mg/L BOD and 370mg/L N

@® Aeration for 22 hr/d at a rate of
0.5L/min

Experimental activated sludge apparatus
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Results of composting study (1st trial)
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Changes in temperature and GHG emissions

@ The temperature increased
slowly and reached maximum
(70 degree-C) after second
turning.

@ Total N,O emissions during
the study were 0.28 g for LOW
and 0.21g for CONT, and
emission factors were 0.43%
for LOW and 0.38% for CONT
(gN,O-N /gN).

@ Total CH, emissions during
the study were 0.35g for LOW
and 0.40g for CONT, and
emission factors were 0.023%
for LOW and 0.030 % for CONT
(gCH,/g-OM).



Results of composting study (two trials)

NH; and N,O emissions differed between trials (Ssummer and autumn), rather than

between LOW and CONT.

70-76% of the initial nitrogen remained in finished compost.

NH,-N emission accounted for 15~22% of the initial nitrogen and is high in summer.
N,O-N emission accounted for 0.45-0.60% of the initial nitrogen and is high in summer.

M Final nitrogen content in mixture M Nitrogen in condensed-water (NH3-N)
m NH3-N H N20O-N

LOW(S)

LOW(A)

S, summer
A, autumn

CONT(S)

CONT(A)

0% 20% 40% 60% 80% 100%



Results of wastewater treatment study
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20 done (99% of BOD removal and
= h 60% of nitrogen removal)
10
O
Z @®CH, and N,O emissions were

000 000 000 000 000 000 000 0:00 000 0:00 000 not Iargely different between LOW
4/29 4/30 5/1 5/2 5/3 5/4 5/5 5/6 5/1 5/8 5/9
and CONT.

100 - ¢LOW m®mCONT

10::‘“-?.“f‘

% R
O '-E:* b v TNZ

0.1

0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00
4/29 4/30 5/1 5/2 5/3 5/4 5/5 5/6 5/7 5/8 5/9

Changes in CH, and N,O emissions
(ppm) from wastewater treatment study
for LOW and CONT.



Results of wastewater treatment study (cont’d)

NH,; and N,O emissions differed between trials (summer and autumn), not
between LOW and CONT.

Approximately 10% of the initial nitrogen existed in sludge (mainly in microbes).
NH;-N emission accounted for less than 0.1% of the initial nitrogen.
N,O-N emission accounted for 0.97-2.45% of the initial nitrogen.

m Effluent nitrogen content daily discharge (liquid)  ® Nitrogen in sludge daly generated (Solid)

NH3-N (Gas)/! B N20-N (Gas)
0.06
LOW(1) , 2.45
0.02
CONT(2) | 2.28
' 0.07
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0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
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No impact on animal growth,
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Low-protein diet for layer A&l ' V1\{1{e,
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L ow-protein diet for cattle i, V:\i{e
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Cattle has rumen

All kinds of amino acid are synthesized
by rumen microbes; however, they are
not synthesized in response to
requirements of each amino acid.

4 . . . . .
Possible reduction of nitrogen excretion by feeding low-
protein diet supplemented with bypass protein or

_rumen-protected amino acids.

J

Most portions of bypass protein and rumen-protected amino acids
are undegradable and unusable by rumen microbes.

e

Feeding study and waste treatment study



LCA of low-protein diet techniﬂ ue -
Data collection by measurements

i and site investigation
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Conventional (CONT) and low-protein-diet (LOW) pig production
systems evaluated using life cycle assessment (LCA)
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@® Feeding of low-protein diet supplemented with
amino acids reduces GHG emissions from swine
manure management by approximately 40%.

@® Technique of feeding low-protein diet
supplemented with amino acids or bypass protein to
cattle and poultry is being developed.

@® GHG reduction by using low-protein diet for swine
IS being evaluated from life cycle perspective, and
potential of GHG reduction in Japan by developing
mitigation techniques will be evaluated.
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Results on composting, NH3 etc NARO
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»Feeding a diet with 14.1% CP in which bypass soymeal was substituted for
soymeal reduced nitrogen excretion from mid-lactation cows by approximately
10%.

»Supplementation of diets with methionine to early-lactation cows increased
milk production and milk protein content significantly for low-protein diet, and
feeding a low-protein diet had a lower nitrogen excretion.



