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SUMMARY

I. Tittle of the Project

Preparation of Culture Media from Agricultural Byproducts for Soil

Microbial Inoculants and Encapsulation of the Inoculant Organisms

II. Objectives of the Research and Development

These studies were carried out primarily to develop the relatively simple
processes for hydrolysis of natural protein substances, which could be obtained
as byproducts of food and dairy industries, and to utilize the hydrolysates and
extracts as microbiological medium ingredients to produce the soil inoculant
preparations. Secondarily, the studies were aiming to develop the inoculant
preparations with longer shelf life that is, microencapsulation of the microbial
cells with sodium alginate and/or granulation of the microbial cells with

inorganic materials.

Ill. Contents and Scope of the Research and Development

1. Processes for hydrolysis of agricultural byproducts were investigated and

optimized.

A. Soybean meals and isolated soy proteins



B. Malts and molasses

C. Others such as silk pupae

D. Analysis for the physicochemical properties of the hydrolysates and
extracts

E. Application as cultivation media ingredients

2. Processes for hydrolysis of byproducts from dairy and meat industries were

investigated and optimized.

A. Casein and whey

B. Low-grade meats

C. Blood meals

D. Analysis for the physicochemical properties of the hydrolysates and
extracts

E. Application as cultivation media ingredients

3. Materials and processes for microencapsulation of the microbial cells were

selected and optimized.

A. Cultivation of production of the microbial cell mass

B. Selection of materials for immobilization and encapsulation
C. Conitons and processes for microencapsulation

D. Cell viability during the process for microencapsulation

E. Shelf life of the immobilized capsules

4. Processes for granulation of the microbial cells with inorganic materials were

developed.



A. Inorganic materials and mixing ratio
B. Compatibility of the microbial cells to the materials
C. Conditions and methods for granulation

D. Shelf life of the inorganics-microbe granules

5. Field tests for the inorganics-microbe granules according to the regulations

for the specifications of fertilizers by ORD (Dec. 31, 2002) were carried out.

A. Zeolite-microbe granules on lettuce
B. Inorganics-microbe granules <L> on jasmin trees

C. Inorganics-microbe granules <S> on lettuce

6. Economic analysis for production of the media ingradients from agricultural

byproducts were done.

A. Soybean peptone or Soytone
B. Tryptone or Casitone

C. Whey hydrolysates

D. Blood peptone

E. Malt extracts

IV. Results and Suggestions for Application of the Results

1. Processes for hydrolysis of agricultural byproducts

A. Acid-enzymatic processes for hydrolysis of soybean meals, ISP, and pupae

were established to produce SM-, ISP-hydrolysates, and Pupae hydrolysates.



The processes consisted of the acid hydrolysis by 0.2 N hydrolchloric acid and
the enzymatic hydrolysis by commercial proteolytic enzymes such as Protamex

and Flavourzyme.

B. Process for malt extracts preparation was developed. The yields were 52.0

and 53.9% of the malt powders.

C. The hydrolysates extracts were analyzed for their physicochemical
properties such as pH, contents for moisture, nitrogens (T-N, A-N),
carbohydrates, ashes and inorganics, and compositions of amino acids. It was
found that their properties were similar to those of Difco medium ingredients

such as Bacto soytone, peptone and malt extracts.

D. Standard test organisms were cultivated in a variety of media, broths and
agar plates, which prepared with the hydrolysates and extracts as substitutions
for Difco medium ingredients. The levels of growth and colony morphologies
of the test strains were similar or superior to those prepared with Difco

medium ingredients.

2. Processes for hydrolysis of byproducts from dairy and meat industries

A. Enzymatic processes for hydrolysis of milk proteins such as casein and
whey were established to produce caseinl,lI- and whey I,II- hydrolysates.
The hydrolysates I were those which digested by Protamex and Flavourzyme

in combination, and II by Pancreatin alone.

B. Enzymatic processes for hydrolysis of meats, sirloin and shank, were
established to produce Sirloin- and Shank-hydrolysates, employing Protamex
and Flavourzyme in combination. Alkali-enzymatic process for hydrolysis of

blood meals were established to produce Serum-hydrolysates: the process

_10_



consisted of alkali hydrolysis by 1.8 N potassium hydroxide and enzymatic
hydrolysis by trpsin.

3. Microencapsulation of the microbial cells

A. Three types of microcapsules were prepared by:
» Sodium alginate-microbe beads were formed in calcium chloride solution,
» Then the sodium alginate-microbe beads were entrapped in a chitosan
layer,

» Polysaccharide and microbe mixtures were spray-dried.

B. Cell viability during the process for microencapsulation of the sodium
alginate-microbe beads was not dropped markedly, however the spray dried

capsules lost viability 80.1%.

C. Shelf life of the sodium alginate-microbe beads entrapped in a chitosan

layer was 30 months at 25 in case of limit viability, 1 x 10° c.f.u./g.

4. Granulation of the microbial cells with inorganic materials

A. Inorganic materials such as serpentine, sericite, pyrophyllite, rock

phosphate and zeolite were tested for the granulation.

B. A pilot-scale granulation apparatus with the mixer capacity of 500 kg was
designed and constructed. The powdered inorganic materials were mixed
thoroughly in the mixer. and then the microbial culture broth, 20% (v/w), was
mixed to form a dough. The dough was sent to the primary and secondary
granulator to produce the granules. These were dried on wired vats in a

convection oven at 45TC.

_11_



C. Shelf life of the granules calculated from the data of vial counts: Those of
inorganics-microbe granules were 12 months at 25T in case of limit viability, 1

x 10° cfu./g.
5. Field tests for the inorganics-microbe granules

A. Field tests were carried out for the zeolite-microbe granules on lettuce,
inorganics-microbe granules <L> on jasmin trees, and inorganics-microbe
granules <S> on lettuce, according to the regulations for the specifications of
fertilizers by ORD (Dec. 31, 2002) were carried out.

B. Positive effects on the growth of the lettuce and jasmin trees were
recognised, however harmful effects were not found.
6. Economic analysis for production of the media ingradients from agricultural
byproducts

A. Production costs of Soybean peptone or Soytone, Tryptone or Casitone,
Whey hydrolysates, Blood peptone, and Malt extracts were calculated in case
of those produced by a batch process.

B. The production costs were markedly low as compared to the commercial
products.

7. Suggestions for application

Many manufacturers of the microbial preparations for agricultural purpose

_12_



or feed additives are operated without the microbiologist and the proper
equipments. It is considered that a regulation to inspect the commercial
products on the shelves of the supplier is necessary, and that the consumer
and/or farmer should not purchase the microbial inoculants of unreliable

qualities, paying high prices.

_13_
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2) NZAFY WG 2 AEE T
» Bacillus sp. (IL27)[Bae et al. 1977]
» Mycobacterium flavum (Q 43173 5)[Bae et al. 1977]
» Cellulomonas flavigena (/32235 )[Bae et al. 1977]
» Pseudomonas sp. (PGPR)
» Streptomyces albosporeus (WA 1F)[Bae et al. 1977]
» Aspergillus fumigatus (AF3)[Bae et al. 1977]
» Saccharomyces cerevisiae (25.)

» Lactobacillus casei (F72Hf)

3) FEANE (serum hydrolysate)e] o}m] Ak A @ uj gk

S
g
J

1) AF59] 7HE3)
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&7 (trypsin, pancreatin %)
2) e

25 5 (casein hydrolysate, casitone, casamino acids)® 3+

al, Wd 7] (silk worm pupae) % 7]Ef
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L

W
-
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1) Calsium alginate
2) Chitosan

3) k-%E+ 1-Carrageenan/ Locust bean gum
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3) AYWE - B AT AA FAE T/ BB EAA EE T
A EAA T A AA FT A= AA e g
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A 3Ad AF7|ZH
T ' AT AL = AL W8 R A
EATFE AL E o] b A P IR 249 HA 3
2L s} P &3] & (peptone/soytone/yeast lysate/
D FH.5e8 0 E veast extract)®] <437}k
Q@ MFF2FAE P 7l o] Z=A
13d = P AT MY E AGE 7Y
COBT N sarznane M b Awe) 2o 2 e
2004.7) 249 3} P 23 & (serum hydrolysate/ meat ex./
: O =5FAE<>E A protease peptone)2] <3 %3 7}
Q@ EEFAE>ATS
Z A - AAE st P A E-mAE E3HA A
A Aol vl - Bl EAH
@ #HgE L o} p HGE/ dolFEE HUMlA o A
P AT MY 2 AGE T
@ F7FEFEAE<I> P il (casein hydrolysate/ casitone/
oW R | @ F7FTHAIE<2> casamino acids) ¥ % (whey)
0047 | st ae) nag s = D A& AR SAuw 0 A
| mAes @ =7 % el A
2005.7) mE s e olar
@ &3t Aol dAd "X F3
@ A BE 57
TAA-MAAE Y3} P FNSHAI > AT SFAA
A A el vl - v EAH
® 71E FP A P b/ FAE AT wiA o] ZA
9 ESNAAEL] A& vl
3AEE | _ p FUIAE 2 AHIE 9 =30
ZA A -u| AME S3kA o
(2005.7. ;53 :]]ffﬁaf WAy gaa mo gz e 45
~ ner A b st w2 xde 7
2006.7) P AHsAAle] BEA Y 573
FTHAAN-VAAE Y3} P FSHAO>-1BE SFAA
A A el wls) - B EAH
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TUYANANE HAFEERIZHE GEFEE (yeast extract) e I+ AFE Y
o] Fojx o} 1 FAES w3} }L AT HAEt dE 5ol F
Ho FHRAES A 55000800 GEtARE A5 Axdte] Aln Az AHEEE A
= Aefstars Adz ZE&akA Kot dow, gAY e, =5HrE 3
SJsiats 5= aysttt

2. EGTAES vAHE3)

Frabetell gk At v BaEo] Qo oA o] EYu A ES] w A
Mest A= AFStth. Chang 5(1996)°] 213k invertase A4S Ad 4
v] A 7 & 3} ?i:rL, Koo 5(2001), A3 (1991/ A Ltheta vlALshe] =) o7
(1999/ A&+ 7l=dT4) So o3 FAkte] HEst A4 5o By 91
t}.

3. TAA-mA=E EFA A3}

a5

-9‘]/}'7

Rl Al RS ‘dejgHrTE d2 5 5 3
3] A=
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A2d =9 7leNE dF

A
stAT-E F+9] APse A vhagh do] ofd F gty ZUnA=Ee] vlag
<3} (macroencapsulation)ol] ©]8 ZHEe] A&Z7 (Jung, 1980), ¢F 10°9] Al
S et A7 6me alginate 72 +AHlE (Digat, 1988), @AWY E S calcium
alginate A A A= &gt v 59 A X (Fages et al, 1983)= Al #}ste] o
= A3 M Pseudomonas fluorecens-putida® "M &E3t A5 A7)

21t} (Amiet-Charpentier, 1998).

1A - AE £FH4 s}

w
ofje
2

tlo

A3} (immobilization) 7Y EEx S4FT9 ZAHE
£

3} o o]=Z11 At} (Fages et al., 1988)
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1. 39994 2 92 98

GNP LS 24 OFE (soybean meal, 7 2 B ihS FAAALE(F), H
, et
protein, ISP651; Dupon), +% (whey protein, Calpro80) = ¥ (sodium
caseinate, Miprodan30; Denmark)< Y U&HFQ(F)olA A&t AS ALY
THTFHFS 74 (54 2 Ao E AHRES 7Y - AFES
24 Hd”7] (silkworm pupae)T T =4HS AFE3FA T <Table 1.1 32>
WobE T (malt)S AlTFE (H3FEAE dF252t AFH)S 7Yt AFEstd e

o FEE SAAE(F)NA AFE A (Laem Chabang, Thiland)S AF-&-3F1t}.

=
A (vegemil residue)= A E(F)A A& AS (isolated soy

Novozymes A/S¢ Protamex 15MG (endo-type protease) ¥ Flavourzyme
1000MG (exo- & endo-type) ¢ Sigma?®] Pancreatin (P-1750; from porcine
pancrea)sS AF&3tth ZF 49 VY WA ZL Table 1.29F #uh
<Table 1.2 x>

el B gse] @AEE Kunitzgol wheb S48k dvh 7142 0.6% milk

casein €9 25 mE AP Y 30CE od3 v} a4 05 mE 718
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Table 1.1. Proximate compositions of the natural protein substances

(9 - %)
4 = £ zedd =AY BEHE 3 2

o) Fub (F74h) 117 47.0 0.9 5.7% + 28 T 5.9

(Behd ) 126 46.4 15 54+298 5.8

1) %] (8] %] 2 18 35.8 16.9 41.3 4.2

23] o) okl (ISP651) 46 82.0 38 - 9.8

& X (yeast, wet) 67.2 13.8 0.6 148+0.38 29

4 (Calpro80) 4.1 80.3 6.0 Tt 26

&gkl (Miprodan30) 6.4 87.6 38 - 2.2

82 (swine) 22.0 71.3 ND ND ND

LoHE 62.1 198 131 ND ND
(silkworm pupae)

Y95 (shank) 64.5 27.2 74 0.0 0.9

(sirloin) 65.9 22.8 136 0.0 1.0

g (molasses) 19.8 25 0 68.4 ND

AU EET 16.9 0.4 ND 825 ND

x ZA S wx TFRA T A SE; wxx LactoseZ A9 %t

Table 1.2. Origin and reaction conditions of the proteolytic enzymes
employed for hydrolysis of the natural protein substances

Proteolytic G Optimum Optimum Remarks
Enzymes Temp pH
Protamex 1.5MG Bacillus species  35~60T 55~75 endo-type
Flavourzyme 1000MG Aspergillus oryzae 50C 5~7 endo +
exo type
Pancreatin porcine pancrea 40C 6.5 trypsin-like
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Fatg e 1 ol 1 mlel 055 M NaxCOs 25 méet 39 343 Folin Al ¢F 0.5
mE 7kska 30Tl A 307 LAMAZ F 550 mol A FFEE ST Ew
=42 L-tyrosine (100 pg/mé)S 2tz g Akl 99} o] Folin AleFo = A
A 550 moll Ao FF=E FAste] AT B4 S EE 4 1 neol
oate] 187F 1 pg9 tyrosined] @&l Folin @Al o] whalz Haj&Eo] AA L

LA 1992 ey
bR 34

dxol mep g4 FaeA, dA-E4 BT, dHe-24 Ese, oA

of A714:3H (autolysis) & A&7 A% g2 R AFEAS Bl AT

shelh. Ase 349 Aes gt 2ok
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Soybean Meal or ISP 100 g
|« dILO 800 nt
Soaking in Water : O/N

Steaming: 121°C, 15 min

Pulverization
(Blender-type homogenizer/SMT High Flex 5000 rpm, 15 min)

<+ 0.2 N HCI

Acid Hydrolysis : 95C, 40 min
< Sodium carbonate (NaxCOs)
Neutralization: pH 6~6.2

< Protamax 1.5MG 0.5%
Enzyme Hydrolysis : 50C, 3 h

<« Protamax 1.5MG 0.25%
<« Flavourzyme 1000MG 0.5%

Enzyme Hydrolysis in Combination: 50C, 21 h

Enzyme Inactivation : 90C, 10 min

Centrifugation (Hanil, Supra 22K; 4000 rpm, 30 min)

Supernatant

Freeze Drying (Samwon, SFDSF 12)

Milling

Fig. 1.1. Process for the preparation of soy protein hydrolysates.
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Whey Protein 100 g Whey Protein 100 g

«dI0 300 i | «dIL,O 300
Soaking in Water: O/N Soaking in Water: O/N

<« Protamax 1.5MG 0.5% ‘ <4 Pancreatin 1 %
Enzyme Hydrolysis: 50C, 3 h Enzyme Hydrolysis: 40C, 4 h

<Protamax 1.5MG 0.25%
<Flavourzyme 1000MG 0.5%
Enzyme Hydrolysis in Combination: 50C, 21 h

Enzyme Inactivation: 90C, 10 min

Centrifugation (Hanil, Supra 22K; 4000 rpm, 30 min)

Supernatant

Freeze Drying (Samwon, SFDSF 12)

Milling

Fig. 1.2. Process for the preparation of whey protein hydrolysates.
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3) 7HAI1 e BTt

Sodium Caseinate 100 g Sodium Caseinate 100 g

<+ ().2N NaOH 300 m¢ < 0.2N NaOH 300 m{
Mixing & Heating Mixing & Heating

<+ 1M KH2PO,4 < 1M KH3PO4
Neutralization: pH6~6.2 Neutralization: pH6.5

< Protamax 1.5MG 0.5% <« Pancreatin 1 %
Enzyme Hydrolysis: 50C, 3 h Enzyme Hydrolysis: 40C, 4 h

<« Protamax 1.5MG 0.25%

<« Flavourzyme 1000MG 0.5%
Enzyme Hydrolysis in Combination: 50C, 21 h

Enzyme Inactivation: 90C, 10 min

Centrifugation (Hanil, Supra 22K; 4000 rpm, 30 min)

Supernatant

Freeze Drying (Samwon, SFDSF 12)

Milling

Fig. 1.3. Process for the preparation of casein hydrolysates.
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4) A5 L7

Beef protein (sirloin, shank) 100 g

<+ dHO 250 ml

Steaming : 121°C, 15 min

- Removal of fat

Pulverization (Hanil food mixer, FM 909T)
—-» Removal of fat

Steaming ‘@ 121°C, 15 min

- Removal of fat

< Protamax 1.5MG 0.5%

Enzyme Hydrolysis: 50C, 3 h

<« Protamax 1.5MG 0.25%

<« Flavourzyme 1000MG 0.5%
Enzyme Hydrolysis in Combination: 50C, 21 h

Enzyme Inactivation: 90°C, 10 min

Centrifugation (Hanil, Supra 22K; 4000 rpm, 30 min)

Supernatant

Freeze Drying (Samwon, SFDSF 12)

Milling

Fig. 1.4. Process for the preparation of beef hydrolysates.
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Blood meals 100 g

<+ dH>O 300 me

<+ KOH 41 g
Alkali Hydrolysis: 6 h, shaking
<+ H3PO4 23 g
<+ HNOs; 20 g
Neutralization
< Trypsin 0.1%
Enzyme Hydrolysis: 50C, 4 h

Centrifugation (Hanil, Supra 22K; 4000 rpm, 30 min)

Supernatant

Freeze Drying (Samwon, SFDSF 12)

Milling

Fig. 1.5. Process for the preparation of blood meal hydrolysates.
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Silkworm pupae 200 g

Pulverization (Hanil Mixer, FM 909T)
| < dH:0 500 e

Centrifugation(Hanil, Supra 22K; 4000 rpm, 20 min)
‘ < Removal of fat(diethyl ether)

Removal of diethyl ether (Water bath, 55°C, 5 h)

Centrifugation Centrifugation
| < Protamax 15MG 0.5% | < 02N HCl

Enzyme Hydrolysis : 50°C, 3h Acid Hydrolysis : 95°C, 40 min
< Protamax 15MG 0.25% ‘ < Sodium carbonate(NaxCO3)

<« Flavourzyme 1000MG 0.5% Neutralization : pH 6~6.2

fg(l)zoérynng}%drolysm in Combination < Protamax 1.5MG 0.5%

‘ Enzyme Hydrolysis : 50°C, 3 h
Enzyme Inactivation : 90°C, 100min <« Protamax 1.5MG 0.5%

| < Flavourzyme 1000MG 0.25%
Centrifugation Enzyme Hydrolysis in Combination

(Hanil, Supra 22K; 4000 rpm, 30 min) (50°C, 21 h)

Supernatant Centrifugation
(Hanil, Supra 22K; 4000 rpm, 30 min)
Freeze drying(Samwon, SFDSF 12) ‘

‘ Supernatant
Milling |
Freeze drying
(SFDSF 12/Samwon Freezing Engineering Co.)

Milling

Fig. 1.6. Process for the preparation of silkworm pupae hydrolysates.
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3. WMol 2229 =4

WMol dk 150 g& & 1 ¢ £3e] 60ColA 5 h ¥H3A]7] a2 cheese cloth
OAl & 500 mE F7Fskith o7 Al sAE Fol E3teta
!

A A oo rs EEEs AASAY. =dAR BrixE=s 54

ol

of Yol FEE 2Pl AgSHAO, AR ] RYHYL

F=9o] pH meter (Corning 440)= pHE =43}

fid

X
4
M
%
it
o
5
oo
2
o
fu
o

B-C) x100 AR
SR B ER(9) = B AT
A C: APPFA + A2F A8

b= & A4 (T-N, total nitrogen) Kjeldahl™ & &, 18] 3L ofH| 1=
A-N, amino nitrogen)< Formol Z AW o= Z+Z =A%)

7)
e E oF 1 g& Kjeldahl Zgbx=o] Heta it £ (K.S0y ¢

=
i
[
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Z AL (T-N, %) = (T - B) x f x Normality x 14 x (100/W)x 10
A4 (m), B: FAFANA 4 AHHF (mo),
f: BRAX (5 FAENY factor), W : A& FA (mg)

Formalin 50 méol] 0.5% phenolphthalein®& %S 715t 0.02 N NaOHE& o 2
A kA Fhste] 4 formaling & AT thE, 250-ml At
AEenas 270 Enlete] dEdl= TRzl A4 25 miek T 40 me
e AN 25 me F/dformaling <

20 mE 7}ttt <E2 3> o] 7] phe- nolphthalein& ]S 6%
P oS F& A5 2 drztA A8

N 2
of o) ohvmp] 2L he Ao AN

obul 8] A4 (A-N, %) = (Vi-Vo) x F x 0.00028 x D x 100

Vi BAY A4 (nl)
Vo @ &4 AAHLHF ()
F : 0.02N NaOHE& % 9] H=AF

D : 3] Aul
S: AR AFF (9
0.00028 : 0.02N NaOH& 9 1 mio] Adst= A (g)

Bl &9 7}4E3 % (degree of hydrolysis, DH)+ trinitrobenzenesulfonic
acid (TNBS) W oz =Asgct 7l5EsE AZ289S 1% sodium dodecyl
X

sulfateo] #EAA 7} 0.25~25%107° amino equivalents litre '7} ¥ =2 ]
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st o, o Almgd 025 me] 02125 M phosphate buffer (pH 82) 2 ml<}t
0.1% TNBS 2 mE <33 th& 50T 2 (EFAAM 603t vH&AIZAT. o
71e 0.1 N HCl 4 mE H7}8to] ¥b&S AAAI 713 303 A th3 340 mm
& AT Tt s WE=Adge] BojA = HE, S HH=
q

Aol FAAER Aoshm, olale] o) wel Al

Number of peptide bond cleaveds

[0)
Total number of peptide bondsx x 100 (%)

DH =

A28 % (nitrogen solubility index, NSD+ Kjeldahl® o2 A3+ 249

@ol 6258 Fahol wMAe] G T H ofele] HoE A

TR Ee] g sk
NSI = l’T H€4 "Y_E _ S x 100 (%)
Are wudel ¥ ¢F

T %9 %9 (total cabohydrate, %) 32 phenol-sulfuric acid¥?e.
2 A gsklch Agel ZHERe AR89 200 w9k 5% phenol £ 200
o W A 1 mE Theke] 103 7F RESAIZ & A wwkshel o)
GOl 3087 AR Fol 490 mold FHEE ZHetn mEIHomy

&
=
B 3%e Atk ol EEFHE glucose §91& AHE3tel 4B

SE AZAA BAE SAsa ool RANE o 15 g% ¥ oA



FAE A FAGNeH, o5 3ER] ¥

o]

50Tl A oF 244 2F Bl th&

) B - C) x 100
Z3] & & (ash, %) = N
A AZFA
B =7FYFA

C: =757 + 3359 Als57

o}, F-7]0] &

p)

K

Iron (Fe*), magnesium (Mg?"), potassium (K'), sodium (Na') $<& 7}4%
al Al= 1 goll HCIOs 25 m¢E 7F8te] hot plate (100~300C)oll 4] §<Ho] Fr
2 w7A A7, olE W, Ade v dAFRR =7 (atomic
absorption spectrophotometer, Shimazu AA-6800)2 A}-&3te] A =ks}i ).
Chloride (Cl), sulfate (SO4%), phosphate (POs) <& 7453
o7 w5 ol&aZwE Y (IC, Dionex System)= A =
ol ZH¥, AS4-SC; HBE GP40 gradient pump; A=7], ED 40 electro-
chemical detector % supressed conductivity ASRS-UltraZ &5t on o]F
Ao 2+ 1.8 mM sodium carbonate®} 1.7 mM sodium bicarbonateZ, +52 2.0

nl min ‘o2 39
Ay, ol weah g

Mason 59 el wel AgE WA AFsAA AHEEEL Amino acid
analyzer (S7110, Sykam)®] ol2nw3Ad o2 2 3}3l ninhydrinS = A A A
S3205 UV/Vis HE712 570 2 440 me] FagoAx A=t or, 15 o=
Mo 2HE AL 7} peakdle] WARE Tl FE=E 34 (Pyamid ZZ19)3}
At AbstE 98k ] WAzl 01~10 g9 BEEAIES AFstAl S (30%
hydrogen peroxide 0.5 ml, 88% formic acid 4.5 m{, phenol 25mg)S &3l 0T

)
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o A 16A1%F WhEAIF o, of7]o] 50 mee] 6 N HCIS 7Fate] 110T el Al 23A]%E

B3|A 71 e pH 222 33ttt

R PEL R

7 gAEE

AEANESE A% Z=TFEAE gAY FTIATY A EAYAE (Korean

Collection for Type Cultures, KCTC)o| A &oFukol Al & o] A3ttt <Table

1.3 x>

El

SEPEES T

B Aoy de ZhE MR ER wAE ZASa <Table 14 FE>, Al
%3 <Difco Laboratories, Division of Becton Dickinson and Company><] Z 3}

Ag&Eg vastgoh AAMA 25 nE 125-m0 AHzhEebeaze] ga Zhzke) )

Ao A AE A #F <Table 1.3>2] #AS 1MW Fo|¥ FHFslo] 35£2T oA 48
AIZE For Al (JeioTech SK-760A rotary shaker, 120 rpm)3titt. 22y

Ak 22 oA AA Y (Vision Scientific VS-1203P3
Incubator)stith. $HH S F Ao A o] AFAH e} 22y SAS vulstr] 9fst
o], <Table 1.4>9] wjA &l 16%°] agars F7ts| nAmAE Ao,
o3 7)ol Al TFE streakingdlil 35£2CoA 48A17F &b AXujgspH A 2k
ST
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Table 1.3. Test organisms grown on the substitution media

Substitution Media Test organisms/ ATCC

Soytone and Peptone media Escherichia coli 25922
Staphylococcus aureus 25923
Proteus vulgaris 13315
Klebsiella pneumoniae 13883

Salmonella typimurium 14028
Staphylococcus aureus 25923

NB or NA .. .
Escherichia coli 25922
Proteus vulgaris 13315
Klebsiella pneumoniae 13883
MRS Broth Lactobacillus delbrueckii subsp. lactis 7830
Lactobacillus fermentum 9338
NZM Broth Saccharomyces cerevisiae 9763

Streptomyces avermitilis 31267

Candida albicans 10231
Saccharomyces cerevisiae 9763
Aspergillus niger 16404

Malt Extract Broth or Agar
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Table 1.4. Substitution of Difco medium ingradients with the hydro-
lysates prepared from natural proteins

Difco medium ingradients

Substitution

Soytone medium

Bacto soytone 2 %
NaCl 05 %
Peptone medium «—SM- and/or ISP-
Bacto peptone 2% hydrolysates
NaCl 05 %
pH 7.0£0.5
MRS Broth <grams per litre>
Bacto proteose peptone#3 10 g «<Whey hydrolysates
Bacto beef extract 10 g <Beef hydrolysates
Bacto yeast extract 5 g <Autolysed yeast extract
Dextrose 20 g
Sorbitan monooleate complex lg
Ammonium citrate 2 g
Sodium acetate 5g
Magnesium sulfate 01 g
Manganese sulfate 0.05 g
Potassium phosphate, dibasic 2g

pH 6.5+0.2

NZYM Broth <grams per litre>

Bacto casein digest 10 g <—Casein hydrolysates
Bacto yeast extract 5¢g
Sodium chloride 5¢g
Magnesium sulfate, anhydrous 094 g
pH 7.0+0.2

NB or NA <grams per litre>
Beef extract 3g «Beef- and/or Serum-—
Bacto peptone 5g <SM-, ISP-, and/or Pupae
oH 6.9~7.1 hydrolysates

Malt Extract Broth <grams per litre>
Bacto malt extract 6 g < Malt extracts
Maltose 1.8g
Dextrose 6g
Yeast extract 1.2g
pH 4.7+0.2
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6. PIBE T PARE T

Alginate (sodium/calcium), Locust bean gum, Carrageenan/i1—-Carrageenan,
CM-cellulose 55 AF-&3t91 2, Fungilab (Barcelona, Spain) =4 =2 Visco
Elite-RZ =33 1% &9 HA L= Table 1.59F 22 Zo|qltl. <Table 15 %
=>

o fEste] =21 % Y

Lo

cls

& Al AL 98t NB + 05% sucrose (B]AAF)ol  Bacillus

subtilis 66335 F&3skal 60~72 h wiFstlon, wiekels A4 Eeste] FAE
3ata 107 cfu/mt FEo2 2Aste] ALgaginh. feste] e 2% R
g3 1:1 st Af EFAxsAY, B =S/mFHZE o]&ste] 0.05
M CaCl; &9 To= EEAoRAN F5 SFAUHES st on o Iz &
AAZsAY HEE 1% chitosanl® FH 3 S SZAZSE 59 WHS A

39t} <Fig. 1.7 %

o,

i

€3t A BREVIZE A3

N

3l A= AAYe wol Wdstar zhz 25T ¥ 35T RSt
1x10° cfu/g o2 Astse 71708 =438t ofe Ao wet ghe Astat
K

N

Y

2~
=
A At

o & HEVIFS AAFA
TCoAAY BREVZ Kr+10)
= = ,!'-j\'g o = R
Quol (T+10C)oI A o ®WE=717) FT/8(T+10) Kt
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EH(EEAE 2% Sodium alginate soln. = 1 : 1)

\
of &% = AE

Zt =
‘—0.051\/[ Calcium chloride —-Spray drier Lap-Plant SD-03
A2 Ag/EdT M=H FAAx
\ <Microcapsule-3>
| |
FAAZ 71EA 3 H
<Microcapsule-1> ‘ -1% Chitosan

ERES

<Microcapsule-2>

Fig. 1.7. Process for microencapsulation of the bacterial cells.

Air atomizing device

I'd

Air compressor
(2 kgr/cm?)

Sodium alginate
solution

CaCl, solution

Permanent capsule (b)

Fig. 1.8. Schematic diagram for the alginate/chitosan encapsulation.
(a) Spray drying of sodium alginate solution into calcium chloride solution to
form temporary gel microcapsules (alginate microcapsule); (b) formed per-

manent capsules (alginate/chitosan microcapsule) in chitosan solution.



Fig. 1.9. Diagram of the atomizer for the microcapsule-3.

1) Spray nozzle, 2) Peristaltic pump, 3) Spray suspension, 4) Air distribution,
5) Drying chamber, 6) Cone of the drying chamber, 7) Cyclone, 8) Collecting
flask, 9) Outlet filter, 10) Heating system, 11) Flow-gauge, 12) Turbine, 13)
Filter, 14) Inlet temperature gauge, 15) Outlet temperature gauge.
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Table 1.5. Comparison of viscosities of the gummy polysaccharides

Samples

1 (o)
<1% soln.> Sphadlle S cp %

60 276.9 44.2

Sodium alginate L2
100 261.8 69.6
60 374.0 59.7

CMC L2
100 320.6 85.2
60 693.7 274

Alginic acid L3
100 541.6 35.6
60 330.0 52.6

Locust bean gum L2
100 294.6 78.3
60 43.6 34.2

Carrageenan L1
100 39.7 51.7
60 6510.6 53.6

1-Carrageenan L4
100 4100.6 56.2
60 - -

Calcium alginate L1
100 - -

A TFungilab (Barcelona, Spain) viscometer, Visco Elite-R, was employed.
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7. AA-nAE EFA A H3 By

AREA, AR, WA 3 9 HA (zeolite) T AMEsEGloH, sstgd R
<Table 1.6>°] et npe} 2o}

L}, Lab-scale I #7]

7= (5Y GrattAl 7ls=AF)dd A A=t 2d GPC-19] 535 ZHH”
(fluid bed granulator)& A}&3t9th. 2 725 <Fig. 1.10 2 1.11>9] Z=AI8FS

o fluid bed chamber, bag filter, spray nozzle, heater, control panel® %3 &
ol At} o= AFA e el stekrozM Hyst FHfluid bed chamber)

o ¥} ARFE ST A Lkeol AR FoIAnk. L NFOE T 4

5

7

8
o

™
—a
4
oft
A
Shd
—d
=
[
fo
i
rr
ofd
N
oft

9] W]/ air-to-liquid mass ratio)

LO00S.E 2AFOEA BRFA 2718 100m FEOE BFo] 4590

Y
s
N
s
=,
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i
2
o
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o
<—r
U)
(@)
=
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£
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ot
)
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=
0Q
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=
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A2 vatel] Hobr 45T9 dFAx7|0 Wol Azt A& FHAA A9

27)e] wet gFael Bgow BFahh

Table 1.6. Chemical compositions of the inorganic materials

42 AEa? AeE? w4 azy? Ay
5102 36.9 70.9 57.3 5.0 71.0
AlOs 1.48 16.3 19.0 ND 10.
CaO 3.65 0.86 ND 64.0 2.2
MgO 34.5 1.66 ND 2.8 1.5
FesOs 10.7 0.94 ND ND 2.5
TiO: ND 0.19 ND ND ND
K0 ND 5.30 1.7 0.3 ND
NazO ND 0.29 ND ND ND
ZnO ND 0.02 ND ND ND
BaO ND 0.01 ND ND ND
Ig loss 13.3 3.27 ND ND ND

1) Serpentine, MgsSiOs(OH)s;  2) Sericite, KAl (Al1SiO3)O010(OH)s;
3) Pyrophyllite, Alo(OH)2SisO10; 4) Rock phosphate, Cas(PO4)F
5) Zeolite, (Na/Ca)2(AlxSiz010) - 8HLO.
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Fig. 1.10. Diagram of the granulator. (GPC-1, Chungin Tech. Co. Ltd.).

<A> Bag filter

<B> Exhaust air to the dedusting system
<C> Binder spray nozzle (top spray)
<D> Inlet air chamber

<E> Fluid bed chamber

Fig. 1.11. Granulation apparatus including the main body, spray
pump, and chamber.
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Fig. 1.12. Design drawing for the pilot-scale granulator.

<1> Mixer with worm-gearbox and screw jack gate, <2> Screw feeder with
geared motor, <3> Cyclodrive and Motor with pully and couplings, <4>
Primary granulator, and <5> Secondary granulator.,
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Table 1.7. &5 AwAIFAM A2 T2 A& F

NPK AJH| % (kg/10a) HulA &%  FPu s

AT 7] H = n (kg/10a) % (kg/300%)
<> 5-5-4 5-0-4 1,000 -

e <2> 5-5-4 5-0-4 1,000 (10)x
T A 5-5-4 5-0-4 1,000 5)

T AT 5-5-4 5-0-4 1,000 10
7wl 5-5-4 5-0-4 1,000 20

€, PGA Qe E-m A EFANAL o, A 23 AR EE AL

5 pul

Table 1.8. =R BEE AujAFAA A+ A &F

) NPK AlH % (kg/10a) Q] AF B3 H] = *
A g T . _ ;
71 H = g A 2 #F(kg/m')
P <1> 8.5-14-9 8.5-0-5 -
Y <2> 85-14-9 8.5-0-5 Sk
FH 8.5-14-9 8.5-0-5 2.5
T A 8.5-14-9 8.5-0-5 5
T2 T 8.5-14-9 8.5-0-5 10

=
il
il
>
i
BN
i
~
e}
By
é

_58_



0

B!

AT 7}

A2 A

1 giFadde 7t

3

il
o)
Y
=
v
b

ol
o)

<)
BH

=

§]_ s}

==
>

<Fig. 2.1~2.3>9

of Hle# o s DH7}
%ol

=

}ed, 0.15~34 N9 ® 9]

[

}32 NaOH (¥ NaxCO3) %

9

af

e T ey

o

Fal <Fig. 1.1>9] #sef wel of

3t 015 N HCl sXoA dF49e DH g2 5%, HA

°©

o
28~36%°] %k

H| 1l

fu
L

stlen, 2 Ztewsl=(DH)e 5423

agoe s yehldt

S

7 & HAeH, A

=
I
RLe

s
Ris
A=

[e]

Aol M Exmel AU Tl ke

o] gt} AAE 02 N HClY =2 &

o ¥EE g

3

.
=

& Threl
HuH
<1l

ste] 3.4 Nojl A

[ex]
A=

5
AR

1
9
7}3

A

|

I

ol

B

<L

=

=

[e)

Z]

=

o] AAEANoH, o]}

ok

¢

i

el

Z a-glefjofrt & Zlojt}

o

7hS

=i

=]

= g

R

ol A

3

il
o

—

Y
=

U

ol
o)

X
o

_59_

SAFe] 02~1.6%2 2] sto]

+

pus

=3 D Jn) sy i FekS Protamex 1.5MGE 50°Col A 3A1 7 =< 7h4
=]

stglom, ol Fe TiE

[e)
<Fig. 2.4>0l A ¢}

=3l



E7F AL, pH 4500 M= 5~641%F whg-A] FafjAlrte] WA S A = AN
pzs

o a2 wael we AEsAge] Aune 9 gAe] tEi ® 1 4 3
T (&, 1990)

o dab-Ea Al oF girEwude] 2o

Me

ek FE g FaY S 02 N HCIZ 7hpF#8ld 5 Protamex® 134 &4
£33, o]o]J 4] Flavourzyme®} ProtamexZE A 83}o] 2% &4 ENAAH LS AA 3
PSS AT ¥ A= ARl 16.95% = A HAwsH7I7F o294 o] AF A
= AgaRon, ks Bedrad s A, T4 49 dAGE & v
<Fig. 1.1>¢] el weh 02 N HClE #7bete] 95CaAlA 4087 A& F
6.0~6.2%2 F3}A]7] Protamex 05% & #H7Fste] 50CoA 3A17F &<k 14} —1:3“,
183 Protamex 0.25%¢%} Flavourzyme 05%2 #H7}slo] 2o oA 2z &
e sttt EAE ALA7]7] fste] 90Tl 1023 A8 e v e

ko] A9 857 g9 EEAE <SM-hydrolysates>Z, EgojFdweol AL =
973 g9 #3|&E <ISP-hydrolysates>& 4L, olu] T3t AAHE NaCl
o] 747} 12%, 22% = AXERom R PR AFF (net yieldS Z2 75.3%,
75.8%°] A Tt

SAE Feat=el DHeF NSI s Yekd <Fig. 25 % 26> Ew Ak
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Fig. 2.1. Degree of hydrolysis of the soybean meal hydrolysates
according to hydrochloric acid concentration. The soybean meals were
hydrolysed by hydrochloric acid at 95C for 40 minutes.
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Fig. 2.2. Degree of hydrolysis of the vegemil residue hydrolysates
according to hydrochloric acid concentration. The vegemil residues were
hydrolysed by hydrochloric acid at 95C for 40 minutes.
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Fig. 2.3. Degree of hydrolysis of the isolated soy protein hydrolysates
according to hydrochloric acid concentration. The isolated soy proteins
were hydrolysed by hydrochloric acid at 95C for 40 minutes.
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Fig. 2.4. Degree of hydrolysis of the soybean meal hydrolysates
according to enzyme concentration. The soybean meals were hydrolysed
by Protamex 1.5 MG (0.5%) at 50C for 3 hours.
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HEE Soybean meal
[ Isolated soy protein

80 -

60 -

DH(%)

40 -

20

=

A B Cc
Hydrolysate

Fig. 2.5. Degree of hydrolysis of the hydrolysates from soybean meals

and isolated soy proteins.

A:
B:
C:

acidic hydrolysate by 0.2 N HCI

1st enzymatic hydrolysate by Protamex 1.5MG (0.5%)

2nd enzymatic hydrolysate by Flavourzyme 1000MG (0.5%)
and Protamex 1.5MG (0.25%)
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Fig. 2.6. Nitrogen soluble index of the hydrolysates from soybean meals
and isolated soy proteins. Notes refer to Figure 2.5.
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dry matter)S Al4Fslal, DHeF NSI & T3l @9z BEIHEE Hus o
u], <Table 2.1>° Z3gtsto] A= A A5}

SM-hydrolysates®] DH®} NSI7} 96.6%, 985%2A] TS 7lFRaf &0 H|S
o] 714 =9tom, Serum-hydrolysatest 42.6%, 56.7% =4 H A9 S ey
ATk 2 Tt RAESY dd Ea 8 =T 50% o] 4l Ao E Hol mA=E

of wjFelut R EHHL Ao oiddnt

MR E

Fedlol s Fed QlAsk 6, sbersl grel ot terd gre) viA
= olgd & Unk. = FAA ALS 9% TRol= DHF w2 EalES ALES
= o] mEo|n AubAel wEoli: DH 10-60% Fwe] o] Aty mgh
ASEETE wE Aol opvlwal, Wit W mhe]l NS AW WRoR:

6. 7= o3t 54

7}, elurAg

AR =24

A

SM- % ISP-hydrolysates Bacto Soytone ¥} Peptoneoll W]3}le] 3] &3} wko]
$=9kal, SM-hydrolysatesi= 3§ 30| 144%= AH3 FFo)y ofnjwg A
ko]l 57.7%= 493l :ekou, ISP-hydrolysatest 4.0%9] 2 Fddaks

Bt <Table 2.2 3=x>
Casein I ,II -hydrolysates®] 3]#3t#&FS Bacto Casitone®E Tt} %017 Whey I,
I -hydrolysates®] 3]i&-&=Fo] 78 vtttk 18]a, Casein- % Whey-hydro-

lysates®] FFTHS EF 5% oAt Casein I ~hydrolysates®] %93



o] =g Ao dFH] (AN/TN)+= 95, 41.3% % Bacto Casitoned X33 &
VA ERTY =90, Whey I -hydrolysates®] ofvx=8] A9 FZFu=
1.3% % ¥ FFolddn. <Table 2.3 x>

Sirloin—, Shank- % Serum-hydrolysates®] 3]& %2 Bacto Beef Extract®t
H] =819 12, 33 ES Bacto Beef Extract”?} 0.1% ©]&teld] Hsle] H& 50|
At olu e A9 dEd| = Sirloin- % Shank-hydrolysates”F 49.5%, 44.9%
24 Bacto Beef Extract®t Serum-hydrolysates?] 15.7%, 12.9% Xt} A3 =
< A5 Bt <Table 24 x>

4 5771

ox
™

Bacto Peptone 3} Soytones 7|02 tlFod] EI&E] Fr|AAES v
3, SM-, ISP-hydrolysates®] Cl ¢} Na' 3&o] &A% =9k, SO = vl

ymx] i el 2 Aol7t gldth o 7lel A Cl ¢F Na o] ke 37
Aol A A el el 7dsks Ae® &4 uh <Table 2.7 33>

Bacto Casitones 7|02 $fd9 7R Fr7AAES AR,
Casein I ~hydrolysates, Whey I ~hydrolysates®] Cl & &Fo] 2~3u) 7} =9t}
Casein I, -hydrolysates®] Mg® &&& o} Whey [, II-hydrolysates & =

3- . .
gtk POS &= Wl ERY $R9 pREEE BE Ge FFEogen Kt w

T o=y, fFUWsERE wpasA R SO 9 $hgke] urokth <Table
2.8 FZzx>

Bacto Beef ExtractE® 7]€2® $S3 dE Jl+EE
Sirloin-#} Shank-hydrolysates®] Cl 9} Na' &S 4~6H] A=z =om Mg™
ko oF7k uvrolth o]o] H]EhH Serum-hydrolysates®] Cl, Na', Mg® ke
obF vhe Hojrh PO; FFL Al shFRsE mE ke AP ol

Sirloin- ¥ Shank-hydrolysates.t} Serum-hydrolysates®] #Ho] =stth K &
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ERRAMERE

SM- % ISP-hydrolysatest & Y3874 glutamic acid o] 714 2,
aspartic acic, leucine, lysine ¢ Ao H, Bacto Soytonel A%
glutamic acid &#eo] 7} @il aspartic acid, leucine, arginie, lysine 59¢ H|<
3 =AM E YelldY. 18y, Bacto Peptone< glycine 3$t#o] 713 Wi
glutamic acid, proline, alanine, arginie 52| Aot} oln|=Ait ZXHFT =2
slakS Ho|E glutamic acid, aspartic acid, lysine® ZF4¥ TS AHud
ISP-hydrolysatesell 51 7}4 oW, Bacto Soytone, Bacto Peptone, SM-

hydrolysates?] =A1& YERSITE <Table 2.11 x>
Cystein, methionine, threonines A ¢]gt Ym 2] ofn|i=ibe] ghaks Av A

Casein I ,lI -3} Whey I, -hydrolysates”} Bacto Casitone®l| 4] ®.t} <kt),

.

Bacto Casitone®| cystein $F#Fol H|3}o], $-Fd] 7FEJPEELS BF =2
22 B3 methionine® 7-$ Caseinll -hydrolysatesE #| &3t U x] 7}

b

Mrom
ol

&2 X5 Bacto Casitoneo] H|3}le] vt F=Fo]t}. Z1e8]al, threonine?] 3
£ Casein I, -hydrolysates Xt} Whey I, -hydrolysatesoll A =%t} Glutamic
acid= Bacto Casitones H] &3 {9 7teidlEol ojA FLdatA 7H =

< FqEFE HYoem, Bacto CasitonedlA 7Fg =il Caseinll -hydrolysates,

ot

Casein I ~hydro— lysate, Whey I ~hydrolysates, Whey Il -hydrolysates®] <o}l
t}. <Table 2.12 Fx>

Bacto Beef Extractt glycine ¥#o] 7}% =11, glutamic acid, proline,
alanine, arginine, aspartic acid &% TAl¢lloH, o5 7} olwx=4te] kS
Sirloin-, Shank- Z#] 1 Serum-hydrolysates®} H] & B aspartic acidE #] 2
gk b2 opr|=2bo] Bacto Beef Extractel wWlshe]l A FF3sicta &5 Qlth
Tyrosine®] 7d-% Sirloin- % Shank-hydrolysatesol] A+ 3dtaFo] vroi} Serum-
hydrolysatest= Bacto Beef Extract®} H|$:3dt =50t} o] 9o g& olu| ik
9] 32 Sirloin—, Shank-, Serum hydrolysates?} =711} Bacto Beef Extract$}
FAFSER 3, ZA S Al 7RSI E 5 Serum-hydrolysates®] ofv] w=AF ghgko]

AHew A & A4S Btk <Table 2.13 x>
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Table 2.1. Yield, degree of hydrolysis and nitrogen solubility index of
the hydrolysates
(units @ %)

Hydrolysates Yield* DH"™ NSI*™
SM-hydrolysate 75.3 96.6 98.5
ISP-hydrolysate 75.8 82.2 85.1
Casein I, -hydrolysate 65.5/60.6 58.3/52.2 72.0/79.0
Whey I, -hydrolysate 90.3/85.6 76.3/35.6 85.3/83.5
Beef-hydrolysate

(sirloin/shank) 21.6/30.4 72.7/84.4 84.8/91.2
Serum-hydrolysate 459 42.6 56.7
Pupae I, -hydrolysate 63.1/54.8 33.9/46.7 78.2/62.6

"Yield : yield as dry matter. “DH : degree of hydrolysis.
"NSI : nitrogen solubility index.

Table 2.2. Physicochemical properties of the soy protein hydrolysates in
comparison to the commercial Difco products

Properties Slgsgct?le nggge hydls‘é\l/lysate hydf)fysate
Ash 12.0 4.4 16.0 17.0
Clarity” 1.0 05 ND ND
Filterability ™ 1.2 05 ND ND
Moisture 4.6 3.0 10.3 6.9
pH™ 72 7.0 6.8 7.1
T-C 24.0 6.9 14.4 4.0
T-N 94 155 7.1 10.1
A-N 3.1 3.1 4.1 4.7
AN/TN 33.0 20.0 57.7 46.5

*, for 1% solution (NTU); *, g/ar; ™, 1% solution.

Bacto soytone and peptone were purchased from Difco Lab., Div. of BD Co.
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Table 2.3. Physicochemical properties of the milk protein hydrolysates in
comparison to the commercial Difco products

. Casein-hydrolysate Whey-hydrolysate

Properties CE;%E)(I)’IC I i 317] I Vo yl]
Ash 7.0 20.7 16.8 6.2 3.9
Clarity” 0.6 ND ND ND ND
Filterability ™ 1.7 ND ND ND ND
Moisture 3.7 59 4.2 6.0 5.4
pH™ 72 7.3 7.0 6.2 5.7
T-C 0.2 95 53 5.1 8.1
T-N 13.3 9.2 10.1 7.8 7.6
A-N 4.7 3.8 3.1 2.9 0.1
AN/TN 35.3 41.3 30.7 37.2 1.3

Notes refer to Table 2.2.

Table 2.4. Physicochemical properties of the beef and blood meal hydro-
lysates in comparison to the commercial Difco products

Properies Bicigr;?ef hySdllfcl)(l)slfr;;te hy?i?glr;fks;te hys(lilg)alsrlré;te
Ash 10.2 11.6 10.3 10.0
Clarity” 1.7 ND ND ND
Filterability 0.6 ND ND ND
Moisture 2.5 59 7.1 39
pH™" 6.9 7.0 7.1 6.9
T-C <0.1 1.1 16 14
T-N 14.0 10.1 109 6.2
A-N 2.2 5.0 4.9 0.8
AN/TN 15.7 49.5 44.9 129

Notes refer to Table 2.2.
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Table 2.5. Physicochemical properties of the silkworm pupae hydro-
lysates in comparison to the commercial Difco products

o aies Bacto Pupae 1 Pupae II
Peptone Hydrolysates Hydrolysates

Ash 4.4 271.2 27.2
Clarity” 05 ND ND
Filterability ™ 0.5 ND ND
Moisture 3.0 60.3 60.4
pH™ 7.0 6.25 6.05
T-N 155 8.5 11.3
A-N 3.1 14 1.82
AN/TN 20.0 16.5 16.1

Notes refer to Table 2.2.

Table 2.6. Physicochemical properties of the blackstrap molasses and

malt extract in comparison to the commercial Difco products

(unit %)
Properies Bacto Blackstrap Chilkab Hanwool
p Malt extract Molasses Malt extract Malt extract

Ash 1.1 75 2.0 2.2
Moisture 45 26.3 7.3 71
pH 4.6 5.2 55 5.5
Total Carbohydrate 93.4 57.2 85.6 86.2
Glu ND 10.3 14.0 14.2
Fru ND 11.8 4.1 4,3
Mal ND - 52.7 53.8
Suc ND 22.2 - -
Others ND 13.0 14.8 14.1
Protein 0.6 8.2 45 4.4

HPLC for sugar determination: Column, p-Bondapak (300 x 4 mm); RI detector;
Mobile phase, H-O and acetonitrile (17:,83); Flow rate, 1.0m¢/min.
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Table 2.7. Inorganics of the soy protein hydrolysates in comparison to
the commercial Difco products
(units : % amount)

Tasigsamties Bacto Bacto SM- ISP-
Soytone Peptone hydrolysates hydrolysates
Calcium 0.055 0.008 ND ND
Chloride 0.165 1.086 3.200 6.100
Cobalt <0.001 <0.001 ND ND
Copper <0.001 <0.001 ND ND
Iron 0.008 0.004 0.040 0.004
Lead <0.001 <0.001 ND ND
Magnesium 0.161 0.007 0.263 0.020
Manganese <0.001 <0.001 ND ND
Phosphate 0.820 0.445 1.290 1.470
Potassium 2.220 0.203 2.273 0.559
Sodium 3.404 1.759 5.400 7.500
Sulfate 2.334 0.244 0.074 0.073
Sulfur 1.660 0.410 ND ND
Tin <0.001 <0.001 ND ND
Zinc 0.001 0.001 ND ND
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Table 2.8. Inorganics of milk protein hydrolysates in comparison to the
commercial Difco products

(units : % amount)

Bacto Casein—hydrolysates Whey-hydrolysates

Inorganics Casitone : o . -
Calcium 0.010 ND ND ND ND
Chloride 0.110 3.256 0.168 2124 0.322

Cobalt <0.001 ND ND ND ND
Copper <0.001 ND ND ND ND
Iron 0.003 0.004 0.005 0.006 0.005
Lead <0.001 ND ND ND ND
Magnesium 0.019 0.005 0.006 0.067 0.075
Manganese <0.001 ND ND ND ND
Phosphate 2.604 0.117 0.118 0.017 0.023
Potassium 0.162 3.476 2.409 1.138 1.168
Sodium 3.073 8.362 5.096 1.809 0.500
Sulfate 0.339 <0.001 <0.001 0.074 0.073
Sulfur 0.676 ND ND ND ND
Tin <0.001 ND ND ND ND
Zinc 0.004 ND ND ND ND
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Table 2.9. Inorganics of beef and blood meal hydrolysates in comparison
to the commercial Difco products

(units : % amount)

[ Bacto Beef Sirloin- Shank- Serum-
extract hydrolysates hydrolysates hydrolysates

Calcium 0.018 ND ND ND
Chloride 1.576 5.116 4.811 0.930
Cobalt <0.001 ND ND ND
Copper 0.001 ND ND ND
Iron 0.001 0.014 0.008 0.056
Lead <0.001 ND ND ND
Magnesium 0.022 0.073 0.058 0.006
Manganese <0.001 ND ND ND
Phosphate 0.345 0.021 0.016 0.193
Potassium 1.994 1.367 1.275 3.946
Sodium 2.774 6.777 5.703 0.713
Sulfate 0.829 0.766 <0.001 0.078
Sulfur 0.661 ND ND ND
Tin <0.001 ND ND ND
Zinc 0.002 ND ND ND
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Table 2.10. Inorganics of silworm pupae hydrolysates in comparison to
the commercial Difco products

(unit : % amount)

limraiies Bacto Pupae 1 Pupae II
Peptone Hydrolysates Hydrolysates

Calcium 0.055 ND ND
Chloride 0.165 11.7 10.3
Cobalt < 0.001 ND ND
Copper < 0.001 ND ND
Iron 0.008 0.013 0.012
Lead < 0.001 ND ND
Magnesium 0.161 0.33 0.44
Manganese < 0.001 ND ND
Phosphate 0.820 2.450 2.75
Potassium 2.220 1.3 15
Sodium 1.759 ND ND
Sulfate 3.404 9.0 4.8
Sulfur 2.334 0.4 0.1
Tin < 0.001 ND ND
Zinc 0.001 ND ND
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Table 2.11. Amino acid compositions of the soy protein hydrolysates in
comparison to the commercial Difco products

(units : % amount)

Amino Bacto Bacto SM- ISP-
acids Soytone Peptone Hydrolysate Hydrolysate

Ala 2.46 8.67 1.70 2.46
Arg 3.82 6.76 2.02 1.61
Asp 7.27 5.60 5.20 7.75
Cys 1.45 0.20 141 1.21
Glu 12.76 10.21 9.18 13.85
Gly 2.51 15.59 1.32 1.96
His 1.24 0.58 1.10 1.66
Tle 2.37 1.45 2.19 3.25
Leu 4.03 3.01 3.32 5.00
Lys 3.45 3.42 2.61 4.10
Met 0.86 1.19 0.80 0.65
Phe 2.46 1.81 1.32 2.32
Pro 2.92 8.80 1.95 3.34
Ser 2.87 2.87 1.58 2.60
Thr 2.17 1.81 1.64 2.46
Trp 0.47 0.36 ND ND
Tyr 1.93 0.64 0.14 0.41
Val 2.65 2.35 2.20 3.19
Total 57.59 75.32 39.68 57.79
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Table 2.12. Amino acid compositions of the milk protein hydrolysates in
comparison to the commercial Difco products

(units : % amount)

Amino Bacto Casein-hydrolysate Whey-hydrolysate
acids Casitone I i I i
Ala 3.01 1.69 1.80 2.35 2.29
Arg 3.76 0.51 2.46 0.74 1.96
Asp 6.61 4.41 4.71 5.34 5.27
Cys 0.02 0.23 0.37 141 0.91
Glu 20.03 14.24 15.07 8.90 8.70
Gly 1.97 1.10 1.20 1.24 1.17
His 2.17 1.74 1.76 1.25 1.29
Tle 4.16 3.34 3.18 2.98 2.68
Leu 8.74 5.94 6.15 5.42 4.98
Lys 13.62 5.18 5.39 4.45 3.97
Met 1.7 0.76 2.04 111 0.88
Phe 4.02 2.59 3.09 1.66 1.78
Pro 8.57 6.91 7.67 3.14 3.84
Ser 4.82 2.99 3.66 2.91 3.21
Thr 3.74 2.73 2.67 3.89 3.67
Trp 0.14 ND ND ND ND
Tyr 2.09 0.93 3.22 0.54 1.50
Val 4.06 3.38 3.32 2.67 2.38
Total 93.24 58.64 67.74 50.00 50.48
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Table 2.13. Amino acid compositions of the beef and blood meal
hydrolysates in comparison to the commercial Difco products

(units : % amount)

Amino Bacto Beef Sirloin- Shank- Serum-
acids extract hydrolysate hydrolysate hydrolysate
Ala 8.96 3.81 4.56 3.14
Arg 5.66 0.52 1.20 2.27
Asp 4.30 6.40 6.55 5.09
Cys 0.17 0.49 0.58 0.21
Glu 12.55 11.34 12.06 4.49
Gly 16.25 4.06 6.73 1.92
His 2.50 2.39 2.03 2.44
Ile 145 3.46 3.27 0.41
Leu 3.63 5.58 5.44 4.67
Lys 3.27 6.44 6.30 5.81
Met 1.08 0.97 1.09 0.42
Phe 2.00 2.18 1.97 2.53
Pro 9.58 3.85 4.98 1.57
Ser 2.10 212 2.65 1.86
Thr 1.42 3.35 3.38 1.40
Trp 0.32 ND ND ND
Tyr 1.03 0.38 0.37 1.03
Val 2.62 2.55 2.61 3.47
Total 78.89 59.90 65.79 42.73
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Table 2.14. Amino acid compositions of the silkworm pupae hydrolysates
in comparison to the commercial Difco products

(units : % amount)

Amino acids P}zgtc(fge H}f(i}:)?;s;tes Hsfcﬁ”%?;sg:es
Ala 8.67 2.96 3.31
Arg 6.76 1.83 1.05
Asp 5.60 5.66 6.59
Cys 0.20 0.72 0.93
Glu 10.21 6.39 8.00
Gly 15.59 2.51 3.35
His 0.58 1.93 2.40

Ile 1.45 2.53 3.13
Leu 3.01 3.78 4.76
Lys 3.42 3.66 4.76
Met 1.19 1.50 2.28
Phe 1.81 2.45 3.17
Pro 8.80 1.84 2.82
Ser 2.87 2.37 3.37
Thr 1.81 2.48 3.09
Trp 0.36 ND ND
Tyr 0.64 1.24 3.20
Val 2.35 3.08 3.79
Total 78.89 46.53 60.0
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Fig. 2.7. Growth of Escherichia coli, Staphylococcus aureus, Proteus
vulgaris and Klebsiella pneumoniae in the culture broths prepared with
the soy protein hydrolysates and Difco products.
grown at 35x2C with shaking.
<A> Bacto Peptone;
<C> SM-hydrolysates;

The cultures were

<B> Bacto Soytone
<D> ISP-hydrolysates
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<C> <D>

Fig. 2.8. Colony morphologies of Escherichia coli, Staphylococcus aureus,
Proteus vulgaris and Klebsiella pneumoniae on the agar plates which
made of Bacto Peptone <B.P>, Bacto Soytone <B.S>, SM-hydrolysates
<SM>, and ISP-hydrolysates <ISP>. The cultures were grown at 35%
2C for 48 h.

<A> Escherichia coli; <B> Staphylococcus aureus

<C> Proteus vulgaris; <D> Klebsiella pneumoniae
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Fig. 2.9. Growth of Lactobacillus delbrueckii subsp. lactis and Lacto-
bacillus fermentum in the MRS broths prepared with the whey protein

hydrolysates and Difco products. The cultures were grown at 3512T
with shaking.

<A> Bacto Peptone; <B> Whey I -hydrolysates; <C> Whey Il ~hydrolysates

_87_



<B>

Fig. 2.10. Colony morphologies of Lactobacillus delbrueckii subsp. lactis
and Lactobacillus fermentum on the MRS agar plates which made of
Bacto Peptone <B.P>, Whey I -hydrolysates <W 1>, WheyIl -hydro-
lysates <WI >. The cultures were grown at 35%2°C for 48 h.

<A> Lactobacillus delbrueckii subsp. lactis,
<B> Lactobacillus fermentum
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Fig. 2.11. Growth of Escherichia coli and Bacillus subtilis in the culture
broths prepared with the caseine hydrolysates and Difco products. The
cultures were grown at 3512C with shaking.

<A> Bacto casitone; <B> Casein I ~hydrolysates; <C> CaseinIl ~hydrolysates.

_89_



<B>

Fig. 2.12. Colony morphologies of Escherichia coli and Bacillus subtilis
on the NZYM agar plates which made of Bacto Casitone <B.C>, Casein
I -hydrolysates <CI>, Caseinll-hydrolysates <CIO>. The cultures
were grown at 35x2C for 48 h.

<A> Escherichia coli; <B> Bacillus subtilis
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Fig. 2.13. Growth of Salmonella typhimurium and Staphylococcus aureus
in the culture broths prepared with the beef and blood meal hydrolysates
and Difco products. The cultures were grown at 35+2°C with shaking.

<A> Bacto Beef Extract;
<C> Shank-hydrolysates;

<B> Sirloin—hydrolysates

<D> Serum-hydrolysates
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<A>

<B>

Fig. 2.14. Colony morphologies of Salmonella typhimurium and Staphylo-
coccus aureus on the agar plates which made of Bacto Beef Extract
<B.B>, Sirloin-hydrolysates <Si>, Shank-hydrolysates <Sh> and Serum-
hydrolysates <Se>. The cultures were grown at 35+2C for 48 h.

<A> Salmonella typhimurium, <B> Staphylococcus aureus
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Fig. 2.15. Growth curves of Escherichia coli, Staphylococcus aureus,

Proteus vulgaris and Klebsiella pneumoniae in medium prepared by

Bacto Peptone<A>, silkworm pupae-hydrolysate I <B> and silkworm
pupae hydrolysates II<C> at 35T with shaking.

<A>Bacto Peptone; <B>Pupae-Hydrolysates I; <C>Pupae-Hydrolysates II
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<A>

<B>

<C>

<D>

<B.C> <S | > <Sll >

Fig. 2.16. Colonization characteristics of Escherichia coli <A>, Sta-

phylococcus aureus <B>, Proteus vulgaris <C> and Klebsiella
pneumoniae <D> in Bacto Peptone, silkworm pupae-hydrolysates which
contain agar. The cultures were grown at 35x2C for 48 h.

<A> FEscherichia coli <B> Staphylococcus aureus
<C> Proteus vulgaris <D> Klebsiella pneumoniae
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Fig. 2.17. Growth of Salmonella typimurium and Staphylococcus aureus
in the culture broths prepared with silkworm pupae hydrolysates and
Difco products. The cultures were grown at 35+2TC with shaking.

<A> Bacto Peptone; <B> Pupae-Hydrolysates I; <C> Pupae-Hydrolysates I

- 06 -



Fig. 2.18. Colony morphologies of Salmonella typimurium and Staphylo-
coccus aureus on the agar plates which made of Bacto Peptone <B.C>,
silkworm pupae hydrolysates I <S I >, silkworm pupae hydrolysates I
<SIO>. The cultures were grown at 35x2C for 48 h.

<A> Salmonella typimurium; <B> Staphylococcus aureus
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Fig. 2.19. Growth curves of standard organism, Candida albicans
<A> and Saccharomyces serevisiae <B> in the broth prepared by
Bacto malt extract, Chilkab malt extract, Hanwool malt extract, and
black- strap molasses. The cultures were grown at 352C with

shaking.
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<A>

<B>

Fig. 2.20. Colony morphologies of Candida albicans <A> Saccharo-
myces cerevisiae <B> on the Malt agar plates which made of Bacto
malt extract <B.M>, Chilkab malt extract <C.M>, Hanwool malt
extract <H.M> and blackstrap molasses <M>. The cultures were
grown at 30+2°C for 48 h.

<A> Candida albicans, <B> Saccharomyces cerevisiae
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Fig. 2.21. Growth of Aspergillus niger in the culture broths prepared
with Bacto malt extract <B.M>, Chilkab malt extract <C.M>,
Hanwool malt extract <H.M> and blackstrap molasses<M>, The
cultures were grown at 30+2T for 48 h.
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Fig. 2.22. Colony morphologies of Aspergillus niger on the agar
plates which made of Bacto malt extract <B.M>, Chilkab malt
extract <C.M>, Hanwool malt extract <H.M> and blackstrap
molasses <M>. The cultures were grown at 30+2C for 72 h.
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Table 2.15. Properties of the granular fertilizers made of inorganic

materials and microorganisms, in comparison with the microcapsules

Mixed-type Size in diam. Hardness
. Remarks
microcapsule (mm/ ¢em) (®
Microcapsule-1 1.56 £ 0.14 mn 152.7+414
Microcapsule-2 1.58 £0.10 mm 170.4 + 39.8
Microcapsule-3 856 + 0.82 um ND

Size of the capsules in diameter were determined by a Camscope (Semtech
Vision, USA). Hardness of the granules and capsules were determined by a
rheometer (TA-XT2i Texture Analyser), and presented as the force (g) in
compression. Conditions were: pre test speed, 3.0 mm/s; test speed, 2.0 mn/s;

post test speed, 2.0 mn/s; and distance, 75%.
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Table 2.16. Changes in viabilities during encapsulation and preservation

Sample Before After After storage” After storage’

P encapsulation encapsulation for 6 months for 12 months
8 8
Microcapsule-1 59 x 10° 56 x 10° 48 x 108 3.1 x 108
2.8 x 10 1.6 x 10
, ) . 4.1 x 10° 39 x 10°
Microcapsule-2 59 x 10 4.3 x 10 3 3
3.7 x 10 2.2 x 10
7 7
Microcapsule-3 59 x 10° 1.1 x 10° 9.3 x IOF 54 10
6.2 x 10° 85 x 10°

* The samples were stored at 25/35C in the dark and dry conditions.

Table 2.17. Shelf life of the microcapsules calculated by Q1o value

Sample Limit Shelf-life (mon) Q
viability ~ 25°C 30°C 35°C 1
1 % 10° 27.12 20.65 15.70 1.73
Microcapsule-1
1 % 10° 22.80 17.20 13.00 1.75
1 x 107 38.31 26.59 18.48 2.07
Microcapsule—2
1 x 10° 30.00 20.61 14.16 2.12
1 x 10 22.21 16.27 11.93 1.86
Microcapsule-3
1 x 10 2.93 1.94 1.29 2.27

Limit numbers of viable cells per gram of the microcapsules were set at 1 x
10" <Upper> and at 1 x 10° c.fu/g <Lower>.
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Fig. 2.23. Apparent morphology of Microcapsule-1 <A> and -2 <B>.

<Left> before drying, <Right> after drying
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<C>

Fig. 2.24. Size measurements for the Microcapsule-1<A>, -2<B> and
-3<C>.

Apparent diameters were determined by Camscope (Semtech Vision, USA) :
1.56£0.14 mm for <A>; 1.58+0.1 mm for <B>; 8.56+0.82 um for <C>.
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Fig. 2.25. Morphologies of the Microcapsule-1<A>, -2<B> and -3<C>.

<A> Surface of the Microcapsule-1 which prepared by sodium alginate
encapsulation and dropping into calcium chloride soln.

<B> Surface of the Microcapsule-2 which prepared by sodium alginate
encapsulation-chitosan coating.

<C> Surface of the Microcapsule-3 which prepared by sodium alginate
encapsulation and spray drying.
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Fig. 2.26. Calculation of Q10 values by the rate of reduction in bacterial
counts during storage at 25 and 35TC.

<A> Microcapsule-1, <B> Microcapsule-2, <C> Microcapsule-3
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9. FAA-mBE EFHE

N

T FUIAEE 9REFVI

4

|

Aol thste] ok 20% H7tste] 1=
A28k thg Al 22k FEFA oA e AES APAZH o, oEA oA
AL vatd] FolA] 45T dEAZR7) Ho] 7Axs}

2700 wheh Yl Fae] FHow FFHEAC,

=

7h B S AA-n A E 3

Pilot-scale ZHAE7 |2 AEA, A5, AgolBEE 52 st 2714 ¢
A7) <Lt 3.60+0.35mm in diam/ S: 1.22+0.38mm in diam)® A9 A &elo] E-n

e EFAAE Az, B AHEA, G, AlLTE, S A8E o
nAE EFAHEE AXSFAT FA= A A7) o <L 3.60+ 0.35 mn/
M : 3.60+0.35 mn/ S: 1.22+0.38mn in diam)® T3+t <Fig. 2.27 2 2.28>

o

2]
=)
ol 1 gwe] 4ol lofA FFE el Zpol= H}\}V\E]' ofe] wighHl &S Wl
o

stol AR &S ol APeGon ARM, ALE, ALetel=E AT B
V) ALl - T EFAAC vlstel AEA, A, ALetelE, APHS

Az sl Axd vAE I Hn e HFHor HErt =9l <Table
2.18>¢] LrER whe} o] Ao 905:522~92.3+492 gol Hlate] TR A
T 1024#438~112.6%639 golom, o5 BT A Axd wARE]
152.7+ 41.4~170.4 + 39.8 Bt} L7} shoke},

gy ol EFAYHE vAAEds dE GA RS Fete] EabEHe
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Table 2.18. Properties of the granular fertilizers made of inorganic

materials and microorganisms, in comparison with the microcapsules

Mixed-type

Size in diam.

Hardness

granule/capsule (mm) (g) Rl
Zeolite/
Microorganism <L> 3.6 £0.35 92.3 £49.2
<&5> 1.2 £0.38 90.5 £ 52.2
Inorganics/

Microorganism <L> 4.8 £0.61 112.6 £63.9
<M> 3.6 £0.36 108.1 £ 23.7

<S> 2.2+0.45 102.4 £43.8
Microcapsule-1 1.56+0.14 152.7+41.4
Microcapsule-2 1.58+0.10 1704 £ 39.8

Notes refer to Table 2.16.
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Table 2.19. Changes in viabilities during granulation and preservation

Sample Before After After storage” After storage”

© granulation granulation for 6 months for 12 months
Zeolite/ o ; 1.8 x 10 79 x 10°
Microorganism<L> 4.0 > 10 27 > 10 95 x 10° 6.6 x 10°
Zeolite/ o ; 12 x 10 81 x 10°
Microorganism<S> 40 x 10 5.3 x 10 11 % 107 492 % 10°
Inorganics/ 0 . 26 x 10 24 x 10
Microorganism<L> 35 < 10 88 x 10 29 x 10 15 x 107
Inorganics/ 3 . 32 x 10 1.7 x 107
Microorganism<M> 35 < 10 9.1 > 10 19 x 107 9.8 x 10°
Inorganics/ 3 7 2.7 x 10 2.1 x 10
Microorganism<s> 35 * 100 83100 00 ey

* The samples were stored at 25/35C in the dark and dry conditions.

Table 2.20. Shelf life of the granules calculated by Qio value

Shelf-life (mon)

Sample Quo

25°C 30°C 35°C
Microozrego;irfies/m<L> 10.80 9.62 8.57 1.26
Microozregoéirfies/m<8> 971 9.11 8.53 1.14
Micrlgc?rrgg:rrlliiscri/<L> 12.75 11.97 11.21 1.14
Micr{)rg?,giﬂ‘;féM> 11.95 11.17 10.42 115
MicharSanes o 1252 12.34 12,22 1.02

Limit numbers of viable cells per gram of the granules were set at 1 x 10
cfu/g.
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Fig. 2.27. Two types of the zeolite-microorganism granules.

<Left> Average size of the granules with 3.610.35mm in diameter.
<Right> Average size of the granules with 1.2+0.38mn in diameter,
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<A>

<B>

<C>

Fig. 2.28. Mixed-type granular fertilizer made of inorganic materials and
microorganisms.

<A> large size, <B> medium size, and <C> small size granules
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Fig. 2.29. Calculation of Q10 value of the granules by the rate of
reduction in bacterial counts during storage at 25 and 35TC.

<A> Zeolite/Microorganism-L, <B> Zeolite/Microorganism-S,
<C> Inorganics/Microorganism-L, <D> Inorganics/Microorganism-M,

<E> Inorganics/Microorganism-S
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10. SHA-HABE EFFHH v&ula
7h Algepol E-nAE 3 Y
Aol A Az ASHE-mAEEFAAR A=AMAIDS Fsto] v
2 HEE et Aldekes (ARG A FATSAE 31THA) AFFE]
A ADTE WA 15 m® (15310 mE Jejujxste] 3ukE o 3 (FF: A
"HE Auietd o, G5 A5G FF
st A mAES WMt EYS FAbsH
Aol E-mAZEFAA T H
221 2 222> YJeEYAT. BESAAEQA BA4AE 007%, 92 0.12% % v 5EH4
A FEEAoH, FdES HEHA FSkth
A EGFe] EAS AMYEN S pH 6322 °fFbAolda A7 HE==(EC)
222 dS/m, 2T 0.24%, FEJAM 862 mg/kg o & Tha =okth X3 gel2
2 Z3gteFo] 516 cmols/kg, E 2.34 cmol/kg, 7] 2.08 cmol/kg 5 ©] ATt
B stehd WstE AyREd, dAVdRerr o Frbelte AEgE EA,

o 32
id

ofjs

Aot F718 T2 R garsdout AEAu AlE § dA At E
o] gtata A & Aol HAT STk <Table 223 B 224 x>
F(Ea)ol vlE FAHE(F A - A= 2P A)e] FHRk
ATl A 3~9%9 T7FENE B, FEE 3~9%9 TV
X< Btk 28y AS5ZA3e 2 Duncand Aus HA A3 5% Fo 5
FolA 7 AT gzt d ) fodel AR A ek

W FAHE Y FHwE 9 A w A el A ol

(Aol HlE 2~5%A e =A vEwtey, oz (EE)ek 4 AT

o
1o
o
o
=
BN

-

w2 xR
oft
=)
=
of

(A h)ol Hlall 4~12%, 6~18%° Trads Blow, ekt A
Fo] EAAE A dE2F(EE)eF 5% FolaTelA FHAF D w gl A

72k frejidol 18 ¥ ek <Table 2.26 33>
, A A7 Fate] ARG Alule] wE o] de

=

- 115 -



AEA ke, FAH =

o Al el @

¢, <

, e Y A g =4 A
2 9 owf kA gl ol A S4E A
Table 2.21. A48 HFAHAE (F84)
T = © G H 3
%
TAYE R 0.07 0.12
2
A4 0.05% ] 4+ 0.196°] %
Table 2.22. IALEY FAAHE
Hl & g oldAk =5 =5 o34t
2w | ya = &4 g Jt=F® o3 A
mg/kg
TAAE ND* ND ND ND ND ND ND 2 &
*, Not detected (FZ5 A &5
Table 2.23. ABIE L] o|3}s3 EA
N N Ava.- Ex.—cations
_ pH EC T-NT-C P20s (cmol/kg) G
AE T (1)
dS/m %

mg/kg Ca? Mg? K’ Na' cmolc/kg
0.24 352 862

Al

%

A 6.3 2.22

516 2.34 2.08 1.01 14.1
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Table 2.24. A PAZ Au|ELFS o]3sd EA

B B Ava.- Ex.—cations
A EC T-NT-C ‘pa ool CEC
e dS/m % mg/kg Ca® Mg? K' Na' cmols/kg

A 6.3 222 024 352 862 5.16 2.34 2.08 1.01 14.1

#P++ 60 251 019 321 761 493 2.01 1.79 1.10 13.3
di- 60 246 020 322 768 494 202 1.77 1.11 13.3
| Wk 61 248 021 324 764 496 2.00 1.77 1.07 135
A 61 245 020 325 768 5.00 2.01 1.80 1.08 136

Wi~ 6.0 246 021 324 765 5.00 2.03 1.81 1.10 135

Table 2.25. Al &l E-VAE EFIAFY vHE7} FF9 ASFd vA= a9

4 # 4 = Chlorophyll &3
A 8 F 5

cm A &= cm A &= mg/100cm® A F

o8 16.5" 98 11.8% 99 2.20° 99
PEzF(ETT) 16.8° 100 11.9% 100 2.22¢ 100
FH g T 17.4° 103 12.22 103 2.27° 102
Fd AFAHY T 18.0° 107 12.5 106 2.31° 104
2R AT 183 109 129° 109 234" 105

Table 2.26. Al &) E-vAE EFHH v57F 59 F3Fd A& &3

N T & F N A F F
2 g F = = —
(kg/1005) x| &= (g/10EA) A 5=
a8 T 2.49° 99 53.7° 99
=T (E ) 252" 100 54.5 100
S wkEEA gt 2.63% 104 57.6% 106
R A gAY T 2.78° 110 62.2° 114
F vl e 2.82° 112 64.2° 118

*DMRT at 5% level
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Fig. 2.30. A/&olE-nAYE EFIHH HE 3 AuA Y
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- 118 -
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VAN
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V

O RAAR- A e S

Wl FrSAA-nAAEETAAN et FEA AdoerA= A
o &

2017 S 34

o0
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o
[N
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5
a
Q
8
lo
=
o
o
S
>
ofo
ol
o
e
>,

4 gatslod, BT
g B FeldEe] EAAIE <Table 227 3 228> Uetdiodeh BFAE<
Tt 007%, B 0.12%% HlEFATFE FgEAeH, FAHEe HET

Ak

=g getd wstE AvRu, AY d EGS AGER JTHIGES e
71 A BEdemA g-eutet ARt Abe Bk pH 548, FaQlAt 256 me/kg BTk of
b ES Edolflont, AANl Ao A Bt Al A - F B Wb
= Avuy pHe of #2sigla, A7IHEEEC) 7= Fakht 58 o
bSTr G eu A Al A Aol =Fe] shebd sS4 & Aol
= A = AT <Table 2.29 F=>

AR A F 15, 302 S-S AHEY, g2 (drTel HE TAEE
(FAA - A= HA) ] FHkg, A7 5 owEFA e el 239 2 5ol T
ZbetRAal, AEEE 3~10%4 =0 SRS Hild aEu A5Add ne

Duncan®] Altts AA 2y} 5% o FwolA 2 A dx27EdHe

42 50d F HAFAS ALY FANE(EAA - AR HA) ] F
Avre g A=, v g oA dxFEaE)e vlE 2 4~11%, < 7~
12%, 47 4~11%A% =7 Jepgon, A5 A4, Ay Rroz7(dd
T) B 7~17%, 7~15% Z7Fetdeh. AT & AN, As39 SAH] A3 o
ZTF(EA )Y 5% FoFFelA FAAF L owFTolA Zh fFoAde] AAE
2t} <Table 2.30 x>

ARHoR A ANPNTE Fahe] FAME(SAA-AERHA) ] A
w2 2payl BEe] dds A Fekon, FAN E(FAA - AEHA)
Aol mE AFavwl gEe] A8 A dErF(dd )R A Fel wat 23

[e3]

s, 24 ol FARYT, AFF ALY L AdRE S5
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Table 2.27. AL RY BEFAE (F8&4)

7 2 i ® 4 o @
%
TALE 0.07 0.12
- g}
RIS 0.05%°] 0.19%°]%
Table 2.28. A& FHHE
H) & £ olad Hg JSH opga
S | y&a = ! 3 JI=F o3 Wz
mg/kg
FA¥9®  ND° ND ND ND ND ND ND =3
*, Not detected (FZ5A &=
Table 2.29. Al EF2] o|3 sty EA
3 _~ Ava.- Ex.-cations
o5 = oH EC T-NT-C P,0s (i) CEC
1:5 + + + +
( )dS/m % mg/k Ca® Mg?® K" Na' cmol/kg
Al 6.3 222 024 352 362 5.16 2.34 2.08 1.01 14.1
#3463 2.05 0.08 221 267 580 2.13 1.79 1.32 12.2
A |+ 63 1.96 0.09 2.32 270 6.04 215 1.77 1.30 12.3
5 W 64 2.00 0.08 234 274  6.00 205 1.77 1.30 125
T HHEFL 65 1.8 0.10 2.45 280 6.10 2.15 1.80 1.29 12.6
W 65 191 0.11 250 290 6.13 2.08 1.81 1.27 12.5
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Table 2.30. TAIZES A5EA A3}

2% =28 273 9283 LB

A g T AGHE AsE

cm m mg/100ct g/ea

35.0° 11.0° 5.15 4.40° 24.4° 5.60°

#* 8 T 38.6 16.1° 5.29 478 30.4 7.50
40.7° 22.8° 5.53? 5.14 37.9° 99

35.3° 11.0% 4.99° 4.72° 24.3" 5.67

#HY(F ) 38.7° 16.4% 5.26 4.86" 30.5° 7.67
40.8° 23.3" 5.52° 5137 38.4° 100

37.0° 12.3% 5.01° 472 25.9° 6.27°

23 wedE 7 408 17.4° 553" 4.94° 319 797
42.6% 25.0° 5.75 5.31° 40.9" 107

39.0° 12.3 5.36" 5.00° 26.5" 6.37"

=2 AegpAe T 423" 176° 5.66" 5.10" 337 847
45.0° 25.5 6.05 5.43 43.3° 113

39.7° 12.6" 547 5.09 27.2° 6.40°

z3 wWede 423 179 573 517 340° 843
45.3 26.2° 6.11° 5.54 45.0° 117

*DMRT at 5% level
% ARZAAT  <ASAAT 1598, <F>AHF 09H, <E>AHF 5024,
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Ao A Az FISAA-MABEEGAA 29 FHe FaEd4d 234045
mo = ZEAMAIGS Sate] vs] 9 vagEs FHsan. Aldee (R
AN FATEAE 125-190A) AFFENA A7 w4 15 m” (15510 m)E ¢
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N

A A" F A Aol Bl stehd S Z Aols AT
ez}

FAME Aol e AEEAAT G AP RTdR T Ha FA

P g o FHuak HH g wFAE oA 5~9%9] F7MEHRE HAa, 4=
T 2~7%9 S7F 298 R a8y ASZA e w2 Duncand AthE #HA
A 5% 19 FEollA 2 Al dR2TF(EA )9 Fede] A ko

zFEA )l v& 2~6% A= =4 dveEbgou, dEFET ) 72 A
o] FolAde YEFA] gkt <Table 2.32 #ZE>
A

_|C_>'__
AgAow A NYIHL Bate] B4 FyuRe) Aol me F3e| 74
o Aol we gEe] A% AEHE dET(LET)
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Table 2.31. Al1@ A - F IFANEYFY 384 54
W e PH EC T-NT-C ‘pa” X oo CEC
(1:5) dS/m % mg/kg Ca? Mg® K' Na' cmolJ/kg
AP¥H 670 085 027 333 750 511 228 170076 138
R Ay 648 143 019 309 673 481 203 149110 130
] g7 649 132 019 305 679 488 205 146106 130
3 Wk 657 123 021 308 679 487 205 1521.02 134
N AT 664 125 022 311 673 490 206 1.471.01 136
CowlEr 661 123 023 314 682 495 209 149 1.01 13.6
Table 2.32. Z5F9 AKd WA= &3
3 q4 = Chlorophyll 3=
A 8 F
cm A cm A4 mg/100cm® AF
8 T 16.0° 100 10.9° 99 2.10° 99
HEFCEAT) 16.0° 100 11.0° 100 2.13° 100
FH wEFAYT 168° 105 11.2° 102 217 102
FH HFAYT 1710 107 115° 105 2.21° 104
Fd mEgAE T 174° 109 11.7° 107 2.26° 105

+*DMRT at 5% level
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Table 2.33. 459 =& F A= &3}

i F & F N AT F
A g
(kg/100F) ) 5 (g/10EA) =
7 & 2.45¢ 93 53.44 97
2= (E ) 251 100 55.0¢ 100
R oA T 2.64™ 106 58.4% 106
FH HEFA T 2.78" 111 62.4™ 113
FH w =T 2.85 114 63.8 116

*DMRT at 5% level
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11. BAAH &4

2B 9234 (batch process)® A &39S A
Ao g Faketdon 1 ARE <Table 234> Agstsich =gk Alart4
o] Hus flte] APE % Y-S wiA 7hAE <Table 2.35>] “ERAA.
A= HAA AlAHIL = AAGE A 7HF ol Hetd dA s kel

woll, MAEE WA E Aiste dEdAC] Aol Jhssitta AAHAT Fu
Ahake] BAS oddsior & Zlolnk fH o A FAfel o3 TolAe ER
=59 Aol Ao 22 o FwAMAEZ A peptone®= AAZHORE 7FH X
FEo wekA = mAEAA Ak A A A A
‘H E o At FliAIgY R wEEAEA
oz FAHY, v FAHAT 4 A st

- aelsfor & Aotk

30,
rlo
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Table 2.34. Production costs for the protein hydrolysates and malt

extracts
yd g2 ©H =
H ] 0@/52% ?1-7]- Ag }?_]_'H]
9 = & A /A ok H] & ca
= SRR Sl Pancreatin : 4500,00091 4500091  Soytoned& 75%
250¢1 x1,000kg 60,0001 x40kg 7,195,000+ 750kg
=9,5909 /kg
FhA| Sl - Pancreatin : 6,975,000 69,0000 Casitone/Tryptone
1,1009x1,000kg 60,0001 x50kg TE& 66%
Protamex : 11,669,000+660kg
21,0001 x25kg =17,6809/kg
74 Pancreatin : 6,975,000 69,0000 Whey hydrolysate
4509 x1,000kg 60,0001 x50kg T& 86~90%
Protamex 11,019,000+860kg
21,0009 x25kg =12,8109/kg
R KOH : 3,500,000 35,0009 Blood peptoned=&
5009 <1,000ke 2,000 x60ke 469%
HsPOy - 4,235,000+460kg
2,000 x40kg =9,2109/kg
Wol - 2,800,000  28,000¢ Malt ext. &
2,8004 x1,000kg 52~54%
3,108,000+530kg
=5,83604/kg

¥ Production costs were calculated when the hydrolysates and extracts were

produced by batch process.
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Table 2.35. Prices of the peptones, yeast extracts and malt extracts

Items Manufacturer Package Retail price Grade
Peptone NZP 5 kg 250,000 I
BD211677 500 g 82,500 L
Soytone Sigma 87972 1 kg 83,000 I and L both
5 kg 343,000 I and L both
BD243620 500 g 85000 L
. 1 kg 77,000 I and L both
Tryptone Sigma 95039
5 kg 370,000 I and L both
BD211705 500 g 73,800 L
Casitone BD?225930 500 g 117500 L
Yeast extract Hubei Angel 25 kg 240,000 F
. 1 kg 89,000 I and L both
Sigma 09182 5 ke 318000 I and L both
BD212750 500 g 74500 L
Malt extract Sigma 70167 500 g 77,000
BD218630 500 g 53,800 L

I, industrial use; L, laboratory use; F, food additive.
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Table 4.1. Objetives of the study and their achievements
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