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Table 2-1 Composition of ingredients in syrup waste liquid feed

Ingredient Percentage
Syrup waste' 75.00
Commercial feed” 19.72
Soybean meal 4.93
Dicalcium phosphate 0.10
Calcium carbonate 0.15
Vitamin and mineral mixture 0.10

1)Syrup waste was estimated as a 14% glucose solution.

YSame as the control diet.

Table 2-2 Compositional percentage of syrup waste liquid feed

Control diet Syrup diet"

Moisture 10.3 66.7
Crude protein 16.6 15.6
Ether extract 4.0 23
Nitrogen free extract 59.2 61.7
Crude fiber 2.9 1.9
Crude ash 4.4 4.1
Lysine 0.75 0.74

YValues except for moisture were calculated based on air-dried feed.

13



obo0o0oboooboooboboes.200bOOoOoDbOOODOOOD
obooobooooobOogooboo.2Uo40bg o6 3OO DOOO
goooooooopDDoDbDDpHODDODDOODDODODDODDODDDODDDDDDODpHDODDODO
U000O0OD0 pHODODOOOSEVENEASYS2000 00000000 DO0ODODOO
gogooooogoprPrRIOODODODOOOOOOODODODODOOOODODOODODODODOO
goooooooooooboobobobobobobobobbobobbobobbbbPROODO
uooooooooooon

200000

001000000000 00O00000D00OD00 105kg00O0O00OOOD
uodoooooooooobobobobobobobobobobobobobobobo1ooobooboobon
vt ooooobooobbobobobobbobobooooboobooboboboo
gooooooooooobooobobbobobobobbobobbobobbbbbbon
tdoooooooooboboboboboboboboboboboboobobooon

g3 ogon
goooooooooooooobobobobbbb200b0b0b00b0b0bb0b0O0
obooobbooobooobOovouoooboooooooobooooDoo
vdooodoooooooooooboboboboobobbbbmobobobobooboon
gooooooooooobboobobbbobbb 450000000 DDOD0O-
oboo30o0oobooobbo4-5000000000D0O0O0ODO0ODODOO

vdgooodooooogoooooon

14



40 000o0oonon

obooobooobboobob 00000 booobooobooob

gOo0ogs,00000/003000000000002000000000000

OO0CO00O00O0O0OOOoOOobOOoDoTPOOOCOOCOAIDIOODODBUND

OOooo0o0oO0oooobooboT-Cho 4000b0DbO0ODODODODODOOO

goog se-4420000000000OOOOODOOOOOOOOOODODOOO

A/G O OAIb/OTPOAIDID OOODOODOODODODODOODOOCOALPOOO

Ub0o0o0ob00o0obb00oo0DbO00Ob0bASTyY -000D0O000DbO0ODOO

Uddy -6TPOO00O0O0O0OO0OUOLLHOOOOO0O0O0OooOoAMYOD 50000

o000 0O00oOobOOoOoOoUobUgDOooOobewboCcoboboobo woDOmo

gdooooooooobobLlApOL-0O000 pOOOOOOODOODOODODOO

goooobobbbbboooooooo 30oooooboboobobobboogd

dooooooooooooooobobooboboboboboboboon

2-30 0000

obooobooobooobobobobbooboooboooboe=8000O

gdooooooooooboobobobbobobobobbobobobooobobooboobooboboo

gooooooo 2000000 bobobobobobobbobobobobobbbbbbon

udooooooooooboobobobobobobobobobobobooooboooobobon

ugdgdg

15



3000
3-1ggnoooooboogo

gooooooooobDbDDoDoDD pHODODDODODODODDODDODDDODDDOO
02-10000 2-200000

obooobo0ooobbooobbobob pHOd 3410000000 0O0O0ODO
goooooooooooboboo.e0bbDbODbODOODODODO3.01000b0DODbOOO
obooobooobooobboobob pHObbOO0obDbOOoO0o.2000D0DO0O
gboo0 wgoooooobobooboboobboboobbooo4bnDO
o.ecCDDODODODODOODDODDODODDODDOODDODODDODODODODODODODODOD
ooooobooobooobbooobooboDb 1e.00D0O00D00O 6.100
Ube6.200000 3. 7000000 0b0bO0O0DbDbOOO0ODObOOODDbDOODOO
000000000 HOODODODODODOOOOOOSBrixODODODODOO
OOof0OobOOobOOobOobDOoDOoDOoDbD BrixOUOODOODODOOOOODOO

ugogodooooooood

3-200000
obooob 0000020000000 2000 10000000020
gooooooooooobooobobobobobobobbobobbobobbb 20000
tooooooooooooooobobobobooboDbon
ooboooboooobobooboboobboobooob2-30bOoOoonb
oo ooooooooobobobobobobobobbobbobobbbn

gooooooooooboobobobobobobobobobobooooboobobobb1oon

16



4.0

3.5

pH

3.0

2.5

2.0

16
15
< 14
5
£ 13
2
8 12
2
zou
&
10
9
8

—o— 0%
—1—0.2%

0.4%
—%—0.6%

- — Gy

0123456789 10111213141516 17
Days after starting the experiment

Figure 2-1 Changes in pH of the syrup waste by the
addition of the formic acid preparation
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Figure 2-2 Changes in the sugar content of the syrup
waste by the addition of the formic acid preparation
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Table 2-3 Effect of syrup waste liquid feed on growth performance in finishing pigs

Control Syrup treatment
(n=8) (n=8)

Initial weight (kg) 63.1 + 33 62.8 + 3.1
Final weight (kg) 1089 + 52 109.8 £ 6.7
Fattening period (day) 49 42
Daily gain (g/day) 936 + 58" 1118 + 101®
Feed intake" (g/day) 3807 (3415) 10186 (3388)
Feed conversion ratio” 3.61 3.03

Mean =+ standard deviation .

Y Values in parentheses were the ones calculated by DM basis.

*DM basis.

ABValues in the same row with different superscripts differ significantly (P<0.01).

Table 2-4 Effect of syrup waste liquid feed on carcass characteristics in finishing pigs

Control Syrup treatment
(n=8) (n=8)
Carcass weight (kg) 76.3 + 4.0 76.8 + 5.6
Dressing percentage 700 £ 14 699 + 15
Carcass width (cm) 348 = 1.1 349 = 0.7
Carcass length (cm) 942 + 2.6 927 + 1.9
Back loin length I (cm) 784 + 2.1 773 = 14
Back loin length II (cm) 68.6 = 2.9 673 = 1.2
Loin length (cm) 56.6 + 2.1 556 + 1.6
Loin eye area (cm’) 216 + 2.8 20.7 = 3.0
Japanese pork color standards 36 £ 0.2 35 £ 03
Backfat depth (cm)
Shoulder 46 + 04 49 £ 05
Back 20 £ 03 23 £ 0.6
Loin 35 £ 03 36 + 0.6

Means =+ standard deviation.
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Table 2-5 Effect of syrup waste liquid feed on serum biochemical constituents in

finishing pigs

Control Syrup treatment

(n=8) (n=8)
Total protein (g/dL) 64 = 0.2° 6.1 + 03°
Albumin (g/dL) 3.7 £ 028 34 + 02°
Albumin-globulin ratio 14 £ 0.2 1.3 £ 0.1
Blood urea nitrogen (mg/dL) 173 + 3.1 159 + 4.0
Glucose (mg/dL) 86.0 £ 5.0 82.1 £ 93
Total cholesterol (mg/dL) 78.6 = 7.6 713 = 8.0
Alkaline phosphatase (U/L) 348 + 44 371 = 66
Aspartate aminotransferase (U/L) 279 + 6.4 264 £+ 10.2
v-Glutamyltranspeptidase (U/L) 349 + 4.1 350 £ 5.9
Lactate dehydrogenase (U/L) 480 + 86 401 + 58
Leucine aminopeptidase (U/L) 67.1 + 279 579 + 9.7
Amylase (U/L) 1984 + 464 1902 + 421
Insulin (pU/L 209 + 10.7 228 £ 13.6

Means =+ standard deviation.

AByalues in the same row with different superscripts differ significantly (P<0.01).

*Values in the same row with different superscripts differ significantly (P <0.05).
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Figure 2-3 Preparation of potato silage according to pouch method

Figure 2-4 Overview of the bunker silo constructed the L-shaped

concrete retaining wall
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Table 3-1 Percentage of the feed ingredients and nutririve values

Control diet Experimental diet

Ingredients
Raw potato starch - 20.0
Corn 68.6 34.3
Fish meal (CP65%) 14 0.7
Barley 12.6 324
Soybean meal 15.0 9.0
Vegetable fat - 1.0
Dicalsium phosphate 11 1.1
Calcium carbonate 05 0.6
Salt 04 0.4
Vitamin and mineral premix 04 04
Lincomycin premix 0.1 0.1
Lysine HCL - 0.1

Calculated Values”
Crude protein 15.7 11.6
Ether extract 3.2 3.2
Nitrogen free extract 61.2 65.5
Crude fiber 22 2.3
Crude ash 4.6 4.3
Lysine 0.79 0.64
Total digestible nutrients 76.1 76.3

Analysed values”
Crude protein Exp. 1 14.0 10.6

Exp. 2 14.9 103

Y v alues were calculated based on air-dried feed.
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Table 3-2 Effects of low-protein diet including raw potato starch on growth performance,
feces and urine in finishing pigs

Control Potato starch
(n=4) (n=4)
Initial weight (kg) 676 =+ 3.6 68.0 + 5.2
Final weight (kg) 758 + 3.9 76.1 + 6.3
Dairy gain (g/day) 1016 + 78.6 1016 + 139
Feed intake (g/day) 2293 + 123 2333 + 179
Feed conversion ratio 227 + 0.19 231 + 0.16
Amount of excreta (g/day)
Feces 918 + g5 1318 + 183"
Urine 7317 + 6289 5779 + 5850
Moisture content of feces (%) 713 £ 1.22 755 + 2.4°
Microbial populations
Fecal concentration (log CFU/g)
Tota aerobes 75 £ 03 71 £ 05
Tota anaerobes 89 = 04 96 £ 05
Fecal excretion (log CFU/day)
Total aerobes 104 + 0.1 100 + 06
Total anaerobes 11.8 + 042 12.7 + 0.5°

Means + standard deviation.
®y/alues in the same row with different superscripts differ significantly (P <0.05).
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Table 3-3 Effects of low-protein diet including raw potato starch on nitrogen balance

in finishing pigs
Control Potato starch
(n=4) (n=4)
Nitrogen balance
N intake (g/day) 521 + 28" 399 * 31°
N retention (g/day) 228 + 1.3 198 + 21
N retention (% of intake) 437 + 26° 495 + 39°
Total N excretion (g/day) 299 + 2.3° 208 + 228
Fecal N (g/day) 74 + 06" 104 + 0.8°
Urinary N (g/day) 225 + 28 103 + 228
Fecal N (% of excretion) 250 + 39" 50.6 + 5.8°
Urinary N (% of excretion) 750 + 39" 494 + 5g°
Fecal N : Urinary N 0.34 + 0.07" 1.04 + 0228
Apparent N digestibility (%) 86.8 + 1.3° 753 + 3.0°

Means + standard deviation.

ABy/alues in the same row with different superscripts differ significantly (P <0.01).
%y aluesin the same row with different superscripts differ significantly (P <0.05).
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Table 3-4 Effects of low-protein diet including raw potato starch on ammonia emissions
in finishing pigs

Control Potato starch
Exp. 1 (invitro) (n=4) (n=4)
Ammonia emissions (mg/day) 3500 + 808 1348 + 1008°
Exp. 2 (invivo) (n=6) (n=6)
Ammonia concentrations (ppm h) 336 + 85" 53 + 1.7°

Means + standard deviation.

ABy/alues in the same row with different superscripts differ significantly (P <0.01).
%y auesin the same row with different superscripts differ significantly (P <0.05).

8 ® &8 & 8

Ammoniaconcentration (ppm h)
N
o1

1 2 3 4 5 6 7 8 9 10 11 122 13 14
Days after starting the experiment

Figur e 3-3 Effects of low-protein diet including raw potato starch on the pattern
of dairy ammonia concentration in the pigpen. Two types of diets were exchanged
between the groups at 7th day of the experiment. ( @ ) Control diet, ( © ) Raw
potato starch diet.
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Table 4-1 Percentage of feed ingredients and nutritive values (%)

Control diet Experimental diet

Ingredients
Syrup waste - 72.50
Potato silage - 18.00
Corn 58.80 5.88
Fish meal (CP65%) 1.20 0.12
Barley 23.10 -
Soybean meal 14.50 3.00
Dicalcium phosphate 1.10 0.02
Calcium carbonate 0.50 0.30
Salt 0.35 0.05
Vitamin and mineral premix 0.35 0.07
Lincomycin premix 0.10 0.01
Lysine HCI - 0.05

Calculated values”
Moisture 114 74.2
Crude protein 15.6 115
Ether extract 3.0 13
Nitrogen free extract 61.1 66.5
Crude fiber 25 2.5
Crude ash 4.7 51
Lysine 0.78 0.69
Total digestible nutrients 75.0 75.0

Analysed values”
Crude protein 13.7 10.0

Y values except for moisture were calculated based on air-dried feed.
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Table 4-2 Fermentation quality and nutritive values
of potato silage

Item
Fermentation quality
pH 3.79
VBN/TN (%) 6.98
Lactic acid (FM%) 6.92
Acetic acid (FM%) 0.85
V-score 96.0
Nutritive values
Moaisture (%) 62.2
Crude protein (DM %) 18.6
Ether extract (DM %) 18
Nitrogen free extract (DM %) 60.7
Crude fiber (DM%) 8.3
Crude ash (DM %) 10.6

Table 4-3 Effects of low-protein liquid feed including syrup waste and
potato silage on growth performances in finishing pigs

Control Low-CPliquid feed
(n=4) (n=3)
Initial weight (kg) 707 *+ 55 69.3 + 25
Final weight (kg) 754 + 5.4 741 + 2.8
Dairy gain (g/day) 591 + 62 592 + 95
Feed intake® (g/day) 2087 + 130 2228 + 101
Feed conversion ratio” 356 + 0.41 3.82 + 0.56
Mean * standard deviation.
Y DM basis.
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Table 4-4 Effects of low-protein liquid feed including syrup waste and potato silage on
feces and urine in finishing pigs

Control Low-CPliquid feed
(n=4) (n=3)
Amount of excreta (g/day)
Feces 1278 + 79 1244 + 20
Urine 4464 + 959 4548 + 599
Moisture content of feces (%) 726 + 2.3 742 + 1.2
Fecal microbial populations log CFU/g
Total aerobes 70 + 0.3 64 + 0.6
Total anaerobes 83 + 03 83 = 04
Fecal volatile fatty acids (VFA)
Total VFA (mmol/L) 177.1 + 30.9 1700 = 575
Acetic acid (mol%) 36.7 £ 45 381 £ 55
Propionic acid (mol %) 347 £ 75 339 + 04
Butyric acid (mol %) 220 + 18 258 + 2.2
Valeric acid (mol%) 6.6 + 8.1 22 + 38
Ammonia emissions from slurry (mg/day) 7707 + 1668" 2581 + 8918

Mean * standard deviation.
AB\/alues in the same row with different superscripts differ significantly (P< 0.01).

Table 4-5 Effects of low-protein liquid feed including syrup waste and potato silage on
nitrogen balance in finishing pigs

Control Low-CPliquid feed
(n=4) (n=3)
Nitrogen balance
N intake (g/day) 533 + 2.9 411 + 15°
N retention (g/day) 185 £ 16 156 £ 2.2
N retention (% of intake) 346 + 2.7 38.0 + 4.7
Total N excretion (g/day) 349 + 25" 255 + 1.9°
Fecal N (g/day) 10.6 + 05 110 + 0.2
Urinary N (g/day) 243 + 26" 145 + 1.78
Fecal N (% of excretion) 305 + 254 434 + 268
Urinary N ( % of excretion) 695 + 25" 56.6 + 2.6°
Fecal N:Urinary N 0.44 + 0.05" 0.77 + 0.08°
Apparent N digestibilitiy (%) 80.1 + 1.4 731 + 1.3°

Mean + standard deviation.
ABy/alues in the same row with different superscripts differ significantly (P< 0.01).
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Table 4-6 Percentage of ingredients and nutritive values (%)

Control diet Experimental diet
Ingredients

Syrup waste - 72.51
Potato silage - 18.00
Corn 58.86 5.88
Fish meal (CP 65%) 1.20 0.12
Barley 23.11 -

Soybean meal 14.51 3.00
Dicalsium phosphate 1.10 0.02
Calcium carbonate 0.50 0.30
Salt 0.35 0.05
Vitamin and mineral premix 0.35 0.07
Lysine HCL - 0.05

Calculated Values"

Moisture 11.4 74.2
Crude protein 15.6 11.5
Ether extract 3.0 1.3
Nitrogen free extract 61.1 66.5
Crude fiber 2.5 2.5
Crude ash 4.7 5.1
Lysine 0.78 0.69
Total digestible nutrients 75.0 75.0

Analysed values”
Crude protein 14.5 10.7

Y Values except for moisture were calculated based on air-dried feed.
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Table 6-1 Estimation of production cost of potato silage in bunker silo

Production cost  Feed Price”  Cost structure
(Yen) (Yen/kg) (%)

Materials cost

Feed cost (Defatted rice bran) 248,948 204 78.1

Supplies expenses 6,284 0.5 2.0

Fuel expenses 13,327 11 4.2
Labor cost

Wages 43,200 35 135
Overhead expenses

([Z:es;;c;tag glno(éis:etai ning wall) 6,824 0.6 21

Electric power cost 321 0.03 0.1
Total 318,903 26.2 100.0

Acquisition cost of unqualified potatoes were not included.
Y values were calculated based on air-dried feed.
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Summary

This study was conducted to establish environmentally conscious pork
production system and improve the rate of feed self-sufficiency using Nagasaki
regional peculiar by-products of syrup waste and unqualified potatoes. The
materials with high moisture content such as these two by-products have been
thought difficult to use as feedstuff because of their perishability. However,
recently operating spreading liquid-feeding system in pork production could make
possible to utilize these materials as feedstuff. For this purpose, effective storage
method of these by-products, the effect of the low protein diet prepared by these
by-products on growth performance, carcass characteristics and meat quality, and
the effect of potato resistant starch on the nitrogen excretion and ammonia

emission from pig manure. The data obtained were followed.

1. It became obvious that syrup waste was stable at normal temperature by adding
0.4% formic acid and useful feedstuff with favorable palatability for pigs.
Unqualified potatoes were chipped, mixed with defatted rice bran and syrup waste
and stored simply in the silo constructed with L shaped concrete retaining walls.
The quality of processed silage was high enough with high lactic acid content, low

pH and negative secondary fermentation.
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2. A diet including raw potato starch remarkably reduced nitrogen content in the
excreta, especially in urine, and the amount of ammonia emission from the excreta
mixture. The same tendency was observed when the low protein liquid diet made
up by the silage was fed. Results suggest that unqualified potatoes are an effective
ingredient in the diet for pig fattening because it reduces nitrogen excretion,

which is detrimental to the environment.

3. The treatment of the low protein liquid diet had no adverse effects on carcass
productivity and traits. No effects on physical and chemical properties in the loin
meat were also observed. Higher oleic acid and lower linoleic acid percentagesin

subcutaneous fat seemed to contribute to high score of panel test of the loin meat.

In conclusion, syrup waste and unqualified potatoes, which are
by-products not used effectively so far, could contribute to build up an
environmental-conscious pork production system by reducing environmentally
detrimental nitrogen excretion and producing high quality meat, and improve the

rate of feed self-sufficiency.
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