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SUMMARY

I. Title

Development of Swine Manure Composting Technology Using Starch
Pulp as a Substitute of Saw Dust

I1. Objectives and Significance of the Research

Swine breeding has been considered to be one of the most competitive
industries in Cheju under the WTO system. However, it has a problem in
treating the waste. In addition, potato production occupies 24% of the
domestic. The income is more than 100 billion won, which is next to that
of the citrus orchard.

Cheju province subsided the facilities of organic fertilizing, swine
waste treatment mixing with saw dust, and liquid fertilizer storage to
prevent contaminating ground water from the swine wastes. However, il
requires too much cost for purchasing the saw dust that is necessary to
treat the swine wastes. In many instances, the supply of saw dust is
lacking, compared to 30,200 ton of the demand, of which the most comes
from the main land. Therefore, alternatives for saw dust should be
developed.

Starch pulp is agricultural side product which is made after extracting
starch from potato and sweet potato. Depending upon the status of
harvesting potato and sweet potato, and water contents in it, starch pulp
amounts to 10,000 to 50,000 ton. Since being classified into non-toxic
waste, starch pulp had been landfilled in the mid-mountain area until the
first half in 1990's. Recently, landfilling was changed into sea-dumping
due to a potential groundwater contamination.

Under these circumstances, the development of reusing the starch pulp
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is expected to contribute to growing the swine industry in Cheju. In
addition, a proper treatment of starch pulp is expected to contribute to
maintaining a reasonable price for potato and sweet potato.

Accordingly, the objectives of this study is to develop the technology
of treating starch pulp. The research is composed of four parts: 1) to find
a reuse of the starch pulp by dehydrating, 2) to check the probability of
alternating saw dust to starch pulp, 3) to investigate the effects of
appling the starch compost on crop cultivating, and 4) to identify the
probability of using for swine feed.

III. Contents and Scope of the Research

This study was scheduled to develop the technology of substituting
saw dust for starch pulp that is classified into non-toxic waste for 3
years. However, it was cut to 2 years for putting the results to practical
use earlier. On the other hand, the initial project was rescheduled to
identify the probability of using starch pulp for swine feed, because the
feed price suddenly rised from IMF crisis. The details of this study are
as follows.

Chapter 1. Development of dehydrating technology of starch pulp as an
alternative for saw dust

Chapter 2. Development of swine manure composting technology using
the dehydrated starch pulp

Chapter 3. Effects of appling starch compost on crop cultivating

Chapter 4. Development of dehydrating technology of starch pulp for
feeding

Chapter 5. Effects of feeding starch pulp on swine growth

Chapter 6. Practical using and field application
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IV. Results of the Research

Chapter 1. Development of dehydrating technology of starch pulp as an
alternative for saw dust

Since the water content of starch pulp was about 90% before being
dehydrated, starch pulp had not been used as an alternative for saw dust
while composting swine manure. Therefore, we performed to analyse the
factors helping to dehydrate starch pulp, to obtain the optimum conditions,
and to test the screw press that was designed by the Dae-jung
agricultural association and set at the starch factory.

The efficiency of dehydrating starch pulp increased as pH decreased.
However, it was not practical to enlarge the dehydrating efficiency by
lowering pH value, because additional costs need lowering pH artificially,
and its usage could be limited. The efficiency of dehydrating starch pulp
became higher as the storage period was getting longer. Although the
starch pulp is by-produced during November to April of the next year,
the efficiency of dehydrating starch pulp can be higher with longer
period.

The treatment of Ca(OH); was most practical for dehydrating starch
pulp. Because treating Ca(OH): increase to about pH 11, the dehydrated
starch pulp for swine manure composting could be expected to improve
the soil acidity when being treated on the acid soils like in Cheju. As
Ca(OH): increased, the dehydrating efficiency became improved. The
concentration of 0.5% treating was effective when considering 1/6 the
press ratio of the screw press. When treating 05% slaked lime
concentration, the water content of dehydrated starch pulp appeared about
65%, meaning that it was effective as a substitute for saw dust
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Chapter 2. Development of swine manure composting technology using
the dehydrated starch pulp

We investigated the changes in temperature, water content, total
nitrogen, anion and cation with depth while treating 1:1:0, 1:0.75:0.25 and
1:0.5:0.5 the mixing ratio of swine manure, saw dust, and dehydrated
starch pulp and composting by piling and blowing methods. For the
temperature that can observe the process of the composting in
agricultural, 1:0.5:05 treatment were apparently heightened within the
fastest time after treatment and maintained for the longest time. The
1:0.5:0.5 treatment was expected to have no problem in composting even
though starch pulp was used as an alternative for saw dust. However,
the water contents were higher as starch pulp content increased, which
was due to high water contents in the dehydrated starch pulp.

Total nitrogen contents ranged from 0.5% to 1.0%, irrespective of the
treatment. Nitrite contents were largest for Scm deep in the initial stage,
but nitrite contents became gradually large with depth as days passed.
Nitrite contents between 20cm and 35cm deep were apparently larger for
1:1:0 treatment with no starch pulp than the other two. Nitrate contents
for bcm deep were steeply large with the days passing. Those in deeper
layers began to become large after 20 days for 1:0.5:0.5 and 1:0.75:0.25
treatment mixed with starch pulp. The contents of sulfate and phosphate
showed no significant difference among treatments. On the other hand,
chloride contents became larger for 1:1:0 treatment with saw dust than
the other two treatments with starch pulp.

As the mixing ratio of starch pulp was high, potasium contents were
large, especially, 1;0.5:05 treatment that had largest ratio of starch pulp
had the highest potasium contents in all depths, compared with saw dust
treatment. For the treatment of 1:0.75:0.25, calcium contents were large.
Accordingly, swine manure mixed with starch pulp was expected to have
good effect when treated on acid soils. The contents of magnesium and

sodium showed no significant difference among treatments.



Chapter 3. Effects of starch compost treating on crop cultivating

Plant heights in first growth stage were higher for the treatment of
saw dust compost and starch pulp compost than the treatment of
chemical fertilizer, but after the stage, there were no significant difference
among treatments. SPAD reading value appeared highest for 1:1:0
treatment after seeding, but no significant difference was found after 60
days. The number of stems were larger for the treatment of saw dust
compost or starch pulp compost than no ftreatment. However, the
difference between mixing ratios of saw dust or starch pulp was not
significant. The number of tubers were most for 109 in 1:05:05
treatment, following 1:0.75:025 and 1:1:0. On the other hand, tuber
diameter and top dry matter weight tended to be larger for manure
treatment than no treatment but there was no significant difference.

The tubers of no more than 30g tended to be large for manure
treatment, compared with no treatment, but there was no significant
difference among treatments. Those between 31 and 50g and 51 and 80g
tended to be similar to the former, but those of more than 120g were
larger for 1:0.75:0.25 and 1:05:05 treatments than the rest. Total number
of tubers were largest for 1:0.75:0.25 and those for 1:1:0 and 1:0.75:0.25
were similar. In addition, for 1:1:0 treatment with saw dust compost and
1;0.75:0.25 treatment with starch pulp compost, the number of tuber were
similar and those with 1:0.5:0.5 treatment were larger than the others.
Accordingly, the effects of treating starch pulp compost on the number of
tubers were more affirmative than those of saw dust compost.

Tuber yield of not more than 80g tended to be different, but those of
between 81 and 120g and more than 120g were apparently larger for the
compost treatment than no treatment. The tuber yield between compost
treatments ranged from 1,765 to 1982 kg/10a. The ratio of marketable
tuber appeared large to be about 8% for 1:0.75:025 and 1:05:05
treatments. Ratio of infected common scab on potato tubers tended to be
highest for 1:0.5:0.5 but there were no statistical significance. However,
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when compost was made by mixing starch pulp in future, the solutions
to the occurance of infected common scab must be considered. The
contents of N. P, K. Ca in leaf were larger for the compost treatment

than no treatment, but no significant difference was obserbed.

Chapter 4. Development of dehydrating technology of starch pulp
for feeding

As the addition of CaCl; increased, the efficiency of dehydrating starch
pulp became improved so that the water removing ratio of potato starch
pulp increased. Although CaCly ‘was 0.25% added to sweet potatos, the
water removal was improved. When 0.5% added, the efficiency of water
removal was about 25%. The pH of sweet potato starch pulp decreased
to about pH 4.5 by adding CaCl,, The concentration of 0.5% CaCly that
showed the best water removing ratio was investigated to be about pH o.

Since chitosan is a polymer electrolyte having cationic charge in acid
solution, it has been used as cationic coagulant in food factory as well as
stimulator for clarifing, precipitating, and filtering. Adding chitosan I, the
maximum water removal was investigated to be 12% for potato starch
pulp, and 15.96% for sweet potato starch pulp, which indicated much
lower dehydration than lime, calcium chloride and keto-oligo-
saccharrideride. Adding chitosan II to the potato starch pulp, pH value
varied to about neutral. The dehydration of potato starch pulp could be
improved to be 52% by mixing chitosan II, which were about 1/3 to 1/4
times lower than lime, calcium chloride and keto-oligoride. The
dehydration of sweet potato starch pulp by centrifuging were 8.11%, but
when chitosan for food was added, the dehydration was 89%. Unlike
potato starch pulp, chitosan II showed no dehydrating effect. That was
different from showing 2 times the dehydration of sweet potato starch
pulp by adding chitosan I, which showed better effect on helping
dehydrating than chitosan II. Accordingly, although the same chitosan
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was there, the clarifing extent may appear to affect the moisture content
of starch pulp.

When observing the dehydration of potato starch pulp and the pH
change, adding keto-oligosaccharide steeply increased the dehydration to
05%, and 1% adding could increase the dehydration to 23%. For sweet
potato starch pulp, the dehydrating steeply increased until adding
keto-oligoride to 0.5%, but in more than the concentration, the dehydratng
no longer increased, from which we may conclude that 05% 7
-keto-oligosacharide addition could obtain enough dehydrating effect. The
v ~keto-oligosacharide apparently increased the dehydrating effect,
compared with using chitosan I or chitosan II as a dehydrating helper.
That was due to hydrolysing chitosan to be a lower molecule of 7
-keto-oligosacharide, which helped to enlarge the surface area to respond
to the water molecules on the starch pulp and to reduce the water
holding capacity of starch pulp. While adding 7 -keto-oligosacharide did
not affect the pH value of starch pulp, it showed the same effect of
dehydrating as lime or CaCla. If the cost problem could be solved,
treating v -keto-oligosacharide for dehydrating may be estimated to be
valuable for the dehydrated starch pulp to be used for feeding

Chapter 5. Effects of feeding starch pulp on swine growth

When swines were breeded for 16 days by traditional method, and
feed mixed with starch pulp was used for the following 30 days, weight
was 509%x7.3kg for trational method, 45.6%:7.9kg for treatment [, and 44.2
+87kg for treatment II in which feeding mixed with starch pulp was
smallest in weight growth. Weight growth per day decreased as the ratio
of replacement to starch pulp and the daily feed intake incresed.

Carcass weight and carcass rate were proportional to the order of
average weight, irrespective of treatments. Backfat was the thickest when
40% feed was replaced by starch pulp, and following 80% treatment and
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no treatment. Backfat thickness was large while maize was replaced by
starch pulp, however no significant difference was observed.

The distribution of weight grades for swine body tended to be lowered
as ratio of replacement to starch pulp was high. Traditional method was
83% for A grade, 66.7% for B grade, which amounted to 75% for higher
than B grade. Treatment I was 9.1% for A grade and 27.3% for B grade,
which amounted to 36.4% for higher than B grade. On the other hand,
treatment II that the mixing ratio with starch pulp was large had no A
grade and 27.3% for B grade, which tended to be lowered as the mixing
ratio with starch pulp increased. Analysing cost and benefit by comparing
the treatments, the managing profit tended to be reduced by simple
calculation of cost and benefit

Chapter 6. Practical using and field application

When screw press that has the capacity of 75 ton starch pulp per day
was set to put this study result into practice, it was economic, compared
with the costs for the existing dumping and/or landfilling. We are going
to study this project with Samda fertilizer co. which is one of the
participating companies.

V. Suggestion for the Application

Starch pulp was classified into non-toxic waste, being landfilled or
dumped into the sea. However, through this study, reusing starch pulp
for composting and feeding was suggested. Especially, since both swine
complex and potato cultivating area are distributed in the western part of
Cheju island, this results are expected to be used for giving benefits to
each other.

Especially, starch pulp mixing with swine manure rised the
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temperature more rapidly than saw dust and kept that longer, indicating
that there is an affirmative effect on maturing the compost. The
components investigated in the process of composting were similar to
when saw dust was used. suggesting that starch pulp is enough to be
alternated for saw dust. Besides, when the compost was used for
cultivating potato, there was no significant difference between saw dust
and starch pulp in plant height, number of stems and tubers, and the
quality. But a problem should be checked that occurance and infection of
common scab were higher in using starch pulp compost than in using
saw dust.

When the dehydrated starch pulp was fed for swine, backfat thickness,
weight growth per day, and carcass grade was low. In addition, because
management benefit was lower than conventional feed, it is expected to
be less commercially-viable. Therefore, one of the most economic,
effective use of starch pulp is to substitute for saw dust. When we
compared the cost required to set the dehydrator in the starch factory
with that of dumping and/or landfilling, it is economic enough to put the
starch pulp composting into practice.
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Table 2-1. Composition of starch pulp

C(\)):'iteeilrts total protein{%) fat ash
(%) (%)
(%) soluble not soluble total v v
otato 91.91 0.041 0.007 0.048 0.015 0.298
p () 0.51) (0.08) (0.59) 0.19) (3.69)
sweet 92.0 0.008 0.006 0.014 0.019 0.28
potato 0) 0.1 (0.08) (0.18) 0.24) (3.50)
carbohydrate(%)
crude fiber total pectin starch etc" total
1.161 0.45 2.05 4,068 7.729
(14.35) (5.56) (25.34) (50.29) (95.54)
1.31 3.2 2.28 0.897 7.687
(16.38) (40) (28.50) (11.2) (96.08)
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Figure 2-1. Effects of pH treatment on water content decrease of
starch pulps by centrifuging at 10,000 rpm for 20 min.
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Figure 2-2. Changes in decreasing rate of water content with
storage period.
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Figure 2-3. Effects of Ca(OH); treatment on decreasing water
contents and pH of potato starch pulps by centrifuging at
8,000rpm for 20 min.
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Figure 2-4. Effects of Ca(OH): treatment on decreasing water
contents and pH of sweet potato starch pulps by centrifuging
at 8,000rpm for 20 min.

—&— Temp. vP.M,
—&-— Temp.vSPM.

2 T T T T T T T
20 30 40 50 60 70 8 90 100

Treatment temperature, °C
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decrease by centrifuging at 10,000 rpm for 20 min.
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Table 2-2. Dehydration effects of pilot screw press when treated with

slaked lime
Output Output/ Recovery Waste Operating Total
sample . .
(75ka/batch) amount 1nput of water time output
g/batc (kg) (kg/kg) output” (kg) (min) (kg)?
(%)
tat 2 1/2.88 86.7 49 18 4
ota . . .
PO 30y
no control

sweel 40

1/1. :
potato (50) /1.875 80 35 25 10
19.5
potato 1/3.846  87.8 55.5 14 2.7
(22.2)
0.3%Ca(OH);
sweet 17.8
1/4.213 . 57, .
potato (20.07) /4.21 88.7 7.2 22 2.27
1
potato (17 ;5) 1/4.412 96.3 58 12 0.65
0.5%Ca(OH), 1'6‘4
‘ 1/4.545 g97.0 59.6 24 0.5

potato (16.90)

D ol2d MEFel d AujeuFe] %
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oft
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o2 AT 5 glth ool B FlHE AR gsol vAE 89
sl AY 1% FHD WAFY ALTF APN APEo AY

AEHe @988 pH/l &8 Fohilth ey AEWe pHE
AHHer daredes HE H§o] a5y @5diEwe] pHIF Y&
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Figure 3-1. Temperature variation with depth during the
composting.
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Figure 3-2. Changes in water contents with depth during the
composting.

Az vis) EolMel SE3tFol mEs| dolon], W 459 F
B3 FRGFL 60~65%, AFNH) FRIFLS 66~70%9 FHIFL

e it

- 26 ~



3. AA2 o) wsl

N7 AALFFE 2 Aolglo]l 0.5~1%F EAATHZY 3-3).
249 Al7lo] upet Wolsl & © ol Alm AHA HA Hol, Efel A
Aol We dAq o= Aew 4w

7}. NO; &9ist

o] Scmoll M Z7|o] FFFol wstort, sFE ZS4F HH 57|
A Fol o] wolx7] AUy 3-4). o] bemellA 1:1:0 A
2ol A8 Fobx7]l Al ot 1:0.75:0.25 A& TF-¢k 1:0505 2
TAME dAHOR Eolfvrt YopAlE AFS BT 20cm®t 35cm
oo Al NO2o %2 1:1:0 Hej77F th& Aol M3 wolAe 4 Fo
gk},

E9e Ags A PolM NOp e sh5-e ztelfle]l HHIE 7)ol
AAAFE MA3 Fhskdey, AR £ AYFdXe &3
B2 25E gFo] =gA gelHth olg & Aae dadgodA AR
uhEo] BraA R §AFo) Aol FAld o4& wEor AZ4H
o},

ﬂll

rlo

_27_



25

5cm ~o— 110
20 ~0- 1075025
— & 1:0.505
2 5
=z
g 10
-
05
0.0
5 7 o 1B 2 BV 4H
Days after treatment
25
20cm —o—1:1:0
op | 00— 1075025
- —a— 1:0505
R 15
z
£ 1w
[
05 |
0.0 . o . .
5 7 10 15 20 0 45
Days after treatment
25
3Bem —e-—1:1:0
20 } -0— 1:0.750.25
- —a— 1:0505
R 45
Z
o
3 1.0
[l
© 05
00 . =

5 7 10 B 2 I 445
Days after treatment

Figure 3-3. Changes in total nitrogen with depth during the
composting.
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Figure 3-4. Changes in nitrite concentration with depth during the
composting.

1}, NO; $53d3)

EFNAY NOs §F2 19 3-59 #o] Zo] s5cmollAdE ZE A g
A 710l A#ge] wel MAE] golATh 20cm ZoldlA 1:1:0 g ol
A NOz &L 302744 £ FF& FA8I7 A3 Wolx 7] A &s)
Row, o] EFH 1:0.75:0.25 AT € 1:0505 A TFoAAE 204
o] FHE FA3 EolAt Aot ey} 3Bem ZololA 1:1:0 X T
¢} 1:0.75:0.25 ATl A NOs e Z7|o] Bl dAaH oz ozl
T A welAE Aol

oje} Zro] AEEE T HFolA NO; gol Wolx= AN g
FHET] Fitel vla Bl foldt HRAR 24 Y] wWiEd o
e Seg FIEUA AR FANES 2R WEoR AJztE)
o] A 1Y 3-49A4 REQ NOy} AEuE Zge HelFdrxe &
7ol o]l ol thrt SolA s AATE BAV Y AoE B

_29..



6000.0 &

% § ¢m dapth / 20 cm depth 36 cm depth

5000.0 - 4 1
g
5 40000 - a | / 8
E 30000 ] m | P
@ Contro!

£ 20000 / fla 1078025 | /# / 1 *\ //
L = 1:0.5:0.
e 1000.0 { ﬁ o E Z
2 - lft

0.0 + R

0 10 20 30 40 8500 10 20 30 40 500 40 20 30 40 50
Days after treatment Days after treatment Days aftor treatment

Figure 3-5. Changes in nitrate concentration during the
composting.
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Figure 3-6. Changes in phosphate concentration during the
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Figure 3-8. Changes in chloride concentration with depth during
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Figure 3-9. Changes in potasium contents with depth during the

composting.
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Figure 3-11. Changes in magnesium content with depth during the
composting.
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Figure 3-12. Changes in sodium contents with depth during the
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&3 FAEEHRIL AHEG] AYPL W T2 A4 E YEd ez
e Mg R Na #3FE A3 & Aozt fAh
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Haz zEds0 Oxs A

A1d A &

AFwe] fFAe A AuidHo]l A Frhste 10a" 8ol 2,047
kg2 2 F 1240008 0] AArE M Z49o] 1,045 U] o] &},

ARAR L AF=AN AuEe @29 a4 FoAA FEAHl e
1& o] &3tAY FrpAMA Fetgs A&7 Hal FAHE 397 WP
ojty, 53 B A9 dider @ dAAGL 8 vep AR FAAG
124 dAFdo] 4FEAl e Az, a7k S8 2d &2 MY
Fe st gl

£ oA # ARG A3 FRAARL FESA FHH Ao
H, T g At o] AT Aol oo AFEM = 7
FEFrbol AEAEE BT oy Y H&9 HoAEFR F27)
ol AAoIn.

AAe B9 1 Ho] Hau F4ol EFF AHe F2E ¥AE
zA38H ol 8l vid o] FAEERE AMSEka glvh webA] A
e YR s Az FAEREIE A A& FAHA
EF7F e AG U dETFANA ST dEwag E2E o] &3t P
AEEHE AxFosN E1 Agd A Aged AN WHES A4
g+ Ao,

olof & AFeolME AM2AANA AxE WAEEE o] &3 HuE HRAMW
of 48AA AGF AFel vAe F3 AFe FaRAMAA Mg 2 F
AL tgoly oj& 2 W& AEY HAE HulRA 9 e S

gQst7] S8 A=A

Ao

N

—
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A2d A5 R W

1. Ag € NEZ4L

Aek BAEEN Alge wE e KPS 2ARE] 5k
FPT AP FAEEFLE FAFT FAVIEAEAA EERe gixn}
(Dejima) ZFAH(Solanum tuberosum L.)E ARE ol&3ta] nv)7Hg wds
2ol 8stich,

OH

2. AEY dasy A

A8 dzF(FHuFHP), 110 AP 2N Axd B8
FY 10 AR 09 HEE R =5y IR Azxd Hu),
1:0.75:025 A&7 R 10505 AF2 FYspddch. Hul AdFe 247
2,000kg/10a% 5FEL R sgli, AdTE Gy IWHo2 A IGAC.
ARALE FF T0cm, F3b 20cm 33, FHEAHE FAEEEY
N-P-K: 10-9-12& 150kg/10a7]& A& 7|H|2 Fol HAF A9 §F4
EEHE AYste] BES, FAAAE GF5H.

-

3. 4534 =4

AEEA 2AE FFF 40, 60, 80 £ 1004 F-ol, 27L& XAFE 7HF A
©7kA] 9] Aol & A, A H5A2FA X (SPAD reading) <
Chlorophyll-meter (Minolta Japan, SPAD-502)& ©]-8 108 w8 A3
o I KERE, K, ANRAES, R, BRI, AXE & §&EX
TR 2AEN IA AT REE&RE 50g ol #HA FA HEE
st on, oy o)W &(%)E (VAN A 4/AE A 5) X 1005
Abe i, oy W E(%)E [(On)+(1n)+(2n)+(3n)+(4n)/ZAM = 7 47 X 4
1 X100 2 AASAH nod A AR, 00 730 o] Hk g, IvHd
A& 5%Vt 2 51-10%, 3: 10.1-20%, 4: 20.1%°]4 ).
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4. A=A F
AEAFe] E44 Algs 4L 3F 409, 60¢, 809 % 10d43% A&
& AFAAL AFL F8F ANEE AH, B4 o] &3 ATt EYA &=
HAd, A8 404, 604, 80%, +&F F 43 ZA AH AU
AEAF T-N%)E HAAFEAEA(Buchi 339, Germany)s, K, Ca,
Mg, Na %9 F7148e W1 X Inductively-coupled plasma
atomic emmission spectrometer; model JY 138-Ultrace, Johbin-yvon i,

France )& ©|-&3t9 &4 3s3th.

A3d d3 R n

1. 279 A= 9%
AEErE Hrbete] Az FAEEHAYG Aty o Azt WA #F
HE EFsI AT FAEEHU Y AR heAe] el vAE A
of tijt vuE 19 4-1% o) control Tt FAMEEHIE XA ¢a
genlaw w3 AFAE HYgd Fold, 1102 S F9e §H4
2 1118 Agste Az wgolvk I 1:0.75:0.25 Al FAEE
AFZA EEFAEete EFWIE 10750252 EFsl  AzFPer,
1:05:05v E&:FdAEee P E 105059 v &R st Al
Aol

Z271AEA 23 FUHEF FAEEHY 9 AEWES FabEEHu| 7 3}
stulg g Aol vl o, 1 ol FAMoR AHFW ol
7 e A gk

SPAD readingftit: S+EF 409 ZAMX A 1:1:0 X F7F 7H4 w0
1 609 olFele AP AolE Bo|A] gkHH 4-2).

N
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Figure 4-1. Comparison of effects of saw dust compost and starch

pulp compost treatment on plant height after 40, 60, and 80 days
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Figure 4-2. Comparison of effects of saw dust compost and starch
pulp compost treatment on SPAD reading value after 40, 60, and
80 days.

2. BW, AR, ER nXE 9

e w3 £v d80E £t Axd Ras2das As 4
of FAE T v Wkoh(2Y 4-3). 2, F9s dEuk &g xjo)
T WEYA gk wmEb s, EEE ol &% RAEEHY Az o9 Fy oo
Ao AEuHE EFste AL Kl TS WAA ¥ Aoz oA
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No. of tubers plant (81—120g)

Cont 1:1:0 1:075:025 1:05:05

Figure 4-3. Comparison of effects of saw dust compost and starch

pulp compost treatment on number of tubes.

HAew Aol Mg gol ¢ 10505 A FAA 10942 7H%
Bk, thEo R 1:0.75:0.25 1:1:0 ol v (¥ 4-4),

20

No. of stolon
=)

Cont 1:1:0 1:075:025 1:05:05

Figure 4-4. Comparison of effects of saw dust compost and starch

pulp compost treatment on number of stem.

Rhglol] FER B AFRAESTS HulAE&T7E FulFo) wsE Sue
g BAou BAH FA4L JAATHHE 4-5, 4-6).
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Figure 4-5. Comparison of effects of saw dust compost and

starch pulp compost treatment on stem diameter.

Top drymatter weight per plant {(g)

Cont t.1:0 1:075.025 1:05:05

Figure 4-6. Comparison of effects of saw dust compost and

starch pulp compost treatment on top dry matter weight.

3. ol WX 4%

30gnrnke] BEEW = EU A G7E Ful o) wlE] PelAle FAE B
o, BulFRAME Aozt SIATHLH 4-7). 31-50g, 51-80gol A & o] 9}
FARE AEE VeI vbd 80-120g, 120g ©l4e # A SE 1:0.75:0.25
A9 1:05:05 A F7 ohE Ael ol ws) Bwerow, dubEu v o
77 Ae o2 vyl $8HAFE Compost 10505 A7 7
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F gaew, 110 MyT, 1075025 AEFE v 22 B35
Eu] Fulate] wlsl EyF wme dgdt g3 EuiAT7F 24 dUEso
w3 FUEF HuAg 79 110 AT ARv A 10.75:0.25
279 HARBFFS vEsHem, 10505 ATE olE A B &
okoh, whehA, AEEbE Eele] Az Hurt JAF vAE A F
WER Buld vl A Aer B,

2
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Figure 4-7. Comparison of effects of saw dust compost and

starch pulp compost treatment on number of tubes.
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Figure 4-8. Comparison of effects of saw dust compost and

starch pulp compost treatment on tuber yield.
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4. tldoldy ol & L WYk vz JF

AN EE AEYS 1:0.75:025 2 1:0505 ATl 86% WAR ¥
et HiReld og W o dWEe dEvte] wol EYE 10505 A
YTAA & AFE B BAAHL F94L AAHE 4-2). 2y
Hog AEFE EFs FARHUE Axds 9 UEE 7 de 4

e ool oe R Ay Eg /M aejsor E Aew N

I

Table 4-1. Effect of compost application on ratio of marketable
tuber and ratio of infected common scab.

Marketable Ratio of infected Mean infection

tuber ratio common scab on of common scab

Control potato tubers area per tuber

(%) (%)

no compost  82.16% 17.79° 6.48°
1:1:0 80.97" 21.81° 7.59°
1:0.75:0.25 85.55% 17.83 6.45"
1:0.5:05 86.42° 3761° 14.00°

LS 9 F9 dagEFe 17 4-99 2o 3% 409 2 60dF9 4
A AT Ags HolA Ftil, 10095 EHRAEF7F FulT
of M EolAE Aoz vEhygtor), HuAE Tt 2017t (T
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Figure 4-9. Effect of compost application on total nitrogen
content in leaves after 40, 60, 80, and 100 days.

BEA7IRR 3F 60¥des AT FaTF) 45%Heu o, 80 F-of
T 26%U el dopbg o, 1004 F-ol= 1.0%W 7 =3l
H T YAFFE A3 Aolrt A YA (L™ 4-10).
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Figure 4-10. Effect of compost application on phophorus
content in leaves after 40, 60, 80, and 100 days.

5. A EAFT AETFN "N 9F

ds K R Ca®rde FAZFol HaiAd HAuAET7F 9% w2 4L
Bolov, FHuAETFTE Ao)E o)A AhtH Y 4-11, 4-12). B&A
NE 4% K e 9F 409F 27%NoA 60dRE 1004 F74 &=
28-33%AE=E FA FXHACT.
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Figure 4-11. Effect of compost application on potassium
content in leaves after 40, 60, 80, and 100 days.

9% Mg, Na §3e Aeiztol 243 APl gdon, 485 dze
Aol& BolA gkt A% MnT#HE 3% 40, 60U Fol = 1:0.75:025 A
T4 A VEhgon, gsFuke shako] molxlE EAE BYU. 9% B
FFe ASAEE B w5 1009F Fol AASA Eoke dow
ek,
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Figure 4-12. Effect of compost application on calcium
content in leaves after 40, 60, 80, and 100 days.

F4F A5 T-N % F/198 e Mse ¥ 420 20 HulA
77k Tl ol wlal FolAe Age Rgou FAHA G4 wolH
ek 14F K 2 Na @38 1075025 Ael 77k e 7ol va 54
Geon, Mn@#E #AE 2% wodt AW 445 P 2 B %%
e AR e wolX A
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Table 4-3. Effect of compost application on Mg, Na, Mn and B of
leaf with days after planting

Mg Na
Days after planting
Control 40 60 80 100 40 60 80 100
..................... (9G) ot
no compost 068 073" 065" 057 0.05* 006" 004" 007
1:1:0 071" 073" 036" 025 0.05" 003" 0.02' 009
1:075:025 0720 062" 059" 064" 0.06" 005" 006" 007
1: 05 : 05 074 055" 052" 046" 0.06* 004 004" 007"
Mn B
Days after planting
Control 0 60 80 100 0 60 80 100
O O ———_—
no compost 3431 3481 611.8" 484.9° 1304°  121.0° 1155" 5309°
1:1:0 2835°  2435" 5366° 5738 1339" 9750" 925° 7688°
1:075: 025 347.2"% 3515 7433" 6346° 985" 1176 983" 618.1°
1: 05: 05 370.7°  4245°  485.3° 620.9° 1554°  1590° 1122° 635.1°
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Table 4-4. Effect of compost application on T-N, K, Ca, P, Mg,
Na, Mn and B content at harvest

T-N K Ca P
Control
(%)
no compost 1.22° 1.27° 0.04° 0.13°
1:1:0 1.35" 1.31° 0.04° 0.16°
1:075: 025 1.27° 1.36" 0.03 0.14°
1: 05 : 056 1.29° 1.52° 0.07° 0.13°
Mg Na Mn B
Control
(%) ............ (mg/kg) ...................
no compost 0.08" 0.02° 69.78" 16.72°
1:1:0 0.07* 0.03" 53.29° 20.44%
1:0.75: 025 0.07* 0.03" 52.14° 1657°
1: 05 : 05 0.08° 0.05° 79.50° 27.37°
A44 A &

Z7VAKA 2 FYEY FAEEYg JEREY BAEHU g
shls ggAR e HE o, 1 olFde FANLE AyTd zel
7F Vel A ek}, SPAD readingffis 3FF 409 ZAFH oA 1:1:0 A
T7F M ;o 60U o)FeE Ak ZolE Holx YUTh K=
W Ee Aids Este] A2 FAERYEE A B AT
o ®a) vk zuu, F93 A EF9 Aole dENA &gk,
Bliee AEete] 1 Wol E3E 1:0505 HEgFolA 1092 7173 2%
i, B&e g 1:10.75:10.25, 1:1:0 woldrk. ¥ RKEK W AT AETS
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B A& 7F Fu o] vle) dEd AgE Rou TAH fYgAe A
}.

30gr kel MK E Hul A&7 FEl el vlE BolAle FAE EY
oy, HYF el Zolzk glsith. 31-50g, 51-80gol M= o)9} HAE A
F& e oy 80-120g, 120g ©]de #IAFE 1:0.75:0.25 A9
1:05:05 Aelt7k g Mo uls] gtow, AvtgEn 2 Fujgrp ¥
2 Aoz Yl $FZIAFE 10505 T2 7H4 wtow 1110
A, 1:0.75:025 A7 vxstdnt. T4 A4 5y Syl &)
TN EE A E5 BuARATUE #A JEEY =g, SHES HulA
g7 110 Mg Ady HEFed 1075025 M9 2 AFe v
<EFon, 1:0505 M= olE Aol va&) B gk, Arus
EFste] Az Hurt HAF nAe g3 FUEY Hulo) ve &
AHQA Ro7 Kol

80gml o] MFEME S ZF Mzt dAHE HLE HolxA kot
81-120g ® 120go|de HAFHFE Fu|Fo nis) Eulqe Tt 3HqS
o] A3 wgtow, HulA g+ Alo]o)= 1,765~1,982kg/10a 1] <=3} ).

&S AR 1075025 2 1:0505 A FolA 86% WelE A
etk el oHE ¥ wHxEs diuto] Wol E3td 1:0505 A
g TolX e AEE B2 BAXA f94e g oy gow
AES E3ste] RAEHHE A2 o JEE F A EA¥S ¢
oy oy & W AWEE /4 ajdlel @ Aoz 4z

H% N, P, K, Ca 59 &5 FAdd vis) Hulxg 77 2gton A
2T el FAXHLE fodA A Aol7t Gk
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H5T A28 T4 E5 i

A1d A &

AEEEE Al 2300A 71Ed vkeh Zo] FEE AT T Ao

SAs ]
R AEVELE 95% WelE AAFATH AaFFo] Wof Fuu

38 |
g#&ol 0.5%(AE71E) olstE ¢ doh wekA, gAust We ol &
71y Bdste 4o Bart A9 dojuA gv

FGAC) A FES AEYT BE7] des 4F MM E dE
9E GEALRE o] 8HO gton, AAo JEE AIRE o] &FHUAL O
o] FEL A Fibsstdl A FFE Aol ohve vk A S
A& 7197

gl
ol 48 Thed RE FAEC] A ALRE AMEEH YA
MF o] &, Atg 799 EF5oz &85 HAE ZHA7E AET}
dojxton, oo wl HEHS FE AFRE AL YaXo] tiFHUrh
olel, & dAFolME 2ahdE A7 ARWE FE AREOE N
71 1% o]l F7hHo] AlggoR o) g5y] A AL g A
To] PastA HAoh

ALFANA AL 243E Hrtste g5 AR89 CaZl o
ol dlen], gedEdte] pHYL 10 oo vwig 7] wiEd $HA 7t A
HARE W, Aok Ca AH 9 At vk F A7 W& Aol
FAE B FAF BEAS FUlEte A7 e Ade] deasi,

olell, & AFANME FEo T colloiddel AAE FHAEL F
e Zdrt BRI 7B dadag dete g5ade Adsaz
&3,
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A2d Az € 3P

= UATE AT A n7v AR Az nA
g RS o) g BFREAR AMSE dskdae 13 A, 7R
a & Gl EI} 85%, A E4 B doldE 92%0l y-I| R
e HNEE NEAS 2490 SMANF ELE @Y7 HAR
tEE A7 RS ALESAT

2. gdFEnEA A4

243, y-7NEYnde MAg AR Hol o] e iz Hresl
oy, g3 HEL JNEAM JEAN ot EHVE £ F 80 mesh AE F
HAA Ly 7HF AR HE e ¢AE A8 ARz AHEE .

3. 4% g & F48

AE 50 g& st 443, AsAw, JVEN L& AF Wotste # E¥F
30% WAyt 14Q4 827 (H50A-8, Hanil Co)& 8000 rpmolA 20%%<t
AdEEgstd A5 AE AAY F FFFA%E FEHLEE AU

4. §&o) B FEFF A3

At AR wxo GFRRAE EF3L, 308 HASGAT AEdte] ¢
Zolo] wre SETF] UGdE FAHs7] Y8t AA A 23 ub 30 meE 9E
4 2+ 29 g 27 plunger( 450 om x¢43.0 cn)b YSH(4298 em)o 2
Al 274g9 1 45T dol ALFE AASA UA F 1 ke/ar2 74SEAT Y
AR 7ISE ged AR FENES HYA £EFYA(AD-4714A, A&D Co.
Ltd,, Japan)® 339t}
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N

A3d A3 2 a3

1. dstds HA7beeed & diure FE8AA L

grizAzA 482ES AHEENS W Hole R wE ARt &
EAAELE 29 5-19% 2. dside HrbEo] BEas Adiue g4
&o] Fol AAAERY] FRAAG] Fvistn Yok o] A AR
el Hal e d@atE e BaEo] CaChel 938 AstEln gl7) WE
2 AzHAXY. d3degs dTERAR ALY S FEAALES £
o gy AEde] AAdsE7] il AR R ALEs7] e olelgol A
& AL® oA

At vl AEate) 025%% HrbstddE FEAA EAFHIL FSE
3 05%3H7ME B%BZEY FEAA §HE B I, PRy
pH7} d3tds H7bol wel 4558274 "ojAla x, 7 F& 84
AEE BAFE 05%F A vl AEuke pHE 5 AER ZALE G
=3

AEHe 2ol dAeE 718 pHE FAUY #398 o FEAAN
4A olFolxe Aor RIuFHI Jov B AFPdre dsids I
pHE EolAx ARE dEute] 844 &L pH W & 3¢S B
oli o} dshzgel ot HEwe g4 pH Wt wE o] oyt
et oA HEurel R ZaoA v Aoz ARG,

o X ot

o
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Figure 5~1. Effects of CaCly treatment on decreasing water content
and pH of starch pulps by centrifuging at 8,000rpm for 20min.
(@ water content decrease of potato, A pH of potato, O water
content decrease of sweet potaoto, A pI of sweet potaoto)

2. 71EA T A7t & A8 EAA&H pH W3}

7V AbgdoAle Fol A ANIE Wi it A dsido]r] o
Toll Fol2ASHARA FI2 AEFFZAA dFAHGAZN, £ AN2FTH
o AAM A, A, ABRZAAZA o]&Hm U} JEAL %ol 24
SHAZ o] fstd, $IES AdgA 53 $HEFT FFFE B2
71e FAee ok o)A FHEY 59 @5E BoldA sta, 27Ae
g dyAE WFEE ool Uk o] Wyon ANEFF HYFo] by
o] AN 4 g, sFHAN AL Algg} HBE A ol fo] %
& Aolgtn Bagi vk Ed J|EAE 4o gl FHA, BSA, &
34, BENEES YeEblY dF g, AE A g ag, Sy
R triglyceride® W3v FE A&, AUl #EAT AFER, FEFA,
HAF LT I Vs S vehlle Aoz delxa g o )
EAe) ety g4 adE wd & oW g4 Ao s& xlgae
ARZMA Y] AYe g ol gHE - Y& Ao Bekyo] A



BT E  H7MEAE W Had FEAALE AN 12%,
nm ARl 15696% 2 FAHCO &A%, Aotz ELY T
HE g ggadsh e Aos Jehgth(ad 5-2).
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Figure 5-2. Effects of Chitosan ] treatment on decreasing water
content and pH of starch pulps by centrifuging at 8,000rpm for
20min. (@ water content decrease of potato, 4 pH of potato, O
water content decrease of sweet potaoto, A pH of sweet
potaoto)

3. 7IEAN A7bsxe wE Aol ¢844 &3 pH ¥

JEATD S Aol H789e W pHZE $8F<74A dgsta gl
(g 5-3). AR A9+ chitosan 0E EFFo2A FEAALES
52%7HA &Y F AR, ol AN, dstds R JELE el v
of 1/3~1/4 A & FEAA&o|},

StpubREate] A A AEute] A4 Eeel 8 FEAAES 811%
oy AELINEAL AU AL W 8I%FEAALS Rolx o FAA
wetgede] 7 EA T 93 gads gl o JEALY HtE
a7ul AEEke] FERAAgo] g2u] Ak FUME Heln gl Ade vé
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dog, A, aTur AEd BT 7IEA Hue | EA o E5RE
AzA FL ARE Bolau o wEA FE 7|E4olE dR| ety HAA
Eo wet & 7|hol X FEAAZTAHNM dopAlE st Aol wel diEut
o) By FFdte Aoz Az
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Figure 5-3. Effects of treatment chitosanll on decreasing water
content and pH of starch pulps by centrifuging at 8,000rpm for
20min. (@ water content decrease of potato, & pH of potato, O
water content decrease of sweet potaoto, A pH of sweet
potaoto)
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Figure 5-4. Effects of treating 7 —chitosan oligosaccharides on
decreasing water content and pH of starch pulps by
centrifuging at 8,000rpm for 20min. (@ water content
decrease of potato, A& pH of potato, (O water content
decrease of sweet potaoto, A pH of sweet potaoto)
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Figure 5-5. Changes in water content decrease and water
content of sweet potato starch pulps with time by
compressing at 5 kg/cm’.
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Figure 5-6. Effects of p-chitooligosaccharides on water content
decrease and water content of sweet potato pulp with time by
compressing at 5 kg/cm®.
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Figure 5-7. Effects of CaCly treatment(0.5%) on water content
decrease and water content of sweet potato pulp with time by
compressing at 5 kg./cm®.
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Table 6-1. Mixing ratio of agro-feed(%)

Item Control Treatment 1 Treatment I
maize 28.94% 17.4 58
barley 380 38.0 380
rape seed cake 10 10 1.0
wheat peel 05 0.5 05
corn cake 22.5 25 22.5
lime 0.7 0.7 0.7
sodium chloride 0.3 0.3 0.3
phosphorus calcium 14 14 14
additive 0.46 0.46 0.46
cow fat 3.2 3.2 3.2
=3} 3.0 30 3.0
starch pulp - 11.54 23.14
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Table 6-2. Growth performance and feed efficiency

T8 no control controll control I
initial weightkg 56.12.7 60.7+2.4 543+ 4.1
final weight kg 1056+6.7 106.7+6.7 99.211.2
total weight,kg 509%73 45679 442+87
growth weight per day kg 0.82 0.74 0.71
daily feed intake, kg 3.23 3.29 3.33
feed demand rate 394 4.45 4.69

N

A A

ZAGHE Bd B 6-39 Zo] EAFH A& A #AZle] I
Fol ¥€ €& EAFH EAES A YWY $AY FAE

4 40%E A Aot g FAYeH, 80%H BT T L
= F& dEdoez oA 77 FALFACL wkeu F3HY

=

bu

Table 6-3. Carcass grades

carcass carcass rate |backfat thickness
Item
(kg) (%) (mm)
Control 746+5.3 70.7 21735
Treatment I 78677 79.2 25.5%4.1
Treatment 11 73.2+8.0 68.6 247+38

() sd8d ¥4
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Figure 6-1. Distribution by grades
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Table 6-4. Analysis of economic budgets

T control controll control II
total growthkg 50.9 456 442
total feed intake, kg 200.3 204.0 206.5
feed cost(won/kg) 264.8 240.2 215.8
total feed cost(won/head), A 53,039 49,014 44,563
feed cost per growth(won/kg) 1,042 1,075 1,008
auction price(won/kg, raw meat) 1,790 1,721 1,601
total auction price(won/head), B 91,111 78,478 70,764
managing profit(won/head kg,B-A) 37,277 29,168 26,196

* feed price : concentrated feed 264.8 won, starch pulp 50won(delivering

cost 39.5 won, drying cost 10.5 won)
A4d 4 &

A7) 1693 ARt Yo 2 AMYgsta 1 ol F 3097 ARyt B
APEE AHRRE W FAFL Uk AYPPE 509473 kg, HF [FE 4
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TAFl 7 At B3 AP FAFE DB RAu&o] A5 w
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Figure 7-1. Pilot of self-designed screw press
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Figure 7-2. Overview of dehydrator for pilot experiment
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Figure 7-3. Sideview of dehydrator for pilot experiment
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Table 7-1. Specification and consideration of screw press of starch

pulp for field application

5 A

T 4

2y A

£43E R A e

FARA SUS

243 ¢ 2 e
w pe wieiog
o0F sag O
2ayE
A geks L 24
B screw
SEEE:
&g SUS

SCrew press

300-400L 9 %
52.1g/5sect0.5g

20-30m, 10-20rpm

40-80&

10 - 20 rpm

20 AL,

3 A 1-6rpmE A,
2pmE4A 10 £32 59
F9:3.75-48/4],

1] £:0.85-0906 /4],
FAFEETF 2+1%,

& 48 3 265+2%,

Foli il &=4.40/1 +0.1{w/w)

700l 98 RAPARA
o2l £k
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NENO L AR
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2357 4%

DidE AR fARS
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HEge7t A
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Eeiks

£ AAe Avrel 9%
HEZQ.

Table 7-2. Amounts of treament, slaked carbonate, output of waste

. - 1
In using SCrew press )

in starch factory

o5 w g
LI R Y E R T EEC A
k 7&7 k S I k T (i ]
A& g 1 (ke) (ke (kg) 00 (om)
375'7x20 L8750 55’0"20:1' 290x20-5,300
42 =7 500/ =375 (H3kgE3H
7500x10= 375/ 17 000, S3000/% 66 2
75,000/% o ' (¥}130kg ¥ 8)
375%20= 1.875x20 ?Zg T amarsio
) X AR (4 2kg T3
Ik 7500/4 =375 57600/ 685 4
75,000/ 375/9) 17,400/ OONE
o (4H20kg £ 8

Y 90 times size to pilot plant
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starch pulp

7-3. Fundamental economy

analysis for dehydration of
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Table 7-4. Comparison of expense of dehydrated

starch pulp

production and expense of ocean abandonment
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