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Summary

In oder to utilize the food waste from food industry, several
food products were developed in this research works. In addition to
food products development, food wastes produced from industry was
statistically surveyed for possible waste utilization as food

products. The results are obtained as follow.

Part 1. Development of natural spice seasoning.

In this work natural spice seasoning products were investigated
for their preparation conditions and procedures for effective
reutilization of red pepper seeds and garlic root portion, the
wastes from spice food industry. For the red pepper seeds(RPS), the
seeds were treated with steaming or roasting and then extracted in
water with addition of phosphates, organic acid, salt and sugar at
various pH and temperature. The results showed that RPS without heat
treatment produced better hot taste than heat treated ones. In the

temperature range of 70 100 , the extracts prepared at 80 for 30
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miutes resulted a relatevely high solid yield(27%) with mild color
and the highest in hot taste. Among the natural materials added to
RPS extracts to improve the harmonized hot taste, mussel was chosen
because of its high palatability. The mussel extraction study showed
that enzymatic hydrolysis with Protease (commercial) before
extraction and addition of K&£2D7 or Na3d04(1.0%) Tollowed by
extraction at 90 for 40 minutes were optimal in terms of solid
yields, color and sensory properties. The prefered mixing ratio of
RPS and mussel was 10 : 90(w/w) .

For extraction of root portion of garlic, several conditions were
studied. It was fTound that hydrolysis of ground garlic with
viscozyme.(a commercial polysaccharase) The ground garic was ground
and followed by extraction at 30 and pH 5.5 for 30 minutes with
addition of K304 or K&LD7 were optimal condition in terms of high
solid yields(34 36%) and retension of garlic flavor. The garlic
oleoresin extracted with ethanol was stable under vacuum or nitrogen
condition with addition of ascorbic acid and cysteine during
storage. The discoloration such as greening and browning, which is
the major problem in garlic products, was siginificantly reduced by

addition of cysteine, ascorbic acid, Na3®04 and Na#D7, individually
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or in mixture.
The spray dried RPS-mussel extracts and garlic paste processed by
pilot plant with using the selected conditions and procedures, were

evaluated high in their gualities by industial personnel.

Part 2. Conformation and separation of phytochemical compounds

in red pepper seeds and garic root portion

In order to extract the functional components of garlic
effectively, solid Vyields, electron donating ability(EDA),
nitrite-scavenging effects(NSE) and peroxide value of extracts from
five kinds of organic solvents and four kinds of acids were
determined. Methanol extracts were highest in the yield and
functionality.

Concentration and pH of methanol and ethanol and the addition
effects of citric acid and NaCl to alcohol were conducted to increase
the functionality of extracts.

Considering the using to food 50% ethanol were evaluated to best

- 13 -



solvent.

The extracts prepared from boiled garlic for 10-30min and at
40-120 . The EDA, NSE and total thiosulfinates contents were
investigated. The EDA and NSE was reduced extending the heating time
and raising the heating temperature but reducing rate of EDA was
large but that of NSE was little. The total thiosulfinates contents
greatly reduced, especially they cannot be dectable when garlic was
heated at 80 or more.

When the extracts from heated garlic were stored at 4 , 25 , 5
0 for 60 days, the EDA and total thiosulfinates contents were
decreased more drastically at higher temperature storage, but there
was a little change in NSE.

When garlic extracts(0.5-2%) were added to soy sause there were

snot observed gas formation and growth of film yeast.

Part 3. Statistical survey of the waste from food industry

A current status of general solidwastes from food industry sector

of which production is up to 7% of total domestic manufacturing
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production in 1995 was surveyed by based on the reported statistical
natural food resources data.

The Amount of eatable Tfoodstuff iIn 1995 was approxiually
34,446,000M/T. 24%(8,481,000M/T) of it were put into further food
processing as a raw materials and remainder were used as a food,
directly. 1,938,000M/T of general solid wastes were produced at the
pretreatment(lst processing) grain sand livestocks and 3,668,000M/T
were generated from the food processing(2nd processing), which was
approxiuatly 56% of raw materials. Volume of generated waste was
firstly depend on food source type and these kinds of general
solidwaste produced from processing of crops, Tishery, and meats
were produced 311,900M/T, 395,300M/T, and 12,100M/T respectively.

The other type is process specific, such as extracting or
conversion of a certain chief iIngradient, and the ratio of waste
verse raw material were 168%(fermentation), 84.7%(oil extraction),
55_1%(starch production), etc

Annual avenage of general solid waste generated from each food
industry in 1995 was 371.8WT, which was different from

manufacturing size, and Type of raw materials and process.
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Part 4. Separation of phytochemical components from soybean curd whey

Soybean curd wheys (SCW) left after producing tofu from 10
tofu-producing plants were collected and analyzed for the
contamination level (COD, BOD), physicochemical properties(viscosity,
color, etc.) and functional components (total protein, oligosacchari-
des, amino acids etc.). For separation and concentration of
oligosaccharides and proteins in SCW, ultrafiltration(UF) and
nanofiltration(NF) methods were applied. By UF, 90% of total protein
and 50% of ash in SCW were removed. NF concentrated oligosaccharides
efficiently. The effects of soybean oligosaccharide concentrated
from SCW on Bifidobacteria and pathogenic microorganism were
measured. The contents of heavy metals 1i1.e., Pb, Cd in
oligosaccharide were below the threshold level of them by Calpis
CO., in Japan. Refined oligosaccharides by ionic Tiltration were
dried to the fine powders with bright white color, and showed no
significant differences in sensory quality compared with Japanese
products.

The characteristics of soybean whey protein(SWP) concentrated by
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UF and NF were compared with isolated soybean protein(ISP). The
solubility of SWP was greater than ISP, the emulsifying activity of
SWP was less than that of ISP. SWP were fractionated by gel
filtration and each fraction was evaluated for ACE inhibiting
activity. The fraction superior in ACE inhibition effect was

analyzed further by prep-FPLC, TLC and MALDI.

Part 5. Preparation and utilization of calcium

components from eggshell

Eggshell crushed by a ball mill was separated from its membrane
under the optimum conditions (30rpm, 30min, volume fraction 0.08)
based on the difference in specific gravity in water. In order to
increase the calcium 1ionization rate, calcium-citric acid
complex(CC) and calcium-malic acid complex(CM) were prepared.

The calcium ion concentration of fresh noodle fortified with
1.0%(w/v) of CC and CM were 98 and 105ppm and those of loaf bread
were 240 and 220ppm, respectively. The sensory evaluation with fresh

noodle showed that 0.6% of CC and 0.8% of CM had significant
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difference(p=0.05) as compare to control. As for the loaf bread,both
CC and CM at the level of 0.8% had significant difference(p=0.01).
Concentration of calcium ion eluted from the Ramen fortified with
1.0%(w/v) of CC and CM were 62.8 and 24.8 ppm, respectively. These
concentrations were 198 and 78 times higher than control and 11.4
times higher compared to MEP(0.7%, w/v). Both sensory results and
reology of Ramen fortified with up to O0.7%(w/v) CM were similar to
control. Soy milk fortified with 0.2%(w/v) CC or 0.25%(w/v) CM
represents the optimum quality.

In summary, a new method to efficiently separate calcium
component and enhance in vivo calcium absorption rate was developed.
The organic acid eggshell calciun(OAEC) was incorporated with
various food including fresh noodle, loaf bread, Ramen, soy milk to
determine the threshold concentrations of OAEC without sacrifying
their original sensory attributes.

Plant design for producing OAEC on the medium scale was also
carried out. Based on the annual production rate of 240 ton/year,
mass and energy balances were made along with equipment selection,

plant layout, and economic analysis in detail.
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Part 6. Development of processing method for biodegradable

film from potato starch

Potato starch extracted from potato wastes was modified by
crosslinking(CL) or hydroxypropylation(HP) and polyethylene(PE) cast
films were prepared that contained 5% or 10%(wt) of the modified
potato starch. Physicochemical properties of the modified potato
starches and mechanical properties of the films were examined and
thermal and biodegradability of these Films were determined using
rapid and representative methods. Water binding capacity increased
but blue value, iodine adsorption, solubility, and swelling power
decreased with the increase of degree of substitution in CL and HP.
CL 1increased the gelatinization temperature of the starch but HP
lowered the gelatinization temperature. CL did not affect the
crystal region of starch granule.

Relative crystallinity of the starch was decreased and starch
granule was destroyed by HP. Mechanical properties of CL-starch/PE
films and HP-starch/PE films except 10.0 HP-starch/PE Tilm were
stronger than those of native-starch/PE films. Thermal degradability

of the films was evaluated by heat treatment at 70 for 12 weeks.
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CL-starch/PE fTilms and HP-starch/PE films were more sensitive on
thermal degradability than native-starch/PE film. Biodegradability
of the films was determined by the incubation with Pseudomonas
aeruginosa. CL-starch/PE films and HP-starch/PE films were degraded
easier than native-starch/PE film. Therefore, recycling of potato
wastes was economically useful as well as mechanical properties of
the films containing modified starches were improved and thermal and

biodegradability of these Films were fast.
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20 - 60%
40% Q.

Thresh@ capsaicin
capsainoid

@ capsaicin(8-methyl-N-vanillyl-6-nonenamide) dihydro-

capsaicin - capsaicin
100 dihydrocapsaicin 63, nordihydrocapsaicin

11, homocapsaicin 5, homodihydrocapsaicin 3
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@ polyphenol oxidase Singh @
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@ 65 0.1%, 75 0.5%, 85
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. Lukes(@)

S-(1-propenyl) cysteine sulfoxide , (2]
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( )

- Nacl,
sucrose, citric acid, ethanol, (NaHZP04, NaHPO4, Na304, sodium
citrate NadP2D7, Naz3D10, (NaPO3)n) -

Novozyme 89, Alcalase, Protamex 3 ( ) Novo Nordisk
(¢ )] Acid Protease A, Acid Protease , Protease
M ( ) Amano Enzyme ( U.S.A) -
2.
D
Fig-1 -
stirrer/hot plate(PC-320) hot plate

5cm
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Red pepper

seeds(RPS)
Non- Roasting(B) Roasting(B) Steaming(C)
heating(A) at 215 at 330 at 100
Drying at
50
Grinding Addition of water
(30mesh) (RPS:water=1:20(w/v)
Addition of Addition of Addition of
salt and sugar phosphate citric acid
(0.5-1.5%) (0.1-0.3%) (0.1-0.3%)
Heating
at 70-100
Cooling |
Centrifugation
(360?rpm)
RPS water
extracts

Fig. 1. Schematic diagram for preparation of several aqgueous extraction of

red pepper seeds.

215 330

100

10, 20, 30

10, 20, 30 50 4
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1:20(W/V) , 0.5 0.3%

(70-100 ) (10-60 ) 3600rpm
20 (HVR-2201V, ) .
2)
ethanol (29)) 0, 10, 20%
ethanol 1:20(w/v) 60 1

3600rpm 20

- 3 10
- 2
waring blander 1 -
Fig.2 2
80 100 20 120 , 0.3%, 0.6%,
0.9%, (NaHZP04, NaZHPO4, Na3P04 NafPD7, NaF10, (NaPOIn)
sodium citrate 0. 2.0% -
pH 6N NaOH HCI 2 10 -
0.01 1.0%
pH
30 120 - 90 40
shaking 30 120 20 3600rpm
15 (Whatman No.41) -
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Mussel

‘Defrosting in water

Deshelling

Washing(3 times)

Grinding
(Mussel : Water=1:2)

Hot water

extraction

Addition
of
NaCl

Addition
of
salts

Addition
of
pH(2-10)

Fig 2. Schematic diagram for preparation of mussel extracts

Extraction
at 90
40min

Filtration

for
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40 (5, 10, 15, 20%)
80 30 - 3 cheese clothes
3600rpm 15
(Whatman No.41) -
3.
105 (e
Brookfild viscometer(Model DV -
Brookfild Engineering, U.S_A) aml 2.0cm,
6.5cm 30 spindle No.21
100rpm -
(Chroma meter CR-200, Minolta) Hunter
L1 a1b -

Watman filter paper (#4)

spectrophotometer(Beckman. DU. 650 made in USA) 600nm

3 -
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10

(hot taste),

80 30

h odor)

(hot odor)

(hot taste),

(hot oder),

(roasted taste) 9

45-50

(umami taste),

(savory odor),

(off odor)

(ofT taste)

Duncan

20ml

(roasted oder),

(savory odor), (fis

(fish taste)

(umami taste),

(Allium sativum L.) 1995
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15%
- Cell
uclast 1.5L, Extrazym, Viscozym L 3 ( ) Novo Nordisk(
) - ,

7 (methanol, ethanol, acetone, isopropyl alcohol, n-hexane, methyle

ne chloride, ethylene chloride) ,
2.
(
) 20mesh
- pH
, Table 1
: 1:1(w/w)
, 25 24
- pH HCI pH 4.0, 4.5, 5.5
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Table 1. Chemicals and their concentrations used for the study of
effects on color changes of gound garlic.

Additives Concentration Additives Concentration
Salts Antioxidants
NaCl 05 2% BHA 0.02%
NaH P04 0.1% BHT 0.02%
NaHPO4 0.1% PG3) 0.02%
Na®P04 0.1% Glutathione 0.1%
SPP)) 0.1% Others
SMP2 0.1% Cysteine imM
L-ascorbic
NaZz205 0.5% ) 10mM
acid
NaZzs04 0.3%
Organic acids
Acetic acid 05 2%
Citric acid 05 2%
Lactic acid 05 2%

D Sodium polyphosphate, 2) Sodium metaphosphate, 3 Propyl gallate

2 50 100 60
25 24 »
- pH 0.05M citrate buffer
pH 3.0 5.0 80 0 10 -

ascorbic acid(A), cysteine(C), sodium metabisulfite(NalS205(S),
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sodium triphosphate(Na3P049 (P) ,

25 7
3. oleoresin
D
waring blendor 20mesh
3 30 100rpm
10 -
7 2
100rpm 30 5 ,1 4 -
(HVMR-2201V, )
15000rpm 15 (Whatman No. 4)
2) pH
pH IN HCI pH 2.5
5.5 , 0.1M (NaCl, KCI, CaClz

NaHZ204, NaHPO4, Na304, NadD7, KHFO4, KHPO4, KF04, KPLD7) 0.1M
(0.1IM acetic acid, citric acid, lactic acid, tartaric

acid, phosphoric acid)
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30 10 -

@ KLD7  phosphoric acid,

tartaric acid, sodium oxalate, CaCl2

10 -
3
2 3mm
waring blendor  20mesh
HCI pH 5.0
0.04 0.12%
60 - buchner funnel

Extrazym, Viscozym

30
: =1:5(w/w)
3 IN
100 -
50 30
aspirator
Celluclast,
Table 2 -

Table 2. Properties of commercial enzymes used for extraction of

garlic juice

Optimum conditions

Commercial hame

pH Temp( )
Celluclast 45 6.0 50 60
Extrazym 45 50
Viscozym 35 55 40 50
. Oleoresin
oleoresin 8
ethanol , 30 2 3600rpm 15
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- (Whatman No. 4)
Rotary vaccum evaporator (Eyela N-N Series, Japan) 30° Brix

oleoresin . oleoresin

0.1% NaZs25 NadP04 0.1% ascorbic acid,

cysteine 1% .

4.
3000rpm 15
(Whatman No.4) 105
- pH, ,
pH pH meter(DP-215M, Dongwoo Co.) , ACAC
10ml 0.1IN NaOH
%) -
(Chroma meter CR-200, Minolta Co., Japan)
Hunter L, a, b , 3
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spectrophotometer(DU 650, Beckman, USA) 600nm

. thiosulfinate

oleoresin 0.45 membrane Filter
Sep-pak C18
HPLC - HPLC(Waters Associate, USA)
Ri(Waters 486) UV detector(Waters 410)

. column Aminex HPX-87A stainless

column(7.8x 300nm, Bio Rad) , 0.005M HZ04, 1.5mil/min

20 -

thiosulfinate Freeman
- oleoresin 1ml 0 10ml
5ml 10ml hexane 5 Thermolyne(37600
Mixer) hexane 262nm
thiosulfinate -
5.
oleoresin ( , , ) (
s ) -
3
1 » B .

9 9 -
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(ANOVA)

9

Duncan
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1
1.
iy
oo ) (215 ,330 ) 80
30 , »
Table 3 .
(27.03%) 100 10, 30 33.20, 36.12%
215 30
37.37%, 330 20 40.10%
600nm
10
. L b
L b
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2)
100 80

Table 4 .

30

- 215 , 330

Table 3. Effects of roasting or steaming on characteristics of aqueous

extracts of red pepper seeds extracted at 80

Hunter
Temperature Time Solid yield Viscosity Absorbance
() (min) (%) (cps) (600nm) L a b
0 27.03 1.50 1.01 38.27 032 1457
1001 10 33.20 1.50 0.64 4474 -0.12 19.50
20 28.72 1.50 0.77 4755 0.03 2186
30 36.12 1.50 0.64 4773 013 2344
0 27.03 1.50 1.01 38.27 032 1457
2152 10 31.23 1.75 1.92 2766 027 14.38
20 27.40 1.50 1.36 30.78 0.14 14.74
30 37.37 2.00 111 31.26 0.03 1575
0 27.03 1.50 1.01 38.27 032 1457
3302 10 33.21 2.00 151 31.34 -0.22 14.60
20 40.10 2.25 1.01 3235 -0.06 18.89
30 29.82 1.75 0.54 4296 3.14 3556
1) : Steamed red pepper seeds at 100
2) : Roasted red pepper seeds at 215 or 330
10 , 215
, 330 20
(Table 5) (€))
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215

30 , 330 20 , 10 -

330 -

Table 4. Comparison of odor and taste of aqueous extracts of red
pepper seeds extracted at 80  for 30min after heating
treatments

Heat Description Heating time(min) E-value

treatment 10 20 0

steaming ot odor 4.80 4.20 3.80 0.40

(100 ) roasted odor 4.60 3.80 4.80 0.32
hot taste 6.40a 5.20a 3.20b 6.32**
roasted taste 3.00 3.40 4.20 0.41

Roating hot odor 4.40 6.00 6.60 2.13

(215 ) roasted odor 3.00 3.40 3.80 0.14
hot taste 4.00b 5.20ab 6.60a 3.01*
roasted taste 2.20 2.60 3.80 1.07

Roating hot odor 6.60 5.60 5.00 121

(330 ) roasted odor 2.60b 4.60a 6.20a 10.17*
hot taste 5.20 6.20 5.00 0.54
roasted taste 3.00b 4.60b 6.60a 10.41*=

** significant p<0.01

a, b Mean scores within row by the same letter are not significantly
different at the 5% level
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Table 5. Comparison of odor and taste of aqueous extracts of red pepper
seeds extracted at 80 for 30min after roasting and steaming.

. B C
Description F-value
215 /30min 330 /20min
hot odor 7.33a 4.67b 6.83a 5.50ab 3.38¢
roasted odor 4.33 4.33 5.17 6.17 0.64
hot taste 7.50a 4.50b 7.17a 4.67b 8.21%*
roasted taste 3.67b 467 517 6.67a 3.19*

* significant p<0.05

*** significant p<0.001

8, b, Mean scores within row by the same letter are not significantly
different at the 5% level

A: Red pepper seeds without heat treatment

B: Steamed red pepper seeds at 100 for 10min

C: Roasted red pepper seeds

D
(
) ,
Table 6,7 -
(Table 6)
70 80
30 27-2%%
- 70 80 1.50cps
90 100 1.50cps 1.25cps

70-90
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100 - b

Table 6. Effects of extraction temperatures and time on characteristics
of aqueous extracts of red pepper seeds.

Temperature Time Solid yield Viscosity Absorbance Hunter
() (min) (%) (cps)  (600nm)
L a b

10 21.58 1.00 123 4450 036 16.71
20 27.32 1.50 1.23 4458 0.23 16.19

70 30 29.45 1.50 1.25 3047 075 17.14
40 27.35 1.50 1.10 3093 111 18.30
50 26.93 1.50 0.59 3181 125 18.18
60 2511 1.50 0.61 37.27 117 17.50
10 23.68 125 111 39.18 0.63 15.60
20 26.95 1.50 1.06 4335 068 16.51

80 30 27.03 1.50 1.01 3827 032 1457
40 27.00 1.50 0.71 42.15 052 16.21
50 26.32 1.50 1.01 4393 0.68 17.40
60 25.35 1.50 1.33 4426 066 16.89
10 22.08 1.00 1.56 5834 -0.13 16.53
20 24.68 1.00 1.23 4549 083 17.03

90 30 24.92 1.50 0.76 3396 0.65 14.29
40 22.52 1.50 0.71 3405 0.86 15.02
50 22.85 1.50 0.84 4134 104 17.56
60 23.32 125 0.84 4505 1.09 18.09
10 25.99 1.00 0.64 4470 029 16.92
20 26.50 1.25 111 4145 027 16.34

100 30 28.12 1.50 1.25 41.33 024 1551
40 23.74 1.50 111 41.35 070 17.32
50 22.03 125 0.87 4455 0.69 18.03
60 22.97 125 0.87 4483 084 18.59
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2)

Table 7 70-100
. 5% 80
80 .
Table 8 80
10 30 10 50
80 30

Table 7. Effects of temperature on odor and taste of aqueous extracts
of red pepper seeds after extraction for 30 min.

Heating temperature( )

Description F- value
70 80 90 100
hot odor 5.50 7.25 7.00 4.75 3.07
roasted odor 475 4.75 5.75 6.75 2.59
hot taste 6.25ab 7.75a 7.25a 5.00b 4.35%
roasted taste 4.75 4.75 5.25 5.50 0.35

* significant p<0.05

a, b, Mean scores within row by the same letter are not significantly
different at the 5% level
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Table 8. Effects of extraction time at 80 on odor and taste of
aqueous extracts of red pepper seeds.

I extraction time(min)
Description F-value

10 20 30 40 50 60
hot odor 6.25a 5758 550 4.758 3.50db 2.75b 3.68*

roasted odor 3.50 4.50 5.25 5.25 5.00 5.25 0.72
hot taste 6.00a  6.25a 6.50a 5.75& 4.25&  3.00b 4.08*

roasted taste  2.75 3.50 4.25 5.00 4.50 5.50 1.87

* significant p<0.05

ac Mean scores within row by the same letter are not significantly
different at the 5% level

D
80 , 30
Table 9 -
80 30 (27.03%)
citric acid
18-22% 0.-2% 29.21%
1.5%
3.50cps citric acid (NazHPO4) 0.2
0.3% , 0.5%
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citric acid

citric acid L
(NazHPO4) L - citric acid a
-0.25, -0.20
NaP09h a )

Table 9. Effects of concentration of NaCl, sucrose, NaHPO4 and citric
acid on characteristics of aqueous extracts of red pepper
seeds extracted at 80 for 30min.

Concentration  Solid yield Viscosity Absorbance Hunter

(%) (%) (cps) (600nm) L a b
0 27.03 1.50 101 38.27 032 1457
NaCl 0.5 27.21 2.00 144 4459 -035 1311
1.0 23.42 2.00 0.47 4106 -0.33 1285
15 24.61 250 0.40 4258 -0.25 1293
0.5 17.59 2.00 0.55 39.64 036 13.70
Sucrose 1.0 18.42 250 2.87 3715 042 1448
15 22.23 3.00 431 30.86 1.03 1595
0.1 24.38 1.50 0.50 2659 052 1545
NazHPO4 0.2 29.21 1.50 1.60 19.84 0.87 16.64
0.3 28.22 2.00 0.75 2172 098 16.53
Citric acid 0.1 26.00 1.75 0.68 3544 -032 12.96
0.2 27.21 2.00 0.66 40.70 -0.80 1281
0.3 25.60 2.00 0.56 4855 -120 1236
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2)

Table 10 11

(NaCl) 0.5 1.5%

0.5%
0.5%
(NazHPO%
citric acid
2 _ -
5% 10

Table 12, 13

» , , citric acid
80 30
(Table 10)
masking
masking
1
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Table 10. Comparison of odor and taste of aqueous extracts of red
pepper seeds extracted at 80 for 30min after addition of
various concentration of NaCl.

concentration(%)

Additives  Description F-value
0 0.5 1.0 15

hot odor 57586 6.75a 6.00b  5.00b 4.55*

NaCl roasted odor 5.00 5.50 4.50 450 157
hot taste 6.00b 7.00a 7.00a  5.00b 3.67*

roasted taste 5.25 5.75 6.00 3.75 2.19

hot odor 6.758b 4.25b 525  4.25b 5.15*

Sucrose  roasted odor 5.75a 4500 4.758  3.75b 2.15%
hot taste 6.00b 7.00a 7.00a  5.00b 5.43*

roasted taste 5.75 4.00 5.25 3.25 1.95

* significant p<0.05

** significant p<0.01

a, b Mean scores within row by the same letter are not significantly
different at the 5% level
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Table 11.

Comparison of odor and taste of aqueous extracts of red
pepper seeds extracted at 80 for 30min after addition of
various concentration of NaHPO4 and citric acid.

- . NaZHPO4 concentration(%
Additives Description lon(%) F-value
0 0.1 0.2 0.3
hot odor 7.00 6.75 6.25 5.25 1.77
NaHPO4 roasted odor 5.75a 5.25a 5.00ab 4.50b 2.89*
hot taste 7.00a 6.75a 6.75a 5.00b 3.04*
roasted taste 5.75a 4.75b 3.75¢c 3.25d 11.80*+*
hot odor 7.00 6.75 6.00 5.50 1.94
Citric acid roasted odor 5.75a 4.50b 3.50c 2.50d 24.73**
hot taste 7.00 7.00 7.00 6.50 0.20
roasted taste 5.75a 4.75b 3.50c 2.50d 27.71%*
*** significant p<0.001
ad Mean scores within row by the same letter are not significantly
different at the 5% level
(Tablel2)
26.81% 4.11%), (23.43%)
2 ’ a
Q) , 1.22
Table 13
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Table 12. Characteristics of agqueous extracts of seasoning materials
with addition of 5% red pepper seed

Natural seasoning Solid yield(%) Absorbance Hunter

materials (600nm) L a b
Beef 23.02 1.64 41.03 122 1351
Anchovy 23.43 1.70 44.38 0.05 15.65
Pollack 26.81 2.09 33.16 0.47 12.98
Mussel 22.59 1.38 55.20 -0.76 13.83
Shrimps 2411 1.73 38.40 0.08 11.58
Sea mustard 21.65 0.96 50.28 -0.36 14.14
Sea tangle 22.47 121 52.75 0.39 16.87
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Table 13. Sensory characteristics of natural seasoning extracts with
addition of 5% red pepper seed

Natural seasoning meterials

Descripsion beef anchovy pollack mussel shrimps sea sea
mustard tangle

hot odor 5.33 5.00 5.00 5.67 5.00 4.67 4.33
savory odor 4.00 3.67 5.00 6.00 4.67 3.33 4.33
fish odor 1.67 3.00b 3.67&b 2.88b 4670 43300 6.53a
off odor 1.33 4.33 1.67 2.13 1.00 1.00 1.00
hot taste 4.33 4.33 4.67 4.25 5.67 4.33 4.00
savory taste 433dc 4.67dc 5.00dc 5.88a 5.0la 3.33c 5.3la
fish taste 3.67b 3.00b 333b 263b 433 333 6.33a
off taste 1.33 2.67 1.33 1.88 1.00 1.33 1.33

total

acceptability 68eb 79hc 86ad 5la 64eb 97d 74kc

Total acceptability was tested ranking test.
acMean scores whithin row TfTollowed by the same letter are not

significantly
different at 5% level.
*P < 0.05
, PH, sequastrants agents chark,
D
Table 14 -
80-100 80
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90 40

(Gl

(&) 95

90 40 -

2)
20

Table 15

(€3)
sodium hexaphosphate  NazHPO4
- Na304
sodium citrate 25%
pH Na3P04

- 86 -

® )

95

40

Na304

pH

19.0%

(80

100

)

30%

60

(a



Na3r04

a b - 1.0%
Na3F04l . 0%
- sodium
phosphate tribasic, sodium polyphosphate, sodium pyrophosphate

& . (€3) .

sodium citrate

Table 14. Changes iIn the characteristics of mussel extracts during
aqueous extraction at 80 100

Temp Time Solid yield Absorbance Color Sensory properties
() (min) (%) (600nm) L a b umami fish
taste taste
80 20 15.71 0.19 72.21 - 0.97 +18.37 + ++++
40 18.17 0.27 75.81 - 0.75 +20.83 + ++++
80 17.02 0.29 79.91 - 1.53 +21.08 + +++
% 20 17.41 0.23 79.86 - 1.65 +19.22 + ++++
40 18.97 0.37 83.96 - 1.04 +21.52 +++ ++
80 16.45 0.18 79.11 - 1.48 +22.51 ++ +++
100 20 17.90 0.14 83.06 - 1.55 +22.18 + +++
40 18.48 0.12 83.65 - 1.47 +22.55 ++ +++
80 16.65 0.17 85.83 - 2.08 +25.33 ++ +++
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3) pH

pH 6.25 , NaOH  HCI pH 2-10
Table 16
pH 18.97% pH 2
28.04% pH
pH 8 pH 10 27.07% ]
pH 10
] L (79.9)
pH 2 pH 10 L a b
- pH 7
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Table 15. Effct of phosphates addition on the characteristics of agueous

extracts of mussel extracted at 90 for 40 min

Concentration pH Splid Color Sensory
Phosphates (%) yield Absorbance properties
(%) (600nm) | a b umami fish
taste taste
Control 0 6.25 18.97 0.37 83.96 -1.04 +21.52 +++ ++
0.5 6.05 1751 0.42 73.17 -1.00 +20.19 ++ +++
NaHZPO4 1.0 590 16.80 0.52 68.26 -0.84 +17.83 +++ o+t
15 5.80 16.05 0.59 69.53 -1.29 +17.36 + ++
0.5 7.66 20.67 1.33 1352 +1.88 + 8.04 ++ +++
NaHPO4 1.0 796 20.99 2.29 16.36 +2.20 + 9.28 +++ +
15 811 2254 3.68 25.30 +4.15 +13.48 +++ +
0.5 8.44 2218 0.60 1461 +251 +8.74 ++ ++
Na3P04 1.0 953 2453 1.64 2211 +2.42 +11.74 ++++
15 10.23 25.52 4.49 29.37 +3.42 +15.39 +++
0.5 750 19.85 0.76 15.45 +2.04 +8.95 +++ ++
NadP207 1.0 832 2232 2.04 17.20 +2.21 + 9.85 ++++ +
15 8.64 23.45 3.61 25.34 +3.10 +13.20 +++ +
sodium 0.5 6.35 19.00 0.78 57.68 +2.14 +22.72 ++ +++
hexameta 1.0 6.28 1857 0.82 5141 +3.24 +21.80 +
phosphate 15 6.24 1781 0.94 5191 +3.05 +21.53 ++
sodium 05 696 1937 084 2433 +344 +1232  ++  +++
citrate 1.0 7.14 21.65 0.98 3141 +4.46 +15.76 + ++
15 7.25 24.00 1.41 41.89 +4.50 +19.45 + ++
pH 2 10
pH 10 .
pH 12
(€D pH 12
(€5) -
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Table 16. Effect of pH on the characteristics of agqueous extracts of
mussel extracted at 90 for 40min

pH Solid Absorbance Color Sensory properties

yield  (goonm) _ _

0 L a b umami taste fish taste

(%)
200 25.07 5.81 1057 +1.91 +6.19 ++++ ++
400 1853 0.40 80.52 -1.13 +21.50 +++ +
6.00 17.26 1.77 2751 +4.02 +12.84 ++ +++
8.00 23.68 5.99 11.93 +2.41 +7.07 ++ +
10.00 28.04 9.06 8.63 +3.07 +5.74 ++++ +
4)

56%

Novowyme 89, Alcalase, Protamex, Papain
Acid Protease A, Acid Protease , Protease M
0.01-1% (Table 17)
- Protease A, Protease , Papain
0.05% .

Protamex 0.05% Acid Protease 0.1% -

10 L 40-90
pH - Protamex a 0.26
Protease A -2.8 b Protease A 23
- Protease A
0.1%
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Protease A Acid Protease

A 0.01% Protamex 0.05%

Table 18 2

Protamex 0.05% 90 , Protease 0.01% 90

5)
, » PH
Table 19 -
Protamex(0.05%,60 ) ,
Protease (0.01%,90 ) Na3*04 1.0%,
NafP207 1.0%, 90 40 ,pH 2 10 .
pH 2
10 90 40
100 30 (18.97%)
- Protamex Na304
pH 10 30.53% 60%
. (Table 19) Na304
NadP207 pH 10
pH
- pH 2 pH 10
- a pH 10
- pH 10 a mai llard



Table 17. Effect of enzyme addition on characteristics of agueous extract
of mussel extracted at 90 for 40min after enzymatic hydrolysis

for 30 min

Enzyme Enzyme Solid Color Sensory
conc(%) yield Absorbance properties

(%) (600nm) L a b umami fish

taste taste

0.01 20.52 0.11 57.41 +0.80 +21.00 +++ ++
Novozyme  0.05 21.03 0.18 68.00 +0.60 +21.19 +++ +
89 0.1 20.68 0.22 73.72 +0.06 +21.00 +++ +
0.01 23.73 0.45 47.17 +0.26 +14.84 ++ +
Protamex 0.05 24.06 0.53 54.08 +0.46 +17.91 +++ +
0.1 25.58 0.61 51.17 +0.65 +17.25 + +

0.01 22.34 0.42 50.82 +0.27 +14.91 ++ ++
Alcalase  0.05 23.42 0.47 37.65 +1.14 +12.57 ++ +
0.1 24.04 0.52 4956 +0.77 +15.48 ++ +

0.01 22.21 0.17 87.59 +1.31 +20.47 +++ ++

Protease 0.05 24.29 0.07 84.57 -2.84 +23.02 +++ ++
A 0.1 25.52 0.03 83.33 -2.80 +25.41 +++ +
0.01 20.22 0.43 85.35 -2.03 +18.43 ++++ ++

Protease 0.05 21.99 0.39 88.80 -2.91 +19.33 +++ ++
0.1 23.40 0.41 82.92 -2.17 +21.67 ++ +

0.01 20.34 0.29 88.54 -2.58 +18.29 +4++ ++
Protease 0.05 21.45 0.34 89.32 -3.06 +20.85 ++ +
M 0.1 22.68 0.29 84.11 -2.43 +23.05 + +
0.01 20.70 0.45 88.95 -3.42 +23.56 ++ ++

Papain 0.05 20.18 0.43 84.66 +3.26 +27.65 ++ ++
0.1 24.34 0.52 87.10 +3.43 +26.16 + +

NaFPo4(1.0%)

Protamex(0.05%)

pH 10 20
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Table 18. Changes in the charateristics of mussel extracts as affected by
time of enzyme hydrolysis time extracted at 90 for 40 min

Hydrolysis Solid Color Sensory
Enzyme ) ) Absorbance
Time yield properties
(min) (%) (600nm) umami  fish
L a b
taste  taste
Protamex 30 20.77 0.24 52.35 +1.04 +19.94 +++ +++
0.05% 60 24.06 0.33 49.62 +0.99 +19.66 ++ *
9 24.28 0.35 49.03 +0.76 +19.81  ++ i
Protease 30 19.87 038 8804 -281 +1949  +++ 4+
60 21.11 0.45 87.95 -205 +19.12  ++++ *
0.01% +
90 22.87 0.49 89.51 -2.47 +19.81 +++

Table 19. Changes in the characteristics of enzyme-treated mussel extracts
as affected by phosphates and pH adjusted extracted at 90 for

40 min
Enzyme  Phosphates pH Solid yield Absorbance Color
(%) (600nm) L a b
Naz0o4 2 27.20 041 8328 -201 +26.35
0.5% 9.53 27.86 0.57 5955 +2.25 +26.17
Protamex (0.5%)
10 30.53 0.99 2570 +12.14 +17.34
(0.05%,
60min) NapD7 2 23.92 0.20 86.64 -2.29 +21.64
(1.0%) 8.32 25.74 0.32 7036 +0.48 +28.16
10 27.98 2.24 2310 +3.04 +12.77
Na04 2 25.20 0.05 9226 -3.16 +17.17
9.53 24.86 0.03 7779 -196 +28.02
Protease (0.5%)
10 29.62 0.43 37.04 +10.03 +23.97
(0.01%,
90min) NapD7 2 24.17 0.03 9375 -326 +16.51
(1.0%) 8.32 21.99 0.28 93.92 -3.87 +19.48
10 29.92 1.17 2437 +8.05 +16.11
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Table
20 -
Protease pH 2

pH 10 - Protamex pH10

Na®04 NafD7 -

Nad04  NadD7

- pH
10 (Table 19 )] Protamex Na304, NadLD7 1%
30 21 Protamex 0.05% Na304
1.0% pH 10 -

(protamex 0.05%, Na3”04 1.0%, pH10)
80 - (Table 21)
5% 18.97%

31.57%
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Table 20. Sensory scores of mussel extracts extracted at 90 for 40 min
as affected by phosphates and pH.

Enzyme Sensory Na3P04(1.0%) Na4P207(1.0%) F-value

attribute pH 2 pH 953 pH 10 pH 2 pH 832 pH 10
Protamax Odor Savory 3.00c 5.00ab 4.88ab 3.88bc 3.63c 575a 7.16*
Fish 538a 3.25c 3.88bc 4.63ab 2.63c 3.63bc 5.60*
Taste Umami 588a 388b 6.88a 6.25a 6.00a 6.50a 4.43*
Fish 5.38 338 375 363 325 338 279
Protease Odor Savory 4.75ab 363b 5.00a 513a 363b 588a 4.67*
Fish 3.25b 650a 6.13a 3.00b 263b 513a 11.32**
Taste Umami 538a 350c 6.38a 5.13ab 4.00bc 6.38a 6.58*
Fish 3.75 6.25  4.88 438 413 363 364

0.05%

0.01%

ac Mean scores follow by the same letter are not significantly

* P < 0.05
» P < 001
Table 22
5% .
10%
5% 10% . -

5 10%



Table 21. Effect of red pepper seeds addtion ratio on properties of
mussel extracts prepared by combined methodg) at 90 for 40

minutes
Addition of Solid yield(%) Absorbance Color
pepper seed(%) 600nm L a b
control 27.97 2.24 23.10 +3.04 +12.77
5 31.57 5.32 14.07 +3.50 +9.01
10 32.09 5.13 9.43 +3.63 +6.25
15 33.31 5.88 8.98 +4.45 +6.02
20 33.56 10.91 7.03 +4.24 +4.76

) Mussel extract was prepared by addition of Naf2070.5%), hydrolysis
with Protamex(0.05%, 60min) and at pH 10 and 90 for 40 min

Table 22. Sensory properties of RPS-mussel extracts as affected by
addition ratio of red pepper seeds

Seed concentration(%)

Descripsion F-value
5 10 15 20
Hot odor 3.25¢ 6.13b 7.25a0 8.13a 29.04*
Savory odor 6.00a 4.50a 2.75b 2.25b 10.12*
Fish odor 2.88b 4.50a 2.00kc 1.25¢c 12.72*
Hot taste 4.25¢c 5.63b 6.75b 8.63a 22.06**
Savory taste 5.88a 4.38b 2.89c 1.75d  26.61**
Fish taste 2.63b 3.88a 2.50b 1.63b 6.71*
T otal acceptability S6a 57a 82kd 92ad

Total acceptability was tested ranking test.

ad Mean scores whithin row folloned by the same letter are not
significantly different at 5% level.

*P<0.05, *P<0.01
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‘ Mussel ‘

Water(mussel:water, 1:2)

\ Grinding \

Enzymatic hydrolysis

with protamex
at 40 , 60 min

Sample |

Addition of 1%
Na3®04

Adjustment of pH (pH10) \

Heating at 90
(40 min)

Sample 1l

Addition of red
pepper seed 5%

Adjustment of pH
(pPH5)

Heating at 80
for 30

Sample Il

Filtration by pressfilter

Addition of
50% Lowdex and 15% salts

Sample IV

‘ Concentration(35 Brix) \

| Spray drying |

Products
(Sample V)

Fig. 3. Schematic diagram for pilot plant scale preparation of red
pepperseed-mussel spice.
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(Table 23,24)

c -

(600nm)

(Gl ® )

Table 23. Physicochamical
produced from pilot plant scale preparation

(420nm)

Lowdex

data of red

repper seed -

mussel spice

Samples
M oisture(%) 94.72 94.33 91.62 71.45 4.36
Protein(%) 2.03 2.63 2.87 9.8 23.62
Lipids(%) 1.05 0.58 1.26 0.57 211
Carbohydrate(%) 191 1.01 2.02 6.60 36.39
Reducing sugar(%) 04 - - 2.30 9.45
Ash(%) 0.29 2.63 2.87 9.8 23.62
Viscosity(cps) 10.0 10.0 10.0 20.0 10.0
Absorbance(420nm) 23.93 28.46 26.84 18.13 14.48
T urbidity (600nm) 16.03 12.80 16.80 9.09 6.48
Color L 4.89 5.61 2.73 12.94 17.60
(1/2dilution) a 3.57 4.17 3.58 6.48 3.69
b 3.37 3.90 1.89 8.78 25.03
)
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Table 24. Sensory properties of red pepper seed - mussel spice produced
from pilot plant scale preparation

Samples

| T i v Vv F-value

Hot 3.60a 3.20a 6.80b 3.40a 2.10a 9.94

Odor Savory 3.10 5.20 4.40 410 3.80 1.20
Fish 8.60a 7.50eb 6.30b 7.40ab 6.50b 4.04

Sw eet 1.80 3.00 2.00 2.04 2.70 1.05

Hot 2.00b 1.20b 6.90c 2.70a 2.10ab 33.91

Fish 8.30a 5.90b 5.50b 5.50b 4.30b 7.45

Taste Umami 2.00a 2.20a 4.50b 4.90b 3.70b 5.03
Salty 2.60a 1.60a 5.10b 6.70b 4.30db 12.46

Sw eet 1.60 1.70 2.20 2.40 1.90 0.67

ac Mean scores follow by the same letter are not significantly at 5%
level

- 102 -



1.
. NaCl
NaCl , , »
’ pH ’
NaCl 25
24 Table 25 .
%) L 38.12, a
-3.25 L 38.42 39.66, a -3.16
-3.40 , b
acetic acid 0.5% L
38.12 31.71 (Ha -3.25
-10.49 ()b 3.12 -0.64
. Acetic acid 0.5% L
a ()b 0.5%
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. citric acid lactic

acid acetic acid .

Table 25. Effects of NaCl and organic acids on color changes of ground
garlic after storage at 25 for 24 hours.

Hunter Concentration
values 0% 0.5% 1.0% 1.5% 2.0%
L 38.12 38.42 38.47 39.56 39.66
NaCl a -3.25 -3.16 -3.25 -3.32 -3.40
b 3.12 3.66 3.87 3.98 4,01
L 38.12 3171 34.84 36.33 38.45
Acetic acid a -3.25 - 10.49 - 10.85 -10.17 - 10.76
b 3.12 -0.64 -1.81 -1.81 -1.08
L 38.12 27.68 35.54 39.60 44.38
Citric acid a -3.25 -8.22 -10.72 -9.99 - 10.47
b 3.12 - 0.68 -1.54 -0.71 -0.88
L 38.25 29.00 34.54 38.69 42.11
Lactic acid a -3.25 -9.22 - 10.45 - 10.22 - 10.36
b 3.12 - 0.96 -1.60 -0.48 0.16

- pH, )
polyphenol oxidase pH
pH Table 26 .

pH 6.4 6.6 pH 4.0



- pH 5.5 a
-5.95 -
pH pH 4.0 -
pH ,

@ , (NaHZP04, Na2HPO4, NaF04)

Table 26. Effects of pH, salts, antioxidants and others on color changes

of ground garlic after storage at 25 for 24 hours.

Hunter values

L a b
Control 39.28 -3.55 3.82
pH 4.0 41.86 -0.29 -0.53
pH 4.5 39.10 -4.52 -0.70
pH 55 38.18 -5.95 - 0.60
NaHZP 04 39.01 -351 2.56
NaHPO4 38.94 -2.87 2.36
Na®P 04 38.33 -2.62 231
SPP 40.19 -3.01 419
SMP 39.51 -3.38 3.84
Nas205 40.00 -2.07 3.81
Naxs04 36.28 -2.23 1.94
BHA 43.30 - 4.86 2.01
BHT 45.82 -5.47 2.04
PG 45.12 -541 1.98
glutathione 41.24 -3.72 4.37
Cysteine 40.17 -2.87 459
Ascorbic acid 41.70 -3.35 4.10
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L value

avalue

b value

0 10 20 30 40 50 60

Heating time(min)

Fig. 4. Effects of heating temperature and time on oolor values
of ground gartic after 24 hours of storage at 25°C

(—o— 50°C ,—8— 60°C,—A— 7¢°C, —v— 80°C,
_¢— X°C, -9~ 100°C)
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80 pH
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Table 27. Effect of pH and heating at 80 on color changes of ground
garlic after storage at 25 for 24 hours.

H Heating time Hunter values

P (min) L a b
0 44.85 -4.71 241

30 2 44.06 -7.73 -381
6 43.96 -9.80 -3.65
10 45.22 -9.94 -212
0 40.67 -4.13 2.26

40 2 39.12 -7.58 -335
6 42.86 -8.48 -2.85
10 46.11 -10.20 -2.27
0 38.40 -3.37 247

50 2 39.42 -6.65 -1.80
6 41.22 -7.34 -0.85
10 45.75 -8.87 6.59

ascorbic acid(A), cysteine(C), sodium metabisulfite(S), trisodium

phosphate(P) ,
25 -
80 90
D
0.aMm A, C, S, P 25 7
- L, a, b 44_28, -1.93,
11.27 , Fig. 5 L
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Fig . 6. Effect of binary mixtures of cysteine, ascorbic acid and
NapS70s at 0.1M each on Hunter values of ground garlic

during storage at 25°C
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Fig . 7. Effect of termary mixtures of eysteine, ascorbic acid, Na;S505
and Na3zPOy4 at 0.1M each on Hunter values of ground garlic

during storage at 25°C
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Fig. 8. Effect of binary and ternary mixtures of cysteine, ascorbic acid,
Na,S,0; and Na,PO, at 0.03M each on Hunter values of ground

garlic during storage at 25°C
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Fig. 9. Effect of binary and ternary mixtures of cysteine,
ascorbic acid, NapS,0g and NazPO4 at 0.01M

each on Hunter values of ground garlic during
storage at 25°C
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Table 28. Effects of pH on solid yields and colaor of garlic extract
prepared at 30 for 30minitues.

Solid yield Hunter values
pH
(%) L a b
control 27.30 86.96 -3.15 18.85
25 26.59 94.87 -1.16 5.31
35 26.87 94.65 -3.20 6.32
45 27.30 94.48 -4.40 9.22
5.5 29.32 93.77 -5.68 16.48
. acidulants
(Table 29). ,
27 .30%
- K<PZz07 36.06%
, NaCl , KCI, CaClZ
. 31 33% .
sodium oxalate 36.22%
, 33% -

K4Pz01,
CaClz, tartaric acid, sodium oxalate
Table 30 -
K4Pz07 35.82 38.28%

, CaCl2 sodium oxalate
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. tartaric acid

phosphoric acid

tartaric acid
L 93.31, a -3.04, b 19.23
. CaClz, phosphoric acid L 89.11 96.21
KePz0i7, sodium oxalate L
48.51 62.36, 72.27 81.01 -
KePZz0i7, sodium oxalate
, tartaric

acid .

Table 29. Effects of salts and acidulants on solid yields of garlic
extract prepared at 30 for 30rinitues.

Solid yield ) Solid yield
Salts Acidulants
(%) (%)

Control 27.30 Acetic acid 33.86
NacCl 35.26 Citric acid 33.46
KCI 34.40 Lactic acid 33.48
CaCl2 34.17 Phosphoric acid 33.99
NaHz2PO4 32.03 T artaric acid 32.79
NazHPO4 33.84 Oxalic acid 33.09
NaiPO4 33.30 Sodium oxalate 36.22
NaPzO7 31.79

KHZPO4 31.48

KZHPO4 33.87

K P04 33.72

K 4Pz07 36.06
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Table 30. Effects of sore additives on solid yields and color of garlic
extract prepared at 30 for 30minitues.

Conc. o Hunter values
Solid yield(%)
(M) L a b
Control 27.30 80.77 -1.32 24.74
K<Pz07 0.03 35.82 62.36 2.26 24.15
0.06 36.24 52.60 3.36 21.74
0.09 38.28 48.51 3.46 19.93
CaCl2 0.03 33.98 89.11 -3.57 21.00
0.06 34.20 93.27 -3.22 19.36
0.09 35.94 94.30 -3.37 19.91
Tartaric acid 0.03 35.30 93.31 -3.04 19.23
0.06 34.02 91.58 -2.23 14.48
0.09 32.66 94.08 -2.23 11.01
Phosphoric acid 0.03 33.02 90.83 -3.02 22.73
0.06 32.44 96.21 -2.67 21.43
0.09 3241 94.95 -3.43 20.24
Sodium oxalate 0.03 34.40 81.01 -2.78 21.56
0.06 34.72 75.19 -0.59 23.45
0.09 35.40 72.27 - 0.05 23.71

Celluclast, Extrazym, Viscozym
0.04 0.08%
Table 31 -

(pH , acidulants )]
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. Celluclast
Extrazym 90 0.04%

32.48%, 32.56% 0.08% 0.04%

Celluclast 0.04%-90 , Extrazym 0.08%-90 , Viscozym

0.08%-60 , Extrazym
26.7% -
73
0.08% 0.12% 60 90
14% -
L , (a
3. oleoresin
12%
8 30 50 1
Table 32
- 30 (43.4%) methanol (35.9%)

- 122 -



ethanol (27.1%), isopropanol(14.2%), acetone(14.2%)
- diethyl ether ethylene chloride, methylene chloride,

n-hexane 1-2%

Table 31. Effects of enzyre concentration and reaction time on solid
yields and colaor of garlic extracts at 30 .

Enzyme  EMzyme  Reaction  Solid yield Hunter values
conc.(%) time(min) (%) L a b

Control 0 30 24.60 85.15 -5.96 12.68
60 26.75 83.13 -7.17 13.04

90 26.25 80.28 - 8.89 14.31

Celluclast 0.04 30 31.06 78.43 -8.30 4.93
60 31.82 69.37 - 10.26 -1.60

90 32.48 66.56 -11.87 4.80

0.08 30 31.21 77.81 -9.11 4.07

60 31.06 74.40 -9.03 0.76

90 31.88 68.69 -10.22 1.05

Extrazym 0.04 30 31.26 74.86 - 8.06 4.38
60 31.43 74.30 -9.12 1.31

90 32.56 69.74 -10.22 2.67

0.08 30 31.55 79.87 -8.18 3.61

60 3151 72.46 -9.24 0.19

90 33.25 69.04 -9.86 2.42

Viscozym 0.04 30 30.92 82.54 -8.11 7.80
60 31.32 70.48 -9.27 -0.80

90 31.16 65.43 -10.14 -0.28

0.08 30 30.97 80.41 -8.29 6.25

60 31.46 71.25 -9.06 -0.24

90 31.09 68.00 -9.74 0.12

, 0.177
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- 30 50
- 43 4% 53.8% 10%
methanol, ethanol, isopropancl, acetone
5% ’

diethyl ether, n-hexane, ethylene chloride, methylene chloride

30 -

methanol, ethanol, isopropanol, acetone
30 4
Table 33 -
» 3 . L
methanol  ethanol, acetone, isopropanol

- a -

65%
. methanol
methanol

ethanol oleoresin .
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Table 32. Effects of various sclvents on sclid yield and turbidity after
extration of garlic root portion at 30 -50 for lhr

Solid yield(%) Absorbance(600nm)

30 40 50 30 40 50
W ater 434 49.7 53.8 0.177 0.146 0.135
M ethanol 35.9 38.6 39.7 0.020 0.051 0.040
Ethanol 27.1 28.3 29.0 0.019 0.030 0.039
Acetone 111 11.2 11.6 0.009 0.054 0.024
Isopropanol 14.2 14.7 152 0.008 0.017 0.022
Diethyl ether 21 22 3.0 0.006 0.007 0.018
n- hexane 0.5 0.6 0.4 0.004 0.011 0.009
Ethylene chloride 0.6 0.7 0.8 0.032 0.007 0.001
Methylene chloride 0.9 11 11 0.055 0.011 0.006

Table 33. Effects of extraction time on solid yield, turbidity and cclor
of extracts of garlic root portion extracted at 30 for 2-4hrs

Extraction Solid yield(%) Absorbance Hunter
time (600nm) L a b
Water 54.1 0.185 83.00 -284 2275
M ethanol 411 0.026 96.08 -642 21.78
2hrs Ethylanol 28.2 0.021 9670 -578 19.62
I sopropanol 14.9 0.014 9719 -464 16.66
Acetone 10.9 0.015 97.00 -4.16 1512
Water 56.1 0.184 8370 -288 2317
M ethanol 41.3 0.024 96.01 -6.63 2201
3hrs Ethylanol 28.7 0.017 9655 -6.03 20.62
I sopropanol 15.7 0.008 9747 -495 17.38
Acetone 111 0.013 96.93 -435 15.96
Water 58.5 0.148 8562 -3.17 2317
Methanol 41.6 0.035 9585 -6.34 20.10
ahrs Ethylanol 20.1 0.027 9621 -658 20.99
| sopropanol 16.0 0.017 9737 -547 17.87
Acetone 11.2 0.018 97.34 -533 1750
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4. Oleoresin

Ethanol oleoresin 25 3
C , , )] oleoresin Table
34 - pH 2 pH 5.86
a .
thiosulfate
Table 34. Changes iIn some characteristics of garlic olearesin during
starage In Nz, 02 and vaccum conditions at 25
Storage  giorage  pH TA Absorbance Hunter color
time o
conditions (%) thiosulfinate turbidity L & P
(weeks)
0 5.96 0.52 2.29 0.22 56.38 - 5.82 19.54
N2 5.88 0.54 153 1.04 34.00 255 19.33
1 Vaccum 5.89 0.53 1.47 1.32 30.86 4.99 17.47
02 5.82 0.62 1.39 1.60 29.74 6.43 15.94
N2 5.90 0.56 1.32 153 29.60 7.32 18.24
2 Vaccum 5.88 0.56 131 141 30.95 10.97 15.76
02 5.86 0.65 1.25 1.58 29.04 14.34 15.86
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, 0.1% NazSz0t  NaiPOz 1%

25 14 (Table
35) pH , 14
NaiPO4 pH 5.44 pH 6

. pH 14

Table 35. Effects of Nz, vacuum, NazSZ05 and NaiPC4 on some characteristics
af garlic aleoresin during storage at 25

Absorbance Hunter
day pH TA(%)
turbidity thiosulfinate L a b
Controi O 544 058 1.09 2.68 46.28 0.80 27.75
(Air) 14 546 055 0.40 0.25 60.72 21.17 40.92
0 544 058 1.09 2.68 46.28 0.80 27.75
N2

14 545 054 043 0.26 64.67 1651 4221
0 544 058 1.09 2.68 46.28 0.80 27.75

Vacuum
14 544 056 0.50 0.28 62.80 1557 4125
0 0.58 1.09 2.68 46.28 0.80 27.75

NazsS2z05
14 541 049 0.33 0.22 66.63 1514 43.88
0 0.58 1.09 2.68 46.28 0.80 27.75

NaiPO4
14 592 040 0.39 0.19 49.99 2542 3415
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- , NazSz0t a

NaiPOs
- NaiPOz pH pH 6.5
PPO a .
alliine thiosulfinate
14 10

- NazSz02, NatPOs

- ascorbic acid cysteine

oleoresin pH
ascorbic
acid(0.1%) cysteine(1.0%) 4 28
(Table 36). L
28 ascorbic acid cysteine
L - a 28 5.72
ascorbic acid cysteine 4.12, 5.44
- b a
L -
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Table 36. Changes iIn free sugar, arganic acids color and turbidity of
clearesin as affected by addition of ascorbic acid and cysteine
during storage at 4 under nitrogen stuffing

Control Ascorbic acid Cysteine
0 day 28 day 0 day 28 day 0 day 28 day
Sugars Sucrose  325.68 328.23 325.68 340.09 325.68 34291
Glucose 2959 47.01 2959  47.23 2959  49.96

(ppm)
Fructose 12449 119.19 124.49  130.06 12449 124.73

Citric acid 78.13 63.58 78.13  45.88 78.13 5354
Acids Malic acid 131.18 82.64 131.18 87.49 131.18 85.66
Lactic acid 103.40 75.43 10340 56.21 103.40 67.36

(ppm)
Acetic acid 9.86 10.21 9.86 9.64 9.86 9.66
Succinic 25.94 21.26 2594  16.76 2594  17.92
acid
L 63.28 43.77 63.28  53.43 63.28  50.36
Color a -065 572 -0.65 412 -0.65 5.44
b 3791 27.73 3791 3327 3791 3162
T urbidity 0.6213 0.9864 0.6213 0.7190 0.6213 0.8066
sucrose , fructose, glucose -
Sucrose, glucose, fructose 28
sucrose

ascorbic acid cysteine
Fructose 28

glucose 28

2 . oleoresin

sucrose 65%

, ascorbic acid, cysteine
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malic acid

lactic acid citric acid succinic acid

acetic acid

malic acid lactic acid
60% . 28
citric acid 20%, malic acid 40% lactic acid
25% - malic acid
- Succinic acid
ascorbic acid cysteine . Cysteine
malic acid citric acid ,

lactic acid

ascorbic acid .

Table 37 -
ascorbic acid cysteine
ascorbic acid
cysteine
ascorbic acid 5%
ascorbic acid cysteine
oleoresin ascorbic acid cysteine
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Table 37. Sensory properties of garlic clearesin as affected by addition

of ascorhic acid and cysteine during storage at 4 under nitrogen
stuffing
Sensory Storage time(days)
T reatment . F-value
attribute 0 7 14 271 28
Fresh 53a 46b 46b 46b 4.1b 4.79*
%
Odor Hot 59a 50b 50b 44b 47b 6.00
Acidic 39 39 4.1 39 3.7 0.47
Control
T Hot 6.3a 57b 54b 54b 46¢c 10.07*
aste
Acidic 19 2l1la 17 13b 1.4b 2.38
Fresh 74a 73a 7.3a 6.6b 6.5b 5.62*
Odor Hot 6.3a 63a 63a 57db 56b 2.82
Ascorbic Acidic 44eb  3.9b 46a 41léb  4.0d 2.02
acid T Hot 8.4 8.3 8.3 8.0 7.9 1.23
aste Acidic 2.4 2.4 2.3 2.6 2.7 0.70
Fresh 79a 7.6eéb 75edc 7.0kc  6.9c 3.89
Odor Hot 6.7 6.4 6.4 6.4 6.4 0.41
. Acidic 3la 27 27db 30a 23b 248
Cysteine
Hot 87a 83a 83a 83 76b 4.79*
T aste -
Acidic 26a 2.0e 1.9b 19 2.1&b 2.22

&c Means in a colurn with same letters are not significantly different at 1.0%(**)

or 5.0%(*) level

5. Pilot

. paste

D
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paste



2) paste Fig. 10

Super mill(mascoroid mill) 300mesh
Viscozym L(Novo co.) 0.2%
pH 5 50 60 . Paste

xanthan gum 0.5%

KZSz0t  Cystein 0.05%, 0.3%, 0.02%
3) paste 95%
1) Paste
2)
3 xanthan gum
(0.5% 0.2% )] (xanthan
guar gum) .
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Garlic

‘ Peeling ‘
Grinding Sample
Enzymatic
hydrolysis with
Viscozym L 0.2%,
(50 , 60min)
Addition of Addition of Addition of
free hydrated gum free hydrated gum free hydrated gum
0.4% 0.2% 0.2%

Fig. 10. Schematic diagram for pilot plant scale preparation of garlic

paste.

paste

75.3-76.2%

(D)

Addition of Na:PO4 0.05%
K 25205 0.3%, Cystein 0.02%

3.06%

Mixing

Garlic paste

C., )

)

paste C

- 133 -

41 -




- free hydrated gum  0.4%
(19.5%)
1.2%

1.05% -

free hydrated gum

Table 41. Proximate compesition and some properties of samples obtained
from pilot plant scale preparation of garlic paste

Samples
| [l 1l v

M oisture(%) 76.2 75.3 75.6 76.1

Protein(%) 2.63 2.63 2.39 3.06

Lipids(%) 1.23 1.04 1.25 1.26

Carbohydrate(%) 18.89 19.74 19.54 18.26

Reducingsugar(%) 4.67 3.92 412 5.03

Ash(%) 1.05 1.29 1.22 1.32
Viscosity(cps) 2.00x 102 2.32x 103 4.34x 103 1.43x 102

color L 41.36 43.29 40.10 40.06

a +2.31 +1.01 +1.65 +0.81

b +14.00 +13.05 +0.81 10.95

- around oarlic

. garlic paste added with 0.2% free hydrated gum
. garlic paste added with 0.4% free hydrated gum
. sample hydrolyzed by 0.2% Viscozym L
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paste

Table 37, 38 .

(
(1.5 3ton/H) : 3,000

(1.5ton) : 5,500

(2ton/batch) : 2,000

Table 38. - paste
(
105,000
43%1) 45,150
14%7) 14,700
15%7) 15,750
35%) 36,750
13%7) 13,650
20%7) 21,000 252,000
30%7) 31,500 283,500( )
7%72) 19,845
15%2) 42,525
345,870
D %, 2) : %
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Table 39. - paste
¢
- paste
4,936.22 4,391.75
(kg ) 32.80 80.80
117.67 72.09
( ) 38.96 6.54
( ) 294.21 6.30
5.74 3.49
4.80 0.37
331.00
470.00 470.00
6,231.39 5,031.34
810.08 654.07
7,041.47 5,685.41
Table 40. - paste (
- paste
(%) 90.60 84.20
(kg/hr) 500.00 459.00
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1
1997 1 6.6kg
1.3 alliin
- alliin
alliinase thiosulfinate allicin
pyruvic acid thiosulfinate
thiosulfinate diallyl-disulfide sulfide mercaptan
< OB
(€.
allicin thiosulfinate -SH
€9
allicin thiosulfinate, garlic oil,
scordinin ethanol peroxidase
dimutase -(IC 12
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resin oleoresin, allicin
alliinase

. @ E.

salad dressing

- 142 -



. Cysteine, 5,5"-dithio-bis(2-nitrobenzoic acid)
(DTNB), 1,1-Diphenyl-2-picryl-hydrazyl(DPPH), HEPES(N-[2- Hydroxy
ethyl]pipera-zine-N"-[2-ethanesulfonic acid]) 2-thiobarbituric

acid(4,6-Di hydroxy-2-thio pyrimidine) Sigma Chem. Co.(St. Louis,

MO, U.S.A.)

2

1.

4 homogenizer(Nissei, MA
-10, Ace homogenizer, Japan) 14.000rpm
5 30 4
30 5,000rpm( Beckman, Model J2-21 centrifuge)
-64
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, petroleum ether, benzene, chloroform, ethyl acetate , methanol

acetic, citric, tartaric acid

5
. Methanol ethanol
Methanol ethanol
- 50% Ethanol pH citric acid, NaCl
Methanol 50% ethanol 50% 1N, O.1N HCI NaCH pH3
8 , citric acid 1 5%, NaCl 1 5%, NaHzZPO<Z

0.5 2.0%, NazHPOZ 0.5 2.0%

5

10g polyetylene film silicon

oil 40 120 10 30
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ethanol 50% 5 4 homogenizer

5 14 _000rpm 30
4 30 5,000rpm
3.
(40 120 ), (10 30min) , ethanol 50%
5 @ , 25° , 5 )
30 5
4.

SS-1, SS-2, SP-1, SP-2, SP-3

.16

yeast extract 0.3%, malt

extract 0.3%, peptone 0.5%, glucose 1%, salt 18%(YMPGSB)
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pH(5.0) ;

- YMPGSB
PDA (potato dextrose agar, NaCl 5%)
30 96 - Screw cap
tube Durham YMPGSB(NaCl 18%) 20 121
15 colony 1 30
, PDA(NaCl 5U%) 30

96 colony 1 YMPGSB(NaCl 18%) 30

48 - Screw cap tube Durham
121 15 (0.5 2%)

(Christ Alpha 1-4, B, Braun Biotech. International)

(0.5 1.5%) 1% 30
- YMPGSB
YMPGSB(NaCl 18%) screw cap tube 20 121 15
, screw cap tube (0.5 1.5%) C
0.5 2%) 1% 30
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100
1-2
2 (7mm plate) ,
10% - 5%,
10%, 20% 10% ethanol 50%
polyethylene film 1 2
(100 autoclave 10 )]
0, 2, 4, 6, 8 10 4t 1 )
6.
(0 ) 105 ,
(4D -,
DPPH 8 ethanol 300 - 0.5
DPPH 5 vortex mixer 10
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7 .000rpm 3 DPPH 10

( Uv-1201, Shimadzu. JAPAN) 525nm

Kato (I6) <
- , 1mM NaNOz 1 1 O0.IN
HCI(pH 1.2), 0.1M (pH 3.0, 4.2, 6.0)
pH 1.2, 3.0, 4.2, 6.0 ,
10 - 37 1 1
2% 5 , Griss 0.4
15 »
520mm )
- Griss 0.4
- Thiosulfinates
Thiosulfinate Han Q
- , 50mM Hepes pH7.5 2mM cysteine 0.5
0.1 , 50mM Hepes 4.4
5 - 27 10 ,
1 50mM Hepes buffer(pH 7.5) 0.4mM DTNB
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5,5"-dithio -bis(2-nitrobenzoic acid) 1
27 10 412nm

standard curve .

- (peroxide value)

AOAC Cd 8-53 (V) - ,
59 petroleun ether 10
celite 545 10g

BHA, tocophercl 0.05%

@ 8 ) ;
1g 250 Tlask
(acetic acid chloroform  3:2 ) 30
Kl 0.5 1
30 0.0IN 0.1IN sodium
thiosulfinate - 1%

- Thiobarbituric acid value(TBA )

Witte (2 -,
10g 20% trichloroacetic acid 2M  phosphoric acid
25 homogenizer  10,000rpm 1.5
50 volumetric flask 20
shaking - 50
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5 test tube(15x 200 ) 0.005M

2-thiobarbituric acid 5 ,
, 15 530
10g OD -
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1
1.
Table
1 methanol, chloroform, petrocleum ether, benzene, ethyl
acetate methanol 8.1%
1%
DPPH (Table 1)

methanol >benzene >
petroleum ether> chloroform> ethyl acetate
methanol 36.8%
1.8 2.7 -
pH (Table 1)
methanol pH
pH1.2 64%, pH3.0 38%
pH4 .2 pHE.0
, pH pH 1.2 pH
3.0 pH 4.2  pH6.0

- Chloroform, petroleum ether, benzene

pH .
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Table 1. Solid vyields, electron donating abilities (EDA) and
nitrite-scavenging effects of garlic extracts as affected by various

solvents
Sclvents vields A 09 Nitrite scavenging (%)
T (
(pclarityindex) 0] pH1.2 pk3.0 pH4.2 pH6.0

Petrol
etro eumO.ESi 0.04 19.63+ 3.85 1.06+ 0.09 1.64+ 0.32 0.10+C.C3 O

ether (C.1)
Benzene
0.50+ 0.00 20.22+ 0.10 0.43+ C.C7 0 0 0
@.n
Chloroform
@1 0.78+ 0.04 13.14+ 2.26 (0.54+ 0.C6 (0.0Z2+ 0.02 0 0
Ethyl tat
hz‘] j;e ate 0.50+ 0.00 19.22+ 2.51 23.35+ 1.85 2.70+ 0.37 0.567C.13 O
Vethanal _
G.1) 8.13+ 0.81 36.33+ 2.50 63.19%+ 1.39 38.81+ 1.73 22.53F71.55 O

Fox Ackerman(zl) ascorbic acid, cysteine, nicotinamide adenine

dinucleotide
nitricoxide -
pH protonate form nitrous acid(pKa=3.4)
, 2 , 3
5g BHA tocopherol 0.05%
30
Fig.1 -

- BHA

- 152 -



tocopherol

BHA tocopherol

()
BHA < tocopherol < petroleum

ethermethanol < benzene< ethyl acetate < chloroform < control

2000

4500
= 4000
5 3500
--Er 3000 F —*— Coniro
2 2500 | —®—BHA
T appo L Tnoaphernl
— Chiorafarm
E 1500 —*—Ethyl acatate
- 1000 F —e—penzane

ROO F = Maithancl
) === Featrplaum ether
1 2 3 g 5 & f g
Pericd(day)

Fig.1. Changes in peroxide value of garlic extracts as affected by

various solvents.

2.
acetic, citric, tartaric acid
, Table 2 citric, acetic, tartaric,
phosphoric acid citric acid 28.7%
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, phosphoric acid 23.5%

(Table 2)

citric < tartaric < phosphoric < acetic acid

acetic acid citric acid 5% citric,
tartaric, phosphoric acid - pH
pH . pH
pH 1.2 pH 3.0 pH 4.2 pH
6.0 - pH
1.2  pH 3.0 . pH

(Table2). Tartaric acid

pH1.2 50%,
pH3.0 14% acetic acid
citric acid citric acid pH1.2
tartaric acid 60%, pH3.0% 50% -
Fig.-2 - BHA  tocopherol
67

. BHA < tocophercl < tartaric
< acetic < phosporic < citric acid < control .
, methanol
172,

1/2-1/3 methanol

- 154 -



3. Methanol

methanol

methanol

Table 2. Solid vyields, electron donating abilities (EDA) and
nitrite-scavenging effects of garlic extracts as affected by various
acids

) ) Nitrite scavenging effects(%)
Acids Yields(%) EDA (%)

pH1.2 pH3.0

Acetic acid 26.90+ 0.18 19.18

I+

051 38.76 £+ 8.85 1583 + 5.56

Citric acid 28.72+ 1.06 1278 + 144 2987 + 3.00 714 + 315
Phosphoric
id 23.47+ 1.77 1452 + 223 3433+ 095 1441 + 3.10
aci
Tartaric acid 2597+ 2.39 1337 + 0.60 50.08 + 1050 1429 + 418
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- 4500

2 4000

S 3500

E 300
@ o500 —— Control

= - gA

= 2000 Tocophens|
:5 1500 Apatic

a 1000 | —*Otic

500 —8— Phasronc
G 5 — Tartaric
1 2 a9 4 5 6 7 8

Fig. 2. Changes in peroxide value of garlic extracts as affected by

various acids.

methanol  50%
3.5
28.17%
Methanol
3) methanol
methanol 100
30.9 32.0%

Methanol

pH 1.2 pH

Table 3 .
methanol
26.43
DPPH (Table
50% 38.58%
26 .06% methanol O, 25, 75%
(Table 3)
3.0 methanol
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pH
- Methanol pH 1.2 methanol
100% methanol 25%, 75%
- pH 3.0 methanol 100%
methanol -
thiosulfinate allicin

(diallyl thiosulfinate) ,

- , allicin ,
allinase
alliin sulfides diallyl mono-,
di-, oligosulfides; vinyldithiins; ajoenes 0.
thiosulfinates , methyl allyl, 1-propenyl

allyl, allyl 1-propenyl, 1-propenyl methyl, dimeyhyl thiosulfinate

() Han ¢  thiosulfinate cysteine
S-allyl mercaptocysteine thio-
sulfinate
allicin alliin allyl
thiosulfinates - Lawson (€
allicin thiosulfinates 60-80% , YU (27
30 allicin
diallyl disulfide diallyl trisulfide 5%
, Han (O thiosulfinates 0.7 allicin
» - Han
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Table 3. Solid yields, electron donating abilities (EDA),
nitrite-scavenging effects (NSE) and contents of total thiosulfinates
of garlic extracts as affected by various methanol concentrations

. . NSE (% . .
Concentrations Yields EDA (%) T hiosulfinates

(%) (%) (%) pH 1.2 pH 3.0 (mM)

MeOH 0 27.44F0.77 30.90F1.15 60.94+ 3.19 27.13+ 3.18 4.31% 0.16

MeOH 25 28.17F%1.64 68.13+ 1.78 36.92+ 477 32.00F1.46 4.16¥0.07

MeOH 50 27.20F0.55 3858+249 66.70+ 253 37.98+ 1.37 4.26F0.23

MeOH 75 26.43F2.16 30.96F2.10 67.47+ 426 37.98+ 344 232F0.21

MeOH 100 8.35%1.08 26.06F0.21 63.19+ 1.20 39.15+ 1.39 1.00¥0.4

methanol thiosulfinates (Table 3)
, methanol 50% 4.1
6 4.31mM methanol
thiosulfinates HPLC allicin
dialk(en)yl thiosulfinates Larry (2€,2€)
allicin i
4. Ethanol
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methanol ethanol (0 100 %)

Table 4 -
methanol 50%
. Ethanol 0%, 25% 0.5 1.7% 50%
ethanol 3.5
ethanol
Ethanol DPPH (Table 4)
methaol ethanol 50%
, 100% ethanol 1.5
, (Table 4) ethanol 100%
methanol
pH1.2 pH3.0 2
pH 1.2 0 75%
ethanol 50% - pH 3.0 75% ethanol
Ethanol thiosulfinates (Table 4) 50%
ethanol 0%, 25%, 50% 4.3 4.4mM
ethanol thiosulfinates
methanol ethanol

. Allicin
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Table 4.

Solid vyields,

electron donating abilities (EDA),

nitrite-scavenging effects (NSE) and contents of total thiosulfinates
of garlic extracts as affected by various ethanol concentrations

Concentrations Yields EDA NSE(%) T hiosulfinates
0, 0,
(%) (%) (%) pH 1.2 pH 3.0 (mM)
EtOH O 27.44+ 0.77 30907115 6094+ 3.19 27.13+ 3.18 4.3170.16
EtOH 25 26.3970.70 38.6270.42 6247+ 0.65 28.70+ 1.39 4.30F0.17
EtOH 50 28.1171.00 40817193 64.24+ 0.27 34.06+ 2.11 4.407F 0.62
EtOH 75 18.1371.59 31.7871.79 61.30+ 3.26 34.62+ 1.39 2.20F 0.56
EtOH 100 8.0170.30 265870.11 37.94+ 538 26.22+ 1.53 0.60F0.21
(€,29) ethanol
, methanol, ethanol
50%
» ethanol 50%
5. pH
Ethanol ethanol 50%
methanol 50% pH3 8
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Table 5 - pH ethanol 50% methanol 50%

DPPH (Table 5) pH
ethanol 50% methanol 50%

pH thiosulfinates (Table 5)
ethanol methanol ethanol 50%
methanol 50% pH6 pH 7
allicin pH 6.5 Yu (27) ,
Stoll  Seebeck(:() allinase pH 4-8

, Mazelis Crews() allinase pH 6.5

Ethanol methanol pH
Table 6 , PpH

pH 1.2
. PpH
pH 1.2 pH3.0 pH
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Table 5. Solid yields, electron donating abilities (EDA) and contents
of total thiosulfinates of garlic extracted as affected by 50%
methanol and 50% ethanol at different pH

M eOH 50% EtOH 50%
pH Yields EDA Thiosulfinates | . EDA T hiosulfinates
Yields (%)
(%) (%) (mM) (%) (mM)

3 21.69% 0.69 33.37+ 2.84 4.41+ 0.02 | 22.39+ 0.66 33.87+ 3.30 4.24+ 0.07

4 2321+ 231 3311+ 1.76 4.44+ 0.01  23.60+ 0.58 34.78+ 2.26 4.17+ 0.16

5 2490+ 158 35.84+ 213 451+ 0.04 | 23.97+ 0.68 35.62+ 2.85 4.33+ 0.14

6 27.55+ 0.52 37.48+ 0.59 4.69+ 0.00 | 24.78+ 0.05 36.10+ 1.87 4.65+ 0.09

7 27.39+ 1.76 38.31+ 0.61 4.68+ 0.03 | 26.33+ 1.20 38.02+ 2.44 4.64+ 0.11

8 28.40+ 4.08 38.17+ 1.25 4.66+ 0.01 | 25,51+ 1.07 38.44+ 3.49 4.48+ 0.02

ethanol 50%
methanol 50% citric acid 1 5%
Table 7 - Citric acid 1%
methanol 172, ethanol 1/3 citric
acid , alchohol

methanol ethanol .
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Table 6. Nitrite-scavenging effects of garlic extracts as affected by
50% methanol and 50% ethanol at different pH

unit - %
pH PH
MeOH 50% EtOH 50%
of alcohol of buffer
3 1.2 65.95+ 0.76 65.14+ 1.58
3.0 32.28+ 2.97 32.00+ 2.57
4 1.2 65.32+ 2.73 65.79+ 1.64
3.0 33.56+ 3.70 33.04+ 3.51
5 1.2 65.47+ 0.69 67.01+ 1.42
3.0 32.28+ 1.04 35.24+ 2.38
5 1.2 66.54+ 2.17 67.18+ 2.75
3.0 33.31+ 0.03 3437+ 2.41
7 1.2 66.75+ 3.56 66.19+ 1.07
3.0 33.69+ 2.62 36.98+ 2.62
3 1.2 67.10+ 1.78 68.27+ 1.51
3.0 34.05+ 0.66 37.04+ 2.47
(Table 7) citric acid
ethanol 50% methanol 50%
citric acid 5% 1.5 ,
alchohol methanol ethanol
thiosulfinates (Table 7) ethanol 50% methanol 50%

citric acid

citric acid 5%
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thiosulfinates 3 .

Table 7. Solid yields, electron donating abilities (EDA) and contents
of total thiosulfinates of garlic extracted as affected by different
concentration of citric acid in 50% methanol and 50% ethanol

MeOH 50% EtOH 50%
Conc. of
ctric . . . . . .
Yield EDA Thiosulfinates Yield EDA Thiosulfinates
acid(%)
(%) (%) (mM) (%) (%) (mM)

0 27.20+0.55 40.81+ 193 4.26+ 0.1528.11+ 1.00 38.58+ 2.49 4.40+ 0.64

1 23.03+ 0.94 36.05+ 2.74 3.21+ 0.06 | 20.53+ 0.64 32.59+ 2.86 3.33+ 0.09

2 17.51+ 1.30 35.02+ 0.25 3.12+ 0.13}19.52+ 1.67 30.64+ 0.50 3.03+ 0.07

3 18.87+ 4.36 34.27+ 1.38 297+ 0.10/14.43+ 3.94 29.76+ 2.44 2.43+ 0.16

4 15.68+ 3.94 33.63+ 2.15 2.30+ 0.2111.03+ 1.50 27.85+ 3.62 2.30+ 0.05

5 13.95+ 0.65 29.24+ 154 1.49+ 0.30, 8.86+ 4.06 25.18+ 2.36 1.41+ 0.01

allicin pH 6.5 Stoll
Seebeck((), Mazelis Crews(
Table 8 pH 1.2

, citric acid

- 164 -



Table 8. Nitrite-scavenging effects of garlic extracts as affected by
different concentrations of the citric acid in 50% methanol and 50%

ethanol
unit - %
Conc of citric
. pH M eOH 50% EtOH 50%
acid(%)
0 1.2 66.70+ 0.76 64.24+ 0.27
3.0 37.98+ 2.97 34.06+ 2.11
1 1.2 64.24+ 1.22 62.63+ 3.56
3.0 32.21+ 1.83 32.19+ 1.72
) 1.2 64.18+ 2.61 63.52+ 3.98
3.0 32.35+ 2.58 34.84+ 2.00
3 1.2 63.24+ 2.36 63.07+ 2.45
3.0 33.07+ 1.42 32.04+ 0.66
4 1.2 64.17+ 2.48 63.34+ 2.17
3.0 32.70+ 1.82 32.12+ 1.28
5 1.2 62.04+ 2.13 60.10+ 1.64
3.0 32.54+ 1.06 30.33+ 2.49
7. NaCl

ethanol 50% NaCl 1 5%

Table 9
. Citric acid NaCl ethanol

50% -
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thiosulfinates

(Table 9) NaCl

citric acid

(Table 9) pH
, NaCl
thiosulfinates (Table 9)
NaCl 1% , 1%
citric acid NaCl
thiosulfinates 4 5%
2%
NaCl -
ethanol
methanol 50% pH (3 98), NaCl, citric
NaHzPOZ  NazHPOz 0.5 2%( )]
» » ’ thiosulfinates

ethanol 50%
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Table 9. Solid vyields, electron donating abilities
nitrite-scavenging effects(NSE) and contents of total thiosulfinates
of garlic extracted as affected by different concentration of NaCl in

50% ethanol

(EDA),

Corf‘c- Yields EDA NSE(%) T hiosulfinates
Na(cl)l(%) (%) (%) pH 1.2 pH 3.0 (mM)
0 28.11% 1.00 40.81% 1.93 64.24+ 0.27 34.06+ 2.11 4.40+ 0.64
1 27.48+ 2.05 37.76 ¥ 1.16 66.90+ 4.19 31.40% 0.84 4.21+ 0.01
2 24.83+ 1.44 37497 1.16 67.68+ 3.46 30.09% 0.67 4.45+ 0.02
3 23.15+ 0.63 33.947 0.51 67.68+ 0.18 34.13% 0.33 4.35+ 0.11
4 24.29+ 4.20 31.76 ¥ 0.26 67.94+ 491 35.20% 0.50 4.52+ 0.03
5 20,55+ 2.61 32.12%0.25 66.91+ 2.37 36.51% 1.01 4.52+ 0.02
2
- 40 120 10 30 ethanol 50%
DPPH Table
10 ] 10
, 20 60
80 1/3
. 30 40 20%
80 20 1/3 8
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pH (Table 10) pH
pH1.2 ,
thiosulfinates (Table 10)
, 80
thiosulfinates
- HPLC allicin dialk(en)yl
thiosulfinates Larry (€, allicin, diallyl
disulfide -
3
1.
ethanol 50% 4° , 25° , 5
0 30 5
Table 11 4
30
2% 25
15 15 42%
- 50 5 50% 15
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Table 10. Changes in electron donating abilities (EDA), nitrite
-scavenging effects(NSE) and contents of total thiosulfinates of
garlic extracts as affected by 50% ethanol with different heating
temperature and heating times

Heating Heating temp.( )
time
(min) fresh 40 60 80 100 120
10 4081+ 193 3919+ 0.10 35.34+ 281 2500+ 146 19.34+ 2.39 1843+ 0.73
EDA
%) 20 4081+ 193 3806+ 1.94 37.10+ 241 1310+ 0.11 1386+ 052 1249+ 0.19
0
30 4081+ 193 3277+ 386 31.37+ 344 1394+ 0.33 1458+ 0.32 16.28+ 194

pH12 7228+ 236 7214+ 899 71.74+ 032 6538+ 141 65.28+ 0.63 68.60+ 0.58
pH3.0 39.68+ 1.98 32.00+ 1.70 28,67+ 1.98 27.86+ 241 27.04+ 157 2857+ 156

10

pH12 7228+ 236 7129+ 2.38 70.59+ 017 64.03+ 157 72.64+ 1.74 7362+ 117

NSE(%) 20
pH30 29.68+ 198 3368+ 1.63 28.75+ 1.83 2863+ 026 20.25+ 185 26.82+ 053

pH12 7228+ 236 70.82+ 1.93 68.25+ 015 64.98+ 0.60 66.87+ 1.14 69.80+ 1.10
pH3.0 39.68+ 1.98 3219+ 1.89 29.80+ 201 29.23+ 118 28.81+ 059 3011+ 153

Thiosufi 10 4527011 4557000 4167031 006T00L O 0
nates 20 452+ 011 3527005 3427013 00LT00 O 0
(mM) 59 452+ 011 3387007 2847014 0 0 0
33%
(Table 11) 4 pH1.2
30 85%
, pH3.0 5
30 65% .25
pH 1.2 4 25
25 30 80% . pH3.0 5
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Table 11. Changes 1in

electron

donating abilities (EDA) and

nitrite-scavenging effects and of garlic extracts prepared by ethanol
50% extraction as affected by during storage time at different

temperature
Storage Storage (days)
temp. 0 5 10 15 20 25 30
4 4081+ 1.93 37.767091 34.25F5.94 32.56F1.32 32.89F1.86 32.54T1.82 2923F2.90
f;/; 25 4081+ 1.93 3443F1.68 24,62+ 0.42 16497249 16.08F0.91 16.96F3.75 17.87F1.22
50 4081+ 1.93 20747367 17.22F1.80 13.73F2.19 13.01F3.35 13.90F0.75 13367041
A PH1.2 7228+ 236 70.24+ 243 67.14+ 0.49 67.81+ 1.20 67.02+ 0.99 65.26+ 1.49 63.05+ 152
pH3.0 39.68+ 1.98 3264+ 0.00 20.74+ 3.38 28,63+ 2.67 27.97+ 2.59 27.29+ 1.73 26.12¢ 1.15
NSE - pH1.2 72.28+ 2.36 68.76+ 0.76 66.59+ 1.03 6541+ 0.99 6541+ 1.15 65.41+ 1.97 63.10+ 1.34
(%) pH3.0 39.68+ 198 3067+ 223 27.71+ 0.81 27.11+ 1.12 27.04+ 0.40 26.07+ 1.29 21.41+ 2.07
50 pH1.2 7228+ 236 6558+ 0.71 67.3%+ 1.42 65.80+ 1.51 64.24+ 1.33 64.84+ 0.19 6298+ 0.20
pH3.0 39.68+ 198 29.14+ 040 26.25+ 1.14 27.79+ 0.92 27.28+ 2.60 27.02+ 0.5 22.60+ 1.38
25 25
30 55% . 50
pH1.2 5
pH 3.0 25 )
thiosulfinates Table 12 ,
thiosulfinates
25 11 , 50 1 thiosulfinates
. 4 thiosulfinates

30

172 -

Larry

(€.
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allicin

Table 12. Changes in contents of thiosulfinates of garlic extracts as
affected by 50% ethanol extraction as affected by during storage time
at different temperature

Cunit - mM )

Storage

Starage (day)

temp.

()

5 10

15

20 25 30

4 452+ 011 415+ 009 413F0.13 3.76F0.32 347F000 3.39%0.13 258+0.13 217+0.14 2.03+ 00

25 452+ 011 329+ 010 3427031 1.35F0.11 009F014 ND ND ND ND
50 452+ 011 049+ 0 ND ND ND ND ND ND ND
ND : Not Detected
2.
(40 120 ), (10 30min)
4° , 25° , 50 30 5
Fig. 3 5 .
10
. 40.81% 40
60 12% 80 32% 100
50% . 4 4
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thiosulfinates , 25 11 ,
1 thiosulfinates
4
4
5, 10, 20%
10% ethanol 50%
10
, TBA i}
1. (POV)
Table 13 .
2
8 10
6 20% 1/2
- 10% 50% ethanol 20%
6 -
8
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Table 13. Changes in peroxide value of ground pork treated with
garlics and garlic extracts during 10 days storage at 4
unit:meg/kg

Storage days

Treatment 1J) 0 2 4 6 8 10

Control 31% 4 42+ 7 287+ 63 390+ 13 725+ 25 605+ 32

G-5 30+ 1 40+ 14 255+ 20 323+ 15 600+ 20 550+ 21

uncooked G- 10 26+ 1 30+ 0 215+ 7 318+ 35 600+ 20 425+ 33
G- 20 24+ 1 30+ 14 150+ 28 195+ 26 575+ 10 450+ 50

G-ex. 27+ 3 25+ 7 113+ 9 172+ 37 550+ 12 480+ 10

Control 49+ 2 118+ 40 340+ 42 483+ 39 1048+ 28 827+ 30

G-5 43+ 6 78+ 4 260+ 12 361+ 26 941+ 53 768+ 42

cooked G-10 35+ 6 55+ 0 150+ 10 295+ 37 924+ 66 712+ 45
G- 20 25+ 5 39+ 3 140+ 18 258+ 26 848+ 41  736x 15

G-ex. 195 30+ 7 148+ 24 276+ 40 856+ 49 727+ 38

TControl: no garlic ; G-5: 5% garlic added on ground pork weight basis;
G-10: 10% garlic added on ground pork weight basis; G-20: 20% garlic added
on ground pork weight basis; G-ex.: 10% garlic extracts added on ground
pork weight basis.

2. Thiobarbituric acid value (TBA )
TBA
Table 14 - TBA
10 -
TBA
TBA 8
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TBA 10 20%

6
TBA 10%
20% 8
TBA peroxide 2
malonaldehydes .
- 50%ethanocl
5
Table 15 . (0.5 2%)
30 SP-1
. SP-1 0.5% 8 , 19
, 1%
. (0.5 1.5%)

- 1%

ae ;
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Table 14. Changes in thiobarbituric acid value(TBAvalue) of ground
pork treated with garlics and garlic extracts during 10days storage
at 4

unit : OD/10g

Storage days

Treatment 1J) 0 2 4 6 8 10

Control 008+ 0.00 0.18+ 000 0.30+ 000 0.39+ 0.00 0.66+ 0.00  0.81% 0.00

G-5 009+ 000 020+ 000 028+ 0.00 0.35: 000 056+ 000 0.7+ 0.00

uncooked .10 009+ 000 018+ 0.00 025+ 000 0.30+ 000 042+ 000 0.702+ 0.00
G-20 009+ 0.00 0.1+ 0.00 0.4+ 000 0.13+ 0.00 031+ 0.00  0.51 0.00

G-ex. 0.05+ 0.00 0.07+ 000 0.08+ 0.00 0.08+ 0.00 0.40+ 0.00 0.63+ 0.00

Control 0.07+ 0.00 0.20+ 0.01 0.34+ 0.00 0.45+ 0.02 0.75% 0.01 0.92+ 0.00

G-5 0.08+ 0.00 0.12+ 0.00 0.38+ 0.00 0.43+ 0.00 0.69+ 0.01 0.86+ 0.00

cooked G- 10 0.08+ 0.00 0.09+ 0.00 0.34+ 0.01 0.39+ 0.00 0.44+ 0.00 0.73+ 0.00
G-20 0.10+ 0.00 0.10+ 0.00 0.16+ 0.00 0.16+ 0.01 0.34+ 0.00 0.61+ 0.00

G-ex. 0.05+ 0.00 0.08+ 0.00 0.09+ 0.00 0.15+ 0.00 0.41+ 0.00 0.75+ 0.00

TControl: no garlic ; G-5: 5% garlic added on ground pork weight basis; G-10:
10% garlic added on ground pork weight basis; G-20: 20% garlic added on
ground pork weight basis; G-ex.: 10% garlic extracts added on ground pork
weight basis.

()
p-hydroxy benzoic acid ester , benzoic acid,

sodium benzonate, sorbic acid

.
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Table 15. The first day when gas formation and film was observed on
YMPGSB incubated at 30 during 30 days
(unit:day)

Conc. Strains Ss-1 SS-2 SP-1 SP-2 SP-3

Gas 1 1 1 1 1
Control
Film 3 2 2 - 3

Gas - - 7 - -
0.5%
Film - - 19 - -

Garlic Gas - - - - -
1%
extract Eilm _ - - - -

Gas - - - - -
2%
Film - - - -

Gas - - - - -
0.5%

Film - - - - -

Freeze-
dry 1%
garlic

Gas - - - - -

Film - - - - -

Gas - - - - -
1.5%

Film - - - - -

- I Gas and Film was not observed during 30 days of storage
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*g5 C - ) (
)  6.7™ (
6.83%) , 6.92%,
% I , , 1997(1995 )]
23,620,070M/T
70% 16,433,980V/T , , ,
6,871,206V/T(41.8%), 5,392,082V/T(32.8%), 1,929,610M/T(11.7%)
) 3,412,357W/T
50.8% , 3,773,733W/T
51.4% 36.6% 11.7%
-(Table. 1.1)
1,536,781IN/T( . 6.5%)
60% 14,116,656W/T )
93.6% .(Table. 1.2)
39,273,507W/T 76.7%  30,112,088W/T
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/T @
5,392,082(32.8%) 22.8
736,471(4.5%) 3.1
194,671(1.2%) 0.8
6,871,206(41.8%) 29.1
1,929,610(11.7%) 8.2
1,148,992(7.0%) 4.9
106,102(0.7%) 0.4
54,846(0-3%) 0.2
16,433,980(100%) 69.5
1,721,042(50.4%) 7.3
914,213(26.8%) 3.9
777,102(22.8%) 3.3
3,412,357(100%) 14.5
1,955,939(51.8%) 8.3
1,377,481(36.6%) 5.8
440,313(11.7%) 1.9
3,773,733(100%) 16.0
23,620,070 100

: 1894

Table. 1.2

, 1995
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( : M/T)

/

€D)

16,433,980 (13,214,023 | 464,085(30.2%) | 29,183,918 45.3
3,412,357 | 747,427 |1,061,424(69.1%) 3,008,360 24.1
3,773,733| 155,206 11,272(0-7%) 3,917,667 4.0
23,620,070|14,116,656 | 1,536,781(100%) | 36,199,945 39.0

2
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1,2,3 )

Table. 2.1

11

Table. 2.1

2.1
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1994

%6 1 (Fig.2.1)

- 120

Fig.2.1 (1996.1.)
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- 1994
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(kg, ton, kD)

(kg, ton, kD)

(kg, tan, kD)

(kg, tan, kD)

¢0)
—®

—®
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—®

—®

—®

—®
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28.6%

87.4%

19,470,346M/T

3,306M/T

Table. 3.1

1996

11

_(Table. 3.1)

50

. Table. 3.1

Table. 3.2

- 192 -
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Table. 3.1 ("96)
@ @ /
( (
C ) (7)) W~/ )

901 7.3| 2,775,258 4.1 3,080.2
573 46| 7,814,883 11.5 13,638.5
’ 1,539 12.4| 5,050,736 7.4 3,281.8
498 4.0 997,873 1.5 2,003.8
156 1.3| 19,470,346 | 28.6 124,809.9
1,830 14.7| 2,607,726 3.8 1,425.0
789 6.4 1,624,614 2.4 2,059.1
96 0.8| 1,937,433 2.8 20,181.6
1,062 8.6 | 3,543,263 5.2 3,336.4
297 2.4| 6,817,282 10.0 22,953.8

C
’ ’ ’ 4,671 37.6 | 15,445,742 | 22.7 3,306.7
12,412 | 100.0 | 68,085,156 | 100.0 5,485 _4

-1 (C

3 )

(http://ww.foodnet.ca.kr)
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Table. 3.2

(@) (@) C D C D C D

96,202 100 2,951,885/ 100 364,821 100 358,887 100 159,448  1C0|

87,931 91.4| 1,173,461 39.8 74,772 20.5| 73,914 20.6| 33,681 21.1

9,353 8.6| 1,778,424 60.2| 290,049 79.5 284,937| 79.4| 125,767 78.9

6,248 100, 206,451 100 26,430, 100, 26,234 100, 10,885 100

5,460 87.4 75,425 36.5 5,239| 19.8 5,177| 19.7 1,891 17.4
788 12.6| 131,026| 63.5| 21,191| 80.2] 21,058/ 80.3 8,994 82.6

2 (ZCigits)
. (
500 G-49 )
: 1995 , , 1997
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1 1 ( ) ¢ )

2 .

C , , , ) 34.4%,
3.9%, 16.7%, 23.7%
34,446 M/T(
36,200 M/T. Table. 1.1) 24% 8,481 WMT
¢ , , )
.(Table. 3.3)
Table. 3.3
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B/A
() ® (€D)
5,059.8| 174.0| 3.4 L0
312.5| 307.0|98.2
6,052.2 44.0| Q.7
5,410.6 |2,423.2 | 44.8 s
489.4 12.8| 2.6
247.1| 123.3|49.9
1,453.4 [1,509.0 | 72.9
66.1 9.5/14.3
63.1 35.7 | 56.6
26.9 23.9|88.8
19,181.1 |4,662.4 | 24.3
2,673.7 | 153.7| 5.7 s
1,602.6 88.2| 5.5
172.6 3.6 2.1
493.8 0.3| 0.1
599._4 1.2| 0.2
408.5 1.1| 0.3 s
307.3 3.1| 1.0
169.2 0.2 0.1
175.5 46| 2.6 ’
149.5 6.3 4.2
150.7 3.9| 2.6
6,902.8| 266.2| 3.9

Table. 3.3
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w/T)

A/B
Q) Q) €D))

614.2 160.0 | 26.0
161.0 0.2 0.1
114.8 36.0| 17.0
547.9 25.0| 21.8
211.9 63.0| 11.5
136.7 15.0 | 11.0
1,786.5 299.2 | 16.7
27,870.4 | 5,227.8 | 18.8
3,098.4 | 2,486.0 | 80.2
266.9 4.1 1.5

635.1 60.2| 9.5 ’
609.4 122.4 | 20.0

1,966.4 580.9 | 29.5 ’

3,477.4 767.6 | 22.1
34,446.2 | 8,481.4 | 24.6
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1.
1994 ( , 1995)
.1 .
a )
1,795.3 M/T, 142.9 N/T 1,938.2 M/T
92.6% . Table. 3.4
1994
23,620 M/T/ 34,446 W/T 24
8,481 M/T ( , .
) , 8.5) 719.3 WM/T
( ,1996)
33.3%, 25.1%,
25.0%, 15.9%, 14.6%
395.3 M/T, 106.1 N/T, 88.7 /T,
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75.1 MT -

3.9% 266.3 WMT

W/T C 77 ).
59.3 W/T
¢ )
299.2 N/T
75.1 WT )
3,234.8 N/T 767.6 N/T(23.7%)
. 12.1 WT

, 3,098.4 WMT

2,486.0 M/T , 395.3 M/T
‘93 1,203
653,923W/T 794
Table. 3.5
121
12,412 1%)

- 199 -

206.9

22.3%

2.0%(C

7,420MW/T



.(Table. 3.6)

_(Table. 3.7)

Table. 3.4

0.13%

4,26IN/T(

94

57%)

(D)
2,948.2 106.1 3.6
136.1 20.0 14.7
.1 1 0.7
1,509.0 18.1 1.2
9.5 2.4 25.0
5.6 0.5 0.9
266.3 88.7 33.3
299.2 75.1 5.1
186.7 8.0 4.3
580.9 4.1 0.7
2,486.0 395.3 15.9
8481.0 719.3 8.5
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Table. 3.5

1993 ) 1994 )
/ /
w1/ /17
w1z ) O [ C) 3 w2y o | C o) 3
653,923| 8.0 | 1,203 | 543.6 | 7,420 | 0.5 128 58.0
, 1997
Table. 3.6 ("94)
( 272D
/
w1/ ) (0] @ C D/ )
136.69 0.03 1.84 5 27.34
4,261.86 1.26 57.44 7 608.84
916.50 0.50 12.35 94 9.75
13.90 0.01 0.19 4 3.48
17.70 0.03 0.24 2 8.85
1.68 0.04 0.02 2 0.84
15.87 0.01 0.21 4 3.97
8.00 0.22 0.11 1 8.00
25.55 0.27 0.34 7 12.81
39.43 0.04 0.53 1 60.00
2,008.13 11.50 27.06 1 2,008.13
7,419.76 99.99 128 2,739.2
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Table. 3.7 (@)
/)

93 93

, 10 99 8 117

16 14 29

92 92

1 1

7 59 2 1 68
40 4,252 334 0.16 1 2,008|6,635.16
47 4,262 694 2 0.16 24 2,008|7,035.16

, 1996
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23.5%

55.0%

2.4%

. Table. 3.8

20.3%

- 203 -

25.3%



Fig. 3.1

»
L]
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Table. 3.8 1

/T /T [0)
7,088,751 1,795,284
- 6,571,122 1,511,358 253
514,540 283,002
3,080 924
1,153,992 142,941
169,280 22,006
12.4
705,886 84,706
278,826 36,229
8,242,743 1,938,225 23.5

O
‘95

1994

, 1995

, 1995
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2
¢ ) -
2 290 68,348,103(W/T)
(19%6 )- ,
. Table. 3.9 20 2
. 5,291 M/T( 8,481 WT
)
2,950 M/T 55.8% .
875,211(wW/T)
620,898(V/T) C )} 322,751(W/T)
- 168%
. 84.7%,
55.1%, 40.0% . 2
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Table. 3.9 2

(/4D /1) €))
299,153 75,211
L 160,000 40,000
T 63,000 13,860 | 25.1
- - 36,000 8,280
40,153 13,071
1,583,129 875,211
. . 78,128 14,720 |  55.1
1,492,160 559,560
12,841 11,525
125,005 50,002 40.0
LGN
211,873 22,579
67,110
- 67,110 22,514 10.7
2,523 65
75,130
- 620,896
( ? 747,518 617,170 83.1
,;’ 3,726
L 225,146 190,774
. 4,183 2,510
189,161 172,137 84.7
. 13,638 6,137
5, 18,164 9,990
266,295 88,676
. 153,736 55,146
R 88,162 23,372 3.3
24,397 10,158

@)
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Table. 3.9

78y /T )
192,113.4
C ) 86.451.0 322,750.5| 168.0
105,662.4
703,500
1,637,800 255,596 43.0
326,151
121,753
5,290,818 2,949,600 55.8
@)
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80%, 20% -

CZ0 N , 7 , 5

8y

4,560(W/T)  (

( 3% )

17 20% 6 8%

1% -
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Fig. 3.2

26t
\ | [
| || i ——
\ | \
S
S
@0
( )
S
(1.61)
(0.3t)

@)
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10%

Fig. 3.3

110t

@ 3D, 100)

1
(CEHI:CE)
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Fig. 3.4 C )

L ML

35

s =

40%

18%

2)

Fig. 3.5
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Fig. 3.5

| | 100

— 8 90

| | 380

100 380

3
(70 90%),
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) , Fig 3.5

Fig. 3.6

(150t) (10t)

2.7t
5.4t

C )4t

161t

Al
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4

80 90%

Fig. 3.7 ()

10
C 0.5 1%
5.5
— 4.5
(83 87
thin film
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)
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Fig. 3.8

( )18%
+ ( )18%
+ ( 22%)
31 35 6
— G
95 2 3

+

85%
18%

10%

(7-5%)

NERE RN
MMM%MM“
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)

, C , salad oil,
) (butter, rargrin, shortening
Fig. 3.9 ( )
100
( S5 )
45
D ( )
? ? ? (MSG)1
Fig. 3.10
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Fig. 3.10

154 M/T/D
127 M/T/D
g5% — ——( 50%) - -
63.1M/T/D 2.9 1/D
40.0 1/D
air
[k To-o R— B
/hr) 160 /D
(1,200KL/D)
(180 T/D)
(292 T/D)
450 w1 11400 /D,
44.IM/T/D N3 -850 /D)
20.8 M/T/D 0.4 T/D
120 /d
155 MT/D
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Fig. 3.9

Fig. 3.11

30 50%

1000

— 400

600
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.(15 20%

60 90%

)
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)
).

Table. 3.11

70 85%



Table. 3.11

) (100g {7
11.7q, 79.69,
15 20 6.89 ,
1 11C.4mg( )
80.3g, 17.5¢g,
70 90 1.59 ,
110.4mg( )
72.4q, 20.7qg,
70 95 4.69, »
231.1mg( )]
86.4qg, 10.3g,
70 85 1.4g, »
19.0mg( )]
73.€g, 23.0g,
8 90 1.1q, ,
595._2mg( )
S.2g, 41 _3qg,
80 90 22 _€q, ,
2 638.6mg( )
9.2q, 41_.3q,
8 85 22 _€q, ,
638.6mg( )
14_.8q, 68.4q,
60 70 10.3q, ,
411 .5mg( )
3.9, 39.5g,
15 20 20.2q, ,
817.2mg( )] )
90.3g, 6.1q,
60 90 2.0g ,
138.8rg( )
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Table. 3.11
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Table. 3.11
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C e
1
bone meal, , (
feathe; meaI’
. C )
¢ I pH )
fish meal,
(Ca ), ¢
Chitin ,Chito
C - »( ) ,
lint( )
»|furfural
2 C D,
gluteen, (¢
¢ ),
C D
,( ,
¢
( s )
, pectine
¢ ),
¢ )
, 1993




1. 1994 ,
2. ‘94 »
3. , ‘
’, 1995.9
4. s
5.
6. s » .
7. 1995 ,
8. 1995 s
9.
10. http://ww.nfrda.re_kr,

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.
21.
22.

23.

http://ww.suhyup.co.kr,
http://ww._nori.go-kr,
http://ww .afmc.co.kr,
http://www._agr.or kr,
http://ww.nlcf.co.kr,
http://ww _kfri_re_kr,

http://ww_foodnet.re_kr,

http://ww.rda.go-kr,
http://ww.raf_go.-kr,
http://ww_affis.ar_kr,
http://ww.rdc.or kr,
http://provin_kyonggi -kr,

http://ww_aginfo.snu.ac.kr,

, 1995
, 1995.7
» , 1997
, , 1996
, 1996
, 1997.4
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, 1993.12



10

1992) . 1,500

material”
bifidobacterium

(Hoover, 1993a : Hoover, 1993b).

stachyose
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550

4,000

“probiotic

sucrose, raffinose,

raffinose stachyose



, 70%

( , 1995). 70%

Isoflavone

(Barnes, 1995), (Shino

et al., 1988), (Fotsis et al., 1995), (Naim

et al., 1976), aldehyde dehydrogenase (Keung et al., 1993)

. isoflavone

daidzein genistein - isoflavone ,
, 1soflavone »

isoflavone

- 2S5, 7S, 11S, 15S

fraction , glycinin(11S) B -conglycinin(7S)

- 3

, ( 1996) .

(1996), (1992)

Wang  (1989) ,
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1996)

3
, 1994).
peptide

peptides

peptide

1996),

228 -

, protease
( , 1995).
peptides
C , 1995),
, 1995), ¢ »



(ultrafiltration)

10 100psi
NaCl 95-99%
200-100psi
(Nanofiltration, NF)
1
peptide
, Isoflavone, peptide
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10 20

. Table 1 .

Table 1. Area and scales of soybean-curd processing companies

Companies Area Scale(output per year)
JA Kyungi-do, Guri 18,750 ton
KD Seoul, Kangdong 2,592 ton
PC Kyungi-da, Pucheon 365 ton
LY Kyungi-do, Shiheung 4,562 ton
Wi Kyungi-do, Shiheung 1,800 ton
DS Seoul, Sungdong 2,203 ton
HY Seoul, Sungdong 1,478 ton
YH Seoul, Youngdeungpo 3,500 ton
KA Seoul, Kwanak 4,000 ton
PM Kangwon-do, Chuncheon 19,000 ton

- 230 -



(Biochemical Oxygen Demand

: BOD) 5-Day BOD test (¢ , 1988;
, 1992a).
aerator , phosphate ( pH 7.2, KHZPO4 48.5g,

KZ2HPO4 21.75g, NazHPOz7Hz0 33.04g, NH« I 1.7g 18

), 2.25% MgSOze7H:0 , 2.7%% CaCl2 , 0.025%
FeClZe6H:0 1 1 ;
BOD (300 )
15 20 5

(Dissolved Oxygen Meter:YSI model 58)

(Chemical Oxygen Demand : COD)

( , 1988; , 1992a).
7.5 digestion vessel 2.5 , digestion o3
2 KzCrz07 10.216g 167 , HgSO4 33.3g
500 10 ) 1.5 , -
C 1kg 5.5¢g 1 2 )]
3.5 , 150 block digester 2
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, COD meter(DR/2000, HACH)

600Nnm COD -
- pH , , , , Brix
pH meter( , model DP-215M, digital pH/ion meter)
pH -

(Physica, standard measuring drive system SM-LM, Zz4

Din) -
20.5+ 0.5 , (shear rate) 40.3 4030 1/s
(shear stress)
(Conductivity meter:YSI model 35)
(Abbe, Ermacat A-302) brix
(Minolta Spectrophotometer CM-3500d)
Hunter scale L, a), )
3.

- dry-ice  acetone
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-80

(freeze-dryer:

(deep-freezer) 24

, FD 5508) 24 -

- microkjeldahl , phenol -
sulfuric acid -
4.
(HPLO)
- , 10 10% lead acetate 2
12,000% g 15
- Sep-Pak C18 cartridge(Waters) 10
(HPLC, Waters model 200 series)
- fructose, sucrose, raffinose, stachyose Sigma
(Luis, MO) , HPLC Table 2 -
Table 2. Conditions of HPLC for oligosaccharides analysis of
soybean soaking water and soybean-curd whey
Instrument Waters model 200 series
Colurn Waters carbohydrate analysis column

Guard column
Mobile phase

(3.9x 300mr, Waters)
M —bondapak insert Ci8
75% acetonitrile in water

Flow rate 1.0 /min

Temperature 40.0

Detector RI detector (Differential refractometer R401)
Injection volume 10
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isoflavone Table 3

(HPLC, Hewlett Packard 1090 series I1) -

0.35g IN HCI 3 100 (HY-1000, Dae
han sci. co.) 1 MeOH 3

12 isoflavone 0.5y m syringe
filter(Millipore Co.) 20 - Sigma

(Sigma chemical co., USA) -

Table 3 . Conditions of HPLC for isoflavones analysis of soybean
soaking water and soybean-curd whey

HP 1090 series 11 Hewlett Packard Cao.

YMC-PACK ODS-OM 303 S-5 (120 , 250x 4.6 mm 1.D.,
YMC Inc. Wilmington, NC)

YMC CI18 guard column

0.1% Acetic acid in Acetonitrile :
1.0 /min

W detector (254nm)

20

Instrument
Calurn

Guard calurn
Mcbile ohase
Flow rate
Detector
Injection volume

H.O = 35 : 65 (WV)

Waters Pico-Tag Table 4
) 20mg 6N HCI
15 150 1
- 3 50 0.45 micro
filter 50 Pico-Tag Workstation
- (HZ0:MeOH: triethylamine
(TEA=2:2:1, Vv/Vv)) 10 , vortex mixer

Pico-Tag Workstation
(PITO)

SPITC=1:7:1:1) 20

- Phenylisothiocyanate
(H20 : MeOH : TEA

vortex mixer 20
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Pico-Tag Workstation -

PITC(protein sequencing grade) Sigma(Luis, MO)

A 50

20

2.5y mol/

Waters(Millipore Co., USA) -

Table 4. Conditions of HPLC for amino acids analysis of
soybean-curd whey

Instruments

Collurn
Detector

Mobile phase

Waters RheoDvne iniector. Waters 626 pump,

Waters 600S controller, Waters 486 tunable absorbance
detector

Hewlett Packard HP3395 integrator

Waters Pico-tag column(3.9x 150mm,4 )

W 254nm

A : buffer : acetonitrile = 94 : 6(v/v)

* huffer (0.14M sodium acetate trihvdrate and 0.05%
triethylarine in 12 Mili-Q Water, Adjust pH 6.4 with
phosphoric acid )

B : 60% acetonitrile

Temperature 58.0
Iniection
volure 20
(Orion model
920A) . Calcium ionic strength adjustor (ISA,
Orion) 2 100 calcium electrode (Orion model
93-20) , 1000 ppm calcium standard (Orion)
calibration , - calcium
standard 25+ 0.5 -
10ml 105 Ks&S04 1.5g Se 7.5mg
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5ml 420 -
10ml
(Atomic Absorption Spectrophotometer, GBS model 904)
- calibration 1, 2, 3, 4 ppm
(Junsei Chemical Co., Calcium Standard

Solution) .
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45mm

(Bus-200, SK Industry, Korea)

(MWCO : molecular weight cut off) 10,000 spiral- wound

(Millipore Co.)

(regenerated cellulose) polysulphone

25 , 2kgf/cmz -

pH
calcium sequestering EDTA  0.01M
(VCR:Volume Concentration Ratic) 2 10 (permeate)
(retentate) -
3. Nanofiltration

Nanofiltration Helicon RO 4 Catridges Nanomax-50
(Milipore, CDRN 50004) - 50

5¢ /min, 130psi 5

300

3t /min, 200psi -

500psi
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100mil/min }

3 UF/NF
b
1.
2.
’ ’ (COD, pH ’ ’
, , Brix) .
3. Bifidobacterium
(Korean Collection for Type Culture,
KCTC)fdm 4 (Bifidobacterium infantis,

Bifidobacterium longum, Salmonella typhimurium, Staphylococcus

aureus) -
UF/NF (DOWEX 50W)
0.5% 0.45 filter 10

. glucose
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0.5% glucose BHI broth

( , Bifidobacterium longum, bifidobacteirum infantis 0.05%
cysteine )] .

- Bifidobacterium

0.05% cysteine BHI broth
anaercbic jar(DIFCO) 37 , 48 1
2 - 0.5
(10,000x @)
0.5 vortex suspension
10 0.1% peptone
0.1
BL agar 37 48
- 0.9 cryogenic vial

10%(v/v)glycerol 0.1 -20

- Salmonella typhimurium  Staphylococcus aureus

10 BHI broth 37 24

1 BHI 10 1
2 -
slope agar 37 24 broth 1 loop

0.1% peptone 9.9 ‘tube
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- 0.1 petri dishes

37 24

- ICP

(ICP-AES: ICPS-10001V)
60% 60%
panel , »

Duncan®s multiple range test -

1  (Sigma Co., DOWEX 50W),

1 (Sigma Co., DOWEX 1X2-200) -

IN NaOH  1:5(w/v)
20 1

, IN HCI 1:5(w/v)
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IN NaCH

2. Steffen

(CaClz 2H:0)
100-120%
. 425

, 75-85

1 , 1

saccharate

325

HPLC

100 400

3

20

(1995)
8-10%
(Ca0)
1
2
30 , 2
, cake
75

(Sigma Co.,)

IN HCI

5 20
cold saccharate
hot saccharate

2

, 1 30

0.6g, 0.89, 1.0g, 1.29

(Sigma Co., DOWEX 50W) 10
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10 - 3

(rotary evaporator)

10 HPLC -

10%
pl 50 , 30 pH
10,900%x g 15 -
pH 7.5 30 pH
(soybean-curd whey protein

: SWP) ;

pH 4.1, 6.0, 8.0 20

0.0-2270 1/s
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Frazen (1976) Sathe (1981)
WP (ISP) pH
0.19g 10

pH 2, 4.1, 6, 8, 10, 12

10,900x g 15
1 3
540nm

100% .
D

(SWP)

(1978)
0.2g 50

pH 2, 4.1, 6, 8, 10, 12

( ) 2
mode 1 -
1:150 500nm
spectrophotometer)

- 243 -

IN HCI IN NaCH
, 10 pH
(Vision Co.) -
4 30
» pH 12
(sP) pH Pearce
IN NaOH 1IN HCI
10 pH
Osterizer Mixer * Mix
0.1 0.1% SDS
(Hitachi



T = 2.303 A/L T - Turbidity , A : Absorbance at 500nm,
L : Pathlength of Cuvette(lcm)

2)
30 , 60 0.1

0.1% SDS 15 vortex mixer 500nm

Emulsion stability(®) =

’T of emulsicn after t min.
x 100 ( °T of initial enulsion °T: turbidity)

(t = 30 min, 60 min)

D
Yasumatsu (1972) swP),
(1SP) . 0.2g 50
IN NaOH 1IN HCI pH 2, 4.1, 6, 8, 10, 12
, 10 pH Osterizer mixer
“Whip’ mode 5 30
2)
30, 60

Val. of foam after t min
Foam stability(®) = x 100 ( t =30 nmin, 60 min )
Val. of initial foam

- 244 -



Davis Orstein Lasmli (Bollag and
Edelstein, 1991)

- Vertical slab instrument

(Hoffer Scientific Instrumets, SE 600 series) 12.5%

sodium dodecyl sulfate(SDS)-polyacrylamide gel(16cm x 18cm) 5%

stacking gel - WP,
sk Eppendorf 1:5
vortex mixer - 5
650%x g 10 25
stacking gel well SDS tris-glycine buffer
(pH 8.3) SWP 90ov, 15 ISP 200V 5

; 0.6 1M Tris-HCl (pH 6.8), 5 50%
glycerol, 2 10% SDS, 0.5 2-mercaptoethanol, 1 1% bromophenol blue
0.9 H0 -

coomassie blue G-250 0-1% MeCH: glacial
acetic acid:water (4.5:1:4.5) 30
MeOH:glacial acetic acid:water(1:1:8) -

myosin B -

galactosidase,phosphorylase,albumin(from bovine),albumin(from egg),

carbonic anhydrase, trypsin inhibitor -
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1) ANS
Hettiarachcy (1995) Wagner (1990)
- 0.06%-0.001%
0.01M phosphate buffer(pH7.0) . 80
1-ani lino-8-naphthalene sulfonate(ANS:0.01M phophate buffer 8.0 mM
) 4 )
ANS- 390nm(excitation wavelength),
470nm(emission wavelength) spectrofluorometer(Kontron, SFM25)
ANS 80% full
scale »

(ANS )] ANS sample blank

2) SDS
Kato (1984) 0.07 mM SDS 0.1 %
30 - SDS-
(Spectra/Por Membranes, MWCO: 12-14,000) 0.02M
phosphate buffer(pH 7.0) 25 48
500 5 chloroform 25  screw- capped test
tube vortex mixer 2.5mM methyleneblue
1.25 vortex mixer 2,500rpm(
)] 10 (chloroform

SDS-methylene mixture) 655nm . SDS
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SDS

- SDS 500 SDS
3) thiol disulfide bond
) thiol
Beveridge (1974) cwP),
(1sP) thiol . 0.06g

tris—glycine buffer(10.4g tris, 6.9g glycine, 1.2g EDTA/liter,

pH8.0) 1 4.79 guanidine hydrochloride 10
1 urea—-guHCI (tris-glycine buffer
5M  guHCI 8M urea) 4 4 / buffer

Ellman’ s reagent(5,5"-dithiobis-2-nitrobenzoic acid; DNTB) 0.05

15 412nm
thiol ;
A2 : Absarbance at 412 nm
73.53 A2D C : Sample concentration( / )
U M SH/g - D : Cilution factor
C 73.53 = 106 /(1.36 x 102)
1.36 x 104 : rolar absorbity

) Disulfide bond

10 1 mercaptoethanol 0.05
, Uurea-guHCl 4 1 12%
trichloroacetic acid 10 1
6700 g 10 (Vision Co.)
2-mercaptoethanol 2 12% trichloroacetic acid 10
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8V urea 1in

tris- glycine 10 3 3 8M urea in tris-glycine
, 4 / Dbuffer Ellman®s reagent 0.04 15
412nm thiol
thiol disulfide group thiol
thiol thiol thiol
2 disulfide groups
4)
4.
Miller (1981) Knuckles(1985) pepsin
pancreatin .
0.2g 4.8 O.IN HCI(pH 2) 19 ,
pepsin 1 -

(Spectra/Por Membrane MWCO: 12-14,000)

37
2 0.1 NaHCO: 200
1N NaHC03 2.5 , 15
pH 7 pancreatin-bile 2.5
37 2
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pepsin, pancreatin

Lowry bovine serum albumin
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6 UF/NF

WF Permaals
S| = B

UF tank | UFE tank
| ] Ji Froaza
— Crryasr |
v
UF Rebantoabe Flesricy pesrmesates

ﬂ et

Fig 1. Scheratic diagram of purificaticn stegs fcr scykean-curd whey

. Gel permeation chromatography

Bio-Gel P-10 Tfine(Bio-Rad ) XK-column(1.6x 70cm,

Pharmacia Co.) , (AS-60101, Won corporation)
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- 1g 2ml

1.5ml loading 0.4ml/min
3 , TFraction collector(Buchler Co. U.S)
3ml 280nm Lowry (Lowry et al.,
1951) - ACE
- Prep-FPLC chromatography
GPC ACE

prep-FPLC(Model AKTA Pharmacia Co.) Table 5

Table 5. Operating condition of gel permeation chromatography

Column Superdex 75 HR 10/30
Pressure 0.50MPa
Flow rate 0.5ml/min
Loading volume 100 (20mg/mb)
Eluate FracSize ml
uv 280nm
3. ACE
Angiotensin-I (ACE) (Sigma Co.) 19
(pH 8.3) 10ml 5 24

(10,000rpm, 30 )
hippuryl-His-Leu(Sigma Co.) - ACE

Cushman (30) . ACE ACE 50%
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peptide-nitrogen 1C(C
- Gel chromatography 100 200

(0.1M sodium borate (pH8.3) containing 300mM NaCl)

hippuryl-His-Leu (25mv) 100 37 5
preincubation - ACE 100 37
30 1.0N HCI 500 -

0.1ml
- ethyl acetate 3.0ml 10
, 3000rpm 5 1ml -
100 4 3ml 228nm
ACE -
% Inhibition Ab=
As =
= [1 —{(As - A<)/(Ab - AQ}] x 100 :CC:_

4_ Thin layer chromatography

ACE
silica gel plate(silica gel 60, layer
thickness 0.22mm)  spot - BuCH:Acetic acid:H:0(4:1:
1) spot TLC 3 -
12cm TLC 110 5

, wv

ninhydrin(ninhydrin - Acetic acid )
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50% HzS0«

5. MALDI

Matrix CHCA ( a -cyano-4-hydroxycinnamic acid ) 0.01g Hz0 500

30% acetonitrile 500 1
1 0.3% TFA

matrix .

4,000rpm, 9

vortex CHCA

(bovine), Thioredoxin (E.-Coli), Apomyoglabin (horse)

O0.5pmol/ , 2.75pmcl/ , 4.0pmol/

. Standard mixture 30% acetonitril

votex microcentrifuge tube
standard 1

10pmole
loading

laser plate

- plate voyager

component insulin
mixture
in 0.01% TFA 100
ACE
, 5
vaccume 5

Table 6

Table 6. Operating condition of MALDI mass spectrometry

Accelerating Volatage 25000
Grid Voltage 75.0%
Guid wire Voltage 0.05%
Laer 2540 - 2100
Pressure+ 3.01e-07
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1
1.
4,000
, 1,500 4,000 , 1,500
Table 7 ) PM, JA, DY, KA , YH, KD, DS,
wr o, HY, PC ) 50kg 124kg 165kg
PM>JA, DY>YH>KA,KD>WISHY>PC> DS
, , ( , 1992)

PC, DY, HY, YH, KA 5

( , 1992) KA>JA,

W1, DY, HY, YH>PM>DS>PC>KD
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( , 1992).

CaS04 CaS04 MgClIZ CaCl2

GDL(glucono-4 -lactone)

. CaS0¢s

GDL  MgCl:
) Table 7
2%

JA 1.8%, PM 2.1%

JA, KD, DY, PM

50kg ~ 205.9¢ , KD
3000 , DY 750 , PM 1,342 ]
JA, PC, DY, WI, YH, KA, PM

3

BOD  COD
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Table 7. Contents of the questionaires on soybean-curd processing

companies
Pl JA KD PC | DY Wi S Y YH KA M
Crmnanys
Scalafton

,nufm,f) 18,750 2,592 365 | 4,562 | 1,800 |2,203| 1,478 3,500 4,000 | 19,000
per year)

Yield(kg)
~F
stean | 158.4 | 144 |134.4| 158.4| 140 |122.4] 136 150 144 165
(50kg
soybean)
tan 1o steriliz
Water to +an +an +an “:ﬂﬁ:r_j ‘A':::yr +ah ‘Agzﬁr un(:l:;r‘]ro +ah I=%|
soak | water | water |water | (ol YR N water | UNCUINO ey | water irlﬂdmfri
water water al water
Tsfnf‘ek(wr“) 8 3 4 | 8 8 |56 8 8 10 | 66.5
Water
Additign , ,
fo,:”{ ocfelpl sextuple orlfelp octuple
-raking
crumillle | centri _ | centr|centri _ _ _ _
Filtration - centri- ie _  |pressin centri- | centri- | centri- | g
Methad fuge fuge fuge | fuge g fuge fuge fuge
CaCl2| CaCl2 CaCl2 Casoa
+CaSC4| +CaSC4 +Caso4
Coagulants| WaCI2|  +Mocl2 Casc4 NACI2 CasSC4 | GDL Casc4 Casc4 Casc4 ++l\ﬂ:¢_;|1]CL[42
+GDL +GCL +GCL
CaSC4
129~ |uncurdle
MaCl2 hnd:\n Wh F Wh oF
Cnaniilantg 2n rivd Sr:uhe S nhean 2% of 2% of 2% of
Contents GEL I{enl! anc ch svheans | smiheang | soviheang
207113004100 (WW) W) W) | ) | (W
N n
SO);:]E& saymilk)
Cnaril_
atian 20-30 1-5 15-20| 12 10 5-10 8 10 15
Tire(rin)
Treatrent
~F
Smuhean -
—cuirr]
Whey
Treatrent
~F
Cm/hean
Sn:\lzing
Water
cmmi | enurral - - -
Ie_h _h _cn\;ml_llz_ _cn\;ml_llz_ _cn\;ml_llz_
:rl‘ins k i::lt hn:flng hn:rl'lng heatin
aftor | aftar after | aftor” | aftor
filtr| filtra filtrati| filtrati| filtrati
ation| tion on on on
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Table 8 BOD COD 12,920

22,760 ppm 13,000 37,100 ppm BOD COD
164 7,530 ppm 213 9,000 ppm BOD coD
] (1992a) BOD 20,821 ppm COoD
19,258 ppm -
BOD
60 80 ppm COD 70 90 ppm C ,
1993), BOD COD

Table 8. BOD and COD of the soybean-curd whey and the soybean
soaking water

(unit : ppm)
, soybean curd whey saybean soaking water
Corpanies BOD* oD BOD* cop**
JA 19,640 21,300 1,270 1,275
KD 22,760 37,100 7,080 9,000
PC 13,820 14,100 183 511
DY 16,880 17,600 651 750
Wi 12,920 13,000 1,290 1,175
DS 13,170 17,200 7,530 7,925
HY 16,950 19,800 7,515 8,800
YH 16,400 19,300 7,125 7,725
KA 18,150 17,200 1,701 1,775
PM 21,080 23,200 164 213
Mean 17,177 19,980 3,451 3,915
* - Biochemical Oxvgen Demand
** - Chemical Oxygen Demand
- pH, , , brix,
pH, , , brix,
Table 9 -
pH ,
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pH ( , 1987; Powers et al.,

1959) ]

C , 1992b; , 1992) newtonian
- 1.372 2.066 cp
1.125 1.346 cp -
1.55 6.79 mMhos

0.25 2.74 mMhos .

Brix (
, 1992a) brix , Brix
1.2 4.8 brix - 1.335 1.340,
1.331 1.334 -

Table 9. pH, viscosity, conductivity, refractive index, Brix of the
soybean-curd whey and the soybean soaking water

soybean-curd whey soybean scaking water
Camp- viscosity conductivity refractive - viscosity conductivity refracti
anies pH (co) (mvhos) index oYX PH (co) (mvhos) ve index
JA |5.29 1.585 3.50 1.337 3 |4.51 1.224 0.62 1.331
KD |4.62 2.066 6.79 1.340 4.8|5.72 1.234 2.74 1.333
PC |5.73 1.733 4.66 1.337 3 |5.40 1.200 0.65 1.334
Dy |5.57 1.598 1.55 1.337 3 |4.11 1.275 0.63 1.331
Wl |5.72 1.629 2.44 1.335 1.2|4.41 1.152 0.46 1.332
DS |5.43 1.780 3.82 1.335 1.2|4.05 1.318 0.25 1.333
HY [(4.68 1.372 3.77 1.337 2.8|4.04 1.235 0.51 1.333
YH |4.97 1.582 2.40 1.337 2.8|4.35 1.346 1.67 1.333
KA |5.32 1.575 2.94 1.336 2 |4.22 1.241 0.44 1.333
PM 14.53 1.871 3.40 1.337 2.8|4.27 1.125 0.47 1.333
Mean |5.19 1.679 3.53 1.337 2.7|4.51 1.235 0.84 1.333
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isoflavone

Table 10 .
L 34.10 89.97, a -4.50 -0.41, b 10.50 14.63

L 66.10 94.86, a -1.42 0.26, b 1.51 14.59 -

Table 10. Hunter®s color values of the soybean-curd whey and the
soybean soaking water

Cor-
panies L a b L a b -
JA 85.55 -3.28 12.87 91.71 -0.21 3.16
KD 34.10 -1.43 14.40 79.05 -0.84 14.59
PC 89.97 -2.99 10.50 94._86 -0.34 1.51
DY 89.39 -4.50 14.63 78.80 0.08 6.92
Wi 85.86 -3.32 13.36 90.13 -0.21 3.45
DS 87.86 -3.06 11.86 66.10 0.26 12.04
HY 68.83 -0.77 13.23 82.72 -1.24 9.84
YH 66.32 -0.41 13.65 74.91 -1.10 13.56
KA 52.06 -0.88 14.46 78.93 0.11 8.41
PM 67.19 -1.35 14.41 94.26 -0.33 1.95
Mean 72.71 -2.20 13.34 83.15 -0.38 7.54
L - lightness, a : redness, b : yellowness
3.
» Table 11
- 2.0 3.8%, 0.11 1.01%
0.318 0.670%, 0.002 0-123%
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0.3 0.4%, 0.1% Wang(1989)

, 12.1 20.4%, 0.6 15.5%
(1987)
12 25% ;
10
KA 0.036%, 8 YH 0.019%, 6 PM 0.017%, 4
PC 0.009% .
Table 11 , 0.98 1.64%,

0.011 0.316% -

33.3 60.2% , 10.0 53.0% -

Table 11. Contents of total solid, total protein, total sugars iIn
the soybean-curd whey and the soybean soaking water

soybean- curd whey soybean soaking water

. total . total

Companies| ‘%M | o sugars R Ty sugars
JA 2.1 0.350 12.636 011 0.008 0.399
KD 3.8 0.670 16.414 1.01 0.123 3.163
PC 23 0.355 11.645 0.11 0.009 0.110
DY 29 0.505 12.116 0.21 0.014 0.212
Wi 20 0.318 10.050 0.11 0.002 0.241
DS 25 0.510 11.180 0.70 0.004 0.955
HY 2.4 0.380 9.828 0.75 0.014 1.336
YH 29 0.435 11.513 0.77 0.019 1.153
KA 3.2 0.387 12.983 0.26 0.036 0.287
PM 3.1 0.450 13.012 0.11 0.017 0.583
Mean 2.7 0.434 12.138 0.41 0.025 0.844
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BOD

(Kennedy et al., 1985; Kuo et al., 1988;

, 1994)
HPLC Table 12
sucrose: raffinose : stachyose 5:1:4
, 1995)
sucrose

HY, YH, PM

raffinose : stachyose

Table 12. Contents of oligosaccharides in the soybean-curd whey

5.2:1:4.4

(unit - g/t )
Companies sucrose raffinose stachyose total
JA 3.829+ 0.120 0.823+ 0.062 3.619+ 0.146 8.271
KD 4.444+ 0.018 0.965+ 0.057 4.380+ 0.021 9.789
PC 3.852+ 0.055 0.721+ 0.082 3.774+ 0.020 8.347
DY 5.052+ 0.044 0.845+ 0.023 4.246+ 0.070 10.143
wi 4.353+ 0.041 0.769+ 0.063 3.523+ 0.091 8.645
DS 4.077+ 0.084 0.776x 0.056 3.427+ 0.027 8.280
HY 2.788+ 0.024 0.739+ 0.045 3.293+ 0.153 6.820
YH 3.267+ 0.226 0.752+ 0.038 3.886+ 0.113 7.905
KA 5.326+ 0.071 1.142+ 0.015 4.922+ 0.024 11.390
PM 3.741+ 0.048 0.786+ 0.023 4.283+ 0.061 8.810
Mean 4.073+ 0.765 0.832+ 0.129 3.935+ 0.512 8.840+ 1.290
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bean

Tabel3

2.88mg/g, genistein

daidzein

1744 /g(Vinton

(Wang, Murphy, 1994)

isoflavone

L

isoflavone

genistein

, daldzein
0.976 1.437mg/g( )]
isoflavone
10.3 39.9% recovery
(r=0.7826)

2.08

whole

Table 13. Contents of isoflavones in the soybean-curd whey solids

(unit : mg/Q)

Companies Daidzein Genistein Tota
JA 2.880+ 0.009 1.437+ 0.002 4.317
KD 2.079+ 0.026 0.976+ 0.011 3.054
PC 2.367+ 0.011 1.115+ 0.006 3.482
DY 2.782+ 0.011 1.344+ 0.006 4.126
Wi 2.662+ 0.015 1.179+ 0.005 3.842
DS 2.645+ 0.013 1.413+ 0.005 4.058
HY 2.611+ 0.017 1.398+ 0.005 4.009
YH 2.461+ 0.010 1.216+ 0.014 3.677
KA 2.134+ 0.033 1.029+ 0.008 3.163
PM 2.433+ 0.029 1.134+ 0.016 3.567

Mean 2.505+ 0.262 1.224+ 0.166 3.730+ 0417

(Wang, Cavins, 1989).
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(Hackler, Stillings, 1967a).

(Wang, Cavins, 1989).

amino acid analyzer

0.002 0.12%
Table 14 ;
17 94.333 147.035 mg/g
, 0.198 0.422 %
56.57 96.38 % 78_58% ]

HY, PC, DS, Wl

- JA, KD
GDL GDL
(1996) .
, lysine glutamic acid glutamine,
aspartic acid asparagine . Wang (1989)
lysine isoleucine, leucine,
valine, phenylalanine
, cystein methionine
trypsin inhibitor
Cavins, 1989). Wang (1989)
0.33 0.49
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Table 14. Contents of amino acids in the soybean-curd whey solids

(unit : mg/Q)
JA KD FC Y Wi CS kY YH KA M
pox*| 7.232 [ 11.258] 13.319| 12.273 | 15.106 | 14.C54 | 17.CC8| 11.732| 11.134 | 11.1°0
Chx**| 11.612 | 17.212 | 19.C64 | 18.934 | 22.0C9 | 22.325 | 25.695 | 17.463 | 17.294 | 18.567
Ser | 2.902 | 3.547 | 5.153 | 3.796 | 5.5¢8 | 5.192 | 5.576 | 5.513 | 3.605 | 5.232
Cly | 2.675 | 3.517 | 4.158 | 4.4C8 | 4.5C3 | 4.649 | 5.219 | 4.6C5 | 3.595 | 4.5C2
bis | 5.254 | 4.379 | €.379 | 5.128 | 5.600 | 5.546 | 5.689 | 4.951 | 3.139 | 5.C65
Arg | 5.5C1 | 6.4%0 | 7.778 | 7.4C7 | 8.211 | 8.C29 | 8.697 | 7.126 | 5.745 | 7.881
Thr | 4.C17 | 5.308 | 4.6C5 | 4.398 | 6.222 | €.128 | 7.276 | 4.184 | 4.887 | 5.999
Ma | 2.716 | 3.215 | 3.531 | 3.522 | 3.680 | 3.546 | 4.637 | 3.3C3 | 2.970 | 3.663
Fro || 2.541 | 4.423 | 4.467 | 4.669 | 4.975 | 5.126 | 5.873 | 5.306 | 3.550 | 4.704
Tyr | 7.178 | €.965 | 1C.9C8| €.593 | 7.611 | 9.2680 | 7.657 | €.505 | €.611 | 7.235
val | 2.312 | 1.995 | 2.229 | 2.371 | 2.411 | 2.523 | 2.125 | 2.657 | 2.348 | 2.399
Net | 2.570 | 3.720 | 2.821 | 3.259 | 3.611 | 2.571 | 3.488 | 2.946 | 2.979 | 2.9C2
Cys | C.456 | C.453 | 1.485 | C.548 | C.624 | C.6C2 | C.7C0 | C.456 | C.8C0 | C.760
lle | 2.245 | 3.302 | 2.963 | 5.900 | 6.987 | 3.365 | 6.126 | 2.680 | 5.796 | 5.560
Leu | 4.778 | 4.254 | 5.833 | €.C9% | 6.497 | 5.787 | 6.C27 | 4.9238 | 5.480 | 5.718
Fhe | 2.884 | 1.457 | 4.C73 | 4.763 | 5.427 | 4.CCO | 4.272 | 3.762 | 5.082 | 4.511
Lys | 26.362 | 29.562 | 36.547 | 24.472| 35.844 | 39.884| 30.776| 32.996| 31.391| 29.5C9
Total|[ 94.333 [111.078] 135.313] 130.737] 144.912] 143 .618] 147 .C35] 123 .123| 116 .€C5| 125.399

* - Asx = Aspartic acid + Asparagine
** - GIx = Glutamic acid + Glutamine

DS CaS0¢

CaS0¢
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193.5 678.1 ppm

Table 15

., JA

(r=0.7317)

DY

Table 15. lonic calcium and Total calcium concentrations of the
soybean-curd whey

(unit : ppm)
Companies ionic calcium total calcium
JA 134.0 641.3
KD 37.3 225.2
PC 120.0 640.5
DY 188.0 678.1
Wi 41.3 281.9
DS 69.2 478.9
HY 106.0 553.5
YH 168.0 498.1
KA 93.0 193.5
Vean 106.3+ 52.4 465.7+ 187.5
2 )
1.
- pH EDTA
pH EDTA
Fig. 2 - polysulphone
pH » pH 3.5
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Kuo  Cheryan(1983) -

EDTA 0.01M
, calcium
sequestering
8
£ 5 [a) (]
F o, r A1
s e e PEry
R Sy S S i = e
e "-""—-L___L e x
o i} S b i — e
i TR E B
H:‘:--:__% T peling ~ S =
S —

Fig. 2. Effect of membrane type and chemical treatment on flux of
soybean curd whey during ultrafiltration.

(@) regenerated cellulose membrane (b) polysulphone membrane

- pH

pH
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am
7
e

%5 o0 P
5 100 TR Fig. 3. Changes of
B ol . . . : : : ionic calcium
: S = rooo8 11 13 concentration in
e soybean curd whey at
various pH.
pH - Kroll1(1984)
pH
- pH
1) (COD)
COD
Table 16 - CoOD 23,900, 23,800ppm
polysulphone ,
COD 56.58%, 79.25% COD . CODb

(VRV)

, polysulphone COD
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Table 16. Effect of membrane type and volume concentration ratio
(MCR) on the reduction of COD of soybean curd whey
during ultrafiltration

) Regenerated cellulose Polysulphone
Fraction VCR2
(unit:ppm) (unit:ppm)
SCW(pH 3.5)1 23,900 23,800
2 13,600(27.66)3 11,800(54.62)
3 18,700(29.17) 14,100(63-28)
Perreate 4 19,350(37.58) 18,400(60-17)
5 19,350(45.03) 20,200(65-17)
10 19,450(56-58) 20,000(79.25)
2 18,800 26,000
3 26,400 38,400
Retentate 4 31,000 46,200
5 35,200 58,000
10 44,800 96,400

1. Soybean curd whey

2. VCR : volume concentration ratio

3. The value in parenthesis is MRV(membrane rejection value) of COD, %.
MRV(%) = [1-(Cremecte/Cretericie)]x 100

2) ’ ’
(VCR) Table 17
- polysulphone
5
10 -
polysulphone
, polysulphone ,
polysulphone -
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, polysulphone

» 10
polysulphone

5

Table 17. Proximate analysis of soybean curd whey, permeate and
retentate
Regenerated cellulose Polysulphone
; v Sclid Ash Frctein Tetel i A<h Frctein Tetel
Fraction| C o o o sugar d o o sugar
F2 ORI (&)
Scnl 258 C.€4 C.43 2C.10 2.64 C.56 C.4e2 17.C5
(pH3.5)
2| 1.58 (.42 C.CEA(EE.TE)3 €.€€(27.€1)4| 1.77 C.35 C.CE2(SC-€1) €.EE(42.31)
3| 2.5 C.E4 C.CE1(1.21) 12.73(1€.C2)| 2.12 C.E1 C.CES(SE.43) 1C.74(42.Ce)
Permeate| 4| 2.16 C.E5 C.C32(SE.C2) 12.ES(1€.6E)( 2.24 C.E1 C.C47(SE.1E) 12.72(43.21)
5| 1.70 C.E1 C.C21(S€.20) €C.17(32.77) || 2.12 C.E3 C.CI7(SE.3E) 14.C1(4C.20)
10 1.85 C.E0 C.C2C(€7.72) C.43(4€.22)| 2.40 C.EO C.CEC(SE.42) 12.2E(€1.7€)
2| 235 (48 C.4€e3 1z.47 2.25 C.kEt7 C.€6 14.62
Retentat| 3| 13 CE9  C.64 72 |4.01 €43 1.16 1€.€7
4, ZE1 Ck7 C.785 1£.16 477 C€4 1.23 22.40
e 5/ 283 (C.€1 1.257 12.€4 £12 C.el 2.25 2243
10 4.36 C.€0 1.270 1:€.21 €.39 C.€0 2.16 24.65

1) SCW : sovbean curd whev

2) VCR :

volume concentration ratio

3) The value in parenthesis is MRV(membrane rejection value) of protein, %.
4) The value in parenthesis is MRV(membrane rejection value) of total sugar, %.

LC

Table 18 .

), a(
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polysulphone

a ’
b - b
b -
1.10 1.70cP,
0.96 1.13cP, 10 2.61 2.88cP
, Newton -
Table 18. Hunter"s color value of soybean curd whey, permeate and
retentate
Regenerated cellulose Palysulphone
Fraction | VCR2 L a b L a b
scwl 57.71 0.05 12.38 60.48 0.27 12.76 |
2 96.69 -1.53 5.27 98.27 -1.78 3.54
3 94.91 -2.02 7.08 98.60 -2.40 6.05
Pernreate | 4 96.18 -1.90 7.46 98.44 -2.49 6.65
5 94.74 -1.61 6.15 98.42 -2.46 5.66
10 95.79 -1.68 6.70 98.32 -2.68 7.47 |
2 61.46 0.20 11.15 61.03 0.36 12.84
3 59.63 -0.07 12.10 48.80 -0.21 13.02
Retentate| 4 60.67 -0.08 12.55 41.34 -0.77 13.22
5 53.32 -0.22 12.21 32.33 -0.66 12.91
10 40.02 -0.99 12.95 19.80 2.76 11.11
L = lightness (0 100), a=green red(-60 +60), b=blue yellow(-60 +60)
1) SCW : soybean curd whey
2) VCR : volume concentration ratio
3
Table 19 -
Table 20 . 4
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95.9%

90.61%

polysulphone

Table 19. Oligosaccharide contents of soybean curd whey, permeate
andretentate
(unit : g/1)
Regenerated cellulose Polysulphone
Fraction | VCR2| sucrose raffinose stachyose| sucrose raffincse stachyose
SCwl
(pH3.5) 4._67 0.45 3.43 4.95 0.54 3-49447
2 1.93 0.22 1.23 2.80 0.26 1.43
3 3.80 0.29 2.08 3.03 0.26 1.96
Permeate | 4 4.21 0.30 2.43 3.52 0.26 2.45
5 2.64 0.24 1.72 3.86 0.28 2.61
10 2.97 0.29 2.12 4.66 0.42 2.58
2 2.86 0.31 2.23 2.82 0.31 2.46
3 4.18 0.43 2.90 3.78 0.44 3.72
Retentate| 4 3.73 0.35 2.76 4.75 0.54 5.21
5 3.74 0.26 2.53 4.57 0.67 5.50
10 3.50 0.43 3.15 4.35 0.77 9.21

1) SCW : soybean curd whey
2) VCR : volume concentration ratio
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Table 20. Membrane Rejection Value of sum of raffinose and stachyose

content
(unit - %)
VCR1 Regenerated cellulose Palysulphaone
2 42.91 38.99
3 28.83 46.63
4 12.22 52.87
5 29.75 53.16
10 32.68 69.94
1) VCR : volume concentration ratio
3 UF/NF
1.
: : =4 :1:5
(Kennedy et al., 1985 ; Kuo et al., 1988 ; , 1995).
HPLC Table 21 -

Table 21. Soybean oligosaccharides contents of the soybean-curd
whey by UF/NF

(unit - g/t )
Samples Sucrose Raffinose Stachyose
Sunmull 5.55 0.43 3.58
UF-P 1.31 n.d. 1.91
UF-R 3.27 0.4 1.85
NF-P 1.35 n.d. n.d.
NF-R 35.8 6.80 32.6
NF-RIE 20.9 2.30 20.6
UF-P : permeate by ultrafiltration n.d. : not detected
UF-R : retentate by ultrafiltration NF-P : permeate by nanofiltration of UF-P
NF-R : retentate by nanofiltration of UF-P
NF-RIE : solution passed into mixed ion exchange (+ : - =2 : 1) of NF-Rc
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5.5/t , 0.43g/

e, 3.58g/¢ .
90%
nano . 10
» 20 .
Nano nano
. Table 22 20
. Table 24
, 42%
2.
Caso4
, Table 22 .

Table 22_ lonic calcium concentrations of the soybean-curd whey by
UF/NF processing

unit - ppm)
Samples Concentration
Sunmul 83.6
UF-P 58.5
UF-R 122.0
NF-P 34.2
NF-R 1670.0
NF-RIE 990.0
F-P : permeate by ultrafiltration n.d. : not detected
UF-R : retentate by ultrafiltration NF-P : permeate by nanofiltration of UF-P
NF-R : retentate by nanofiltration of UF-P
NF-RIE : solution passed into mixed ion exchange (+ : - =2 : 1) of NF-R
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83.6ppm (1997)

UF/NF

(r=0.9899),
(r=0.9844), COD(r=0.9913) .
. nano
Donnan effect - CaS0«
(diafiltration)
3. UF/NF
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Table 23. Total sugar contents of the soybean-curd whey by UF/NF

processing
(unit : g/t )
Samples Suga r contents
Sunmul 12.21
UF-P 8.71
UF-R 12.78
NF-P 2.84
NF-R 151.09
NF-RIE 120.83
UF-P : permeate by ultrafiltration
UF-R : retentate by ultrafiltration
NF-P : permeate by nanofiltration of UF-P
NF-R : retentate by nanofiltration of UF-P
NF-RIE : solution passed into mixed ion exchange (+ : - = 2 : 1) of NF-R
2 Table 23
Table 24
0.4%% 0.05% 90%
0.5%
0.28% 57% -
nano
Nano 12 -
10 50%
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UF/NF ,

Table 26

0.05% 90%
0.5%
0.48%, 0.68%
58%

fouling

Table 24_. Contents of total protein and total ash in the
soybean-curd whey by UF/NF processing
unit : %Qw/w)

Samples Protein Ash
Sunmul 0.49 0.50
UF-P 0.05 0.48
UF-R 0.89 0.68
NF-P 0.04 0.30
NF-R 1.31 2.89
NF-RIE 0.66 1.32

UF-P : permeate by ultrafiltration

UF-R : retentate by ultrafiltration

NF-P : permeate by nanofiltration of UF-P

NF-R : retentate by nanofiltration of UF-P

NF-RIE : solution passed into mixed ion exchange (+ : - = 2 : 1) of NF-R
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UF NF

Table 25. Isoflavone contents in the soybean-curd whey by UF/NF processing

Isoflavone( /9)
Daidzein Genistein Ge+De

sunmul 996.416 285.4686 1281.885

NF-R 1027.04 308.98 1336.02

UF-P 621.96 179.50 801.45

UF-R 633.01 201.18 834.20

4. UF/NF
CQoD
70-90ppm ( , 1993).
COD Table 26 26,500
Fig.-4 COoD 13,400 50%

nano 5,500 80%
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Table 26. COD of permeate and retentate of the soybean-curd whey

by UF/NF
unit - ppm)
Samples CCD value
Sunmul 26,500
UF-P 13,400
UF-R 34,000
NF-P 5,500
NF-R 466,000
NF-RIE 213,000
UF-P : permeate by ultrafiltration
UF-R : retentate by ultrafiltration
NF-P : permeate by nanofiltration of UF-P
NF-R : retentate by nanofiltration of UF-P
NF-RIE : solution passed into mixed ion exchange (+ : - = 2 : 1) of NF-R

30,000
5 o |
0
0
)
L] 10,000 ¢

Sunmul = NF-F

UF-P : permeate by ultrafiltration
NF-P : permeate by nanofiltration of UF-P

Fig. 4. Comparison of COD value from UF/NF permeate

- pH

pH Table 27 . pH

(1997) . UF/NF
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fouling
. pH pl 3.7-4.0

(Wang H.L., Cavins J.F., 1989)

pH ’ ’ ’ ’

pH UF/NF

Table 27. pH change of the soybean-curd whey passed into UF/NF

processing

Samples pH
Sunmul 5.26
UF-P 5.62
UF-R 4.65
NF-P 5.56
NF-R 4.54
NF-RIE 4.07

UF-P : permeate by ultrafiltration

UF-R : retentate by ultrafiltration

NF-P : permeate by nanofiltration of UF-P

NF-R : retentate by nanofiltration of UF-P

NF-RIE : solution passed into mixed ion exchange (+ : - = 2 : 1) of NF-R

fouling
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Table 28 20 0.1823cp

0.1224cp 0.6486¢p

diafiltration .

diafiltration

Table 28. Viscosity of the soybean-curd whey passed into UF/NF

processing

Samples Viscosity(cp)

Sunmull 0.1823
UF-P 0.1275
UF-R 0.1524
NF-P 0.1224
NF-R 0.6486

NF-RIE 0.2914

UF-P : permeate by ultrafiltration

UF-R : retentate by ultrafiltration

NF-P : permeate by nanofiltration of UF-P

NF-R : retentate by nanofiltration of UF-P

NF-RIE : solution passed into mixed ion exchange (+ : - = 2 : 1) of NF-R
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Table 29

Table 29. Conductivity of the soybean-curd whey passed into UF/NF
processing
Sarples Conductivity(mMhas/cm)
Sunmul 5.4
UF-P 4.8
UF-R 5.3
NF-P 3.3
NF-R 14.6
NF-RIE 10.5
UF-P : permeate by ultrafiltration
UF-R : retentate by ultrafiltration
NF-P : permeate by nanofiltration of UF-P
NF-R : retentate by nanofiltration of UF-P
NF-RIE : solution passed into mixed ion exchange (+ : - = 2 : 1) of NF-R
. , Brix
Table 30 (1992b)
2.2 brix 3.7brix
1.3380 . Brix
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(r=0.9771) nano
24_.0 brix 6
14.3 brix

60 brix

Table 30. Refractive index and brix of the soybean-curd whey passed
into UF/ NF processing

Sarples Refractive index Brix
Sunmull 1.3380 3.7
UF-P 1.3365 2.5
UF-R 1.3390 4.3
NF-P 1.3355 1.9
NF-R 1.3700 24.0
NF-RIE 1.3545 14.3

UF-P : permeate by ultrafiltration

UF-R : retentate by ultrafiltration

NF-P : permeate by nanofiltration of UF-P

NF-R : retentate by nanofiltration of UF-P

NF-RIE : solution passed into mixed ion exchange (+ : - = 2 : 1) of NF-R

Hunter®s values L(lightness), a(redness), b(yellowness)

Table 31 UF/NF
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Table 31. Hunter®s color values of the soybean-curd whey by UF/NF

processing

Samples La ab bc

Sunmul 60.21 0.55 14.10
UF-P 92.84 -0.98 5.55
UF-R 54.41 0.82 10.39
NF-P 93.75 0.04 2.50
NF-R 36.85 5.20 20.13

NF-RIE 42.32 -0.89 14.35

a : Lightness b : redness c : yellowness

UF-P : permeate by ultrafiltration
UF-R : retentate by ultrafiltration
NF-P : permeate by nanofiltration of UF-P
NF-R : retentate by nanofiltration of UF-P

NF—RIé : solution passed into mixed ion exchange (+ : - = 2 : 1) of NF-R
5. UFR/NF bifidobacterium

B. infantis 1 1.4x 10tcfu/ 3.8x
10tcfu/ , B. longum 1
3.3x 10tcfw/ , 1.6x 10tcfu/

S. typhimurium, S_aureus 5%

1, broth
2 - 2

S. typhimurium 2.1x 10tcfu/ , S.aureus 9.5x 10tcfu/
5.7x 104, 4.2x 10¢

Table 32 .
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Table 32. Viable cell counts of the cultures of concentrated
solutions from UF/NF processing

control la contral 2b samples

S. typhimurium 8.5x 104 2.1x 108 5.7x 104
S. aureus 2.4x 106 9.5x 108 4.2x 106
B. infantis 1.4x 106 1.8x 105 3.8x 105
B. longum 3.3x 105 1.4x 105 1.6x 105

a : samoles + 0.5% alucose
b : BHI broth incubation without samples(0.05% cysteine addition in case of B.

infantis, B. longum)

6.
Table 33
Pb, Cd 2ppm - Pb  10ppm
- Pb
- As 8ppm -
1ppm
- DDTC-Ag
Ca, Na
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Table 33. Mineral analysis of purified soybean oligosaccharides

(unit : ppm)
Ca As cd Pb Na
252 8 <?2 <2 410
6.8 8 <2 2 22
- 3% (Minolta ; Japan)
L=92.04, a=-0.50, b=1.52 -
98%
(p<0.05).
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1.
UF/NF
99.5%,
Table 34
yellowness
lightness -
99%% -
98.18 %
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Table 34

97.3%

86%

Table 35



97%

Table 34. Proximate common contents of soybean-curd whey treated
with different ion exchange resin

(unit - g/t )
TotaI7sugarfcontent34447Protein Ash
Sunmull 15.332 0.410 0.857
Cation exchange resin 15.261(99.54)* 0.287(69.92)* 0.007(0-92)*
Anion exchange resin 14.920(97.31)* 0.057(13.82)* 0.016(1.83)*
Mixed resin(+ : - =2 : 1) 15.053(98.18)* 0.143(34.96)* 0.008(0.94)*

( D)*: % recovery

Table 35. Hunter®s color values of the soybean-curd whey treated
with different ion exchange resin

La ab bc
Sunmull 60.21 0.55 14.10
Cation exchange resin 66.30 1.86 11.81
Anion exchange resin 85.13 0.89 5.58
Mixed resin(+ : - =2 : 1) 86.24 0.84 5.24

La : lightness , ab : redness, bc : yellowness

. Steffen
. 90 ,
120 , 150 30 ,60 , 90
- 2 , 1
51.6%, 63.5%, 53.1%
Table 36 89.4%,
89.91%, 78.84%
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Table 36. Recovery of soybean oligosaccharide in steffen method

(unit - g/t )
Sunmul Recovery a Recovery b
Sucrose 5.00 2.58(51.6)* 4.47(89.4)*
Raffinose 0.52 0.33(63.5)* 0.47(89.91)*
Stachyose 4.35 2.31(53.1)* 3.43(78.84)*

(  )* : Recoverv
Using distilled water in cleaning cake after second filtration

a:
b : Re-using permeated solution in cleaning cake after second filtration
Table 37
Table 37 0.6g, 0.8g, 1.0g, 1.29g
50% ) Fig. 5
10% 1.0g

89.7%, 81%
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Table 37. Change of cligosaccharides recovery by charcoal concentration

unit : %)
Charcoal contents(g) Sucrose Raffinose Stachyose
0.6 16.1 29.9 46.2
0.8 22.0 62 88.7
1.0 32.8 81 89.7
1.2 48.4 33.6 47.6

Fig. 5. Adsorption characteristics of oligosaccarides at various
amounts of activated charcoal
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» » Table 38

- , 0.41%
- 16.19% , 2
23.82% -
43.15% -
91.47% - 0.875% ,
18.81%, 2
17.78%, 12.99%,
2.55% - ,
1.53% , 41.7% ,
28.1% -
4.2% -

Table 38. Proximate analysis of eéFDW, kFDCW, ¢SWP and cISP

unit:-w/w(%)

Crude protein Ash Total sugars
eFDW 16.19 18.81 41.7
kFDCW 23.82 17.78 28.1
SWP 43.15 12.99 4.2
ISP 91.47 2.55 -

éFreeze-dried soybean-curd whey
tFreeze-dried concentrated soybean-curd whey by ultrafiltration

cSoybean-curd whey protein cIsolated soybean protein
3% pH 4.1, 6, 8
(Physica) 20 , 0-2270/sec
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pH

, ISP pH 4.1, 6, 8

Hunter®s values L(

Table 39

86.35, 83.40, 80.68, 78.31

0.09, 1.59, b

-0.91626 , a

L

Table 39. Hunter®s color values of

3%  SWP

15.59, 11.66, 12.22, 13.99 -

0.91939

ISP

SWP

L

-1.91,

-1.46,

eFDW, KFDCW, ¢SWP and cISP

L a b
eFDW 86.35 -1.91 15.59
eFDCW 83.40 -1.46 11.66
eSWP 80.68 0.09 12.22
ISP 78.31 1.59 13.99

L : lightness, a : redness, b : yellowness

éFreeze-dried soybean-curd

tFreeze-dried concentrated soybean-curd whey by ultrafiltraion

cSoybean-curd whey protein

whey
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pH

ISP

- SWP

D

SWP, ISP pH

pH 4.1

SWP

(SWP)

(1992)

SWP

ISP

ISP
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pH 4.1

ISP



(Quaglia et al., 1990 ; , 1993 )

2)
pH SWP ISP 30 , 60
ISP
, SWP pH 6
- SwpP ISP
- SWP ISP
SwP
ISP
D
(SWP), ISP pH
Table 40 - pH 2, 4.1, 6, 8, 10, 12
6 ,6 ,4 ,1 ,4 ,14 ISP
. ISP pH4.1 pHS8 4 ,5
pH 12 80
Table 40 -
Batch-type
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Table 40. Foam volume of soybean-curd whey protein (SWP) and isolated
soybean protein (ISP) at different pH

unit :
Samples
pH SWP ISP
2 6 17
4.1 6 4
6 4 18
8 1 5
10 4 14
12 4 81
2)
ISP pH 30 , 60
- SWP 1SP pH 12
SWP pH 4.1 pH 8
pH6 O 30

- pH 8
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pH 8

Pomeranz, 1985)

, pH 4.1

, 1993

whipping, toppings, frozen dessert

albumin
ISP
3.
200V ISP
basic subunit
subunit 38 kDa
90kDa B ,a,a "
SWP  subunit
kDa 7S B subunit
acidic subunit
subunit 66kDa
20kDa band
subunit

- 295 -

20 kDa

subunit

acidic

66

9

200kDa

29

11S

7S

oV

49



(SWP) ISP ANS

SDS , Table 41 -
ANS SWP 75(F1/ Yprotein), ISP
215(F1/ Y%protein) , SDS SWP 7.94
, ISP 8.83 ISP SWP
- SwP
ISP -

Table 41. Surface hydrophobicities of soybean-curd whey protein (SWP) and
isolated soybean protein (ISP) as measured by ANS and Sodium
Dodecyl Sulfate (SDS) binding methods

Sample ANS hydrophobicitya SDS bindingb
SWP 5 7.94
ISP 215 8.83

a Fluorescence intensity / percentage protein concentration
b of SDS / of protein

- thiol disulfide bond
GwP), ISP thiol disulfide bond
SWP ISP thiol 14.31
ole/g protein 10.39 ole/g protein , 60 thiol

103.9 ole/g protein 65.2 ole/g protein -

Disulfide bond SWP  44.8 ole/g protein, ISP 27.41 ole/g
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protein - disulfide bond

S-S -
swP) (1SP)
Table 42 - glutamic acid aspartic acid
- tryptophan
mole % Swp 0.36 ISP 0.37

Table 42. Amino acid composition of sovbean-curd whey protein (SWP) and
isolated soybean protein (ISP)

unit :
SWP ISP

Asx* 9.65 10.77
GlIx* 18.58 17.85
Ser 5.15 5.38
Gly 9.46 7.43
His 2.82 2.59
Arg 4.43 5.91
Thr 5.19 3.83
Ala 9.60 6.46
Pro 5.94 6.79
Tyr 0.78 2.34
Val 5.47 5.96
Met 1.14 1.08
Ile 4.74 5.42
Leu 6.65 8.28
Phe 2.77 4.24
Lys 7.58 5.67
TE/T 0.36 0.37
Lys/Arg 1.71 0.96
ZVRH 35 37

* 1 Asx = Aspartic acid + Asparagine

** : GIx = Glutamic acid + Glutamine

DE/T : the sum of essential amino acids/ the sum of total amino aicds ratio
ZMRH : Molar ratio of hydrophobic amino acids (mol/mol, %)
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» cholesterol

cholesterol - lysine/
arginine C , 1990 ;Tanaka & Sugno, 1989) -
Lysine/arginine SWp 171 ISP 0.96
casein

- proline, leucine, valine, phenylalanine, alanine

, mole SwP 35%, ISP 37% -

Table 43. Average hydrophobicity of soybean-curd whey protein (SWP) and
isolated soybean protein (ISP)
unit : cal- mole-1

SWP ISP
Ft Ft x n/100 Ft x n/100

1le 2,970 140.778 160.974
Tyr 2,870 22.386 67.158
Phe 2,650 73.405 112.36
Pro 2,600 154.44 176.54
Leu 2,420 160.93 200.376
val 1,690 92.443 100.724
Lys 1,500 113.7 85.05
Met 1,300 14.82 14.04
Ala 730 70.08 47.158
Arg 730 32.339 43.143
His 500 14.1 12.95
Glu 550 102.465 98.175
Asp 540 52.11 58.158
Thr 440 22.836 16.896
Ser 40 2.06 2.152
Gly 0 0 0
Sum 1068.892 1195.854
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Table 43
- Bigelow Ney

( , 1985).
> Ft-n
Q = (cal- mole-I)
100
Q : averaae hvdrophobicity
Ft : transfer free energy of an amino acid from an aqueous solution(at a certain
concentration) to an ethanolic solution (at the same concectration)
n : mole % of each amino acid
SWP 1068.892 cal- mole-1, ISP 1195.854 cal-
mole-1 ISP - SWP
1068.892 cal- mole-] ,
4.
WP (1SP)
(in vitro digestibility)
7.83%, 0.522% -
59._3%
52_9%
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- ACE

0.2%

crude extracts

ACE

25%, 21% , pepsin-pancreatin

SWP

. crude extract

ACE
6 UF/NF
1. UF/NF
ACE
. MWCO 10,000
» 15
50
ACE table 44

- 300 -

ISP 54%, 41%

pepsin- pancreatin

polysulphone



NF-R ICESC 53 /ml

(NF-R)

Table 44. Purification of ACE inhibitory peptides from the
nanofiltrated soybean-curd whey

Purification step ACE Inhibition ratio(®)
Sunmul 54
UF-permeatea 19
UF-Retentateb 40
NF-Retentatec 80

a UF-Permeate, permeate by ultrafiltration
b UF-Retentate, retentate by ultrafiltration
c NF-Retentate, retentate by nanofiltration of UF-permeate

Lowry
peptide-nitrogen Table 45 -
0.49% ,
0.05%
10.000 90%
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Table 45. Concentrations of total protein in the soybean-curd whey

by UF/NF

Purication step Protein(mg/ml)
Sunmul 86
UF-Pa 10.2
NF-Rb 17.7

F2 Fraction(FD)c 0.47

a UF-Permeate, permeate by ultrafiltration
b NF-Retentate, retentate by nanofiltration of UF-permeate
c Freeze-dried sample of F5 fraction.

2. ACE
open column chromatography , -
1g 3ml 1.5ml 4 peak
chromatogram 280nm
Fig. 6 - chromatogram 4
ACE Table 46 - ,
F2 ACE

, F2 1CE(C 20 /ml -

Gel permeation chromatography Fig-
7 , A y —globulin
(bovine, M.W158,000) , B ovalbumin(chicken, M.W 44,000),
C myoglobin(horse, M.W 17,000) , C  peak

F2 10,000 dalton -
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Gl fitration chromatography

] "T +|-|Irl:f||| 1
- /! | - b
g t E
IV
% .: | I 8
; 1 i |'| III 0 :
A O (S | R & .
E- | | * |I r i
| L f* h " lfl '5 B
L - ‘ MY i i
[y B . .L"_."J_"ﬂ-_ thlc“mt Flg_ 6.
Fra ) elution profile

of nancfiltrated
saybean curd whey

Fig. 7. Elution profile of molecular weight standards

Table 46. ACE inhibitory activity of each fraction obtained from
the first gel filtration chromatography of the peptide
fractions from NF-Ra

Fractions ACE Inhibition ratio(%)
F1 (Fraction No.10 29) 17.5
F2 (Fraction No.30 49) 80
F3 (Fraction No.50 69) 8.4
F4 (Fraction No.70 89) 20.2
F5 (Fraction No.90 100) 4.3

a NF-R, retentate by nanofiltration of UF-permeate

b ICEC, defined as the concentration which inhibits 50% of the angiotensin-1 converting
enzyme activity.
N.D, : not detected
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ACE 2,000
(Ariyoshi, Y. 1993). gel filtration
10,000
ACE F2

prep-FPLC(AKTA, Superdex 75 HR)

F2 20mg/ml 100 ,
3 , Fig. 8 -
chromatogram 2 peak F21, F22
ACE Table 47
2952
mAL 15th
|
2565
13th ]
500 0.5
|
\/
3541
; IVl

o0 10.0 20.0 30.0 410 min

Fig. 8. Preparative FPLC chromatogram of the F2 fraction
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Table 47. Purification of ACE inhibitory peptides from nanofiltrated
soybean curd whey

Purification step ICEe( /mD)

123

Sunmull
NF-Rb
F2 fraction(FC)c 20
F2.2 fraction 13

a ICE(, defined as the concentration which inhibits 50% of the angiotensin-1 converting
enzyme activity.

INF-R, retentate by nanofiltrated

Freeze-dried sample of F5 fraction

53

4. MALDI mass spectrometry

MALDI (Matrix-assisted laser desorption/ionization)

mass spectrometry

bioanalytical ( Cheung, H.S., et al., 1980 ;

Hillenkamp, F., et al., 1991). ACE F2
MALDI mass spectrometry

10,000dalton
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a)

Fig. 9 Thin layer chromatogram on silica gel of compounds isolated

from F21, F22

Developing solvent:BuOH : Acetic acid:H20 = 4:1:1
a) Ninhydrin reaction b) Sulfuric reaction
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1
, 96
43
47
C )) .
1 75%
. 1,500 2,500
C ) , 53%
38%, 25%, 18% "
(Cax) .
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( )

, Acetic acid, citric acid, malic acid
Sigra(USA) CC(calcium—citrate camplex),

CM(calciur-malate camplex) -

2.
6t (ball 0.6t ) ball mill(Model 41-BN-200,
Kukje Science, Korea) ’
- ball nill ,
, ball mill 3
3.
250 200g
(Model FU-7063, Kukje Science, Karea) ,
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(Model CR-300, MINCLTA, Japan) L( ). a( ).

b( )] AE - 100mesh

4. Hausner ratio

Bulk density 200

« ) - ,
100 , bulk density

Hausner ratiac
tapped bulk density

HR=P VP O
HR : Hausner ratio
P T : Tapped bulk density

P O : Bulk density aof ashed eggshell

250 50

calcium prabe ion meter(Model 72C0A pH/ISE meter, Crion, USA)

10 calcium ionic strength adjuster(4M KCI) 0.2
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10% 5.6g - 50 Cco2

CC(calcium—citrate camplex), CM(calcium-malate

complex) -

(UNI, Germany) -

chamber 70 .
8. s WAD)
2.5¢ 30l
. 10 30 3000x g 10
WSI ,
WAL -
2
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- (Calcium-citrate camplex, calcium-ralate complex)

- 14%, 0.45%, 13%, Farinogram
63%, 20 -
C.1% , 99.9%
’ ) 98% -
1 gas
280 ’
200 -
, Table 1 -
Ctake (Model RC60B, , Japan) ,
s ’ (Model MG8, , Japan)
80rpm 20 30 -
10-8-6 -4 - 2.5m ,
No. 10 3.0mm -
0.2 1.0% -

Table 1. Composition of raw noodle

Ingredients Flour basis(%)
Flour 100
Salt 3
Water 40
Organic calciurs Q0.2 1.0
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Far inograph(Model

Sew, Brabender, Cermany) , Farinogram
(absorption), (developing time), (stability),
(extensibility), (weakening of dough), (Baough consistency)
3:25mr 6.5
2049 300 ml 5 25
1.5 - 130
g | 250 ml -
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, kyu (rin-12), k,
(Tin-12) -
13 6 , 1.5
Rheameter (Model CR-200D, Sun Scien. Cao., Japan) Table 2
Table 2. Cperating conditions for rheoreter
Items Conditions
Item selection Mastication
Table speed 60mm/min
Chart speed 30No/sec
Load cell 1kg
Critical area 314mm2
Sample height Bmm
Sanrple width 10mm
10 g (Vccel CJIv-4C€AL, LG Cc., Kcrea) 1

0 nl €C

icn neter(vcoel H/ISE 72CA, Cricn, LSA)
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, Table 3

Y

mixer (Model A200T, Hobart, USA)

24

- 320

25

5%



Table 3. Fornulas for loaf bread

Flour basis(%)

Ingredients T .
1st mixing 2nd rixing
Flour 70 30
Water 42 18
Salt 0.2 1.64
Yeast 26
Emulsifier(SG-300) 2
Food Nao25 Q0.2
Sugar 10
Cried skim milk 2.7
Butter 15
a -arylase 1
Organic acid eggshell calciums 0.2 1.0
2)
e 2
, 1 , 3, 2
» 3, 6 ,
27 15 , , bench time 15 ,
panning -2 38 , 85% 45 50
3
2 oven(Maodel MF SS-2, Sungil Mech., Korea)
200 , 220 25 ,
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24 , Rheameter(Madel
CR-200D, Sun Scien. Co., Japan) Table 4

, plunger ;

Table 4. Measurement conditions of rheoreter for loaf bread

Itens Conditions
Table speed 100mm/min
Chart speed 60No/sec
Critical area 1256mm2
Sample height 52mm
Sample width 130mm
10g a0 , €0

(triangle test) -
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0.4, 0.7, 1.0%

100 4 Texture Analyzer(TA-XT2 Stable

Systers, U.K.) springiness, hardness, chewiness 40

calcium praobe

ion nmeter (720A pH/1SE meter, Orion, USA) -

blender 30g 300ml

sampling calcium ion meter
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, Sigma

bile (B-3883), pepsin (P-7000), HClI (H-7020), pancreatin

(P-1750) -
0.05, 0.1, 0.15, 0.2, 0.25, 0.3%(v/w)
S| 20ml  O.IN HCI, Q.IN
HC1/pepsin(0-1%), C.05N HCI1/pepsin(0.1%) 37 1
’ 10l
0.5% pancreatin 5% Dbile C-IN

HC1/pepsin/pancreatin/bile 0.05N HCI/pepsin/pancreatin/bile
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mass balance

energy balance
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)

ball mill

0.08, ball mill

volume fraction(
3 ,

T7%wW/w)

, ball mill

10 - 2
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/ball

30rpm

BIUWMAN)

mill



90

? L ] Time ; 3mun
= A Speed ;- 3rpm
2 e ..
2 J* *
= Fi A
9 .J "\
& f »
o Al L
et
00 05 0o nls 0

Voluwmne fraction

Fig. 1. Effect of volume fractions in a ball mill on the recovery of

eggshell.
2.
850, 900, 1000 ,
Hunter®s colarimeter
. 850, 900, 1000 14, 9, 3 L
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20Cg

- 120g(z 5)
CaCC3 + heat - Ca0O + CCz ,
100, 56 1209
. tapped bulk dersity Hausner ratio
» 1.43

Table 4. Effect of ashing temperature on the color(lightness) and color

difference of eggshell powder

TC ) 900 1000
Tire(h) L* a b A B> L a b AE
1 53.3r -0.15 +0.82 38.60 69.31 +0.10 +0.73 22.99
2 68.55 +0.09 +0.52 23.75 85.35 +0.17 +0.58 6.96
3 78.55 +0.12 +0.35 13.75 93.21 +0.22 +0.47 0.93
4 79.75 +0.07 +0.23 12.80
5 83.53 +0.09 +0.22 6.77
6 85.62 +0.19 +0.37 €.68
7 87.75 +0.18 +0.35 4.55
8 83.25 +0.18 +0.38 3.05
9 91.78 +0.20 +0.40 (.53

* L : lightness(100=white, O=black)
a : redness(-=green, +=red)
b : yellowness(—=blue, +=yellow)
** A E :color difference(=[(A L)-+(A a)z+(A b)z]12)
NBS(A E) : unit classification : 0 0.5=trace, 0.5 1.5=slight,
1.5 3.0=ncticeable, 3.0 6.0=appreciable,
6.0 12.0=ruch, over 12.0=very nuch.
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Table 5. Change in eggshell weight with tire at various ashing

temperature (unit : g)
: L ) 850 900 1000
Time(h)
0 200 200 200
1 191 164 141
2 185 154 123
3 178 140 116
4 174 135
5 170 130
6 168 125
7 164 122
8 155 119
9 153 118
10 145
11 140
12 132
13 129
14 124
100

HE:M - y—=v Yy -r S - .

=y .

E

; 10 4 [ ]

2 L »

3

£ . ® e e b (1)

T soa— - | ¥ Asking ot L0005 ) |

i | | | |
1} 5 [y 15 il 25

T (hr)

Fig. 2. Change in tapped bulk density with ashing time at various ashing

temperatures.
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} 20ppm

L 70, 80, 90
600, 700, 1000ppm 50
© 30 ) ;
pH L 9

pH 6.5 20 pH 14 20)

(solubility : 0.002per 100parts by weight of the water
at 100 ) »
(solubility : 0.077per

100parts by weight of the water at 100 )

, ©.1 2%

. citric acid
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50 10g 60

, 1% 3600ppm
, pH 2.3 20 pH 9.5
pH ,
- acetic acid
1% 3400ppm ,
lactic acid 0.5% 410Cppm -
pH

E I A

E

%’ .—0— Control

E am = Lvalue A

E - L valuc 80

£ —— Lvalue 20

.:J —r ¥ — p—— —p—

.':._',“”_,._.. e L —
- 8+ & o &
11} . i i Il Il

5 14 15 0 25 A

Temperature (C)

Fig. 3. Effect of temperatures on the water sclubility of calcium of

eggshell powder.
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Fig. 4. Time course change of pH in water during eggshell powder

solubilization.
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Fig. 5. Effect of organic acid concentrations on the solubility of

eggshell powder.
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Fig. 6. WSI of some calcium powders
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Fig. 7. WAI of some calcium powders
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Fig. 8. SEM of some calcium powders

( CC:calcium citrate
ACC: agglomerated CC

CM:calcium malate
ACM: agglomerated CM )
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63% calcium citrate (CO)
calcium ralate (CV) CC
, CM 0.8%

1.0% 66% (Fig. 9).

29
(Fig. 10). , CM

0.2% 9 - cC

- gluten

gluten

, CC
0.4% 8 12
1%

(Fig. 11). oM 0.2%
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3 CM cC
CM 0.1% , CC
0.4% .
gl
@  Calcium citrate
i r Caleium malate

=3}
(=3

s

= 3]
(=]

Absorption (%)

o
=
T

ol . T

0.0 0.2 0,4 06 0.8 1.0
Calcium salt concentration (%, flour basis)

Fig €. Effect cf calcium selt ccncentraticn cn the water akscrpticn cf wheat

Tlcur (Errcr kars irdicate St% ccnficence irtervals).
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E
a
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g
ra 13 F 'II
= 10 L
-t
-
=
5+

0.l 02 0.4 6 0.8 1
Calecium sali concentration (%o, flour basis)

Fig. 10. Effect of calcium salt concentration on the development
time of wheat flour (Error bars indicate 95% confidence

intervals).

14 1 ®  Caleiwmn citrate
O Calommn malate

Stability (min)

0 02 0.4 06 08 1.0
Caleium salt concentration (%o, flour basis)

Fig. 11. Effect of calcium salt concentration on the stability
time of wheat flour (Error bars indicate 95% confidence

intervals).
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20g 5 %5

cC

min-1sz

M
(Table 6). CC 0.8%
0.072 min-1 0.067 min-1z
0.2% 0.063 min-1: CC 0.8%
M 0-8% 0.058

Table 6. Weight gain and valure expansion rate constants of cooked

nocdle by salt addition level

Welght gain rate Volure gain rate
Caoked noodle _ _
constant (min-1.z2) constant (min-12)
7777777777 Control 0.0s7 c.¢crz
cc* 0-2% 0.057 0.070
0-4% 0.056 0.069
0-6% 0.055 0.069
777777777 0-&% 0.054 0.c67v
C>* 0-2% 0.0%4 0.063
0-4% 0.054 0.061
0-6% 0.0%4 0.060
0-8% 0.054 0.058

°CC ; calcium citrate, »”CM ; calcium malate
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Rheometer , hardness
, CC
- CC
springiness  0.6% , cohesiveness CC

0.1 . Adhesiveness CC

0.4%, 0.6%

, Nagao
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Hardness (kgg)

S50 F [ .
@  Calonmm citrate
2 Caleimm malate

0 fIT - : T

i 0.2 0.4 i ik
Calcium salt concentration (%, flour basis)

Fig. 12. Effect of calcium salt concentration on the hardness of wet

noodle (Error bars indicate 95% confidence intervals).
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1.0 F T
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Elay /,.
4
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g
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.
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0.1 r ! L 1
00 0.2 04 0.6 L8]

Calcium salt concentration (%o, flour basis)

Fig. 13. Effect of calcium salt concentration on the springiness of wet

noadle (Error bars indicate 95% confidence intervals).
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» 18ppm .
CC, C™
1.0% 98, 105ppm )
0.6% 200g 130Cppm

36Cppm 3.6 ,

pH

=
]

3

@  Calciwn citrate
O Calciuan malate

2

T -
Ca™ ' concentration (ppm)

'I] i I i A I
0.0 0z 0.4 0. 0.8 10

Calcium salt concentration (%o, Mour basis)

Fig. 14. Relationship between calcium salt concentration of raw noadle
and calcium ion concentration of cooked noodle dispersed in distilled
water with 1:9 weight ratio (Error bars indicate 95% confidence

intervals).
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CcC, CM™ 0.8%
8 2
chi-square(x 2) test

Table 7 CC

0.8% 5%

0.2%
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Table 7. Cifference analysis for cooked noodle fortified with CCI) and

oMo

Crganic

Salt Concentration Number of correct

acids-eggshell ] X 2
} (%, flour basis) answers out of 16
calcium salts
0.2 5 0.0c8s
0.4 7 0.38
« 0.6 11 7.51*
0.8 16 29.07°*
0.2 6 0.08
0.4 7 0.38
e 0.6 9 2.82
0.8 14 18.76%*

TCC ; calcium citrate, 2ZCM ; calcium malate

*Significant at p 0.05,

2.
Rheometer
1.0 0.1

- Springiness

»Significant at p 0.01

, hardness 1.0%

™

hardness

CC
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Fig. 15. Effect of organic acid eggshell calcium concentrations on the

hardness of loaf bread.
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Fig. 16. Effect of organic acid eggshell calcium concentrations on the

springiness of loaf bread.
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220ppr, OV 24Cppr , 200

. 1.0%
C.&% 8 2
, chi-square(y 2) test 8
C.2 0.8% CC, Qv
C.8% 1% .
CC, M C.6%
e -
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E 160 | e
: D
f B0 | -_H___f"'-" ®  Caloium citrate
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Fig. 17. Calcium ion concentrations of loaf bread with the amount of

addition of aorganic acid eggshell calcium.
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Table 8. Difference analysis far loaf breads from CC, CM fortified and

caoncentrations
Crganic acid eggshell Nurber of caorrect 5
calciums answers out of 16 X
0.2% 9 0.38
0,
c 0.4% 9 0.38
0.6% 7 3.78
0.8% 2 13.13*
0.2% 11 0.01
oM 0.4% 10 0.01
0.6% 7 2.82
0.8% 3 14 .45%*
3.
1 cM CC 1.0%w/v)
62.8, 24_8ppm
198 , 78 MEP(O.7% w/v) 1 , 4 ]
Ik
— MEP:market cgpshiell powder
= CCocalcium citrate
E‘: CM:caloium malate
=
8
=
(o]
E
&5
Y5 #F £ £ 2 ¥ F£ ¥
r =T M O = M~ O
’AE;:.QE.:E.E:
B4 63883 38 3
Coeloium powckrs

Fig. 18. Calcium ion conc. after 1 hour soaking
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| MEP:market eggshell powder
| CCalcium citrati
| CMcalcium malate

Cabcium won cong, {pom)

TMD.7%.
OMi1.0%.

EEEE
i

CEciurm ponckrs

Fig. 19. Calcium ion conc. after 6 hour soaking

MEFmarket eppshell powder
CC:ealeium citrate
(EM calcium malate

Calcium ion cone.{ppm)

g 1
8k

Fig. 20. Residual calcium ion conc. in Ramen soup
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1) Springiness

o |

BEP :mearket apg=hedl
powder
O alcivm cilrste

Fig. 21. Effect of calcium on springiness of Ramen

2) Hardness

15]:':}- MEFmarket epgebell powder
CC calium eirane

C
i@
_gmxr--
£
G0 -
TR - - - N T -
o P o= g o= O
Eu@lia & . 0 8 e
o O 2
358883833
CHOLM poweEs

Fig. 22. Effect of calcium on hardness of Ramen
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3) Chewiness

L | MEP:market eggshell powdor
CCiealeium cilrate
| CMcalcium malate =
F =
£
=
5 x
¥ o |
%

Fig. 23. Effect of calcium on chewiness of Ramen

MEP:market eggshell powder |
CCrealeium citrate
CMcalcium malate

Sensory score

Fig. 24. Sensory results of Ramen fortified with calcium powders
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calcium citrate

calcium citrate 0-2%(w/v)

Calcium malate CM

0. 2%W/V)

calcium citrate

0. 25%(WAV)

CM

CM Q_25%(W/v)

. Calcium citrate malate

5%

CCM 0._15%(W/v)

Table 9. Calcium ion concentration in say milk fortified with various

forms of calcium additives (ppm)

| control | 0.05% 0.1% 0.15% 0.2% 0.25% 0.3% |
CcC 4.60 6.73 10.54 22.66 30.84 39.26 50.60

| CM 4.60 7.42 18.72 39.30 55.08 90.12 | 123.20 |
CCM 4.60 10.97 16.96 24.96 34.40 47.80 58.70

CC: calcium citrate CV: calcium malate

(0.IN HCD)

0.1HCI/pepsin

- 350 -
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Table 10. Calcium ion concentration in soy milk fortified with various
forms of calcium additives in 0.IN HCI (ppm)

control | 0.01% 0.02% 0.03% 0.04% 0.05% 0.06%
cC 2.35 7.84 13.27 18.63 27.87 32.60 47.03 |
M 2.35 9.70 16.27 24.67 35.73 45.60 53.67
CCM 2.35 8.39 9.44 13.30 17.70 25.27 25.67 |

CC: calcium citrate CV: calcium nalate CCV: calcium citrate malate

Table 11. Calcium ion concentraticn in soy milk fortified with various
forrs of calcium additives in O.IN HCIl/Pepsin (ppm)

control | 0.01% 0.02% 0.03% 0.04% 0.05% 0.06%
cC 2.78 10.18 11.57 20.93 27.53 34.63 42.80
M 2.78 10.98 18.30 24.37 34.23 48.50 50.60

CCM 2.78 9.52 13.43 13.00 19.73 23.77 28.27

CC: calcium citrate CV: calcium malate CCV: calcium citrate malate

Table 12. Calcium ion concentration in soy milk fortified with various
forrs of calcium additives in 0.05N HCI/Pepsin (ppm)

cantrol 0.01% 0.02% 0.03% 0.04% 0.05% 0.06%
cC 3.27 8.94 12.22 17.63 22.80 30.13 38.47
C™ 3.27 9.47 14.67 22.63 33.77 43.60 56.07
CCM 3.27 8.04 9.15 12.77 16.00 21.17 23.73

CC: calcium citrate CV: calcium malate CCV: calcium citrate nmalate

(pH 7) (pH 1.0)
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Table 13. Calcium ion caoncentration in soy milk fortified with various
forrs of calcium additives in 0.IN HCl/Pepsin/Pancreatin/Bile (ppm)

cantrol 0.01% 0.02% 0.03% 0.04% 0.05% 0.06%
cC 0.13 0.57 0.96 3.03 5.4 8.73 11.63
M 0.13 0.56 1.43 4.17 7.58 11.72 14.57
CCM 0.13 0.35 0.64 0.98 2.57 3.64 5.45

CC: calcium citrate CM: calcium malate CCM: calcium citrate malate

Table 14. Calcium ion concentration in say milk fortified with various
forms of calcium additives in 0.05N HCI/Pepsin/Pancreatin/Bile (ppm)

cantrol 0.01% 0.02% 0.03% 0.04% 0.05% 0.06%
cC 2.18 2.68 4.19 5.87 8.35 11.30 15.97
C™m 2.18 3.46 4.64 7.13 10.57 15.07 19.33
CCM 2.18 3.02 3.29 4.35 5.62 6.86 8.70

CC: calcium citrate CM: calcium malate CCM: calcium citrate malate
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eggshell spray #1 ball floating #1 hot #2 ball
storage washer mill w asher air dryer mill
hopper | —» 4,000 |—» 12,000 —» 3,000 +—» 4,500 +—» 12,000
200 8.29kW/h 10hp/h 3hp/h 2.09kW/h 10hp/h
T v
water o #1 drum
distiller
tank screen
3,000
5,500 2,500
27kW/h
1.05kW/h 6.34hp/h
#2 drum drum #2 hot ceramic tube
packer . . reactor
screen mill air dryer type furnace
50,000 | «€— < < '@« | 10,000 *—
2,500 8,000 15,000 35,000
10hp/h 1.2kW/h
8.5hp/h 7hp/h 16.6kW/h 21.08kW/h
(black :
- Mass Balance
) 1 C o+ ) = 6.4g (6.1g + 0.3g)
CaC03 = 5.8¢g

Y

538.93kg >

+

- 518.2kg

: 20.73kg
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—

538.93kg




538.93 kg — ] ——» 544, 11kg
(HZ+dut: 518 2 kg

(2} + ot @ 5182 kg
O[3 : 20.73 kg ) Water : 25,91 kg)

3)

544.11 kg —» I Ball Mill EE— 544.11 kg

(2} + du} : 5182 kg | Water : 25,91 kg )

4)
2720. 55kg (Water)

—#2720. 55kg ( Water)
544.11kg (wet eggshell)

Floating Washer | —»3 2 kg(dut)+1.16 kg(water)
—®495kg(hz})+24, 75kg( Water)

5)

519.75kg  —— | Hot air dryer | —— 24.75kg (Water)
TP 495kg (2}

6) &7)
495kg __‘_,———y Drum Screen 495kg (dzt Bt)

(+ 40 mesh)

Ceramic Tube Typel —® T377.92Kg+. Ke(F71824H))

™ (170, 745kg+11, 435kg( 71 B2 HE))
Ca0 + CaCO; (247, 86kg + 52.14kg)
Ca0 Complex
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9)
a) DW(100kg) >
Citric Acid (124.92kg) ——# | Reactor | — et Calcium Citrate
Ca0 Complex (100kg) —» @ | (324.92kg)
b)  DW(150kg) -
Malic Acid (179. 36kg) » | Reactor [———®et Calcium Malate
Ca0 Complex (150kg) —_— (479. 36kg)
c)  DW(100kg) Ea
Citric Acid (62.46kg) *| Reactor
Malic Acid (59.79kg) ' ——®¥Wet Calcium Citrate
Ca0 Complex (100kg) — Malate(272. 25kg)
1G)
a)

| | ——>¥ater (74.92 kg)
Wet Calcium Citrate (324.92kg)—* [ Hot Air Dryer| —®Calcium Citrate
(250kg)

b)

—®VWater (129.36 kg)
Hot Air Dryer| —®Calcium Malate
(350kg)

Wet Calcium Malate (479. 36kg)—*

c)

—— Water (72.25 kg)
Wet Calcium Citrate —® ——® Calcium Citrate (200kg)

Malate (272.25kg)

Hot Air Dryer
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11) & 12)
a)

—» CC Ponder

CC (250kg) T Drum Mill | —» |Drum Screen

(-100 mesh)

(250kg)

——» CM Powder

CM(350kg) T Drum Mill| —» | Drum Screen

(-100 mesh)

CCM(200kg) ——® | Crum Mill| —— | Crum Screen

T

(-100 nmesh)
13)
a)
(7.5kg)—»| Package Machine| ——»
CC (25Ckg) —»
b)
(10.5kg) — ®| Package Nachine| ———»
CM (350kg) -
©

(6kg) —»| Package Machine | ——»
CC (200kg) — >
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(350kg)

—p» CCM Pcwder

(200kg)

CC (257.5kg)

CM (360.5kg)

CCM (206kg)



C :
177,200 177,200
43%7) 76,196
14%) 24,808
15%D) 26,580
35%D) 62,020
13%D) 23,036
20%D) 35,440
2) 100,000 525,280
30%D) 53,160 578,440
%) 40,490.8
15%%) 86,766 705,697.8
705,697.8
1) : % 2) :
3D :
3.
i)
(kg/day) C /k9) )
518.20 - -
citric acid 187.38 5,750 1,077,435
malic acid 238.75 5,300 1,265,375
1 2,342,810
1 (300 ) 702,843,000
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2)

(m/ C /m /7)) B
76,800 160 12,288,000 ko)
256
D
(2600 s/h) | (770 /h) | (2700 /h)
spray washer
#1 ball mill 1
| floating washer
#1 hot air dryer
#2 ball mill
1 1
#1 drum screen
ceramic tube type furnace
reactar
#2 hot air dryer
drum mill 1
#2 drum screen
packer 1
2 2 1 5
5,200 3,540 2,700 11,440
12,480,000 | 8,496,000 | 6,480,000 27,456,000
(D) 10,982,400
) 9,152,000
47,590,400
Q : 40%
) : 400%
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4

) &) C 7))
Kiw/h 323,194 46 14,866,906
ton 1,981 200 700
ton 1,015 700 710,289 |
15,973,384
S)
1 680,000 8,160,000
1 750,000 9,000,000 |
2 17,160,000
9] 6,864,000
() 5,720,000 |
29,744,000
[€)) 40%
@ 400%
6)
/7))
| (kg ) ()]
702,843,000 14,643
12,288,000 256
47,590,400 991
15,973,384 333
i) 544,917,200 11,352
) 34,790,750 725
9) 13,916,300 290
29,744,000 | 620
1,402,063,034 29,210
280,412,607
5,842
D) ]
1,682,475,641 35,052
D : 10% %
2) : 5% 3) : % 4) :
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1
1
1.
2000
2300 ;
(Potts 1973, 1994) .
1970 (Wei & Nikolov 1992).

30

- 362 -



( 1997),
starch/polymer interface
(Maddever 1989).

Griffin(1974) , maize, , , , , arrowroot

polyethylene polyethylene
. Otey (1977, 1980, 1987)
EAA(ethylene-co-acrylic acid)
, polyethylene silian
octenyl succinate group polyethylene
- polyethylene

oxidized polyethylene -

, esterification, etherification,
oxidation (Loomis 1993).
(Johnson 1987).
PVA (polyvinyl alcohol)

(Otey 1977), Swanson (1988)
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1994) .



40

48

100 ¢

1M NaCH

1 kg

( 1984) .

100

Jane (1992) .
166 mL 2
0.1%, 0.5%, 1%, 2% epichlorohydrin
pH 10.5 24
acetic acid pH 5.5

Whatman No. 2
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2, 95% 1 -

40 48 100 -

Wootton Manatsathit(1983)

40
100 -
3.
epichlorohydrin
Hamerstrand (1960)
(anhydroglucose units per crosslink, AGU/CL) (molar

degree of crosslinking, MDC) .

Johnson  (1969)

ninhydrin -
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(Model whiteness checker RF-1, Nippon

Denshoku Kogyo Co., Japan) L, a, b

L 925,a 0.7,b 3.0

Medcalf Gilles(1965)

Gilbert Spragg(1964)

(Differential Scanning Calorimeter,

Scientific SP+, England) (1997)

(1997) 0.2%
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Rheometric



Schoch(1964) .

(1997) ]

X- X- (Philips, X"pert PW3710, Nedalland)
target: Cu-ka, scanning speed: 0.04° 20 /s, voltage: 30KkV,

current:20mA 20 : 5-40°

(Scanning electron microscope,

Hitachi S-4200, Japan) 700 -
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1. Starch-Polyethylene

linear low density polyethylene,
International, INC., NY, USA)
2).

0.3%

150 , 50 rpm
50% master batch -
single screw extruder (Rheomex 254)
145 , 150 , 150
5%

batch polyethylene prooxidant
- single screw extruder

140 , 150 , 150 , screw speed 55 rpm

Fig. 2 -

- 369 -

kneader (Haake Rheomex 3000)

, screw speed 20 rpm

starch-palyethylene

5%  10%
prooxidant(1R1025, Novon

(Table 1, Table

, polyethylene

kneading

Haake Rheocord 90(CGermany)

barrel 150 ,
10% 50% master
0.5
barrel 120 ,
10 cast



2. Starch-Polyethylene film

(Model whiteness checker RF-1, Nippon
Denshoku Kogyo Co., Japan) L, a, b -

(standard plate) L 92.5, a 0.7, b 3.0 -

3. Starch-polyethylene

0.12mm 1cm x  3cm strip
Instron(Shimadzu, Japan) load cell: 50 kgf, load range:
5, speed: 100mm/min tensile strength, percent
elongation, strain energy - Instron
50% 40
10 -
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Table 1. Composition of the crosslinked potato starch-poly

-ethylene films *
. Concentranon_ of Starch content  Prooxidant]) Polyethylene
Type of film Propylene oxide
(%) (9) (9) (9)
5%- Native/PE 0 50 50 900
10%- Native/ PE 0 100 50 850
5%- 0.1 CL/PE 25 .50 50 900
10%- 0.1 CL/PE 25 Y 100 50 850
5%- 0.5 CL/PE 5.0 50 50 900
10%- 0.5 CL/PE 5.0 100 50 850
5%- 1.0 CL/PE 75 50 50 900
10%- 1.0 CL/PE 75 100 50 850
5%- 2.0 CL/PE 10.0 50 50 900
10%- 2.0 CL/PE 10.0 100 50 850

TProoxidant contained native starch(10%), unsaturates content(8.0%), and
transition metal compounds(0.2%) in linear low density polyethylene

Table 2. Camposition of the hydroxypropylated potato starch- polyethylene
filnrs

Concentration of .
) ) Starch content Prooxidantl) Polyethylene

Type of film Propylene oxide
(%) (9) (9) (9)
5%- Native/ PE 0 50 50 900
10%- Native/ PE 0 100 50 850
5%- 2.5HP/PE 25 50 50 900
10%- 2.5HP/PE 25 100 50 850
5%- 5.0HP/PE 5.0 50 50 900
10%- 5.0HP/PE 5.0 100 50 850
5%- 7.5HP/PE 75 50 50 900
10%- 7.5HP/PE 7.5 100 50 850
5%- 10.0HP/PE 10.0 50 50 900
10%- 10.0HP/PE 10.0 100 50 850

TProoxidant contained native starch(10%), unsaturates content(8.0%), and
transition metal compounds(0.2%) in linear low density polyethylene
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——*

Drying starch to <0.3% moisture in a vaccum oven |
____'-——————————-____________T_______-___,____-_ c

Master batch (50%) preparation; kneading modified potato

;Ipolyetl-:ylmeﬂil) at 150C with 50 rpm screw speed
T s Wil ©0 1pm screw speed

—_—

starch and

| Add prooxidant and modified starch to pblyethylene to contain 5% or 10% modified |
potato starch, and preparing 0.5 cm-chips by a single screw extruder
__ Barrel temperature 150C, 145, 150C and 150C; screw speed 20 Pm
- v
Casting films by a single screw extruder
! Barrel temperature 120°C, 140, 150 and 150C: serew speed 55 rpm |
—Darrel temperatur 5

Fig. 2. Scheme of preparation for

the modified potato starch
-polyethylene films,
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3 Starch-polyethylene

1.
0.12mm
1x 3 strip 70 oven 12
- FT-IR
FT-IR Carbonyl
index(Kim 1994) -
Instron(Shimadzu, Japan) load
cell: 50kgf, load range: 5, speed: 100mm/min tensile
strength, percent elongation, strain energy
- Instron 50%
40 4
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. chemical disinfection

. ) 1x
3cm , Universal disinfection solution
1 2 - 1L
1 - 95%  70% ,
- Pseudomonas aeruginosa
@ nutrient broth
35 , 100 rpm
Pseudomonas aeruginosa(KCTC 2651) 35 incubator 100
rpm 4 - Pseudomonas
aeruginosa -
- FT-IR
4
, 70% 30 -
petridish 45 8 -

- 374 -



FT-IR spectrum Carbonyl index Hydroxyl index

(Kim  1994).

Instron

(Scanning electron

microscope, Hitachi S-4200, Japan) 2,000
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1
1.
epichlorohydrin 75%  91%

85% (Table 3). epichlorohydrin  85%
Hollinger (1974) -
epichlorohydrin glycerol mono-  diethers

(Kasemsuwan & Jane 1994).
epichlorohydrin
(rz=0.9992).
Propylene oxide 0, 2.5, 5.0, 7.5, 10.0%
0, 0.0485, 0.1092, 0.1300, 0.2645 propylene oxide

(r2 = 0.93)(Table 4).

( 1991)
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, propylene oxide

Table 3. Degree of crosslinking and reaction yield in the
crosslinked potato starches
Type of starch
0.1 CL 05 CL 10 CL 20 CL
Epichlorohydrin applied
P y PP 0.1 0.5 1.0 20
(g per 100 g of starch)
Unreacted epichlorohydrin
0.02469 0.05935 0.14972 0.16439
(g per 100 g of starch)
Reacted epichlorohydrin
0.07531 0.44065 0.85028 1.83561
(g per 100 g of starch)
Reacted epichlorohydrin
0.0008135  0.004760 0.009185 0.019829
(mole/ 100 g starch)
Reaction yield(%) 75.31 88.13 85.03 91.78
AGUIJ) crosslink 732 124 64 30
Crosslink/100A GU
0.137 0.807 1.563 3.333

(MDC2)

1 Anhydroglucose unit

2) Molar degree of crosslinking

group and degree of

Table 4. Determination of hydroxypropyl
substitution in the hydroxypropylated potato starches
Type of Propylene oxide H.PJ) DS?)
Starch concentration(%) (%)
25 HP 25 1.7088 0.0485
50 HP 5.0 3.7625 0.1092
75 HP 75 4.4486 0.1300
10.0 HP 10.0 9.2363 0.2645

TH.P : hydroxypropyl group

2DS : degree of substitution
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(Table 5).

(Table 5).

1993)

(Table 6).

(1996)
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(Lim & Seib



(Rasper
1980).

, DS 0.2645

(Table 6).

(Table 5, Table 6).

Table 5. Some physicochemical properties of the crosslinked potato

starches
Type of starch

Property Native 01CL 05CL 10CL 20CL
L 93.2 93.1 93.3 93.9 93.5
Color)) a 1.03 0.97 1.00 1.00 1.00
b 2.27 2.07 2.13 2.13 2.03
Water binding capacity (%) 165.0 184.0 186.2 187.0 1915
Blue value 0.6741 0.0266 0.0092 0.0072  0.0068
Table 7 . DSC thermogram

53.3
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Table 6. Some physicochemical properties of the hydroxypropylated
potato starches

Type of starch

Property Native 25 HP 50 HP 75 HP 100 HP

L 92.1 935 935 933 93.8

Colorl) a 13 15 15 12 12

b 17 1.3 15 1.2 1.2

Water binding capacity(%)  181.2 195.0 210.0 220.0 339.2
Blue value 03986 03056 02814 02496  0.2230

IDS: degree of substitution

55.63 56.24

59.31 , 60.80 61.32

Kartha  (1985)

. Table 8

. DSC thermogram

58 63 52 59

2.08 4.05 mcal/mg

- Wootton  (1984)
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Table 7. DSC characteristics of crosslinked potato starches

Type of starch

Variety Native 0.1 CL 05 CL 10 CL 20 CL

T ) 533 55.97 55.63 56.24 56.02

TR ) 59.31 61.32 60.80 61.16 61.23
HC)(mcal/mg) 3.46 3.68 3.02 297 3.31

) T(: Onset temperature, ) TF: Peak temperature, &) HC: Enthalpy of
gelatinization

Table 8. DSC characteristics of hydroxypropylated potato starches

Type of starch

Variety Native 25HP 50HP  75HP 100 HP
TN ) 53.3 54.41 53.29 52.56 52.94
TR ) 59.31 59.07 58.90 58.06 58.01

HCa)(mcal/mg) 3.46 3.02 2.08 2.85 2.73

D DS: degree of substitution, 2) T(: Onset temperature, %) TF: Peak terperature
£ H(: Enthalpy of gelatinization

epichlorohydrin  0.5% 50 60
s 60
60 65
(Fig. 2).
. 25HP, 5.0 HF 40 50
50

(Fig. 3). 7.5 HP, 10.0 HP 50
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(Fig. 4).
60 60
, epichlorohydrin  0.1%, 0.5%
70

- Epichlorohydrin 1%, 2%

Kasemsuwan  (1994)

(Fig. 5).

(Fig. 6). Fig. 7
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(Fig. 8).

- (1996) Kartha (1985)
chain
(A) 620nm
610nm (Fig- 9).
El-Hinnawy  (1982)
- X-
20 5.59, 14.4, 17.2,
22.2 Zaobel (1964) B
2

0 14.4, 17.2 17.5, 22, 24

(Fig. 10).

- Komiya(1986)
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(Table 9).
20 5.7, 14.1 14.4, 17.1 17.4, 22.1
B (Fig. 11).

57, 17.1 17.4, 22, 24

Robin(1974)
- X-
2% epichlorohydrin
5.0 HP(C)
10.0 HP(E)

- 384 -

22.6

20

(Table 10). French(1972)

Fig. 12

(Kartha, 1985)

, 2.5 HP(B)



(Fig. 13).

Trarversang

B e Y

Temparaturn [®& |

Fig. 2. Transmittance of 0.2% pastes of crosslinked potato
starches. (O, native starch; [, 0.1 CL; V, 0.5 CL; A,
1.0 CL; ¢, 2.0CL

Trahsmiance
i |

Tem perature{Tc )y

Fig. 3. Transmittance of 0.2% pastes of hydroxypropylated potato
starches. e , native starch; o , 2.5 HP; O, 5.0 HP; , 7.5
HP; , 10.0 HP
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By

—
R

Team paradurs [F oL

Fig. 4. Solubility of the crosslinked potato starches.
O, native starch; [1, 0.1 CL; V, 0.5 CL; A, 1.0 CL; <,

2.0 CL

Gwslng pawsr

Teamperstowra|?QC )

Fig. 5. Swelling power of the crosslinked potato starches.
O, native starch; [J, 0.1 CL; V, 0.5 CL; A, 1.0 CL; <,

2.0 CL
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Bolubility| %5

Temperature|{?C)

Fig. 6. Solubility of the hydroxypropylated potato starches.
O, native starch; [0, 2.5 HP; V, 5.0 HP; A, 7.5 HP; O,

10.0 HP

Sweling pow e

T & m ||uri|r|||l||':\'l:|

Fig. 7. Swelling power of the hydroxypropylated potato starches. O,
native starch; [, 2.5 HP; V, 5.0 HP; A, 7.5 HP; &, 10.0

HP
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G-

LA

1. DR
THHED Wawelengih Inan LR

Fig. 8. ladine absorption spectrum of crosslinked potato starches.
A, Native ; B, 0.1 CL; C, 0.5CL; D, 1.0CL; E, 2.0 CL

Fig. 9. ladine absarption spectrum of hydroxypropylated potato starches. A,
Native ; B, 2.5 HP; C, 5.0 HP; D, 7.5 HF; E, 10.0 HP

Table 9. Relative crystallinity of crosslinked potato starches

Type of starch

Property native 01 CL 05 CL 10 CL 20 CL
Crystallinity (%) 3959 38.15 39.39 30.68 38.11
(Acl/(ActAay))

D Ac: crystalline area 2) Aa: armarphous area
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Table 10. Relative crystallinity of hydroxypropylated potato starches

Type of starch

Property .
Native 25 HP 5.0 HP 7.5 HP 10.0 HP
Crystallinity (%) 39.59 36.67 34.30 32.90 32.79
(Acly(ActAaz))

D Ac: crystalline area 2) Aa: amorphous area

o W s
W g N,

el e l.f\ s L L Py
g -y 1, Yoy, *ﬂ“-m_ A
o Y o e A ey
Vo,

b i A LN Fm“ Finmg, ik iy, —
LY e £ v
““-4. *"‘r._ e rr s b e s
i, T b B L ST | i
e I T T N
L et ol €200 3

Fig. 10. X-ray diffraction patterns of crasslinked potato starches.
A, Native ; B, 0.1 CL; C, 0.5CL; D, 1.0CL; E, 2.0 CL

" T . In ET] ET AR =

Fig. 11. X-ray diffraction patterns of hydroxypropylated potato starches.
A, Native ; B, 2.5 HP; C, 5.0 HP; D, 7.5 HF; E, 10.0 HP
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Fig. 12. Scanning electron micrographs(x 700) of crosslinked potato
starches. A, Native; B, 0.1 CL; C, 0.5CL; D, 1.0CL; E, 2.0
CL

Fig. 13. Scanning electron micrographs(x 700) of hydroxypropyl- ated
potato starches. A, Native; B, 2.5 HP; C, 5.0 HP; D, 7.5
HP; E, 10.0 HP

2 Starch-polyethylene

1. Starch-polyethylene

5%(wt) L, b
a 2.0 CL

(Table 11, Table 12).

10%(Wt) a, b
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- 5%(wt)

a, b L

(Table 13, Table 14).
10%(wt) a, b

L 10.0 HP

Table 11. Color properties of the crosslinked potato starch(5%)-
polyethylene films

Type of film L a b
5% - Native/PE 23.53+ 0.90 - 0.07+ 0.06kc -3.23+ 0.38
5% - 0.1 CL/PE 23.63+ 1.42 - 1.23+ 0.45c -3.53+ 0.64
5% - 0.5 CL/PE 24.67+ 0.93 0.73+ 0.72¢b -4.37+ 1.05
5% - 1.0 CL/PE 26.03t+ 0.12 -0.83+ 0.59tc -2.77+ 0.75
5% - 2.0 CL/PE 25.07+ 1.20 2.03+ 1.64a -2.03+ 293

Means+ SEM, Each value is mean for three replicates.
é-tMeans with different superscript within the same column are significantly
different (p<0.05).

2. Starch-polyethylene

5%wt) tensile strength
1.0 CL , percent
elongation  strain energy

(Table
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Table 12. Color properties of the crosslinked potato starch(10%)-

polyethylene films

Type of film L a b
10%- Native/PE 27.33+ 0.38c 0.30+ 1.23 -3.30+ 0.87
10%- 0.1 CLPE 28.70+ 1.04b - 0.20+ 2.36 -4.07+ 0.74
10%- 0.5 CL/PE 31.80+ 0.53a -2.77« 1.00 -3.80+ 0.36
10%- 1.0 CL/PE 28.17+ 0.47kc -247+ 1.78 -3.90+ 0.56
10%- 2.0 CL/PE 29.33+ 0.57b 2.23+ 2.87 -5.33+ 0.97

Meanst SEM. Each value is mean for three reolicates.
etMeans with different superscript within the same colurn are significantly
different (p<0.05).

Table 13. Color properties of the hydroxypropylated potato starch
(G%)- polyethylene films

Type of film L a b
5% - Native/PE 23.53+ 0.89% - 0.07+ 0.06 -3.23+ 0.38
5% - 2.5 HP/PE 21.07+ 1.46b -0.93+ 211 -2.03x 142
5% - 5.0 HP/PE 21.93+ 0.70éb -0.23+ 1.78 -4.57+ 0.90
5% - 7.5 HP/PE 20.43+ 1.29b -3.80+ 14 -4.03+ 155
5% - 10.0 HP/PE 21.37+ 0.64b - 0.80+ 0.87 -2.93+ 0.46

Means+ SEM, Each value is mean for three replicates.
é-tMeans with different superscript within the same column are significantly
different (p<0.05).

Table 14. Color properties of the hydroxypropylated potato starch
(10%)- polyethylene films

Type of film L a b
10%- Native/PE 27.33+ 0.38eb 0.30+ 1.23 - 3.30+ 0.87
10%- 2.5 HP/PE 27.80+ 1.56a - 1.00+ 6.58 -3.67+ 0.93
10%- 5.0 HP/PE 28.90+ 0.46a 447+ 1.95 -3.03t 0.50
10%- 7.5 HP/PE 28.03+ 1.07a -1.97+ 1.07 -2.67+ 0.25
10%- 10.0 HP/PE 25.77+ 0.59b -1.17+ 042 -3.33t 1.27

Means+ SEM, Each value is mean for three replicates.
é-tMeans with different superscript within the same column are significantly
different (p<0.05).
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15, Table 16). 10%(wt)
tensile strength 0.5 CL/PE
strain energy .
5%(wt) 10.0 HP
(Table 17,
Table 18).

Table 15. Mechanical properties of the crosslinked potato starch
(5%)- polyethylene films

) Tensile strength Percentage elongation Strain energy
Type of film
(kgf/mmz) (%) (kgf- mm)

5%- Native/ PE 1.0253+ 0.04b 200.42+ 19.71c 62.979+ 8.34b
5%- 0.1 CL/PE 1.2320+ 0.03cb 230.62+ 32.78zh 89.975+ 14.28a
5%- 0.5 CL/PE 1.0492+ 0.03b 252.95+ 35.78a 87.125+ 13.4la
5%- 1.0 CL/PE 1.5831+ 0.94a 217.11+ 20.07kc 87.624+ 8.77a
5%- 2.0 CL/PE 1.304+ 0.05¢zb 227.35+ 21.55b 91.418+ 10.10a

Meanst SEM, Each value is mean for ten replicates. &Means with different
superscript within the same column are significantly different (p<0.05).
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Table 16. Mechanical properties of the crosslinked potatostarch

(10%)- polyethylene films

Type of film

Tensile strength
(kgf/mmo?)

Percentage elongation

(%)

Strain energy
(kgf- mm)

10%- Native/PE
10%- 0.1 CL/PE
10%- 0.5 CL/PE
10%- 1.0 CL/PE
10%- 2.0 CL/PE

1.0061+ 0.05d
1.0447+ 0.04c
0.9159+ 0.03e
1.2201+ 0.04a
1.1663+ 0.03b

175.73+ 16.00
183.37+ 10.90
191.21+ 3251
185.54+ 23.45
175.89+ 13.22

52.203+ 5.38c
59.350+ 5.67kc
56.762+ 10.90kc
70.476% 10.42a
63.958+ 5.73¢b

Meanst SEM, Each value is mean for ten replicates. &Means with different
superscript within the same column are significantly different(p<0.05).

Table 17. Mechanical

starch(5%) -polyethylene films

properties of the hydroxypropylated potato

Type of film

Tensile strength Percentage elongation Strain energy

(kgf/mm2)

(%)

(kgf- mm)

5%- Native/PE
5%- 2.5 HP/PE
5%- 5.0 HP/PE
5%- 7.5 HP/PE
5%- 10.0HP/PE

1.0253+ 0.04d
1.5385+ 0.06a
1.3988+ 0.07b
1.4995+ 0.04a
1.1082+ 0.02c

200.42+ 19.71c
235.37+ 23.85b
259.81+ 26.83a
200.70+ 23.88c
121.78+ 14.19d

62.98+ 8.33c
107.53+ 13.38a
110.59+ 14.48a
88.68+ 12.52b
37.12+ 5.54d

Meanst SEM, Each value is mean for ten replicates. &Means with different
superscript within the same column are significantly different (p<0.05).

Table 18. Mechanical

starch (10%)-polyethylene films

properties of the hydroxypropylated potato

Type of film

Tensile strength Percentage elongation Strain energy

(kgf/mm2)

(%)

(kgf- mm)

10%- Native/PE
10%- 2.5 HP/PE
10%- 5.0 HP/PE
10%- 7.5 HP/PE
10%- 10.0 HP/PE

1.0061+ 0.05d
1.2358+ 0.04b
1.1671+ 0.05c
1.4588+ 0.06a
0.9631+ 0.05d

175.73+ 15.99a
157.63+ 14.30b
160.24+ 22.47b
169.60+ 9.17b
96.16+ 8.78c

52.20+ 5.38b
55.53+ 6.90b
53.89+ 10.01b
71.28+ 6.72a
24.30+ 3.40c

Meanst SEM, Each value is mean for ten replicates. &Means with different
superscript within the same column are significantly different (p<0.05).
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3 Starch-polyethylene

1. Starch-polyethylene

- FT-IR
Starch-PE film ketone, aldehyde carbonyl
compounds FT-IR spectrum
(Wei & Nikolov 1992). starch-PE film

aldehyde carbonyl, ketone carbonyl (1705 1740cm-1)

(Fig. 14). 5%(wt)
12 carbonyl index
, 0.1 CL 4
carbonyl index , 0.5 CL 2.0 CL
5 1.0 CL 6
carbonyl index (Fig. 15).
10%(wt)
8 carbonyl index , 0.1 CL
4 carbonyl index
0.5 CL 2.0 CL 5 1.0
CL 6 carbonyl index
(Fig. 15).
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- 5%(wt) 10%(wt)

carbonyl index

- 5%(wt)
10.0 HP 7.5 HP 7

5.0 HP 8 , 2.5 HP

10 carbonyl index (Fig. 16) .
carbonyl index .

10%(wt)

8 carbonyl i1ndex , 7.5 HP
10.0 HP 6 7
, 2.5 HP 5.0 HP 8

carbonyl index

carbonyl index

(Fig. 16).
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Carbonyl index of crosslinked potato starch-polyethylene
films by the heat treatment at 70 for 12 weeks. (a):
CL(5% wt)/PE films, (b): CL(10% wt)/PE films. e , Native/PE
;O0,01C/PE; ,05CW/PE; ,10C/PE; , 2.0CL/PE
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Fig.
16. Carbonyl index of hydroxypropylated potato starch-
polyethylene films by the heat treatment at 70 for 12 weeks.
(@): HP(B% wt)/PE filns, (b): HP(10% wt)/PE films. e , Native/PE
;O0,25H/FE ; ,50H/PE ; , 7.5H/FE ; , 10.0 HF/FE
70 FT-IR
spectrum carbonyl index -
5%wt)
tensile strength, percent elongation, strain energy
11 , 0.1 CL , 2.0 CL
5 , 0.5 CL 1.0 CL 7
(p<0.05)(Table 19, Table 20,
Table 21). 10%(wt)
9
(Table 22, Table 23, Table 24), 0.1 CL
5 , 0.5 CL 1.0 CL 2.0 CL
6 tensile strength, percent elongation, strain
energy (p<0.05).

- 398 -



- 0.1 CL

5%(wt) ,
tensile strength, percent elongation, energy 11
(p<0.05)(Table 25, Table 26, Table 27). 7.5 HP
10.0 HP 7
9
- 2.5 HP 5.0
HP 9 -
10%(wt)
5%(wt)

(Table 28, Table 29, Table 30).
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Table 19. Tensile strength of the crosslinked potato starch(5%)-
palyethylene films by the heat treatrent at 70 for 12 weeks
Tensile strength(kgf/mmz)
W eek Type of film
Native/PE 0.1 CL/PE 05 CL/PE 1.0 CL/PE 2.0 CL/PE
0 (1.04%9a E1.243a C1.077a A1.296a A1.320a
1 Al.114a A1.135¢h E0.942b A1.161eb A1.113b
2 (1.041a E1.149¢b £0.952b A1.222¢b EC1.098b
3 A1.071a AE1.056b €0.870b AE1.069b E1.032b
4 (1.031a E1.112b [0.895b A1.200zb EC1.077b
5 EQ.978a EQ0.873c E0.878b A1.124zb EQ.895¢c
6 EC.933a €0.619d E0.862b A1.162¢b E0.853cd
7 A£0.989%a - EC0.702cd AEQ.887c (0.590e
8 1.041a - 0.757¢c 0.856¢ 0.790d
9 0.956a - 0.728cd 0.782cd -
10 0.969a - 0.623d 0.647d -
11 0.572b - - - -
12 0.136¢ - - - -
Each value is mean for four replicates. Means with different superscript are

significantly different(p<0.05), /D : Duncan’s multiple range test for starch/PE
film (column), e : Duncan"s multiple range test for week (row)

Table 20. Percent elongation of the crosslinked potato starch(5%)-
polyethylene films by the heat treatment at 70 for 12 weeks
Week Percent elongation(%) Type of film
ee Native/ PE 0.1 CL/PE 0.5 CL/PE 1.0 CL/PE 2.0 CL/PE
0 (210.5a E253.1a A279.8a (227.4a EC231.7a
1 197.2a 186.1b 211.2b 196.0kc 184.5kc
2 198.2a 192.6b 179.9b 210.9¢b 181.7tc
3 183.6a 192.2b 188.5b 171.6¢ 199.2b
4 178.7a 206.0b 196.0b 193.1kc 168.4c
5 A155.3a E46.8c A184.3b Al74.8c E59.0d
6 AE150.0a .3d E121.1c A200.7ekc (15.3e
7 A148.2a - E22.1d E30.7d E3.6e
8 175.0a - 7.6d 9.4d 6.4e
9 A157.5a - E4.4d E5.9d -
10 A145.1a - E3.1d E5.6d -
11 19.90 - - - -
12 3.5b - - - -

Descriptions far this table are the same as above.
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Table 21. Strain energy of the crosslinked potato starch(5%)- polyethylene
filrs by the heat treatment at 70 for 12 weeks

Strain energy(kgf- mm)
Week Type of film

Native/ PE 0.1 CL/PE 0.5 CL/PE 1.0 CL/PE 2.0 CL/PE
0 E67.5a A99.3a A97.8a A92.5a A95.8a
1 69.9a 68.0b 66.9b 73.2kc 65.0b
2 E67.0a AE72.2b E57.7b A83.0eb E63.7b
3 61.7a 65.7b 55.0kc 58.3d 65.5b
4 E58.5a A73.7b E58.9b A74.3kc E57.6b
5 £48.3a E14.5¢ A54.2kc A63.1d E17.0c
6 E43.6a 0.4c E36.0c A74.5kc @.7d
7 P47.0a - E5.3d E8.4e E0.5d
8 59.8a - 1.7d 2.0e 1.2d
9 A52.0a - E0.7d El.4e -
10 P48.2a - E0.5d El.le -
11 3.5b - - - -
12 2.6b - - - -

Descriptions for this table are the same as above.
Table 22. Tensile strength of the crosslinked potato starch(10%)-
polyethylene filns by the heat treatment at 70  for 12 week
Tensile strength(kgf/mm2)
Week Type of film

Native/ PE 0.1 CL/PE 0.5 CL/PE 1.0 CL/PE 2.0 CL/PE
0 C1.002¢b (1.03% E0.939a A1.242a El.174a
1 E0.982¢b E0.956a €0.860zb A1.104b A1.077ekc
2 E0.992¢b E0.989%a €0.885:b A1.133b A1.110eb
3 A1.038zb E0.939% €0.782tc A1.059%kc A1.034tc
4 AE1.053a (C0.921a [£0.868:b A1.110b EC0.983c
5 A1.025zb E0.276b £0.837zb A1.071kc A£0.984c
6 A1.009zb EQ.777a E0.728cd A£0.985¢c E0.719d
7 £0.934zb - E0.637d A£0.800d -
8 0.911b - 0.631d 0.767d -
9 0.716¢ - 0.665d 0.747d -
10 0.693c - - - -
11 0.675¢c - - - -
12 0.616¢ - - - -

Descriptions for this table are

the same as above.
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Table 23. Percent elongation of the crosslinked potato starch(10%)-
palyethylene films by the heat treatment at 70 for 12 weeks
Percent elongation(%)
Week Type of film
Native/ PE 0.1 CL/PE 0.5 CL/PE 1.0 CL/PE 2.0 CL/PE
0 179.4a 188.4a 210.4a 196.9a 172.3a
1 AE165.82b AEC154.9b EC153.2b A178.3a (133.3:
2 AE164.0¢b EC150.1b EC146.4b A177.8a (135.7¢b
3 A167.8¢b E137.2b E139.2b A180.5a E141.0¢b
4 A166.4¢b AEC157.5b EC144.5b A183.5a (123.4b
5 A166.3zb 4.5¢c AE136.8b A169.6a E106.3b
6 A138.1¢b E9.2c E26.4c £98.2b E17.1c
7 A147.2¢b - E9.3c E18.0c -
8 120.9b - 4.4c 6.5c -
9 45.5¢ - 7.2c 7.5¢c -
10 10.6c - - - -
11 7.3c - - - -
12 4.5¢c - - - -
Descriptions for this table are the same as above.
Table 24. Strain energy of the crosslinked potato starch(10%)-
palyethylene films by the heat treatment at 70 for 12 weeks
Strain energy(kgf- mm)
Week Type of film
Native/ PE 0.1 CL/PE 0.5 CL/PE 1.0 CL/PE 2.0 CL/PE
0 E53.4a E60.9a E63.7a A76.1a E62.7a
1 E49.7¢b E46.5b E42.7b £62.2b E42.5b
2 E49.7¢b E46.8b E42.4b A64.2b E45.3b
3 A53.5a E40.1b E35.0b £60.4b E43.8b
4 AE54.0a EC45.3b (41.0b £64.9b @38.1b
5 A53.0a €0.9c E37.0b A57.4b E32.6b
6 A42.6e E1.9c E6.6¢ A30.6c E3.7c
7 P42.2¢h - E2.0c E4.3d -
8 35.9b - 0.6c 1.3d -
9 11.1c - 1.5¢c 1.7d -
10 2.2c - - - -
11 13c - - - -
12 0.7c - - - -

Descriptions for this table are the same as above.
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Table 25. Tensile strength of the hydroxypropylated potato starch(5%)-
polyethylene films by the heat treatment at 70 for 12 weeks

Tensile strength(kgf/mm2)
Week Type of film
Native/ PE 25 HP/PE 5.0 HP/PE 7.5 HP/PE 10.0 HP/PE
0 [1.049a A1.554zb E1.426¢kc A1.518tc (1.112a
1 [1.114a E1.635a (1.534a A1.807a [1.182a
2 [1.041a E1.522¢b E1.487¢b A1.620ekc (1.140a
3 (1.071a E1.425kc E1.494¢ch A1.751eb (1.122a
4 E1.031a A1.513zb A1.484zb A1.563ckc E1.134a
5 £0.978a E1.464ckc AE1.529a A1.607¢ekc (1.122a
6 £0.933a E1.415kc E1.439%¢kc AL1.674¢ekc (1.147a
7 EC.989a A1.488¢kc A1.392kc A1.445¢ €0.700b
8 E1.041a A1.321c A1.344c €0.574d (0.127c
9 0.956a 0.733d 0.907e 0.210d -
10 0.969a 0.535d 1.051d - -
11 0.572b 0.332e - - -
12 0.136¢ - - - -

Descriptions for this table are the same as above.

Table 26. Percent elongation of the hydroxypropylated potato starch(5%)
-polyethylene filrs by the heat treatnent at 70  for 12 weeks

Percent elongation(%)
Week Type of film
Native/ PE 2.5 HP/PE 5.0 HP/PE 7.5 HP/PE 10.0 HP/PE

0 (210.5a E246.8a A270.8a (193.4a [123.9a
1 A197.2a AE173.3b E161.4c E155.9a (104.6b
2 A198.2a EC163.6b AE188.3kc (142.8a C111.0b
3 A183.6a AE169.9b A182.6kc EC143.0a (110.0b
4 E178.7a (149.4b A207.6b EC161.6a [112.8b
5 A155.3a A177.8b A175.4kc A166.9a E101.3b
6 E150.0a A173.9b A179.6kc E145.8a (102.4b
7 A148.2a A173.4b A185.3kc E80.9b E29.1c
8 A175.0a A167.1b A161.3c E3.3c -

9 A157.5a E14.0d E9.9d El.5c -

10 145.1a 27.7c 11.2d - -

11 19.9b 1.8d - - -

12 3.5b - - - -

Descriptions for this table are the same as above.
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Table 27. Strain energy of the hydroxypropylated potato starch(5%)-
palyethylene films by the heat treatment at 70 for 12 weeks

Strain energy(kgf- mm)
Week Type of film
Native/ PE 25 HP/PE 5.0 HP/PE 7.5 HP/PE 10.0 HP/PE
0 (67.5a All14.1a A116.9a E85.6a [37.8a
1 E69.9a A86.6b AET77.8tc A85.4a (34.6eb
2 E67.0a E74.7kc A88.1kc E69.1a (34.6eb
3 E61.7a AE73.9kc A86.3tc AE74.2a (34.0eb
4 (58.5a EC66.0c A97.1b E76.2a [35.1¢h
5 E48.3a A78.5kc AB4.4kc A8l.1a E31.0b
6 E43.6a A74.6kc A81.4kc A72.3a (31.8b
7 E47.0a A77.0kc A81.0tc E38.3b (6.1c
8 A59.8a A£66.5c A67.9c EO.4c E0.1d
9 A52.0a E4.0ce E2.7d El.lc -
10 48.2a 9.3d 7.7d - -
11 3.5b 0.1e - - -
12 2.6b - - - -

Descriptions far this table are the same as above.

Table 28. Tensile strength of the hydroxypropylated potato starch(10%)-
palyethylene films by the heat treatment at 70 for 12 week

Tensile strength(kgf/mm2)
Week Type of film
Native/ PE 25 HP/PE 5.0 HP/PE 75 HP/PE 10.0 HP/PE
0 C1.002¢b E1.253b (1.200b A1.467b [0.991a
1 €0.982:b E1.309¢b E1.275eb Al.672a (1.040a
2 £0.992¢b E1.369¢b 1.221b A1.558z [0.988a
3 (1.038:zb E1.420a E1.323a A1.595¢h 0.937a
4 [1.053a E1.362¢b (1.203:b A1.483b EC.900a
5 (1.025zb AE1.333eb EC1.179zb A1.447b £0.702b
6 (1.009zb E1.257b E1.191eb A1.472b [0.431kc
7 E0.934¢eb A1.331eb E1.112tc EQ.809c (0.513c
8 0.911b 0.978c 0.878d 0.602d -
9 0.716¢ - 0.959d - -
10 0.693c - - - -
11 0.675¢c - - - -
12 0.616¢ - - - -

Descriptions for this table are the same as above.
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Table 29. Percent elongation of the hydroxypropylated potato starch

(10%)-palyethylene filrs by the heat treatment at 70 for 12
weeks
Percent elongation(%)
Week Type of film
Native/ PE 2.5 HP/PE 5.0 HP/PE 7.5 HP/PE 10.0 HP/PE
0 A179.4a £162.8a A172.0a A£168.5a E102.4a
1 A165.8eb E123.3b E125.7b E133.2b (68.6b
2 A164.0b (120.8b EC127.3b AFE145.9b [93.4a
3 A167.8cb E129.2b E130.8b E134.0b (84.8:b
4 A166.4eb E121.2b E126.2b E132.5b (83.6¢h
5 A166.3:b E127.4b E119.7b E126.6b (37.4c
6 A138.1cb £119.0b A£120.2b A£132.1b E14.6d
7 P147.2eb AE135.6b E105.5b C30.7c 9.9d
8 £120.9b E38.6c E49.7¢c E4.5d -
9 45.5¢ - 20.6¢ - -
10 10.6¢c - - - -
11 7.3c - - - -
12 4.5¢c - - - -
Descriptians far this table are the same as above.
2. Starch-polyethylene
. FT-IR
5%wt) ,
P. aeruginosa (Fig.

17) carbonyl

index

hydroxyl index

1.0 CL/PE

carbonyl
10%(wt)

carbonyl
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hydroxyl index P. aeruginosa

Table 30. Strain energy of the hydroxypropylated potato starch(10%)-
polyethylene films by the heat treatment at 70 for 12 weeks

Strain energy(kgf- mm)
Week Type of film
Native/ PE 25 HP/PE 5.0 HP/PE 7.5 HP/PE 10.0 HP/PE
0 E53.4a E58.4a E59.5a A71.2a (26.8a
1 E49.7¢eb E47.0eb E47.4kc P65.9eb (22.5:
2 E49.7¢cb E47.2cb E45.1kc £66.8a 24.3eb
3 A53.5a A53.3 A51.1eb P62.5¢ekc E21.6eb
4 AE54.0a EC48.0ch (44.2kc A57.0kc C19.4b
5 A53.0a AE48.62b E41.3kc A53.4c @8.7c
6 E42.6eb E43.1b E41.9kc A57.3tc (2.5cd
7 AE4A2.2eb A52.1eh E35.9¢c (10.1d a.4d
8 A35.9b E12.0c AE14.4d El.6e -
9 11.1c - 4.9 - -
10 2.2c - - - -
11 1.3c - - - -
12 0.7c - - - -

Descriptions far this table are the same as above.

P. aeruginosa

carbonyl index

hydroxyl index (Fig. 18).
5%wt)
P. aeruginosa carbonyl

index hydroxyl index - , 2.5 HP/PE
5.0 HP/PE P. aeruginosa
carbonyl index hydroxyl index , 7.5 HP/PE,
10.0 HP/PE P. aeruginosa carbonyl index

hydroxyl index (Fig. 19).

10%(wt)
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carbonyl index
hydroxyl index P. aeruginosa
(Fig. 20).
P. aeruginosa

hydroxyl index

carbonyl hydroxyl (1,2
. Streptonryces

FT-IR spectrum

setonii Streptomyces viridosporus

2 alcohol )

(Fig. 11 , Table 10).

Octenyl succinate

succinate

P. aeruginosa

carbonyl index

5.0 HP/PE

Starch/PE film

alcohaol)

Streptonmyces
900 1,200cm-1(1,

(Pometto 1992).

P. aeruginosa

octenyl

(Evangelista 1991).

- Gage(1990)

- 407 -



10%(wt) carbonyl index hydroxyl index

Higdsd oyl (Wden

(.l
#
_-I

Eptioond isdex

[T T—

B ERE BN ELFL 18 TR e cLiFn

Fig. 17. Carbonyl index and hydroxyl index of the crosslinked potato
starch(&8%)-polyethylene films cultured with Pseudomonas

aeruginosa for 4 weeks.
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Fig. 18. Carbonyl index and hydroxyl index of the crosslinked potato
starch(10%)-polyethylene films cultured with Pseudomonas

aeruginosa for 4 weeks.
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Fig. 19. Carbonyl index and hydroxyl index of the hydroxypropylated
potato  starch(&%)-polyethylene  films cultured with
Pseudomonas aeruginosa for 4 weeks.
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Fig. 20. Carbonyl index and hydroxyl index of the hydroxypropylated
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Fig. 22. Mechanical properties of 10% the crosslinked potato
starch-polyethylene films cultured with Pseudomonas
aeruginosa for 4 weeks. Each data repersents mean for
four replicates.
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Fig. 23. WNechanical properties of the hydroxypropylated pctato starch
(&%)-palyethylene films cultured with Pseudoronas aerugincsa for

4 weeks. Each data repersents mean for four replicates.
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Fig. 25. Scanning electron micrograph(x 2,000) of the crosslinked
potato starch-polyethylene films cultured with Pseudomonas
aeruginosa for 4 weeks. A, Control(no inoculation); B,
Inoculation by Pseudomonas aeruginosa
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Fig. 26. Scanning electron micrograph(x 2,000) of the
hydroxypropy lated potato starch-polyethylene Tilms
cultured with Pseudomonas aeruginosa for 4 weeks. A,
Control(no inoculation); B, Inoculation by Pseudomonas
aeruginosa
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