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SUMMARY

I . Project Title

Development of Functional Foods Using Fruit and Stem of Opuntia
ficus-indica var. saboten and Characterization of their Physiologically

Active Constituents

. Objective and Importance of the Project

Opuntia ficus—indica var. saboten is a tropical or subtropical plant
which cultivated at Cheju island in Korea. Fruit of Opuntia
ficus-indica var. saboten is called as nopal and/or prickly pear. Its
stem is also called as nopalitos. It has been widely used as "folk
medicine” for burned wound, edema and indigestion. Recently, many
researches have been reported that nopal and nopalitos exhibited some
functional properties such as antigastric ulcer, colon cleansing,
arteriosclerosis, hyperlipidemia and hyperglycemia. However, little is
currently available information concerning the study on processing of
food additives and materials using nopal and nopalitos cultivated at
Korea. In the case of South America and Japan, it has been produced
snack, noodle, ice cream, capsule, tablet, cosmetics and salad using
nopal and nopalitos.

The purpose of the present studies is 1) to develop the cultivation
technology for the cactus, 2) to develop the food products and
additives using the fruit and the stem of the cactus, 3) to isolate
their physiologically active constituents, and 4) to establish their

safety and pharmacological efficacy.

- 14 -



Im.

Scope and Contents of the Project

Following studies were done by the four research groups

Part 1 : Development of Cultivation Technology
1. Characteristics investigation of Opuntia genus Cactus
2. Breeding method of Opuntia genus Cactus
3. Effects of lime application and Nitrogen top dressing on Opuntia

4,

genus Cactus

Experiment of growing promotion on Opuntia genus Cactus

Part 2 : Development of Food Products and Additives

1.

Pretreatment and processing properties of nopal and nopalitos from
Opuntia ficus-indica var. saboten

2. Properties of mucilage isolated from nopal
3. Stability and properties of betanine color extracted and isolated form

© N> o

9.

nopal
Properties of breads using nopal and nopalitos
Properties of wet noodles using nopal and nopalitos

. Properties of yogurt using nopal and nopalitos
. Preparation of retort pouch product using nopal

Preparation of extracted and fermented liquors and wine using nopal
and nopalitos
Improvement of quality of nopal and nopalitos products

10. Antimicrobial activities of nopal and nopalitos
11. Improvement test of constipation using nopal and nopalitos

Part 3 : Study on Physiologically Active Constituents

L.
2.

Extraction and preparation of various solvent fractions
Screening for several physiological activities

3. Isolation of physiologically active constituents

Part 4 : Study on Safety and Pharmacological Efficacy

1.

Acute and sub—acute toxicity test

2. Test for serum biochemical and hematological parameters
3. Effects on cardiovascular and gastrointestinal function

4. Effects on the central nervous system

- 15 -



IV. Results and Proposal for Application

A. Development of cultivation technology

The Cactus(Opuntia ficus-indica var. saboten) cultivating in Cheju-Do
grows well even in infertile upland field without damage of disease
and pests and/or non pesticide-fertilizer in relation to available clean
cultivation, as well as harvesting duration of it was longer than other
crops. So man power would be available effectively.

The area of the Cactus cultivation in Cheju-Do trends to be
expanded by Cheju farmers from 1991 of first artificial cultivation of
Opuntia genus Cactus and for alternation crops of low income crops
as affected by import trade liberalization of agricultural production.

In relation to this, Studies were conducted by from April, 1997 to
October, 1999 in Wol-Rim ri. Oewol eup, North Cheju county.

The results obtained are summarized as follows ;

1. Characteristics investigation of Opuntia genus Cactus
Ecological investigation showed that the growing pattern was 3 stage
as first stage was 20th of May, second stage was 1st of July and
third stage was 23rd of August, as well as inflorescent period was
from 10th of June to Ist of July, and colouration fruit ‘was from lst
of November to 5th of December.

The first characteristics showed that weight per a fruit was lbg
per a fruit and number of seed in the fruit was 44 seeds, as well as
the weight per a seed was 1.01g per a seed, also, the weight of 1,000
seeds was 23.05g.

In regards of flowering characteristics of Cactus, it had one of
pistils and 270~290 of stamens, 14 of petals, 8 of sepals and 5 of
ovary, as bisexual flower, and the pollination was autogamous. The
honey in flower contented 19mg/g of Sodium, 22mg/100g of Potassium,
0.37mg/100g of Riboflavin and 0.49mg/100g of Niacine.

The thorn acanthus of Opuntia genus Cactus called leaf cushion as

metamorphosis of leaves, and a fruit had one of cushion of O.lmm of

_16_



depth, 2mm of length in the pores, and 45~55 cushions of 0.0lmm of
depth, 2mm of length in the stems, it has also one of 1.0mm of depth,
15~20mm of length, and 45~55 of cushion of 0.Imm of depth and
2.0mm of length.

The number of fruit of it was increasing up to 5 years as 42 fruits
per a plant up to 3 years age, 67 fruit per a plant up to 4 years and
96 fruits per a plant up to 5 years., as well as non-pollinated flower
was fallen 5% of it in accordance with weather situation after
blooming.

The same form of Cactus strain was not found from the results of
nuclear shape analysis for the selection of available species in the
open field cultivation with 8 family strain of Opuntia genus Cactus.
The order of vigorous maintenance of the plant in according to the
method of pruning was thinning out method - thinning + chopped
method - non pruning method - chopped pruning.

In regards to disease and pests, Athelia rolfsii(Curzi)Ju & kimbr, in
disease and Acusta despecta Gray, Planococcus Comstocki KUWANA
usually found.

. Breeding method of Opuntia genus Cactus
The optimum breeding season was March and May in the study and
vegetative vigour was better in the plots planted after lasting 5-15
days from cutting date of Cactus leaves.

Germination percentage was better in the plots of seeding with the
seed from seed collection in June of the following year after fruiting,
and the plots planted after raising of it was better than seedling.

. Effects of lime application and Nitrogen top dressing on Opuntia
genus Cactus.

Vegetative vigour of the Cactus was increased in lime application,

however, was not significance as affected by the increase of amount

application. of lime. :
The optimum amounts of Nitrogen top dressing was 10kg per 10a

in twice, however the fruit number was decreased, and main stem
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length showed excessively longer and over-luxurand growth in the

above amount application of it.

4. Experiment of growing promotion on Opuntia genus Cactus
The differentiation of as affected by the materials of mulching in the
Cactus cultivation field showed as follows ; '

The growing order in according to mulching materials showed
better as transparent vinyl>black vinyl mulching > Non-mulching >
white vinyl mulching > silver colour vinyl mulching.

The effectiveness in the treatment of Forchlorfenuron(30ppm) +
GA(15ppm) was better for the growth promotion showed in a little
significance in only once treated.

The occurrence of weeds was increased in the treatment of
Bromacil

herbicide and was without injury to the Cactus.

B. Development of food products and additives

1. Pretreatment and processing properties of nopal and nopalitos from
Opuntia ficus-indica

1) peeling of nopal
nopal was peeled by 15% HCl and 3% NaOH solutions at boiling
temperature. nopal was well peeled by treatment for 20 min at 3T
using 3% NaOH solution.

2) Dietary fiber contents of freeze-dried nopal and nopalitds
Freeze-dried nopalitos was presented in 46.1% of total dietary
fiber(TDF) included 4.3% of soluble and 35.9% insoluble dietary
fibers. Freeze-dried nopal was presented in 36.6% of total dietary
fiber( TDF) included 17.1% of soluble and 16.6% insoluble dietary
fibers.

3) Water and oil holding capacities of freeze-dried nopal and nopalitos
Water holding capacities of freeze-dried nopal and nopalitos were
245~36.1g and 22.9~262g water per g. Oil holding capacities of
freeze—dried nopal and nopalitos were 1.9g oil per g.
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2. Properties of mucilage isolated from nopal

1) Isolation of mucilage by alcohol
(1) Yield of mucilage was increased with alcohol concentration
increased. Yield of mucilage was below 1.0% at 50% alcohol but
above 2.0% at 90% alcohol concentration. '
(2) " Viscosity showed 20CP and 105CP at 0.8 and 12% at
concentration of mucilage, respectively.
(3) Uronic acid and kalson lignin content of mucilage were 1.44% and
2.3%, respectively.

3. Stability and properties of betanine color extracted and isolated form nopal
1) Betanine color isolated from nopal _
(1) When freeze-dried nopal was used as materials for extraction of
betanine color, water was suitable for extraction solvent, but ethanol
and acetone were unsuitable.
(2) Mucilage were co-extracted by water and then mucilage should
be removed in color extracts.

2) Properties of isolated betanine color

(1) Betanine color showed more stable at pH 5.2.

(2) Cysteine showed some effects on stability of betanine color.

(3) Polyphenols and sugar alcohols did not show any effects on
stability of betanine color.

(4) Ascorbic acid and its derivatives showed some effects on stability
of betanine color

4. Properties of breads using nopal and nopalitos

1) Texture of bread using nopal and nopalitos was softer than control
but overall acceptability was poorer than control. nopal and
nopalitos were not suitable for a food additives of bread.

5. Properties of wet noodles using nopal and nopalitos

1) Properties of wet noodles
(1) The initial pasting temperature in an amylograph and a final
viscosity decreased with the increase of the nopal and nopalitos powder.
(2) A cooked weight and volume decreased with the increase of nopal
and nopalitos powder, while a cooking loss increased.
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(3) From the results of the sensory evaluation, the wet noodles
containing up to 3% nopalitos and 6% nopal powders were similarly
rated as the noodle used as control.

2) Storage property
(1) Bacterial counts of wet noodle with nopal and nopalitos powders
were consistently lower than those of the control. Shelf-life of wet

noodle containing nopal and nopalitos powders would be prolonged.

6. Properties of yogurt using nopal and nopalitos

1) Preparation of yogurt
(1) Bifidobacterium counts showed 1.7X10°CFU/m¢ in yogurt
containing 0.3% nopal powder fermented for 6 hrs.
(2) Viscosity of yogurt increased up to 0.5% of nopal concentration.
(3) From the results of the sensory evaluation, the yogurt containing
up to 0.3% nopal powders and 12~16% of sugar contents showed
good taste.

7. Preparation of retort pouch product using nopal
1) Temperature of sterilization

(1) Microbials were not detected in retort pouch heated at above 80T.

8. Preparation of extracted and fermented liquors and wine using nopal
and nopalitos

1) Preparation of extracted liquors using nopal and nopalitos
Crushed nopal or nopalitos 500g — 80% ethahol and ascorbic acid
FO.15% — extraction for 6 weeks at dark place — filtration — diluted
up 20% ethanol — ascorbic acid 0.15% — storage for 7 weeks at
dark place — sugar 0.1%(or 0.25%), citric acid 0.01%6 — filtration —
bottling

2) Preparation of fermented liquer using nopal and nopalitos
(1) rice lkg, distilled water 1.5 £, kokja 40g, yeast 40g, and citric acid
40g — mixing — fermentation at 25C for 2 days

(2) seed culture, rice 6kg, distilled water 9 £, kokja 200g — mixing —
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fermentation at 25°C for 2days(lst fermentation)

(3) 1st fermentation, rice 12kg, distilled water 195¢, kokja 400g,
nopal(or nopalitos) lkg, and ascorbic acid 0.15% — mixing — 2nd
fermentation at 25C 4 days — 'storage at 10C for 2 days —
filtration and bottling

3) Preparation of wine using nopal and nopalitos

(1) 10% nopal powder in distilled water - homogenization —
sterilization — 25% sugar

(2) Addition of starter — fermentation at 30C for 10 days — storage
at 10C for 2 days — filtration and bottling

9. Improvement of quality of nopal and nopalitos products

1) Preparation of nopal and nopalitos granular using sorbitol
Sorbitol 100g — 10~40g of 70~100% anticaking agent solution —
mixing — prevention of coagulation of sorbitol — 1~40g of nopal
powder — mixing — adsorption — drying using hot air dryer at 50~
80T

10. Antimicrobial activities of nopal and nopalitos

1) Antimicrobial activities of extracts extracted from nopal and nopalitos
(1) Methanol and acetone extracts extracted from nopal showed
antimicrobial activities against FEscherichia coli, Escherichia coli
O157:H7 and Salmonella typhimurium, but methanol extract extracted
from nopalitos showed only antimicrobial activity against Escherichia
coli.
(2) At 50mg/mé concentration, methanol extract extracted from nopal
showed excellent antimicrobial activities against Bacillus subtilis and
Salmonella typhimurium and also showed strong antimicrobial activity

against Escherichia coli and Escherichia coli Q157:H7.
11. Improvement test of constipation using nopal and nopalitos

For improvement of constipation using nopal and nopalitos, one dose
was 480mg and total dose of one day was 1440mg.
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C. Study on physiologically active constituents

The methanol extracts were prepared from the fruit and the stem of
the cactus, and then were divided into four fractions by solvent
fractionation with hexane, ethylacetate, butanol and water. The fractions
were screened to determine the physiological activities such as
antioxidant, dopamine A -hydroxylase(DBH) inhibitory, monoamine
oxidase(MAQO) inhibitory, antithrombotic and anticoagulant activities.
Active fractions were subjected to chromatography on silica gel and/or
sephadex LH-20 column in order to active principles.

1 The antioxidant acitivity was found in all the fractions. Compound P
was isolated from the ethyl acetate and butanol fractions, and it was
turned to be isorhamnetin-3-O-rutinoside by spectral data.

9 The DBH inhibitory activity was found in the ethylacetate and

butanol fractions. Compound P was isolated as the active principles.

3. The MAO inhibitory activity was found in the ethylacetate fraction.
Compound I, -IV and -V were isolated as the active principles, and
their chemical structures were identified as citric acid dimethyl ester,

malic acid monomethy! ester and citric acid monomethyl ester.

4 The antithrombotic acid anticoagulant activities were not found in all

the fractions.

5. All the physiologically active constituents isolated here were proven
to be major compounds in the fruit and the stem. In order to isolate
different component(s) from the fruit and the stem. The water
fractions of both materials were hydrolyzed with 1IN HC], and then
the hydrolysates were extracted with chloroform. From the
chloroform extracts, compound I, -IV and -V were also isolated.
Therefore these compounds were deduced to occur in conjugate
forms of sugar or amino acid. Other compounds were isolated from
both the chloroform extracts; compound FRI from the fruit, and
compound S1 and -S2 from the stem. The compounds should be

characterized in a near future.
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D. Study on safety and pharmacological efficacy

Cactus(Opuntia ficus-indica var. saboten Makino) is a tropical or
subtropical plant, which is widely used as folk medicine for burned
wound, edema and ingestion. This investigation was designed to
study general pharmacological activity on fruit and stem by dry
powder.

The influence of acute toxicity and activities of serum biochemical
and hematological parameters were not affected by rats orally treated
for 4 weeks. Also serum lipid components were not effected on
normal rats. Hepatic lipidperoxide content, superoxide dismutase and
glutathione peroxidase activities were not affected significantly by the
treatment of the cactus fruit and stem. Both of the cactus fruit and
stem extracts showed the measurable non-contractile on the isolated
rat duodenum and not influenced the normal mean blood pressure in
anesthetized rat. When we measured phenobarbital-induced sleeping
time, locomoter activity, rotarod test, body temperature, MES-induced
seizure, strychnine-induced seizure and pentylenetetrazol-induced
seizure which influence CNS, it was found that they were not
effected by the treatment of the cactus fruit and stem.

Carrageenan-induced paw edema and hot plate tests in rat and
acetic acid-induced writhing test in mice were utilized as animal
models to search anti-inflammatory and analgesic activities,
respectively. The treatment of the cactus fruit(500, 1000mg/kg) and
stem(100, 250, 500mg/kg) showed an inhibitory effect on acetic
acid-induced writhing and hot-plate tests and also showed the effects
on carrageenan-induced paw edema, indicating that both of the cactus
fruit and stem exhibited the analgesic and the anti-inflammatory

activities.
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E. Proposal for application

1. Cultivation techniques established in the studies will be propagated to
the cactus farmers through the spread of education.

2. Recommendation and future program will be transferred to some
technologies cactus village. It will be tried to the enlargement of the
consumption for Opuntia ficus~indica(nopal and nopalitos) by the
production of yogurt and wet noodle. Results of properties of a
dietary fiber, an antimicrobial activity, a constipation, a yogurt and a
wet noodle will be submitted to the special journal such as Korean
Food and Science Technology. Recently, the granular products using
nopal,: nopalitos and sorbitol were produced by Cactus village
processing - center and marketed. This technology will be pended the
patent.

3. The éétive principles and pharmacological date will be submitted to
the special journal such as Korean Journal of Pharmacognosy. The
pharmacological efficacy and safety should promote the consumption

of the cactus fruit' and stem.
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23 & Ay
Alg 7Aooy 3uE
AgF+4d A ‘99, 5,

ZANE  EFTRARY ALWHE 2AGD AS4FE 24
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FQuln) B FAE 5}
ANGFE  AFE BAZT LS 25 AT

A&

HAZAE Y3l ol=d 500, 1,000, 1,500, 2,000, 2,500, 3.000H] =
A z7)0 A3

Az oGy 3ukE

Alg A A

ZAZ21A79 @ ‘98, 10.

DR 7} P& 2
AN@aa L AE
A g - Fxd Zad, o
2448 03%

AT AR g A

AlET A2 86. 96. 106. 11.6.
FAUE  FRF 2718 2AEY

AzA AEAEH
ANEda  AFe BAFT 488 F58 A7
A8 ZAM|(Glyphosate) 75mé/20 4
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vl 2 EHGlufosinateammonium) 60mé/20 ¢
3} o) vl A (Bromacim) 30g/20 ¢
S uH(Fluoxypyr) 135mé/20 2
3) NFF wiA - ETA
4) Ng+ dx 78 269
5) ZAUE : M4 HFY F o F2LANA s A

zApa
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A34d 234 4 nF

1. Opuntiad; A A#2] EARA}
7V 712BEAARA

D A&
evtebd e Asud F gobs), A, A4 AT FaA
e 2ASQ 14 Wl ALE vlee 9%L ol Wi Aoz u
off A7lE 59 SR 68 Feoln wolHt ool £33 FHolw
A M o]
o -

227t H A e Hdgo
Aete 2A 232 2 F
ot E7]oM HAE EH 2y
A71e 14 As F 1Y Edoh (

AL AR 213 wek 2A o)zt o e 35Y FE &
LF A,

o oiFE 13 sisteln 23b AskeE 1z
]_

Metsle Aoz O 5 BA gon

:x:’.

w o} 7] N5 7] 2 A 7]
12} 22} 3+ Al 2 = Az FE
5.20 7.1 8.23 6.10 7.1 11.1 125
% 12} golrh 6. 209 ol do) slo] Aol WA 194 oMy A8 ¥ Zaig

suteddgel Qg =AW L, h, bR Je TRele gEe
100714 233 ARAER #FS 24 23 FRHEL 1570019

F Ao =AE FAgAarie wel ol Hol 11~ 8271/3Y o)

Aot @ 4470/2d o)k

Nel BAE Y F FF 1.01gelFa 1,000Me FAE 23.05z0] Q.0
oF

GdArid AR, Nl A, Mo FA ZAAFE Table 2 ks
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5) 7}A1(#E4t leaf spine)®l 54
vt ae 48 dubEQd Ao WEd JHAI(HEE leaf spine)®

A &7] 2 Fgol Bo] REE gl FAP £HE FE del Hx
gon FHdo)=7~971e ZFeo) Jdos or7le] F7101m He] 2mI7]
7FA 1708 £7) 001mm Zo) 2mm=7] 7HAl 45~55707F FatE o] 9L

Z7)ol= oot W 20~35709 EFe]l AT o7iel H7] 1.0 am
2ol 15~20mme A 1~270¢F 7] 0.1lmm Zo] 2me R 45~55707F F-&
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& 5% 2 7Y 713 FFE "ol
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A 427W/F, 4344 6770/%F, 534 9671/F SAHk ol ‘E}E}
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Table 7. #8¥ &3 = 4 57

> 9 A A A 9 F + x99d% & 7
(5/10a) (AA 1 && 75%)
170X 50x50em  (2€) 2,100 4370 /5 1,036kg/10a
3 160 X 50 % 50 (24) 2,400 41 1,129
3 T 42 1,082
180X 50X 50 (24€) 2,100 86 2,072
4 150 X 60X 40 (2€) 2,400 56 1,349
160 X 50 % 40 (2€) 2,400 59 1,624
¥ Ein 67 1,681
150 X 50 < 50 2g) 2,640 103 3,120
5 150 X 50 % 50 (249) 2,640 90 2,726
250 50x50x50 (3€) 2,400 95 2616
3 o 96 2,320
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o =A A7t 7bs @ Opuntiad AQ# Asdd
4 AFE Ao AuEn JE &ugHdRe 39 277t
15g¢ Wel2 23 7hAI(EEH 7T B F 3

8t7] flste] AsolA AME R Ae HLE HAFFH A 3D 5
B AFAE =dste] AANE At vldstea el 228 n 9
ov AKAFE FA, FRAF, FHETE 2AS 27 UL Table 89
2ol ¢35 g Holrt

Table 8. Y4 NG &3
T T I I m v \ Vi VI
‘98.10. 708cm 585 683 488 600 750 710
4%
‘99.10. 1198 845 1003 640 670 1330 956
‘98.10. 307 25 3.0 2.5 3.0 25 3.0
R85 —
‘99.10. 4.3 35 4.0 4.0 4.0 35 3.6
X 98.10. 787 33 9.7 53 5 45 6.5
4%

‘99.10. 163 75 163 140 120 145 172

A Ee JHA Qe AA% dig AP R A ste] Eupgtagl
o wujzt JhedtE HESN R oA Mgy mgstx Raig
FEE AZPAE EtsRon ZHAE HAAAT ANASEE 2n = 22
APov 8L Bz ) 277 2ol 4oe BHE Brlvac
FF wdld] o el m sHAZE HE dujrt daE ASL §4 @
T AT VIZARE E8 T F den FF o AU AHe £42
427 o

Table 9. A xA A3

ATHE & A ) 4 EREEM i 3

9001 2n=22 05 ~1um AES ZTUAEHA
9002 2n=22 05 ~1um

9003 2717} Fo} BREAE
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b B4 A7 Age [l
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ANEdME 3958 9¥E7HA
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Table 11. AAA71d A543

A

=
om
‘99, 7.

7.

‘99.

‘99. 7. '98.12. 99. 7. ‘98.12

‘98.12.

5.2 48.0 954 43.4
100.3

4.6
46

4.2

63.8

56.2

40.4

42.4

5.2

o7.0 60.2

44

41.6 87.2 214

52

61.4

50.8

1.0
1.0

49.0 3.2 4.4 16.0 40.6
56

45.6

47.2 524 42 4.8 22.2 47.8

74

20.2 58.2

5.0

3.8
3.8

49.2
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0.2
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4.6
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Table 12. A X713t

I

2.0
275
4.0
11.0
17.0
124
44

20.674
49.3
339

64
234
56.6
34.2
915
28.9
65.6
28.8
67.8
25.0
51.0

3.574
47
4.1
52
35
5.0
3.6
5.3
4.0
54
3.8
54
4.0
b.5

4].6cm
50.9
50.3
60.8
44.8
53.2
49.6
55.4
52.1
579
49.3
58.1
48.8
52.2

‘98, 12.
‘90,
'98. 12.
‘99, 7.
‘08.12.
09. 7.
98.12.
99.7.
'98.12.
'99. 7.
'98.12.
‘99. 7.
'98.12.
'99. 7.
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5
204
24
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Table 13 A2l Pol-&

T % 129 A= 69 A&
¥mg AT Fa FAY  EAT R
o} g
= 161 14.8 42.0 401 413 889
(%)

Table 14. ST Hed &

S %7 5t SDER 1948 A4
YEE 67 % 78 % 100 %

3. Opuntias; AR174 435 B Fu] ANgo] @3 AT
7k A3 Alge] 3 2 FH wAE 9

Sutgddde] AFozAMY 4 F dyst Cadtgo] w9 ri=
ZolH ool B My dFne] AAS FHstuA A4 A A3 150ke
/10a, 300kg/10a, 450kg/10a %<& ASat3 ASZS vlme Ay =A%

ol tha

ol FAF T AKFo] A} Aol AUZ TALT 2
dg =l G2 Al 150kg/10aB =9 A3 A L3l=
o

s T3 FAAS FHF 2=

'98.12 42.2cm 43 29.0

150kg/10a
99. 7 58.1 53 74.6 216
'08.12 41.2 43 24.6

300kg/10a
99. 7 59.8 54 79.3 19.2
'98.12 41.0 4.2 255

450kg/10a
99, 7. 54.7 53 61.6 10.8
'98.12 394 38 194

¥ A &

99, 7. 51.5 2.0 bl4 9.4
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U, Aad FuA Lo £ 2 F2 v 9
zulg g AulA BAHFE FR|2 ALY davt IEAE #H
a7] 9ste] AA4=He] ANPEd HL Skg/l0a, 10ke/10a, 15kg/10a +F
oz Az 1, 2, 3% M%—TL% Axste] 2d7r FulAE Alg 27 10ke
/10a 23 A&F74A X -‘Jr Boroy o e %o ¥EE FH AH
S+ FHolxo wgA X AUA] AxFuE A% g 2ol A
Solu 2 gt 710:1%L Aoz meloh
Table 16. AAxAl &5 ASAE
T 5 F 4 F 2k I
i ‘98.12. 69.8cm 84.07H
13 A] &
‘99, 7. 76.8 255.2
] ‘98.12. 70.9 92.3
5kg/10a 23 A&
‘99. 7. 77.9 334.0
_ ‘98.12. 785 86.8
33 Al &
‘99, 7. 845 370.4
. ‘98.12. 78.0 88.5
13/ &
, ‘99. 7. 86.9 315.7
‘98.12. 81.1 120.7
10kg/10a 23] A| &
‘99, 7. 83.9 3345
‘98.12. 78.4 69.3
33 Al &
‘99. 7. 85.3 246.0
‘08.12. 52.3 64.5
13 2] &
‘99. 7. 82.9 279.6
. ‘98.12. 77.9 60.7
15kg/10a 23] Al &
‘99. 7. 80.7 255.6
‘98.12. 72.9 49.9
33| A1 &
‘99. 7. 795 265.8
‘98.12. 67.8 38.0
=) A
L R 76.8 330.8
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4. Opuntia® AAF9 AHSEZF 2 Au] XY
7t ESSEA ST ASEF7| X
Aol A&E EHAIN7 A 2
B&dse A A3 ASFE FHud > A
> ol AT
ALz A FEudg BT TAudEFE FoEFRg 257
2 B e FYETRY 24 ¥y |
melbd B&ERNL M Ee FHEldoly SAndz A8 Aujste Ao
=

4
3
S

O

T ®  wgad  edud  #and 499 §9ET
A= PP ARF  gEP

8. 68| 26.6cm 226 25.8 234 24.3

11684 421 314 36.6 335 335

o =] (%) 158 139 142 143 138

Table 18. X2 12 z(dd HxHT T)

8 ¢ 9 ¢ 10 & 11 ¢ 12 4

F®HEd F3F G T F % 4 E G 3F A

tE e EEE EEE EEE EEE
FHuld 43 39 39 3230 29 23 22 21 18 13 15 10 9 8
24ud 35 32 28 29 28 27 21 21 21 17 12 15 10 8 9
Wageld 34 31 31 28 26 24 18 18 18 16 11 13 9 7 7
Z46ld 39 3 3 30 28 27 2019 19 17 13 14 10 8 8
¥ 3 B 37 34 32 2028 28 1920 20 1512 15 8 6 9
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40

35

30

ki rio

25 1

20 |

15 —
i1 8 5 7 9 11 13 15 17 19 21 23
Al gk
—o—ZMHd  ...e--¥MEHY —A—E4HY

—m—FEHY  —e—rju| T

Fig. 1 915 Ajsd 243,

o gl 2 A8 E5

Ms A4 GAlSppm + FF o E(Forchlorfenuron) 30ppm$ 13] A2
# A% FYFFo] Tz oyl 1081%2 tax ART AMFR F 10
4 ZrF ez F|EAF 500, 1,000, 200000 & 33 Ad A HIH]
47 A=

Table 19. #EH £ A2

A 3 4 & Bd8 A4EFE A4FH¥ A F

GA15ppm 26.0mm  44.3mm 178  HBT7T %

12+ Forchlorfenuron 30ppm 25.6 470 18.1 100.7
AE GAlSPPM+Forchlorfenuron 30ppm  26.3 495 20.1 108.1
52 26.3 50.7 18.6 100

7] E4F5004) 24.0 470 16.9 101.2
22 71 EAH 0000) 24.0 410 16.7 100
A8 7] EAR2,000u) 25.0 45.0 16.7 100
237 %0 450 167 100
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Aol FAFAE A5t o A= 500, 10008, 1,5000, 2,000
v, 2,50080, 3,000 wiHE 119 6YU Aelste 5 4 Ao w FANsgS 2z
AbetF ot A2lrh A ER o] JEe nl A A BE

o GHAEE A EFR0) niAE o

dEAEe o BE&ZNER TP Y3te] 8Y 1692H 109 712
o= 3% 5%9 A4F Hu 9 ALY ERAL Hestn AadH Hgs
ol ARHFE vl 2AG AW Zxd 10000 A3 3@ 1000u e 9
HE 03%9 0] i Z37 Y Aoz 25

Table 20 4= AH 23 (3% cm)

T &= 8.6.(A) 9.6. 10.6.  116.(B) (B)-(A) (B)/(A)
EZ 41,0008 237 325 36.8 37.3 13.6 157 %

H#axw o 24.0 34.7 375 379 13.9 158
sto]l1dy * 32.3 40,6 43.1 43.5 11.2 135
pd g 31.8 419 42.8 43.1 11.3 135
dgaz - 259 34.0 35.6 36.2 10.3 140
2203% “ 22.8 31.2 33.6 344 11.6 150
73 g 25.9 34.0 35.6 36.2 10.3 139

% AzA QLAY
F2AAE A5t 7H3 FSst Hon dzxmm L Fx A wAo

-

A2 AzA AL ke 79 26U AxAS AYstn 29 Fol Y 2
dof FETYAE 9 FLy AEE A A HoFe] ua s} A
Fx ALY AAFE M e AL stolutd A(Bromaci) @ n Az )
T AAsE Bol® HA7 gl RS TA|(Giyphosate) % b

Table 21 A=A 2] F Fx ALy L FaAygs

-+ B Giyphosate  Glufosinate Bromacil Fluoxypyr
Ammonium .
A A 24.378/m 19.0 3.0 19.0
okt A = A = A =
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A4d A 2

opuntiaé:- *LOJM NZEAAZANEY FdHoz wolsle AS3tE
AL A7k 337 1 A7)E 1& 59 20Y, 23 79 1Y, 34 8¢ 23YolH
F717+e 6€ 109~72 147Aloly FAAANE 1194 19 ~12¢ 5¢47HA
o}

K
4
X
e
—
Jrry
[tjo]
o
—
Ry
S
ot
ofy
flo
[\l
[¥6]
15
]
s
R

& 140) 2R e 8 Ade 57H°1°4 FEE z}*‘** olt},

Azl B JYEF(19mg/100g), ZF(22mg/100g), 2 EE2HH(0.37
mg/100g), YholobA1(0.49mg/100g)°] th& BT Weol] dfFEof A

Opuntza-’— AAAel 7hAE Qo WA FdAGEH el st A

= 9/09 BF #7) 01lmm Zo] 2m 2712 7 170k #7] 0.0lmm Z o]
om 2719 A 45~55747F ew F7)dde #7] 1.0mm Hol 15~20 mm3
719 A 171 W9 #7) 0.lmm Zo) 20mm A7)l A 45~5577F Ut
Opuntia® A3 537 e 3o BE&EFE 7T FLdF7) %7}3}0:1
AL 4270/F, 4382 6778/5F, AL 9%6/F A hE F 714l
et 7o) grE AL %zﬂrﬂM_E\ I H &L 5% A=A

L
3} el gel SPEA 2% FUIS Yok

2. Opuntia® AQ7Ze] A4Wy A4+
Opuntiad; A1 A2 HAT 4
A

o] H7lolm AFE AT F FedA 5~159c] B4



Aol Agol gt}
AARAE ML H3t s 6870 ATAE Aol Wopgo]
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gulo] = FEHE

2 oAgds 2% %4 AT 1637 19 §4 AR 4FE A8
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784 L paper diskH o R 2259t aAulR Smeell 244]
Mokt TFEZ top agar(0.75%)9 0.1% HZF3sto] agar plate #ol =
paper disk(8mm, Whatman)& &#%< o FEE<& 30uH spotting?
& 94N 7+ wjokste] disk F9ol UEhd clear zoned Z7IE ¥THE =
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Table 1. Indicator strains and growth condition for test of antimicrobial

activity
Indicator strains Media Temp.(T)
Streptococcus mutants KFRI 1171 BHI 37
Enterococcus faecalis var. liquefaciens '
MRS 37
KFRI 675
Staphylococcus aureus KFRI 219 TSB 37
Bacillus subtilis KFRI 183 NA 30
Micrococcus luteus KFRI 454 NA 30
Listeria monocytogenes KFRI 799 BHI 37
Pediococcus cerevisiae KFRI 438 MRS 37
Gram(+) Lactobaci{lus plantarum NCDO 955 MRS 37
L. reuteri KFRI 661 MRS 37
L. delbruekii KFRI 149 MRS 37
L. fermentum KFRI 164 MRS 37
L. sake KFRI 816 MRS 30
L. bulgaricus KFRI 425 MRS 37
L. casei KFRI 196 MRS 37
L. pentosus KFRI 481 MRS 37
Propionobacterium acnes ATCC 6919 YGB 30
Escherichia coli KFRI 272 NA - 37
Escherichia coli O157:H7 TSB 37
Gram(-) Salmonella typhimurium KFRI 191 NA 37
Pseudomonas fragi KFRI 462 TSB 30
U e Az
WeAZ7 AZE Ae W A& o) FAAZY EoletiaF o
ETE €t Fo] FXEHeH, 2t BEH B P W gy
AE W FAZ sRon, 1079 BFGoR st
ok B & FA
M7k 9 4o duE PAYE 169 A 49 A9 ddo
W, 2akel] A ¥H] M 23E 2AEYY. & 1% Z*M]Hi 10943+
by AvRE 353ned SoIN: capsuled AF 3UH g A
2~39 wioh Wul ERE AMAGT 14 24 F Bgde FANAL
WoETE 27 #e 1A 2Ab ¥ 109 Fol 12U 480med Solgle

capsule® ¥ 194 H8A7 2~39 vhoh Wu] &HE Augic
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B3ttt = BHCR 7tdetHA bR AR AEE #HE peeling?l =
AL gotm Fg¥Hoz AN ZAdE Table 291 UeERASITE &b ZA

5% A% FRY B2 w3 ol Fh 208 APA 84 Wt ol
2o} Bou 5% BuA FEsA BuEe ByFRo BeAE AT

BT, ola® AFe FIWoE AT TA £ARA 15274 F
£40] Uit 15864 25%e] &40 AHIAL, 208 MelA 5.0%, 25
5 AHA 100% FA o] BARAG odE ArNA Fgol H
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= wgy, Gy A2 o] &8tE oA wuyoel Ytk olF &ZE uw
We 2AJIEBo} BAUERS ol83tE AOoR ASEEE 1~3%
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Table 2. Peeling pattern and weight loss of nopal by alkali and acid

treatments

Treatments time(min) 0 5 10 15 20 25
: . no no no partial : over-
alkali eye inspection peeling peeling peeling peeling peeling peeling
weight loss(%) 0 0 0 25 5.0 10.0

. flesh

. . no no no partial  flesh o
acid eye inspection peeling peeling peeling peeling erosion e?’ggo n
weight loss(%) 0 0 0 35 9.7 20.0

- 68 -



L € A3 F chopperZ Tste] @Az
200mesh o]&}e] Zulet A drljel Z7)9 4o]MH =L Table 31

et

Table 3. Dietary fiber contents of freeze-dried nopal and nopalitos

powders
Samples Total dietary Soluble dietary Insoluble dietary
fiber(%) fiber(%s) fiber(%s)
Nopalitos 46.1 4.3 35.9
Nopal 36.6 17.1 16.6

£719] 7% TDF @32 46.1%, SDF ¥ 4.3%, IDFE 3B5I%2 +2 2
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Table 4. Water absorption properties of nopal and nopalitos powders
under various pH

(unit - g)
pH 2.0 3.1 4.0 5.0 6.2 7.1 8.2
Nopalitos  23.7 26.0 25.0 25.2 25.0 22.9 23.9
Nopal 24.6 33.3 335 338 34.7 35.0 36.1

e 4917

$AZZF 200 mesh olste] EvtRAAY Avisk Frlel KA FF
54 & Table 59 23th 2719 #4 5% g% 19 22 ¥ &5
Fol watel 13u) Rkom, duje §A FFFE g9 14g 02 FE F
S wlale 25u) gk £A FFEFS E717F deind 139 gokh
Tablem®] A FAMA ] Holdfr g2 FA BFHL 203~277g °leh= ©]
ol RuWe uFe] TuHR FAART £7 HAHe e o
A vebgoer, §X BAde £8 Bidd wtel ddHoR WA Y
ghdte mas fASASE. 2 dut ke H4FLS 2% V18S B
2 Fasm Qo AFAFEoE EupRAAY BEE AgAdE J1E

2174
FPo) B AFL 7180 2B si54ol dotn ¥ & 9

Table 5. Qil absorption properties of nopal and nopalitos powders

Samples Qil absorption properties(g)
Nopalitos 1.9
Nopal 1.4

solgAAd Lol '97d 1285 E 98 2974 o 20 PAo=
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Table 6. Proximate compositions of nopal by harvest days

© 9% dry base)

(unit

Crude fat Crude ash Crude fiber

Crude protein

Harvest day
12/9

54

182

52

7.1

4.4
46
4.3

42 157

6.3
6.9

12/24
1/10
2/5

178

3.3
4.0

14.0

6.3

Table 7. Proximate compositions of nopal fruit by harvest days

© % dry base)

(unit

Crude ash

Crude fiber

Crude fat

Crude protein

Harvest day
12/9

5b.1

3.0
2.7
3.3
2.7

125

9.3

52.0

16.5

13.0

12/24
1/10

51.2

147

12.1

49.1

14.1

11.0

2/5
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Table 8  Mucilage contents isolated from nopal by  ethanol

concentrations
Concentration(%) 40 50 60 70 80 90
Yield(%5) 0.00 0.10 0.95 1.32 1.84 2.00

Ao EAL Eo IFEESE Zo 01~1.2%7A Hakke Rotovisco
Viscometer(Model RV 20)& At&3te A HEE Table 99 Yetd
AAE 08% FEAAE 204 E Zo]Z(CP), 1.2%A = 105CPE Xt}
57t Ztgel et AER FUkete S B

Table 9. Viscosity properties of the mucilage isola_ted from nopal

Concentration(%) 0.0 0.1 05 0.8 1.0 12
Viscosity (CP) 0.00 3.3 13.3 20.0 75.2 105.0

Eutgd ARG FHe]l AHES amylasest amyloglucosidase® <A}

& & F 80% deEE JHEEHES EVHEEH
alistel 4% FHES FEAY kalson
lignin®] & Table 10 “ebd ZAAH 2hz; 1.44%9F 2.3% (o A2
B2 Bysy] A sd71x ¢ &E £ $E2H3% kalson hgnmgdﬂ‘L
o] Z+7} 0.70%% 35% Jou FHAEWS EA FEAS o 28 Frhst
9o} kalson lignin &2 158 ZAstqich

Table 10. Uronic acid and kalson lignin contents of the mucilage
isolated from nopal

Samples Unonic acid(%) Kalson lignin(%)
Freeze-dried nopal 0.70 35
Freeze-dried nopalitos 079 45
Mucilage from nopal 1.44 2.3
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Table 11. Total dietary fiber, uronic acid and kalson lignin contents of
the freeeze—dried nopal and the isolated color materials

(unit : %)
Samples Total dietary fiber Uronic acid Kalson lignin
Freeze-dried nopal 36.6 0.70 35
Color materials from nopal 2.1 0.00 1.3
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—e— EtOH
—e— Acetone
—v— Water

Abs

1 L 1 I 1 1

300 400 500 600 700 800 200 1000

Wavelength(nm)

Fig. 1. Spectrophotometric properties of extracts obtained
by ethanol, acetone and water from nopal

OT7A EAAFPES W w717F 44423 RolA 964 HoE ZAst
eyl Asst we @AAe] At Busth ol ZHid
v Zo] eutgdAde dnYZERT AHZA ¢ A, tELET)
2222 719 Azto] Z4E Mo B FEHEEE WS AMEE 2
4 AAk

L-arginine®] 8%¢] ojm =4S 200 ppm F=&E H7Fste] 100T A
158 &9 7tE FHEES Table 120 JEMAATH iz
T M JEELS 79~323% o™, pH 5 F A
»Ego] 7HF =yrh UREL opnlx4ite dETS FASII oUW
cysteine Zro] TEgo] 120~37.3%2 AHET opn|=id FolA HE 2
EHE 2Ych
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Fig. 2. Effects of heating time on stability and regeneration of betanin

color extracted from Opuntia ficus-indica at different pH

Table 12. Remained percentages of betanin color containing amino acids
by heat treatment at different pH

(unit © %)

pH 27 32 42 52 63 13

Control 92 100 184 326 270 138

Alanine 9.3 165 18.8 31.7 26.5 134

Arginine 9.1 104 194 32.2 26.2 13.0
AMINO - teine 99 132 263 361 281 159
acids

Cystine 94 106 188 320 252 139

Glutamic acid 9.2 10.3 185 318 2.0 13.7
Glutamine 9.1 103 185 326 265 13.1




3) ZHAEEE g 3T

Chlorogenic acid % 6%9 Z#HE335E2 200 ppm =2 H7}
shed 100ColA 15% F9F 71 w M4 FEEE Table 130] e}
WATh ALLd ZY8EaaEe 2T A MARELEL ey o]
371 9tk 2 5®e FagA = AFLEE propyl gallate® £upEA
A Mo Hrlselz= M <l = } oAbk 2
78 Be] a5 4L HolE ZdE FFBE AL dFYAE A

@ A7k 247} obde ¢ F A

Table 13. Remained percentages of betanin color containing polyphenols
by heat treatment at different pH

(unit @ %)
pH ‘ 27 32 42 52 63 173
Control 101 99 189 296 280 128
Gallic acid 102 98 178 287 275 234
Poly- Benzoic acid 9.6 94 184 282 276 130
phenols  Chlorogenic acid 9.7 95 181 283 271 159
Gentisic acid 94 86 1568 280 252 149
Salicylic acid 101 93 175 288 970 127

4) oyx=mE2H AT O
Lol Ao} ascorbic acid, Na-ascorbate, Ca-ascorbate,
Mg-ascorbateE 200 ppm &E7F HEE - H7Ested 100T o4 158 &<t
71839 S w MA ZEELEES Table 149 YRS of2mE2 843 O
FEAd 9% FEEL YRTEYG ¥ 10% A= %oH, FEAY F
Fol @2 2 xele A

Table 14. Remained percentages of betanin color containing ascorbic
acid derivatives by heat treatment at different pH

(unit : %)
pH 2.7 3.2 42 52 6.3 73
Control 109 109 189 266 280 12.8

Ascorbic acid 217 208 308 302 315 164
Ascorbic  Co-ascorbate 216 214 304 302 316 160
Na-ascorbate 219 222 321 307 317 164
Mg-ascorbate 204 196 308 310 322 239
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5) FL= 2 o3 &
Erythritol 5 639 FY3ZEE& 200ppm ¥ E7F H2E Hrbslel 10
0ColM 15% <t 7148t H S o B2 BESS Table 159 Ve ),
AT FEEEE dETY F4E MAIELS Yelyel a9

Table 15. Remained percentages of betanin color containing sugar
alcohols by heat treatment at different pH

(unit : %)
pH 2.7 3.2 42 52 6.3 7.3
Control 9.1 9.9 189 29.2 27.0 12.8
Erythritol 9.2 9.4 18.8 28.7 275 114
Sugar  Lactitol 9.6 94 18.4 29.2 216 114
alcohols Mannitol 9.7 9.5 18.1 29.3 27.1 119
Sorbitol 9.4 9.6 18.8 29.0 27.2 11.9
Xylitol 9.1 9.3 185 29.8 280 10.7

et AaF B4 4w Ax

et Ak $7] B2 42 3 6 2 9% Hobstel Alxd
Huel MEE Table 169 tehoich SuietdAd v 274wl
g Ueie L & 39S 34858 849 2489n, 4458 4
Bie a g HA FERoH, FMES dehie b e ¥R gad
G cle @ AFE eutdlF dulg 4ast B He gyl
Aol o) AMEE YehiE a gtol F/heAY. B8 endaQ 2
g BN L a & AAFE FAL4E AR Basdn, b g 3
A F74SHAT b Fol FAhehE ol EGH FANE M Bze
2 ol

Table 16. Color parameters of bread prepared with nopal and nopalitos

Control 3% 6% 9%
L a b L a b L a b L a b
Nopal 76.4 0.7 133 594 154 107 50.1 21.1 6.8 457 223 56

Nopalitos 76.9 0.8 135 709 -0.2 160 655 -06 16.0 675 -0.8 174

_77_



O A 7 eveddd Ge Awel A2 W
Cogrevle] EugddR AulE FHT AUe 39 T AYHE
A 19 Aoz =A% zAzte] WakE Table 1791 Yehigleh. &viet
Aol du) AAHEANA AR 7hel Fbwl uh »A4, Y B
e 2 Aot gelou ALAT YL FE Frhstel Aol =
ga A AL ¢ 4 AT AnAT BPHE uW AWAR IF o
WAstE BE Angs 4ol waTl dsl wol #EHE AL
nath A% FolE 3% 6% A7TE A% 32U AX AnAA Yol
gzrd Hal 2 GEn} Rsele e fAsged 9% AT
qAE gEreg Ands 494el Eob dETIRT 9Hd 24TE
Aol 277

udd, webd EnEddd Lolg 6% clsz Astad
g AR F A

Table 17. Texture profile analysis parameters for bread prepared with
nopal at 4C storage

Storage Hardness Adhesive Cohesive Springiness Chewiness

days (g) -ness -ness
0 73.3 0.559 0.904 37.1
1 180.7 3.7 0.485 0.949 83.2
Control

2 235.8 5.3 0.464 0.913 99.9

3 338.6 15 0.434 0.919 135.1

0 529 0.560 0.808 23.9

Y 1 163.1 54 0.490 0.925 73.8
A 2 274.0 6.0 0.451 0.898 103.8
3 357.3 2.0 0.393 0.897 1255

0 55.7 0.557 0.828 25.7

o 1 159.6 5.4 0.467 0.919 68.4
2 2139 54 0.462 0911 89.5
3 305.4 1.7 0.418 0.904 115.3

0 65.4 0.548 0.816 29.3
c 1 242.8 4.8 0.463 0.908 101.9
2 462.1 3.8 0.402 0.904 166.3
3 465.5 15 0.341 0.884 139.3

1)1 Bread containing 3% nopal powder
- Bread containing 6% nopal powder
# Byead containing 9% nopal powder

_78_



¥R U gAY 2718 FRE 4B 39 T AWM 19 0
Aoz ZA% 2Aze AzE Table 189 Yeh|Ad,

Fule el 7] AAZANNE Dojsh whAAAZ AH7Ike] Fhe
o met $EY, SR VL F Folst o, AnAH WY
e BEE Zrbetel Aol @ A= AL & F ANT. ARAH 4
dde 2W ABARAE 27 BT =¥ AnAF 494l dxTl
Hjsl ol REHS 2AZE AT A4FIE 3%} 6% WTe A%
39 74 AmAH MYl ETOl v A Vet £71% 374 9
49 2472¢ 2tk olde A% AojE BlAS Aot wge 2
2 ol W¥ AAF AT WaskGth ARFoz F7)E Hrtse
A AzsE dzTol wiskel APl AstHol 271 AWl F4
F@ 242 #asHAod FUE 6% oz FrhsE Awe zARe
AAE 4 e Aoz A4HYY

Table 18. Texture profile analysis parameters for bread prepared with
nopalitos at 4°C storage

Storage Hardness Adhesive Cohesive

Springiness Chewiness

days (g) -ness -ness

0 535 76 0.563 0.902 272

1 213.4 41 0.482 0.925 81.3

Control 276.2 54 0.444 0.905 1239
3 272.7 6.9 0.494 0.933 122.8

0 613 56 0.560 0.905 31.1

, 1 292.1 5.1 0.465 0.884 115.9
A 2 351.4 5.7 0.454 0.872 135.2
3 3029 7.4 0.460 0.907 126.1

0 68.9 6.0 0.565 0.854 33.3

1 203.9 39 0.474 0.886 85.7
B Y 329.7 4.7 0.424 0.899 1256
3 3115 83 0.414 0.903 116.1

0 785 48 0.541 0.866 425

o 1 231.9 40 0.483 0.899 100.1
2 326.2 56 0.438 0.896 137.1

3 259.6 86 0.488 0.889 1126

; Bread containing 3% nopalitos powder
9 Bread containing 6% nopalitos powder
“" Bread containing 9% nopalitos powder
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Table 19. Sensory evaluation score for bread prepared with nopal

Color  Appearance Taste Texture Acceptability

Control 675+17° 706%14* 694%15" 7.13+12° 725+11"

3% 581£2.1% 588+18" 675t1.0° 694+13  663£15
6% 513+t15° 494+14° 506+1.1° 594*16° 513=1.1°
9% 450+18 338+15 313t15 519+16° 325+10°

Rating scale: 1(very bad) ot S(very good)
Means with the same letter in each column are not significantly different.

Table 20. Sensory evaluation score for bread prepared with nopalitos

Color Appearance Taste Texture Acceptability

Control 730+1.3 745+1.4* 755+13 72513 755+12°
Nopalitos

3% 6.95109° 655E15° 660+1.4™ 7.00£1.4*° 660127
6% 6.25+1.3" 6.00£18* 570*+16° 62014 59516
9% 480+16° 500X16° 445t14° 480%115° 4.45%16°

Rating. scale: 1(very bad) ot 9(very good) » )
Means with the same letter in each column are not significantly different.
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Table 21. Amylograph data of flour added nopal and nopalitos

Pasting Peak Time at 15min Final
temp.(C)  viscosity peak(min)  height viscosity
(B.U) (B.U.) (B.U.)

Control 62.0 423 37 353 798
Nopal
3% 60.5 368 36 213 545
6% 58.6 510 35.8 240 513
9% 579 550 355 270 500
Nopalitos
3% 59.4 583 36.8 378 715
6% 57.4 600 36.9 300 620
9% 575 635 36.6 250 545
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Table 22. Cooking quality of wet noodles prepared with nopal and
nopalitos

Cooked wt.(g)  Cooked volume(m¢) Cooking loss(g)

Control 98.4 90.0 2.58
Nopal

3% 94.7 86.4 3.04
6% 94.0 86.3 3.16
9% 91.2 835 3.65
Nopalitos

3% 979 90.0 2.47
6% 96.9 88.5 2.98
9% 95.6 88.3 3.20
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Table 23. Color parameter of wet noodles prepared with nopal and

nopalitos
Color
L value a value b value
raw cooked raw cooked raw cooked

Control 73.8 67.4 0.78 -05 145 114
Nopal

3% 39.4 41.1 224 135 -8.0 04
6% 34.6 36.5 22.8 179 . -69 04
9% 32.3 346 211 157 . -31 0.2
Nopalitos ] :
3% 65.5 58.6 2.7 -16 16.3 14.0
6% 60.9 54.7 -3.3 -1.7 172 . 147
9% B8.7 51.8 -39 -1.7 174 145
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Table 24. Texture profile analysis parameters for cooked wet noodles
prepared with nopal and nopalitos

Hardness  Adhesive Cohesive- Gummness Chewiness

(g) -ness ness

Control 768.5 -15.4 0.517 396.6 347.6
Nopal
3% 743.9 ~-17.2 0.522 3704 342.0
6% 730.6 -23.3 0.515 370.4 333.9
9% 660.0 -25.4 0512 3479 304.1
Nopalitos
3% 700.3 -16.2 0.511 356.8 295.3
6% 6939 ~19.5 0.491 3404 279.7
9% 663.0 -27.4 0.472 316.9 267.2
o, #5538 54

g Mol AuE HArtste g wWel W A, %, 247, A
B Q) y|EEe 2o tiste] AAFT B HA AHE Table 2501 et
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2 #Hrtetd] AES ARA FL AYdstn %, 22, FTEH 71E=d
A 6%7HA H7ME 4 S RALE vehgh dH Euddd E2VE
A7bste] zE)d Wol dig o, 9 A7 Akl v|sxe R
lstel A BoAAL AF}E Table 260 VeERACEH EvpeAd Aol
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Table 25. Sensory evaluation score for cooked wet noodles prepared

with nopal
Appearance Taste Texture Acceptability
Control 7.19+1.3" 7.36+1.1° 7.36+0.6° 731%+1.1°
Nopal
3% 456+1.8° 7.14+1.0° 7.00+1.0° 6.31+1.3°
6% 656+t1.4% 7.00%+1.2? 7.00%1.3 7.06+1.4%
9% 500+1.7° 400+15° 464+12° 495+1.3°

Rating scale: 1(very bad) ot S(very good)
Means with the same letter in each column are not significantly different.

Table 26. Sensory evaluation score for cooked wet noodles prepared
with nopalitos

Appearance Taste Texture Acceptability
Control 7.0941.2° 6.80+1.3° 70015 700+£1.4*"
Nopalitos
3% 6.46+1.8" 7.13%x1.6 750+1.3 7.82+x1.2°
6% 6.82+1.2° 6.07£15 575%£1.1° 6.18*£1.3°
9% 464+12° 373£16° 3.17£1.3° 3.09%1.1°

Rating scale: 1(very bad) ot 9(very good)
Means with the same letter in each column are not significantly different.
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Bacterial count(ilog[CFU/g])

0 1 2 3 4 s [ 7 8
Storage time(day)

Fig. 3. Change of bacterial count in noodles prepared nopal during
storage at 20TC

Bacterialcount(log[CFU/g])

[ s 10 15 20 25
Storage time(day)

Fig. 4. Change of bacterial count in noodles prepared nopal during
storage at 4C :
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Fig. 5. Change of bacterial count in noodles prepared nopalitos during

storage at 20T
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Fi‘gr. 6. Change of bacterial count in noodles prepared nopalitos during
storage at 4TC
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Table 28. Changes of pH and titratable acidity in samples with various
nopal concentrations during fermentation times

pH Titratable acidity(%6)

Ipcubation
time(hrs) ool 019 0.3% 05% 0.7% control 0.1% 03% 0.5% 0.7%

0 533 536 543 543 547 0581 0576 0.531 0513 0.491
2 494 494 497 499 504 0759 0.758 0.745 0.736 0.734
4 450 450 452 452 456 1.008 0995 0.981 0.972 0.959
6 430 431 433 435 436 1.098 1.121 1.130 1.143 1.161
12 402 401 400 399 399 1308 1.314 1.420 1.422 1.435
24 391 390 389 3.89 383 1608 1611 1.671 1.713 1.800
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Fig. 7. Change on bacterial count in yogurt prepared with nopal
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Table 29. Sensory evaluation score of curd yogurt with various nopal

concentrations after 6hrs fermentation

0.0% 01%  03% 05% 0.7%
Color 6.500% 6.125% 7.625° 5.812% 4.875°
Flavor 5.125° 5.875" 5.875" 5.0007 4625°
Taste 4.812° 5,687 6.375° 5437 5.312"
Texture 6.312° 6.437° 5875 5.062° 4687
Overall 5.875° 6.062° 6625  5500° 4.250°
acceptability

Table 30. Sensory evaluation score of curd yogurt with various nopal

concentrations by fermentation time

Fermentation

) 4 6 12 24
time(hr)
Color 4.875° 5.875% 7.000° 5.775" 4.500°
Flavor 4812 5.937 6.125% 5737 5.562°
Taste 3.625° 53122 5.750 5212 2.188°
Texture 3.125° 5.875% 7.125° 5575% 5.625°
Over all b a a a » b
acceptability 3.563 5.937 6.812 5.737 3.375

Table 31. Sensory evaluation score for curd yogurt with various sugar

contents

Sugar el

Color Flavor Taste Texture © Acceptability
content(%)
9 621+1.3" 510%12* 437+1.7° 521+15 426+19°
12 6841.2" 579112" 642+17*° 6.05*15 6.00+17
15 66315 611+12° 695+17° 611£17 690+15°
18 6.63% 1t3a 6.11*t1.4" 695+1.8 558*+17" 6.79+1.4
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Table 32. Changes of °brix of mixture of chungung : mannitol”

Extraction Time(hrs) Increase of “brix
0 0
3 0.2
6 09
9 19
12 2.7
15 2.8
18 2.8
24 2.9

1 : 9(W/V), manitol was used °50brix

U "3 F& EF vle AA

ol E SAg 20 ‘brixE AL W HFol oA HEFE o A
g By 98 " 50 obriX e gA4& 05:95 19 15
85(W/V)E &dste] 2538 T 20 brix2 A3 AMzZFAHAAN 2AF
Wy o @ AZE pouch AFS B5EA ZFAE Table 330 e
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Table 33. Sensory evaluation score of pouch products containing

chungung
Chungung ratio 0 05 1.0 15
Color 48° 7.0° 5.7 45"
Flavor 438" 6.5" 5.7 5.5
Taste 36° 5.0° 52" 2.8°
Qverall af‘ceptabxlxty 33" 6.2" 53" 35
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Table 34. Sensory evaluation score of pouch products with various
citrus sudachi juice contents

Juice contents 0 30 4.0 5.0
Color 45° 6.5 7.0° 55"
Flavor 4.2° 7.7 8.5 8.0°
Taste 35 7.2 7.0° 5.2

Overall acceptability 33 6.7 79 5.7

st MEE ZA3d 7MEe] wE AT

358 369 YGEFUIATE AFAI7HE A Eo] xo
e 4887l A pouch A9 274
oAM= 2.1x10° 70T E 53x10° CFU/g %cﬂ—ggjgnq, 80T ol
el 2EAME AITF7 flol pouch AES 2FA 80T ooz 7}
dad 2 Ao ATFHA. |

lo

Table 35. Color parameters of podch products using nopal

. . Color
Heating temp.(C)
L value a value b value

Control 20.1 44 0.2
60 20.5 54 0.4
70 20.3 50 04
80 20.4 47 0.4
90 20.5 54 0.7
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Table 36. Change of bacterial count in products using nopal

Heating temp.(TC) Bacterial Count(CFU/g)

Control ‘ 1.9% 10°

60 o 2.1%10°

0 53%x10'

80 | _
- 90 _

o A BE 39X AEY T BN

Ag wez AAE AF 059 50 brix FFHE £ 959 BER 24

NZF AeoM 228 T HE 20 brixZ AT Fod 9Q AFF F
g4 ey sugHQd g 2R 35% BEsd #Avz ww
sl HF TH AEE Azt E3 gE9 AA Hrgoe R A
40%2) FEL THE 20 brixd] ShtEel Y VFFe £84 v

mlo o
ol

A& Qv

w
41}

Borg 35% TG 2 wyon AFL Azt A
23 A% JBEH AF A%e Wgd FI AERE AA 9o
sealing® & 90ColA 30%7 A#d F 4T 9 30T incubatordl A A
BaE Az BF M—g— A A etgith. Table 37 e A ¥ 5ol
A aCe] AR A4S o 509 olFlE AT A Uy FL At F
28] Yojston, Table 38% 390] Lhehdl AN DA 2HAA A%
oOO’”]'Z]—E FE0 FAE Yot 1 o) Eﬂ a7t A8 dojuh
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Table 37. Changes of color parameters of pouch products using citrus
sudachi and chungung at 4C storage

Storage A B
Time(days) [ value a value b value L value a value b value
Befor heat

treatment 19.3 24 -0.1 19.8 32 0.1
0 194 36 0.3 19.8 36 0.3
10 29.4 3.6 0.3 19.8 3.7 0.4
20 29.5 37 0.2 19.7 42 0.3
30 294 3.2 0.1 19.1 3.8 0.3
40 29.7 3.2 0.3 19.7 3.8 04
50 30.0 3.7 0.5 19.8 3.9 0.5
60 . 22.0 4.0 3.0 31.0 42 2.0
70 23.4 2.5 4.7 22.7 0.9 3.9

A : Product containing citrus sudachi
B : Product containing chungung
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Table 33. Sensory evaluation score of pouch products containing citrus
sudachi juice at 4C storage

Storage day 10 20 30- 40 50 60 70
Color 81* 75" 7.0° 7.0 70 45  33°
Flavor 8.2 77 85" 8.0 700 420 33°
Taste 8.1° 7.2° 7.0 7.2¢ 70° 35 33
Overall 4 a a a a b b
acceptability 8.0 77 79 7.7 70" 33> 33

Table 39. Sensory evaluation score of pouch products containing
chungung at 4C storage '
Storage days 10 20 30 40 5 60 70
Color 71 75° 72 72° 71 47°  34°
Flavor 83 87 8.2 8.1? 72° 43 32°
Taste 85 720 70° 720 73 368" 33
Overall a ) a a a - ‘a a b b
acceptability 8.2 75 7.4 7.9 7.4 39 3.2
Table 40, 413} 429 et Mol Wstel BASAA AFoA FF3
Aol e AF EF 30TAH A AL ARt Z=sass
AT AF FF A3 dio] LA, AR 20d o)Fo= AEZ

A7 e Aoz BRHU

Table 40. Changes of color parameters of pouch products using citrus
sudachi and chungung at 30C storage

Storage

day L value

Before heat
treatment 193

0 : 194
10 21.1
20 225
31 234

0.1
0.3
1.0
2.3
3.3

A B
a value b value L value a value b value
24 -0.1 198 3.2
3.6 0.3 19.8 3.6
59 15 20.7 5.0
4.7 3.2 21.7 4.2
2.2 22.1 1.8

4.1
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Table 41. Sensory evaluation score of pouch products containing citrus
sudachi juice at 30T

Storage days 10 20 31

Color 8.1° 7.0° 4.7
Flavor 8.2" 7.7 4.7
Taste 8.1" 7.3 3.8
Overall acceptability 8.0° 75 39"

Table 42. Sensory evaluation score of pouch products containing
chungung at 30C

Storage days 10 20 70

Color 7.2 7.1° 3.7°
Flavor 8.2° 6.1* 3.7
Taste 7.0° 7.0° 35
Overall acceptability 74 7.0° 36

8. &utg A AF Al E7]15 o & F7F AL

AAE7) Ystd FA TAHEE 0.1%((w/v) 7kt 542
g Z4% 20, 30, 40, 50,
60, 70, 80 2 90% = HAMato] 107 50ge] MAF Aujst £71& 27 7}

31 62 2 AEAZ T olE *dIE FEUF 20%7F HEE 34 &o]
AEE 2R A o distq FFHAE AAGAT ALH €0
9} Z719] FEE Table 439 YebH uiel Zo] JEA FAHEEN *E
£2 AE7t FrhekgeH, ddrgde &7 FEF HES B2 B2
Adoloth. 4 HEF FATY Fo| Y BT EA Z3H(Table 44), A<
A AulE 60%~90% FHo2 AEHAES Hel Pl F& VEEE B
gon Z7)|= 50%~90% FAHALE HEEAAS Wl FL 7ZEE EIY
gy BEF o e 7|ZEE AJAFIust 2717 44 80% FA
oz A&39S W 359 349 M & 7= E JEhIH
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Table 43. Viscosity of prickly pear extracts at various ethanol

concentration (<P)

Ethanol concentration | Viscosity

of extract(%) Fruit Stem
90 1.44 1.56
80 1.67 1.67
70 1.78 1.89
60 2.01 2.11
50 2.33 2.44
40 3.02 3.44
30 3.67 4.33
20 4.22 4.89

Table 44. Sensory evaluation of prickly pear extracts at various ethanol

concentration

Ethanol concentration Viscosity “Flavor

of extract(%) Fruit Stem Frait S
90 33 34° 3.0 3.1
80 3.4 3.4° 35° 3.4°
70 34 3.4° 32" 2.8
60 33" 34° 28% 2.7°%
50 2.9% 3.3° 2.8 2.3
40 2.3% 2.3° 27" 9.1
30 2.2% 1.7 2.7° 2.1
20 2.0° 1.1° 2.6° 1.9°

Mean Values with the different letter in a same column are significantly different by
Duncan's multiple range test (p<0.05).
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—o-— Extract with 90% EtOH
—0 - Extract with 80% EtOH
—a— Extract with 70% EtOH
-~ Extract with 60% EtOH
-0+ Extract with 50% EtOH
~—0— Extract with 40% EtOH
—O0-- Extract with 30% EtOH
—0O— Extract with 20% EtOH

Abs. at 536 nm

Time (br.)

Fig. 9. Degradation of red pigments in prickly pear during extractiony
at 40°C, 200 rpm
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Extract with 90% Ethanol
Extract with 80% Ethanol
.5 |- Extract with 70% Ethanol
Extract with 60% Ethanot
Extract with 50% Ethanol
I -Extract with 40% Ethanol
I Extract with 30% Ethanol
Extract with 20% Ethanol

Abs. at 536 nm

0.0 1 L 1 1 1 ! ‘ L
0 6 12 18 24 30 36 42

Time (hr.)

Fig. 10. Degradation of red pigments in prickly pear during extraction
at 409C, 200 rpm. with 0.15% ascorbic acid

Table 45. Approximately half-life times of prickly pear pigments in
various ethano] concentration at 40T, 200‘ rpm.

(min.)
Ethanol concentration Ascorbic acid content
of extract(%) 0% o 0.15%
90 _ 156 . 1570
80 187 1,540
70 202 S 1,680
60 C 222 ‘ : 1,820
50 : 279 © 1910
40 382 ' 1,930
30 523 1,940
20 602 2,120
3) AU gl 7] AEFAR
sko] A2 oJstel AAF dvjet E7)9 Mo Wad Y%
=& 80%= Asta AAY duliet £7] AEFE Azstgrr. @Y =4
Helld = AEF9 A4, AF 7N73e Tdsto] AZ77HE 909 ooz
AR Qo meld B APeME 80% FA Hdgdus =)=
A7t Jhsta 6F T HET F o8 FAHARLEI 20%7F HEE 543
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B oA 737 AFEY AEFARA 28¥ VS F 13F2 AAHIA
t}. Fig. 112 AAF LS HE 279 65 HEF 9| ascorbic acidg H7}
& 72%9 HUEA] ¥& ALY UV-visible spectrume &% § Azo|r},

MAaRdo A&2x79 HPESFAZEL 536meolslem, o= betacyanine

Fig. 120 YEFAATE Ascorbic acidg& #H7MstA &

il
m{ ]
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N
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T 149904 159tel 0472 F23) 7ZA2F F 6F Foe 0148 HERHY
o1 ascorbic acid 0.15% % H71% JEHe vlud 43 FH= L
2 Bo] 134 147, 2FA 1.248 2 65F T 05680 Ut
1. 000 - +
1
A
b 0. 5000
S
a . ]
B
C
0. 000 : - n
300. 0 550, 0 800. 0

Waveleng th (nm )

Fig. 11. UV-visible spectrum of prickly pear(fruit)
A. Initial of extraction
B. 6 weeks after extraction (with 0.15% ascorbic acid)
C. 6 weeks after extraction (without ascorbic acid)
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15 ————a —e-- with 0.15% ascorbic acid
N —O— without ascorbic acid

Abs. at 536 nm
o

0.0

Weeks

Fig. 12. Degradation of red pigments in prickly pear liquor (Fruit) during
extraction with 80% ethanol

4) A4 st 271 F&F 7IEE AN
MG drlsr 271 2 F9] 7|2=g HUE FHoz 7 AEF
WA 0, 01, 025 05 R 1.0%3 74 0, 0.01, 0025, 0.05 ¥ 0.10%2]
EHoE AEFE Az 599 AePALd 3908 o589 VEE
T SRR WINRE st O AAE AdF €9 A&FE Fig 139, A
ABE7] AEF € Fig. 149 42 debiiglc 4% dulet 7] 225
EF M w2 71EEE Bl MEe 94" 01 EE 025%9 FAA
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fmaeidaday

Fig. 13. Acceptability of prickly pear liquor (Fruit) according to the addition

of sucrose and citric acid

fmaeidacdy

Fig. 14. Acceptability of prickly pear liquor (Stem) according to the addition

of sucrose and citric acid
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Photo 1. A. Liquor of prickly pear fruit without ascorbic acid
B. Liquor of stem without ascorbic acid.

Photo 2. A. Liquor of prickly pear fruit with 0.15%6 ascorbic acid
B. Liquor of stem with 0.15% ascorbic acid
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F3EHE FHAAT 2 59 Y=o 4= Table 469
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9 FE 33 AFE ¥2 1 7+zy 47%
FE 28X10°RT thah Ee FFo|YT
e xﬂﬁ#—t— TR FEIFAY ol Az 1.2x10°% 80x10°

e
Al

3l
| Hlgto] AFEE FEL 18x10°22 W & FFololHq AFE =2
& AME3te] WA A %3%73*301 BA7 8 Aoz Az 2 =
o 3883 4%} & Table 479] Yelligith. =¢d w29 gy
s = R d 2660 SP.3 704 ASP.oE FY434z9 AEE 329
TEE N FFEHe] HlEo A 2gow ol WL WEA &Td
A ZEE oz AYztdrct
Table 46. Viable counts in Nuruk used Yakju fermentation

(CFU/g)

Microorganism Nuruk ' |
K ] c
Mold 7.0x10° 6.5x%10° - 5.3x10°
Yeast 47x10° 2.8x10° 25%x10°
Bacteria 1.2x10° 8.0x10° 1.8x 10

Table 47. Saccarogemc power and acid saccharogenic power of Nuruk
used in Yakju fermentation

. . Nuruk -
Microorganism
- K J C
S. P 2,660 611 867
A. S P 704 120 154

S. P saccarogenic power )
A. 5. Pt Acid saccharogenic power
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N
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W @aw rEW 43 IEE AXE FRE ¥TL TFo] 105%A
e zge obFe A% <me o) 9% mwow UehgiEd oleld
Ane 2o P8 Aolo TR BAFo)H 7N How Azt
O 7t obe] J|EEE Table 49914 BE vl go| TP FER &
D2 9Ee oErl wush Aw P £gte] okal: o] Fop A $4@
2oz AZEYY BA HQAFLvs E7F ol FFAzel 2
oo $27 EEE AEIHIE B3

Table 48. Characteristics of various Yakju prepared by different Nuruk
and commrcial yeast

. Acidity Reducing sugar Ethanol
Yalgu PH  (w, 0.IN NaOH) (%) (%./v)
A 418 6.80 0.77 15.2
B 4,40 6.20 2.95 - 105
C 3.97 9.85 0.29 8.3
D 4,17 6.85 0.63 6.9
E 4,03 9.90 0.71 3.7
F . 4.22 6.35 2.64 6.7

A: Yakju prepared with Nuruk K and yeast K
B: Yakju prepared with Nuruk K and yeast S
C: Yakju prepared with Nuruk J and yeast K
D: Yakju prepared with Nuruk J and yeast S
E: Yakju prepared with Nuruk C and yeast K
F: Yakju prepared with Nuruk C and yeast S

Table 49. Sensory evaluation of various Yakju prepared by different
Nuruk and commercial yeast

Yakju Sweetness Sourness Bitterness Flavor
A 1.2° L7 3.0° 3.0°
B 25" 2.1° 34" 3.0
C 1.1° 2.5 35" 2.5°
D 1.2° 1.5° 4.2 2.1°
E 1.3° 2.0° 3.4* 3.0°
F 2.5° 2.0° 3.2° 2.0°

A: Yakju prepared with Nuruk K and yeast K

B: Yakju prepared with Nuruk K and yeast S

C: Yakju prepared with Nuruk ] and yeast K

D: Yakju prepared with Nuruk ] and yeast S

E: Yakju prepared with Nuruk C and yeast K

F: Yakju prepared with Nuruk C and yeast S o i
Mean Values with the different letter in a same column are significantly different by
Duncan’s multiple range test (p<0.05).
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Table 50. Characteristics of prickly pear Yakju

. Acidity Reducing sugar ethanol
Yakju PH (1, 0.IN NaOH) (%) (%,v/v)

R 4.14 6.40 0.77 14.6

G 424 572 083 144

R: Yakju prepared with prickly pear fruit
(¢ Yakju prepared with prickly pear stem
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Ethanol (%, viv)
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— - 1st fermentation

—&— 2nd fermentation(stem)
—-- 2nd fermentation{fruit)
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Fig. 15. Ethanol contents of prickly pear yakju during fermentation

- 110°-.



Acidity (ml, 0.1N NaOH)

T T — A — —$
——g—
4+ .o
_A
D/
—O— Joomo (Moto) fermentation
3= —1 - 1st fermentation
¢ —A— 2nd fermentation{stem)
—v-- 2nd fermentation(fruit)
2 ] 1 ] |
0 2 4 6 8 10
30
25 e
15 /1
D\
_ ———— g —— —%
5 . o= T A — A — A —
0 2 4 6 8

Days

Fig. 16. pH and acidity of prickly pear yakju during fermentat‘ion
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Abs. at 536 nm

15 I I 1 1

60

50 -

40 \
35 ~o
30 F

25
—O-- Without ascorbic acid

20 —&— With ascorbic acid 0.15%

0 2 4 6 8 10
Days

Fig. 17. Degradation of red pigment in prickly pear yakju (Fruit)
during 2nd fermentation
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Photo. 3 A. Yakju of prickly pear fruit without ascorbic acid
B. Yakju of stem without ascorbic acid

Photo 4. " A. prickly pear Yakju with 5% fruit and 0.15% ascorbic acid
B. prickly pear Yakju with 3% fruit and 0.15% ascorbic acid

C. prickly pear Yakju with 2% fruit and 0.15% ascorbic acid.
o} spqle] A=
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10 —O— Without Ascorbic acid

--@-- With 0.15% Ascorbic acid

—g— With 0.15% ascorbic acid
(homogenized)

Ethanol (%, viv)

6 8 10
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Fig. 18. Ethanol contents of prickly pear wine during fermentation
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Fig. 19. pH and acidity of prickly pear wine during fermentation
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Abs. at 536 nm

- —O— With 0.15% ascorbic acid
—1 - Without ascorbic acid

3 —A— With 0.15% ascorbic acid
(homogenized)

Days

Fig. 20. Degradation of red pigment in prickly pear wine (Fruit)
during fermentation
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Photo 5. A. Prickly pear wine with 0.15% ascorbic acid
B. Prickly pear wine without ascorbic acid.

Photo 6. A. Prickly pear wine 0.5% furit and with 0.15% ascorbic acid
B. Prickly pear wine 0.3% furit and with 0.15% ascorbic acid
C. Prickly pear wine 0.29 furit and with 0.15% ascorbic acid.
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AEHA 7] Wi Fud BHE 9 Doz 4

W stz g Aol

D HZARA s5d &6 E 3 E4

ditd oz AL HGE AV|E FRGtodol A7 BAED 9o
FolAlEg Y] AV7t Fasth Ay 27|E 2487 YA &)
T ool HZAFA wxE Jr|e Z7]|E Table 51 Jetuigich vl A
A FE 70~100%E AFE3IR S H$ 10~60mesh AE9 HAF =7
FHo] FAHALY, HZAFA FE 0~60%S A&53S W &)
AA7E dA BE RoE UEht).

Mt o B gl o

Table 51. Granular properties of sorbitol using various concentrations of
anticaking agents :

concentraiont3) of flomech Govelps)  Granular property
0 0.0 caking

10 0.0 caking

20 0.0 caking

30 0.0 caking

40 10.3 caking

50 20.6 caking

60 279 ’ caking

70 70.1 partial caking
30 31.0 granular, slight caking
90 100.C granular

100 100.0 granular
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2) HlARA F ) W £HE Y 54
ol AR HAF wARA F=Q 70~100%S FH/MF uwg &
2 SHE oA B FE ZASAT Table 520 et AAH =2
24 A7bFo] 40% o144 A A2 IA 'l FHHol FAHA ¥E=
¢+ Ao

Table 52. Granular properties of sorbitol by added amount of anticaking

agents
b ontS8, of Flomesh Slove(o)  Granular property
0 100 original powder form
10 100 granular form
20 100 ‘ granular form
30 80 granular form, slight caking
40 70 granular form, partial caking
50 20 “almost caking
60 10 almost caking
_ 70 ‘ 0 caking
30 0 caking

cule g RS 1~40% 4P Aslelel SHE B2 HAY B
s EYAAWA FRAA, FAE EWEEL 50-80Ce 9FAENR
AzAA #Pe BEAS 9 AP BES FY MES Table 539 4
Bl shgel Az engddRe Aztdel Boldss HARs
Zolen WEst gasgon, vl FAY W E Y Y4
Mg 5~20%1 A4 90% ol 4o s F FATAh
N EUES T EUFHAT B BYe) 2
dol A BAT E=L He g g a4 $

s o 4& —3&&4717] (e}

bol B AAE A %
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Table 53. Color parameter and adsorbtion nopal ratio of sorbitol by
amount added nopal powder

Color parameters

Nopal concentration(%) adsorption ratio(%)

L a b
sorbitol powder 96.0 -0.6 1.3 0
0 32.8 189 -0.3 0
5 51.9 105 -0.0 100.0
10 52.3 11.7. . -06 98.2
15 42.2 139 -1.8 98.2
20 ‘ 379 169 -29 95.3
30 36.9 17.3 -0.6 39.3
40 35.9 175 -0.5 . 874

Table 54. Sensory evaluation score of granular products containing
citrus sudachi and chungung flavor

Samples Control Citrus Sudachi Chungung
Color 5.2 8.1° 8.0°
Flavor 5.2° 8.1° 7.7°
Sweet taste 7.0° 8.0° 8.1°
Crisp 8.0° 8.0° 8.0°
roability 6.4° 80" 80"

Rating scale: 1(very bad) ot 9(very good)
Means with the same letter in each column are not significantly different.
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7b AAG {718 FEES] FRFEH
Ag FFo st 2zt FEE 300mg/me] i EFE Table 5590
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ojyr o Escherichia coli$t Escherichia coli O15TH7I % g &3}

mlmﬂ_
w48

=

AAB JAAHL FEEA EAo we &uld &£EHE A=rt ¢
2oz B Agd A" AAFe A$ FEZEZFo] methanolel 7HE 2
gz59on, Z7tdE dusl FEEES O Bol ¥R A4H
ol At} =3 WERFAAME clear zoneo] YENGA] ol AFEFHE FEE
ojoll 71918 Zeo] okyd FE& o FHEe e FEA EA 71dEH
1 A

- 124 -



Table 55. Antimicrobial activities of solvent extracts from Opuntia stem
and fruit against various microorganisms

Opuntia extracts
1 23 456 738

Streptococcus mutans KFRI 1171 - - - - - - - -

Indicator strains

Enterococcus faecalis var.liquefaciens
KFRI 675

Staphylococcus aureus KFRI 219 - - - - - - - -
Bacillus subtilis KFRI 183 - - - -+ - - 4
Micrococcus luteus KFRI 454 - - - - - - - -
Listeria monocytogenes KFRI 799 T
Pediococcus cerevisiae KFRI 438 - - - - - - - o

Gram Lactobacillus plantarum NCDO 955 e

™) I reuteri KFRI 661 o~

delbruekii KFRI 149 - - - - - - -
fermentum KFRI 164 - - - -
sake KFRI 816 - - - - - ol
bulgaricus KFRI 425 - - - - - - -
casei KFRI 196 - - - - - - - _

I

pentosus KFRI 481 - - - - - - - .

Propionobacterium acnes ATCC 6919

Escherichia coli KFRI 272 + - - -+ - - 4

Escherichia coli O157H7 - - - -+ - - %
Gram

() Saimonelia typhimurium KFRI 191

|
|
|
|
+
[
!
+

Pseudomonas fragi KFRI 462 - - - - - -

11 Opuntia stem-MeOH extract 5! Opuntia fruit-MeQH extract
2 Opuntia stem-Hexane extract 6: Opuntia fruit-Hexane extract
3 Opuntia stem-EtOAc extract 7: Opuntia fruit-EtQAc extract
4: Opuntia stem-Acetone extract 8! Opuntia fruit-Acetone extract
+1 activity
-1 no activity
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Table 56. Comparison of antimicrobial activities of Opuntia stem and
fruit extracts

Clear zone(mm)

gﬁ?g&g Con(cmegr}Enrf)tlon Bacillus Escherichia Escherichia Salmonella

subtilis coli coli typhimurium

KFRI 183 KFRI 272 O157:H7 KFRI 191
Opuntia 100 - - - -
stem-MeOH 200 - - - -
extract 300 B 9 - N
40 - - - -
+ + - +
Opuntia 50 o o -
fruit-MeOH 100 12 9 * 10
extract 200 16 14 14 16
300 20 17 18 21
Opuntia 100 - - - -
fruit—Aceton 200 11 10 =+ +
e extract 300 13 12 1 1

+: week activity
—! no activity

11, g Ad &S

7hodid 1%

He) AMEZHE B 98 dAARE 18 A dFEe A4
oQm, MHE 71 A 2doA 109 ojdelnt d4e FE AL
o) s WML A oIA EF FFI7] WU

g RE A HESE 9 13 24}
15 ZAJlA Table 579 Uebd AHY &vperasld Qo)
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Table 57. Effects of improvement in constipation patients taken 1,000mg
of nopal powder

Wega el FEENE BIS  sugnay 2w 43w wa
1 30 3/5F ~2d QEzE A, o] FbA7b A
2 20 5/F -5d -
3 30 2/5 -10d AwWgo] wopd
4 30 3/ 108+ -
5 30 2/F -5 oF7d R4, wio] Jhash B
6 20 3= -10d oFzE AR, wiel At A
7 30 1-2/5 108+ oFF 7R, R S38ME &o] Fol i
g8 30 4/ 106+ 9%3F AR
9 20 2/F -24 AA, W] b F
10 30 1-2/%F -10d AAA, 05-1kg AF 7 F
11 20 3F 53 AA
12 50 3-4/F -10d RN
13 20 2-3/% 10+ 9oFzh AAA
14 3004) 35 -5 o A
15 20 2/5 -bd 2Ht UdE
16 20 3+ -2d 9% ANES W), 7t F

wlu) Zge) He Ay

of BE/IHEFRE AT 23 2AL
12kZ2A A a0y ol s B84 AR oF 82%0l A
T80 A=A G T stF o, Hlel star AMEE A 2on &
Fgol 31%E AAEY HEE8ZFE EHE W HuAAF stx AN
AbEt AL B S 1A E T 1/253%9] 480mge A3
ZAME A3E Table 589 Yelfde. 2828 £4¢

o

=

TEE A Tyl AN, o udEst she 4y
[e]

A

S
12 ol rE

I

M 2> O o 2 &
N
\‘"‘O‘N

ok PN o o

] A~
- =
AN ARANE ) s Evhdael
,9Y BEFOoTE 1440m AT} A3
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Table 58. Effects of improvement in constipation patients intaken ca
480mg of nopal powder
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6. SutegdAde] dulE H S 2aF2ES Ax Y EA
7F QG EES AR
D EE 5 &ugddd SuEd e wE s ¥l 0.3%
H7rsbe] 6A1ZF WIS o 1.7x10° CFU/mL= 74 ol HMFE
TE F ATFY HAAM 03%7F H D
2) $F T T EES HT WMIE HMEE 05%7A A7t Zrled e
3) #EA HAd HlFo] &ntgrddAde] HA Wi LS 0.3%olH A
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b dejsh v)el hFAxE FHL BY Wy kg, B4
150, 2 40g, R 40g, TR 40ge Easte] BTAA 29 =
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E718 T 4kgo ZHE A& methanol ] A(498g)E £ 14 9] HEA]F)
I hexane, ethylacetate % butanol 0.8 Ztz} 144 43 &390}
Hexanew ¥ 86.96g(2.17%), EtOAc®¥ 3 14.23g(0.36%), butanol + 3
67g(1.68%) 2 T3 326g(815%)8 AUt}
2) 22+ % methanol? £ 9] & & g
7|2 10kg2ZHE AL methanol® 2 (1725g) &
711 butanol 4¢ X33 EHIAIA butanol R FH FE2E3I
1600gE ATt butanol #3& chloroform # & 27 144 Zujsls]
chloroform #8334 & &% (Fr. H:0-2) 84.98g&
chloroform #8& MeOH 14 hexane 148 &
(Fr. H) 61.34g# methanol®+ 8 (Fr. Mh) 13353g< ¢

o
=
>,
)
g
0]
b
I
]
¢}
M
Jet

4. &t AAY FERH 4 AR

T = 1
LIS PR L
7] 2 BN Qe £

#(813g)7 2-th &9 FFEH(750g)
A

A 2 FoA 1200g°l methanol 20 E 7}ste] A4
TEEHEC] NLYFHES P THES FHPBoFT FA Ko
T Ee Ao FUE AFRHEE WA methanol 208 FrhE o)
methanol #&%-& #3t3 thA] 28 9] methanol 254 & 718l oo
S50 FHA nYPE Mo FAol & wrix] Ao Wxd oe
kAt 1¥ES methanol 102 AHE & 7359} methanol =
Eob 58t 310g o d2E AUk 7)) 2N HCl 600mE 7}

i o
/

©] i methanol 600mE 7Fete] # E3s oS 80TCHA 147 3
7FEEATE o] RS FHEo o 00mrt HEE 3 o}
ZyA)7]1 31 butanol/acetone(3:1) 600m¢4 33) H=Z3lm 7] &

5to] o 150g¢] AbEEAE S BT

glo

]

J

N
)
o

of % s 2

wo o o R
(2
>

ka
o,
ol
A
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A7) 3-U-20 A4 A& F=EFH(Fr. HoO-1) 1600gel methanol 22 &
7tste}l 228 Eol gt d7x s EEo FUEA A2M HA
ol Bd & Yo U M3
&k, ©A] ¥ =S methanol 24
o} F &3] 5189g2e] AAE A
I 2N HCl 1200mE 7F3led #
.
=}

sttt o] HhE A S FEsto

FZ34 420}  butanol/acetone(3:1) 800mZ 33 FEd2
butanol/acetone =& ¥ &3 gct o] FEEL E 400me] HEHA|ZI I

chloroform 600m¢E 33 #2319tk chloroform®S EF Eof ¥ %3}

5. 43 &8 £AH(DOPPH £A%8§ 43)

DPPHE ethanold] =9 517mmoll A el FF=7F 157 HEF AT ¢
& o] £ omol] HA Y ethanol& < 10mE 7Hsted 42 F 10€ Hol

517mol A FF =] FAE SAsA

@ AA lge HO 10m+EtOH 20meell =<1 ¥ 4 223 deds
AW (To) oz A

© 99 99 s5mol ©Al EtOH 10mE ¥ °oF 1083 $A & oA
AA Byw ASH(TyE ol&3led DPPH Quenching Activity(%)

22 AA e DPPHAAZE A8 3uES 3ok
DPPH Quenching Activit(%) = -Blark _(g;gjf = control) v 100

6. Dopamine B -hydroxylase (DBH) A3} && &3

o BA mEZcg ol 8L 025M sucrose S #HEAIA FA
glom ApEsgEh AAA FEH5EL %3 £ dimethylsulfoxide(DMSO)
o thA] EHoli o] ZFHFE st PAoR AEEUY. B 03
meek Al 1.0ml, 0.3% catalase 02m¢, IM A+ &3 A(pH 5.0) 0.5m R
w2 B ZN(B0nM sodium  fumarate, 60mM  N-ethylmaleimide, 6mM
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iproniazid phosphate, 60mM ascorbic acid) 0.5m(E XtalE 23, 37°Col A
1527k 7F238t vk 7)ol 0.12M tyramine - HCl 05mE 7}absr 908 7k
Z7h2% & 3M trichloroacetic acid 0.4mME 7}5te] F A0S
Ao 700g &2 10237 A ZEsn 45 30mE F3A171 F, Dowex
50W X8 (H' form, 200-400mesh, Sigma)Z B (0.8X 3cm)ol] EFA7) 7 ==&
T 30mE MASAt 4N NILOH 3mE ZeF3 o v £539 do
4% NalQs &9 02mE 7]‘01'05‘—4' 102 ®A F 20% NasS:0s &4 0.2m¢
7bst ol & 330melA FF=E =AH3)

22

e 3 o B WA 3 FR4
59 Az 988 A0 s FLAAA A8 98
2, 71249 A $Fe] FHFE 9 AARATE 9 wyesw
s 4 Fe R 23 N2 AYHAD ofg Aol w Pae
& Adee Avsad.

£ gy ANEE—(ABAZ —ARARAT) o0 5

AdzT —ATARE

= A 3| Mate] I v EAANEE At
e aAA EH%% logit-log paperel] #E3led 50% & 4 A 3l

o flo
o
2
o
L
)
"y
lo
HU

7. Monoamine Oxidase A (MAO-A) A3 #& =3

HES] ¥ wEFZ=gol EFS 001 M phosphate buffered saline
(PBS)ol @HAA ZAadoz AMgdY QA% Fzze :
dimethylsulfoxide(DMSO)ell ™A =0l o|& ZFFE Ao Hao
2 ARgEAT 2AS 24 05mst Ad LomE Ao Wu 375C
GgexollA 15832 7F2AIZ) & 7122 10mn serotonin £
st 90 #7F X" IEESTh 95T F& Ao 5 BzF w©d

[\;l.
Azl F 700g2 fARE ST A5 16mE FHsle we Fn)9
Amberite CG 50 (H+form)Z & (0.6X4dem)o] ZeF9ch 2842 412
FTE8] AHI F AN 24 £d 3E A T FI, o] we] L5
FHEE 21Tmol A SHYPD Ad A 5% 2H5E2 2e gz
RES7HAIY dHal vbg FT A 712 8de e AT, dde 91
ST LA 7HEANES o Y HAAEATE Y9 wyoz Assg
o A4 T2 BT 23 ubE Aeste] Aastgdon ol Ao wlal g
ol &2 A &L Arsdo.
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] ol o — ] o)l ] - T & S — s
= AZ&%H%(%): A7|:x —IE Ai%ﬁ;ﬁfiﬁ%g_nz AEH}_E X].OO 3

A go] & AAL dAFHCE Ml O wo] FxAHMEE AL
ki Ao e aAAMES logit-log paperel ZH=3dFe] 50% & A A
FEE F39.

" 8. Monoamine Oxidase B (MAO-B) A3 &8& 4

AE 7+ mlEZ=gol &S 001 M phosphate buffered saline
(PBS)ell FEAA AAYo2 ARRIAT. HAMH F2E
dimethylsulfoxide(DMSO)ell ©A] ¥l ol& FHTE I ol
2 Algstgrt 24T 49 05mst A9 10mE Algdd ¥ 375T
gezoA 1587 7F2A17l F 71FE A2 =F 40mm benzylamine - HCl &
o 05mE 7Fate] 90 7+ NwsFEA AT 60% percloric acid 0.2m¢E 7}
o] HreS FWAZl £ FAlY cyclohexane 4mE 7}5e] AT F

A

5
o] cyclohexane &2 3}, 242nm°ﬂ A ERTE =H
=

LR A 7HEHE ¥ AT, HY & dolld 712 &
e we AMRATFTE 9o PHow At zt T BT 23
2 getel Adstgon obdl F4of we Aeld xx AEE Adda
oﬂy;}
}\}\_ .

3 ol ag-l'} ] = LA # 5
& A 82 (%) = Az — (Aj‘zlggL fﬁgﬁ;o_@mo*l%b) <100 4
HEgol =& Ade dAHoR st 1 we FAAHE —% A4k
sn AAo thd EAANEE logit-log paperdl ZHE3] 50% F A )
=8 Iy
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A34d d3% 32 nF

1. methanol 9~ 9 Gu]E 3 E 9 ¢

7}. methanol®] &~ 9] <

A Eolet E7N(FZAZED)E methanolZ2 AL A ZZ&3)o
% w7} €713t} methanol &AFo] oF 3|

I

re
&
o
tlo
e
b2
v

g L

32 do
o

Table 1. Yields of methanol extracts of the fruit and the stem of
Opuntia ficus—~indica var. saboten

Sample Amount of Amount of Extraction marc
(quantity) methanol used methanol

Extracts (yield)
Fruit{4kg) 30 1X4 times 1.469kg(36.7%) 2.61kg
Stem(4kg) 30 1X4 times 0.498kg(12.5%) 3.53kg

U, Sul R Ee o

methanol <2
AT E71= ool Hl&] o
A8 A

Table 2. Yields of several solvent fractions of Opuntia ficus-indica var.

il
il
-3
gl

i
e
o
o
=
=
m{f‘
IS
v
dlo

3} pe Sg
!

2
dolAHo]E & butanol =& E9 o

et mo

saboten
Extraction solvent Fruit Stem
Hexane T4g(1.85%)" 87g(2.2%)
Ethyl acetate 147g(3.68%) 14.2g(0.4%)
Butanol 419g(10.5%) 68g(1.70%)
Water 8122(20.3%) 330g(8.3%)

* Yield from powder form of Opuntia ficus-indica var. saboten(4kg)

2. A1 EA A4
7} gunag

A7) 2A24(DPPH quenching activity) 2.2 28 3t¢] 50% 2187
arAgdoz Hrtegoh, dulyt 7189 ok 5 FEdn duf dae
a-EFAAERT 438 sl on) Pz dAAgolng dujo Ao Ak
Btee vl Ad Ao AZEHTable 3). o8 2o s 3453
|8 S743% ZHI ethylacetate ¥Fo] FAslgAo] =z o) x )
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Table 3. DPPH quenching activity of Opuntia ficus-indica var. saboten

Powder(ICso) Methanol Extract(ICso)
Fruit 3.1mg/3md 1.08mg/3ml
Stem 14.9mg/3ml 1.86mg/3mf

~tocopherol 25ug/3mi -

Table 4. DPPH qu_enching activities of several solvent fractions of
Opuntia ficus~indica var. saboten

ICso of Solvent fractions(mg/3mf)

Hexane Ethyl acetate Butano! Water
Fruit 1.50 1.01 2.60 2.70
Stem ‘ 1.96 0.60(IC7) 167 2.30

. =o9l WelsAbst & 4 (DBH) A 8 2§
Dopamine B -hydroxylase(DBH)E >, @ ngAl 43 FA s34

A norepinephrine @49 vFAE ©AQ] dopamined] A norepinephrine &
2o A3 FHAFL FHujgck =g DBHE  AssA  HE
norepinephrine® epinephrine 44 & 9 A8tA = =2 DBH AsiAl= A
245 e A €

DBHel tia] &ulgdAddd dwfjet 719 methanold & 5!
45 YA Fuch. £ g & ois] DBH Asia&E FAHT 23
Table 59 YEbA el Zo] ethylacetate ® & Vel on £7]9
o] Avje] A} Aol FeAUt

Table 5. Dopamine B8 -hydroxylase inhibitory activities of several
solvent fractions of Opuntia ficus-indica var. saboten

Solvent fractions at 2.5mg/mé concentration (ICso)

Hexane Ethyl Acetate Butanol Water
. 15.6% 64.7% 38.1%
Fruit (2.5mg) (2.5mg) (2.5mg) 24.7%
St 46.9%% 50.0% 50.0% 0%%
em (2.5mg) (0.29mg) (2.5mg) (2.5mg)
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o}, ExolRiAbsl g A (MAO) A3 a&

Exol¥l A3 & A (monoamine oxidase, MAO)= A A o}
epinephrine, norepinephrine, serotonin ¢ amine 7|4d& AFSA]A
HALEAZA EE 22 d¥ X33 At MAOw 713 A
of we} ZA 27t oz dHEET MAO-Ae F2 AAW ofglF
ALALZ1H, MAO-BE F2 HZRE E02= AA 9 oflFE F=2
A A ATl ReZ vFo Az gl

MAOE A&fstE MAO AsfiAle AAolw o] AR 3]
ZAaaRs Jebd ¢ . ZAE3 MAO AdliAle ¢
T, BAELFT A5 FHOE AMREHI 9

MAOA dia] &utebddd vl 719 methanold =& A2 A3
248 Jeldx] kg o2 E4 dis) MAO-A 2 MAO-Beol th@
A A4S FA4st9 Table 69 YEPHATH B E FAA o EolA
HolE E£8o] Eule} £7]9 R EF MAO-A%t MAO-BE EF A3}
Aot

fot - N 2

> 2 Horr e

&

Table 6. Monoamine oxidase inhibitory activities of several solvent
fractions of Opuntia ficus-indica var. saboten

Solvent fractions at 2.5mg/m{ concentration

Hexane Ethyl acetate Butanol Water

MAO-A Fruit  20.7% (8%‘73';/;) 41.8% 8.6%
Stem  34.4% 91.8% 32.3% 0%

MAO-B Fruit  33.8% e 61.2% 16.1%
Stem  28.0% s 60.9% 0%

2t A, F

FEAZLLE A8 (2iMm) FHEiiAZHwhole blood  recalcified
clotting time), ¥A#3F8 AL (platelet-rich plasma recalcified
clotting time)ol et AAEAZA Hrlslgo) FPyHLTaEL 3L
A ZHplasma recalcified time), ZZE &Y A ZHprothrombin time)ol o &+
AZEHEA B AT

gy dole} 719 methanol A& 2 SofREEL 25mg/md
TE olFtollAM FEA 4 FIEHLE FEE BF ERNA &gkt
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ol E7ie] BE EEHEA JEFUEZ(Table
hexane® 8-& A 93t vz} F8o st
@ E carotinoid A #o] AE F

ojth, Umz RFo|A FabstaE HEE T
S(FAd

1) ethylacetate £ 38 2] bsh=r8
gduje} Z712 dEolAHolE E3& chloroform/methanol(eldl CM
o]} &) 10:1 €9 & EE chloroform/methanol/water(]s CMWet %)
30:10:1 &2 SiOp AolA TLC3E S W UVES, FeCl W8 2 Pauly
dhgo] oFAdQl el EFAEo] th(5-671) spot2 Holw dujel A}
2719 RE& A= v § FASA

o] B3 AR ¥R flavonoid ¥ dihydroflavanol 4] 12
22 o o JEEE ASeA aurh

2) butanol ¥ o2 X E dilstatg i
gujet 2£7]9 butanol ¥ F-E& CMW 70:30:42 TLC(SiOz) AL o
UVES, FeCls 2 Pauly ®H8S Y& MR on 3 79
major spot® 2 709l minor spot& ZolE 4 UNATE 1 FlA major
spotE ®& 3 A
g9l butanol 3 (A 24 2- & 419g)E Si0; ZHEIABRvIEIZGZ
2 AAsgth CM 10:1—-CM 3:11-CMW 15:10:25—80% MeOH £vdlZ
A& £EAA 5RYor UxUT 2 FolA Pauly¥H-&odA majorZ
gus 2foz CM 31 E3(120g)E Atk o £3& tiA CMW
3:1:01 €2 5709 28¥S d3n 1 F WA THMU654g)E dJyH. 9]
288 thA Si0r 2 sephadex LH-20 % Z2wEedE A5
compound P(yellowish, 50% MeOHolA #4274, +&(630mg)S T3]
At
Z7)9 butanol 2 (A 24 3-U4-1%, 67g)ilAE ¢ 2L HHeR
compound P(50mg)E LAt

=
i
o
2
>
2l
9,
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Compound P& o8] 714 2¥E8 B4 & £ isorhamnetin-3-O-
rutinosidel & ZA3A 31 AE R},

Compound P

IR v™ em™ : 3376, 2919, 1655, 1603, 1503, 1454, 1358, 1294, 1206,
1061, 806, 654; 'H-NMR(DMSO-ds) : 0.96(3H, d, J=6.3Hz), 3.68(1H,
d, J=10.2), 3.81(-OCHas), 4.36(1H, anomeric H), 450(br.s, -OH),
509(1H, d, -OH, J=5.7), 5.14(1H, d, -OH, J=48), 5.38(1H, d, -OL,
J=4.2), 543(1H, d, J=75), 6.20(1H, d, J=1.8), 643(1H, d, J=2.1),
6.90(1H, d, J=8.7), 751(1H, dd, J=1.8 and 84), 7.85(1H, d, J=2.1),
9.78(br.s, ~OH), 10.84(br.s., ~OH), 12.58(s, ~OH)

MS m/z(%) : 316(100%, aglycone)

YC-NMR(DMSO-de) : See Table 7

) FEEge] Filstg HE

Erjel FFEYA 22 2-9 2 2-t )3 E7)9 F2EHAH 2
-4-@&)& CMW 15:10:25 &ml2 TLC(SiOz )3t4S w sucrosedt
A8t= spot®] UVES, FeCls 98, Pauly ¥hg0] % okAo|gich o
A7l #3td Si0; , Sephadex LH-20(80% MeOH)Z Zv}lE 1.}s ]
SR sucrosedt FYEH VTS FEE FRAAEES dA 2y

adez dujet E7)9 #3283 S 77 IN HCIG0% methanol)gi
AR ST ATk @8AL chloroformeE FE3S w=
T E A &3 butanol/acetone(3:1) EFEIE o]fEE HgMe 2R
OF 2 o] EFLE 67% acetonef¥o] JHRAJolZZ  sephadex
LH-20 Z2viEagtslE AAsgoy ddd 228 A5 2319, o
232 UV 571 24383 TLCA tailing 5™ FeCl; 9+ Pauly W&

¥4 Aoz Hol polyphenold ERFE FAsguh

mm o @S
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Table 7. ®C-NMR data of compound P isolated from the fruit and the
stem of Opuntia ficus—indica var. saboten

Carbon ppm Carbon _ ppm
Isorhamnetin Glucose

2 156.7 1" 1014
3 133.2 2" 745
4 1776 3" 76.6
5 161.4 4" 70.8
6 99.0 5" 76.2
7 164.4 6’ 67.1
8 94.1

9 156.7

10 104.3

1 121.3 Rhamnose

2' 1135 1 101.1
3’ 147.1 2" 705
4’ 1496 3 70.3
5' 1157 4’ 72.0
6’ 1225 5 68.5
OCH3 559 6"’ 179

U, =39 et s a4 (DBH) Zisﬁﬂ%* v aT
1) €v¢ DBH Asz& HAE
&utgtd R Gele] LRI E FoA ethylacetate £ F=
DBH A& &&o] Jel}E 2 (Table 5)° ¥ (147g)el sl Si0; Z2d=
zulg s g QAT 82 80E chloroformol A F-E A8t CM
1011, CM 51, CMW 30:10:1, CMW 6419 &X42 F4& S7HI2H
(Scheme 1).
Fig. 19]= DBH A8 &4 < profiled BoFx 9th. DBH A 24 o]
& CMW 641 $598 Rol875g) thAl sephadex LH-20 (&7 MW
2z #aazneass g AA e Fig. 291 DBH A8} &4 profile
Jelyged 4%9 2§02 YHol Aok #4 8o dis FEYES

w2
qegor A% BYEAEL £ 25U THScheme 1),

o] mr

1)

e o
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l EtOAc Fraction j

Si0O;
| | l l l
CHCI; CM CM CMW CMW
L 10’11 51 30:10:1 6:4:1
MAOQO Fr.
Si0y
l ! l l |
Fr.2 Fr.4 Fr6 Fr.8 Fr.10 DBH Fr.
Fr.l Fr.3 Fr5 Fr7 Fr9 Sepadex
| LH-20
1 FrA FrB FrC FrD
Compd VI
Compd i Compd | Compd |l
(4.30g) Compd Vi
Compd P
Compd V
(1.2g)
Compd IV
(0.24¢g)

Scheme 1. Isolation procedure for several compounds with inhibitory
activities against monoamine oxidase-B and dopamine #
~hydroxylase from the fruit of Opuntia ficus-indica var.
saboten.
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90.0

80.0

70.0

Inhibition %
(4]
(=]
o

#1- #11- #41- #62~ #84- #89- #141-
10 40 61 .83 98 140 177

Fig. 1 Dopamin A -hydroxylase inhibitory profile of fractions from
column chrmatography on silica gel for the ethyl acetate
fraction of the fruits of Opuntia ficus-indica var. saboten.

100

90
80
70
60
50

40

Inhibition (%)

30
20

10

0

0 20 40 60 80
Tube Number

Fig. 2 Dopamine B -hydroxylase inhibitory profile of the active fraction
(Fig.l) after gel filtration on Sephadex LH-20 with eluent,
methanol:water=5:1.

- 150 -



Fig. 291 & W7 peake 8- o} SiO2 tA Zga=vlE ety
(CMW 6:4:1)8 AA3dte] compound IE 2% Ac) o] E2dL Ed=
£33 %1} methanoldl & G40t

Compound I(unknown)
IR, *em ' : 3432, 2913, 1624, 1422

A WHA peak E I FEFEZRYH dytEol= wEE& UEMUE
= &) = v} methanoldll & &)t

2
o

compoun I & At ] A

Compound O (unknown)
IR,“"em! @ 3455, 1638

Ul HA peakEE & Ho} thAl CMW(70:3:4) &2 SiO2 thA] 2R
utE g s g AAse] 22" DBH A& disly gs+z2E 24
3 ZAx AR g EdZ 283 compound P FY3 EFYUE

&3

) £7]¢) DBH Asz8& A& _ ,
satgAaRd 7] £ojiEEE FolA DBH As&Ado]l ol v
72 ol EHolE HFoH F= YElYEZ (Table 5 © &&d
el dujel FUdA Si0 AFARvEIRIHE AASIT 2y
DBH Asl&4 F3o] I3 2ol F7|9 LvlEEES A A %3}
Atk 22k FEAME 1A FEASE 2 HHS A3t Table 59
A HE upe}l kol DBH A& &Ado] tH & ethylacetate &8 oA e
Brell butanol & &AM WErY® EF 7] Fig. 13 204 Ee wvt
%‘01 DBH Asj&Ado] FA4c] & BFolA Yetdoe AMEE 272

7} 22} methanol®] 3] 12 wWet= o P S FAEAT
Z Z7|EZ2(10kg) 0.2 HE ¢& methanold2=(1725g)2 WA butanol
I} B2 sl butanol A2 F#FEE(Fr. H20-1, 1600g)& €& *+
butanol®) =2 chloroform® & FujAl#A chloroform 29t 37 8 (fr,
H20-2, 84.98¢)2 At} chloroform 9~ % methanol® hexane& & Fuj
XA methanol 3 (Fr. Mh, 13353g)% hexane® &2 AJAHSEZE 2).
hexane®Egol& T2 A o] olgdFHe R o] EH& A3 Fr. H0-1, Fr.
H:0-2 2 Fr. Mhell tisf DBH A&i&4-& &Ast] 2 ZF}E Table 6°l
el At iR DBH Asi&A o] Fr. Mholl Yelstong o] #Ed

1]

N{N—\QH
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l:o{u
ol oX
ShiA

o
—

o}, =3 Fr. H:0-2 -E—Q CMW(70 30: 4)i Xﬂﬁiu}ilﬂ-;ﬂ% Al E} o]
FEHAES Eostded ditszt g4 o2 283 compound P9 9
g i=

Table 6. Dopamine B -hydroxylase(DBH) inhibitory activities for solvent
fraction of the stem of Opuntia ficus-indica var. saboten

Fraction Amounts(g) ICs0(mg/mé) Total activity
H:0-1 1600 56 0.3x10°
H,0O-2 84.98 1.4 12%x10°
Mh 133.53 0.3 45x10°

o} Eiopdl A EA(MAO) AfdE 48 A+
1) €ufe] MAO A3} 28 A&

dof 9] ethylacetate®E & el F£2 MAOA & 2F-g&0] vtelvl= 2 (Table
50l &(147g)el W&l Si0; ZEARZVE DRI E A A8 THScheme |
Zz). £& 89+ chloroformo| AHE A1Z&sled CM 10:1, CM 51, CMW
30:10:1, CMW 6419 €42 SAE S7/HA 48 83t 2k 289
skl MAO-B A &AS SA AT (Fig. 3).
MAO-B A#f&AHLE CM 51 E&dolA Yegorz o 23(662¢)S
Al SiOe A ZgazRutEadtslE Algstdd v 3% SEE
(compund I, IV, V)& 9t} 88+ 2E ZA 9™ v compound 1M
= citiric acid dimethylester, compund V¥ malic acid monomethyl ester,

compund V£ citiric acid monomethyl esterd & & A 3R}

Compound II{(Citric acid dimethyl ester)
mp. 88-907C; IR »" ¥ cm ' : 3429 1741, 1640, 1439, 1215, 1127, 984
; EI-MS m/z: 189, 175, 171, 143(base peak), 139, 116, 101, 84, 74,
69, 59; 'H-NMR(CDsOD) 3.66(s), 2.88(dd, 153 & 39.0 Hz); “C-NMR
176.7, 172.2, 74.3, 52.6(~-OCHs), 44.2

Compound V(Malic acid monomethyl ester)
IR v em' : 3443, 3110, 1742, 1439; 'H-NMR(CD;OD) 4.49(dd
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465 & 69 Hz), 3.73(s), 2.77(dd, 465 & 159 Hz), 2.65(dd, 7.2 & 162
Hz); BC-NMR 1755, 174.1, 685, 52.9(-OCHs), 39.8

Compound V (Citric acid monomethyl ester)
mp. 168C; IR v™ cm! :3397, 3233, 1745, 1714, 1439, ;
'H-NMR(CDs0OD) 3.75(s), 2.83(dd, 15.6 & 46.5 Hz)

Compound VI

IR v™" cm ! @ 3434, 2919(s), 2851(s), 1709(w), 1638(w), 1464, 1379,
1262, 1098, 1024, 803, 720

Compound VI
IR v" cm ' : 3528 3438, 1719, 1636, 1547, 1439

1 ¢ 1 110
0.9
08 | 190
0.7 | 70 _
0.6 s
® &
205 | 150 S
04 f CM 5:1 2
03 } 1 . 130 =
02 " .... d .o. .._ 10
0.1 _
O NS N R R I TN [ S RPN T TR N T Hi L Libiis,, (10)

0 11 22 33 44 55 66 77 88 99 110

tube number

| ——Abs at432nm —— MAO-B ]

Fig. 3. Monoamine oxidase-B inhibitory profile of fractions from column

chromatography on silica gel for the ethylacetate fraction of the
fruits of Opuntia ficus-indica var. saboten.
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OF-St MeOH ex (1725g)

BuOH/H20
BuOHex H:0 ex (Fr.H:0-1)
CHCIz/H20 MeOH
H:0 ex
CHCI; ex MeOH ex Sucrose
(Fr.H:0-2)
MeOH/Hexane Hydrolized with 1IN HC!
CHCls
MeOH
Hexane CHCl3 ex H.O
(Fr. Mh)
Si0g Si0g
A B C - TU I 0O o NV VvV
SiOy
AlOs Si02
Compound Compound Compound
m,IV,V © 81, 82 m,IV,V

Scheme 2. Isolation procedure for several compounds from the stem of

Opuntia ficus-indica var. saboten(OF-St).
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2) £719] MAO A&ztg A&

7] Fr. Mh# 8(133g)S Si0eol A Z&azue aatdE AAsY
vt §& &l chloroformol A 28 A1 &8s CM 50:1, CM 20:1, CM 5:1,
CMW 30:10:1, MeOH #£22 £Z3dth. CM 51 ¥38(16.1g)(subfraction
B 9} C)g B S0, @A ZrtEasH S AAEe compound I, -1V

LA o] BEHAEL drjolM Eeld 3FEH FUsY

ot dofet F7)9 AEum AF
EntgdA g dviet 7123 FA48"8 2 dopamine A

-hydroxylase A#}Z4S YElNE compund P, monoamine oxidase A 3l
288 YEHE compound MM, -IV ¥ -V7} g0 dujet Z7)9 A
&g E A oA Aolsl WAR R et

EntgHdge] Guist £719 SR IE FoA $2EIo %
methanol®] 2 9] 56% ¢} 66%& ZtZt 2 A|sle FE REolmz £ Ba
of e HE2ATE FAHAT. Al 2719 F2RF = sucrose, oF
B Rl 2 HEEZ TR TLCSIONANA UVE
2740°] sucrose spot¥ LA e T F2EEY Fo] JERO
A AT
g& IN HCH50% methanol-& <)o 2 1417 7F=5 4
K= chloroforml. 2 FE38J S o tpge] 2o A ax
o] ¥ AT & M HAEL butanol/acetone(3:1) EF Ao T =
Al 718 mel ol e s EAZAM TLC(SiO) A tailing El3 UVE
7b w9 73t FeClz Aol A w82 UelWZ& polyphenol 4 &
HE FAH3A
chloroformZ°l ti3ste] Si0; ZFAZviEaTHE Fa Fuje

€7] 5 compound M(citiric acid dimehtyl ester), compound IV(malic

we

el 5

g vehis

gz 22g
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x r-lmm

I,TL

A
T
€

=
©

dlo le
rulo r—{n: —{>

22
NER=

A
-
&
el

Els
o)
Gl

w e o

=) —{

@_

acid monomethyl ester) 2 compound V (citric acid monomehtyl ester)E
2tz Bgstdtt. 2822 o] & 3%9 methylester: glycoside ®&
2 4, o= oJH AEl(ester bond ®E acid amide bond)®
A%Eol g A2 FAH5A.

A43te]  chloroform 2389 sl AR L
compound FR1, 7125 € compound S1 ¥ S2&8 R3gsy o
AL W7 E3A A7)E artifact® Bzrg )
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' Compound FRI1(unknown, oil%)

IR, “Rem ™ : 3463, 2963, 2876, 1736, 1676, 1204

PMR(CDClL:+D50) : 9.422(1H, s, CHO), 7.191(1Hd, 3.6Hz), 6.463(1H, D,
36Hz), 4598(2H, s), 4.455(2H, dd, 4&6.8Hz), 4.080(2H, m), 3.993(2H, t,
66Hz), 3.703(1H, s), 3591(3H, s ,OCHs), 2.884-2647(6H, m),
1585-1.45802H, m), 1.338-1.210(2H,m), 0.831(6H, t, 7.5Hz, 2xCHs),
0.823(3H, t, 7.2Hz, CH3)

Compound Sl(unknown, oil’d)
IR, ™em ' : 3434, 2936, 2832, 1637, 1192, 1109, 1057, 943, 799
PMR(CDClL+D;0) : 6.355(1H, d, 33Hz), 6280(1Hd, 3.3Hz), 5390(1H,
s), 4.362(2H, s), 3.333(3H, s), 3.320(6H, s, OCHsX2)

Compound S2(unknown, oil’d))
IR, ®em ™ © 3432, 2922, 2851, 1680, 1219, 771
PMR(CDCl+D:0) : 9556(1H, s, CHO), 7.150(1H, dd, 0.3 & 3.3Hz),
6.464(1H, dd, 0.3&3.3Hz), 4,428(2H, s), 3.405(2H, s), 3.319(3H, s)

9ol 371x AL dujgl E7)A4 FTFoE dojx Heol opyz
compound FRl% ol 9k, compound S1 B S2& E7]dAT LoiR

t} o] AEES MR /“3‘—“‘531-011"1 2%74%3% -OCHy =¥ -OCH37t
Holt 5 fA4ol Yov HATEE T fstel “C-NMR 2=
e AUEA 9 9ok
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A HAUAG 5555} @UHEHH compound FR1&, 7]z %E
compound S1 % - LA ed o] B2 Z47Z dujgl £7)¢

AFE AR, 01 3 3= Fyze & FHE Aotk

ZEMoE &HlEMelEel dojet E7|o= sHta MEo| g
= £ AMAIZI= Z80] 220 monocamine oxidase X sl
Xﬂﬂ Ctaf &rEof A2 ot=e|daiel AR E 2AFMAIFI2
2N ZEEII HNE W2z morE ot

—

f o

w

<A1

IJ

3>

r-1u

1. 2734, 34 2 E B/, p314-316, ATA, A £(1994).
2. AAGREAEALA, p742, HEAL =7(1989).

. Burrer, F., Lebreton, P.H. and Voirin, B., Les aglycones flavoniques
de catees @ distribution, signification. J. Nat. Prod., 45, 687-693(1982).
. Jeong, S.J., Jun, KY., Kang, T.H, Ko, EB. and Kim, Y.C., Flavonoids
from the fruits of Opuntia ficus-indica var. saboten. Kor. J
Pharmagn, 30, 84-86(1999).

. F AL, no. 1367, 1371, 887 &5 BAH1977).

- 158 -



A

A 14

L

Bl 2okl A 7

Zol=d ZA 7Y

boh 2R S

i
o

o0

o
&

e

3!

=0

/,

£ Gaw BN WYX

CE

ET’}‘B), -'-SC]_

o
ojy

ol

ral
R
=

™

wet E719) %

[ez]
=

1

32 v givt gelEE B gAdas

A
T

A A

=K

&

X

- 159 -



. A
A2 gaAddsE AEA FAT ICRASY mouse(20+2g) 2t
SDA rat(260£50g)8 159 o4 £ tige FEAA wdtsta] AL§ 3
Act SEAUS HY(12417t light/dark cycle), FX(55-60%) 2 &%(24
2C)e A% 02 ZAE+E Environmental controlled rearing system(tl

+
Z717)& A8

2. Carrageenin % 445 as

Tsurufufi $¢] Wl #ato] Ao AAA (250, 500, 1000me/kg)
2 Z7](100, 250, SOOmg/kg)—‘ vzt AFEAFFT 308 Fo| 1.0%
carrageenin 205 AL Fx FHo| 3 FAEIILA Oj'B"i A A
o} eupgAdad do) R Eupdddd £7] Fo 308, 14
A Zkell ZtZ Z2H ol FAE A BF AAES A2

or2 2 = indomethacin 20mg/kgS AHE3F3A

ﬂhN‘ =
_(_)rlL
;O
v
k=3

_\1)1

3. ddo] A5TA HA

gool A AAE Z TEL o4 gi R wHAA EFged
ozHy ddg Az AR A& EYstHd. Clinical
Spectrophotometer(Shimadzu, CL-700)& ©]|-&3}%] alanine aminotransferase
(AIT), aspartate aminotransferase(AST), alkaline phosphatase(ALP), ¢
ol 2 2T, Pro.), y —glutamyltranspeptidase(GGT), sorbitol dehydrogenase
(SDH)¢ &4 =E A3

4. A AAA
Polg BRgERo2RE Fste] EDTAS FTAUUEESTE T
1AE 3 E

7bste] WMEF(WBC), AEF(RBC) 2 A Ah(Hbol tisto] &
FAE 27 7] (Japan, Sysmex K-1000 Cell Counter)& ©l-&3k3Att.

5. 8% F AR &% 54

7}, &A 2 Total cholesterol g3 4
Richmond 52 &AW 98t A kit(AM 202-K, Asan)& Al
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|3t Ayt F, Pl A &4 Al cholesterol esterase 205U/ ¢,
cholesterol oxidase 10.7/ ¢, sodium hydroxide 181lg/ ¢ &&)& & AR
83l 9 (potassium phosphate monobasic 13.6g/ £, phenol 1.88g/ 4 3t-)ol
gl F Alg 20uo] AT EAAY 30mS HEe F 37CoAM 58
Z¢ incubation 3t Al¢F blankE W2 3% 500molAM FF=E =45
o AzAd e 1 FHL ng/ddZ F Ao}

v 83 £ Triglyceride 39 =4

McGowan 59| W] #F3te 249 kit(AM 157S-K, Asan)E A}
f3ley Adgsitt, & WA A g2 A &(Lipoprotein  lipase 10800U,
glycerol kinase 5.4U, peroxidase 135000U, L- a -glycero phosphooxidase
60U )2 &2 F 838 AN N-bis(2-hydroxyethyl)-2-aminomethane
sulfonic acid 0.427/d¢ 1o &3t & A5 20uol ZAI FAA N 30
e H7e & 37Col A 1027 incubationdted Alek blankE Wiz 2 3}
Z 550melA FREE SATY AFA 22 2 §FE mg/dlR EA
gt

o}, @3 % High density lipoprotein-cholesterol(HDL-C) & &9 &3
Nakayama &9 &AWH 95t 2AE kit(AM 203-K, Asan)E& A}
&3t Aggnr, F g3 20wl HAA9(dextran sulfate 0.1%,
magnesium chloride 0.IM &%) 02mE 713tz & £33 & A4 10
#2F A8 3000rpmell Al 1082 94 BEEde gy o AR e
01m¢ #H3dte] FTAAN 3.0} & EFste] 37Co A 523 mcubationfﬂ
o] Alek plankE WZEE % 500molAH FFEE AT AFM F
& 2 TS mg/dlE FEA g

2. @4 % Low density lipoprotein-cholestero(LDL-C)®} Very low
density lipoprotein-cholesterol( VLDL-C)¢] &3 Low density lipoprotein
-cholesterol(LDL-C) %3 Very low density lipoprotein—cholesterol
(VLDL-C)¢l =2 Fridewald ¢ el wte} thgo Ao 2sle] A
=
LDL-C = [£Zd 2" &% - (HDL-C + Triglyceride%/5)] VLDL-C
= [Zd2HEY - (HDL-C + LDL-C)]
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6. Uric acid & 39 &4

Uric acid & &aHe &3t AlFoA F4& kit(AM 162-K, Asan)
g AMgEle] AFEAT &, Wl &4 A H(Uricase 7.5U, Ascorbic
acid peroxidase 120U, peroxidase 200000U%-H)g EhA|ek &3
(potassium phosphate, monobasic 1.36g/d¢, sodium borate 0.29g/d¢% )
of g8t & 3 50uol AT EAAY 3mE MU F 37ToA 5&
7¢ incubationdle] A1¢F blankE WEE HAS0molA FHEe HIE
zRstdch EEAFAM 3ol 1 FHES mg/dlE FAEH

7. Creatinine ¥ %9 &3

Jaff 5o &AW o8t ZA|E kit(555, Sigma chem. co)& AHE-st
o AdsATt

Alkaline picrate solution (creatinine colornreagent : sodium hydroxide
solution = 5:1) 3méol] A 03mE 71eta Ao 1087 HAFE T 500mm
o)A A efblankE W22 3 FF =9 Acid reagent(mixture of sulfuric
acid and acetic acid)Z 0.1me7rstz A &o 587 Hxg T FF=9
Was 2Asgt EFEA M FEdte] 2 FFE ngy/dlE EA AT

8. 72 A& % lipid peroxide ¥ %9 &

Ohkawa %9 WHE WAEI}A T 2A 1gd 4uFe 01M
photassium phosphate buffer(pH 7.5)& 7}all whaigti o] wniajode] T4
3 buffer® %% 7}8Fe] 3A17F preincubation A%l ¥ 8.1% sodium
dodecyl sulfate®t 20% acetate buffer(pH 3.5)% 2] Zxoz 08%
thiobarbituric acidE 7}gt & 95T A 1A17F b b AIA A20AM 3
7} Zof n-BuOH : Pyridine(15:1)& #7}ste] 15830 94 228 44
¥ 3 Mol n-BuOH : pyridine2< #H&to] o3 532moilA 1 FHEE &
Asle] TERIHMA 2 FFS 7 23 1g% malondialdehyde nmole®

FA ZT

_Ia

-

9. Superoxide dismutase(SOD) &4 9 &34

Marklund®t Marklunde] 3% #3te] 02M potassium phosphate
buffer(200 UM cytochrome C, 100uM EDTA & pH 86) 1.0méol] & A<
0.2mE 713+ ice bathioll Al 20&7F WA 33 testell & alkaline dimethyl
sulfoxide(DMSO)£ ¥ 0.5m¢, blankell+ non-alkaline DMSO &% 05mE
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Zkzy 7ystsr 37TCelA 3083 ¥reA7ln g% 550molA ZAHE
cytochrome C2| F#EE& #A3}1 alkaline DMSO-mediated cytochrome
C reductione 50% A =

A g,

enzymeHF< 1 unit2 A5 dHTE 7

10. Glutathione peroxidase ¥4 ¢ =3A
Paglia®} Valentine® ##7¢] %3] hydrogen peroxide 2 glutathione
o] /4 0.1mm Tris buffer(pH 7.2) FAx TAAEL 78t I3 340m
_“

oM FHREE ST TTHFAN £33l BAHEE AR Ey 54 &
del d¥e 1892 1mg proteine] A= NADPY %2 nmole® XA
},
11. @A A G 2 FAAE

gzl &L Lowry 59 #Wildl 8t bovine serum albuming
EFEFLE sl ZAHIAUT. & HAPolA ol Ay HEANLEEA
A2 BASRIL, FAAA F24 #AF52 Duncan,s multiple range test
o] &3ttt

12. Ale8A € A23F vXe I3 A+
7 B e gotel mAE 9

A% 250~300g2] €4 ratE® 25% urethanel 2 ulFHA|A t]E A ol
2 THE Eetdtt AU AR FUL AT catheter® AYstm A
AR YT g9 89 248 A catheterd AY3 £

38 A7) 9%kel heparing 3-way Aol FAHAt Del

nes

o

HE S Hel] AR catheterst A2 transducerE strain gauge
coupler® 92 A]#A physiograph?td] 7] 254 o},

oA AE 3 vAE 4T

HEY LS gFE FFY ZEH F /1EAND F 24E w281
B e AEFAA 10~15cm=EE ZOo2REH 30cm 7HEe] 3%
Aers] o] Tyroid solutionol B3 syringed o] &3 FAHo U&=

< Aol Uit HEIFAL 20~25cm o)z Huksio] 37C, % 0Oy -
3tA1Z1 Tyroid solution®] ©3! organ bath W] &
°

3z
FASA F olzlsh 2L PHeE FFE bl

.
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o AELE

1) Wittle®] ZAbe] ]38t writhing syndrome® Aol W2 Wittleo]
Hoel me} ZA3%c FANZEED LS aminopyrined AF&3Ho},
==t

2) Hot Plate(UGO BASILE)Z o|8£3le 252 52~55C= A3l
Z43te] ICR mouse® AH43td §8o] 43S PAste] Bg Wiy
e WAL ES ot R ZH

e

HOL

uh A E AL

1) Strychnine A& : Areki 52| HRel

I
2) AHAAZHE © Woodbury 59 49
g,
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kes B FAMEe AH#
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A3d AdAx% L nF

1. 29780 nAE 4%

Carrageeninee f-ir5-Fo ohgh SupbdAd dofet Z7)¢9 &avE B
8 Aao] Table 1, 201 VERNRITE 1% carrageenin A4 @FTE T
gzae] BEzZ/IEE Agte] AT wel FrEAeH, Entgddd 4
(500, 1000 mg/ke)E ATFFAILA 308, 1AZE 2XZkelA felHel £3
=710 AAEH}st BREACH A A F 1000 mgkge] FAAA
Aol aizt oy 250 mg/kedl FololAE ke JFol st

s, el £7](100, 250, 500 mg/ke)E BAFEAstaA 30E,
A7 2407 2 BN felHY REFVLS AEHE HF T £
L

Table 1. Effect of fruit of Opuntia ficus-indica var. saboten oOn the
carrageenin-induced ‘hind paw edema in rat

Treatement Dose N Time course of swelling percent(%)
(mg/ke.p.o) 05 1 2 3(hr)

Control 10 67.0%+7.24° 6371577 7661423 79.0X786"

OFS 250 10 609+3.26™ 59.8+365" 6131627 72.3+494"°

500 10 51.8+436 49.9+536° 53.6£473° 67.41554""
1000 10 453%247° 434+367° 508+559° 703627
Indomethacin 20 10 39.7%+629° 37.3+506° 47.316.66° 54.3+6.43°

The assay procedure was described in the experimental methods.
Values represent means T S.D.(n=T)and by the same superscript are not significantly

different{p<0.05) each other by new multiple square method.

Table 2. Effect of stem of Opuntia ficus-indica var. saboten on the
carrageenin-induced hind paw edema in rat

Treatement Dose N Time course of swelling percent(%6)

' (mg/kg.p.o) 05 1 2 3(hr)
Control 10 660+574" 689+627° 17188+526" 81.3+6.27
OFS 100 10 523%236° 54.0%t344° 584+427° 69.8% 5.36°

250 10 508+865° 486+357°¢ 559+369° 71.3+6.27
500 10 43.7+392° 427+525°¢ 516+377 688+4.29°
Indomethacin 20 10 37.3£339° 367+4.08" 40.7+346° 539439

The assay procedure was described in the experimental methods. o
Values represent means * S.D.(n=7)and by the same superscript are not significantly

different(p<0.05) each other by new multiple square method.

- 166 -



2. RS AL 9F

Eutebdd el do @ Er]e] Fo] &3 500, 1000, 1500, 2000mg/kg
2 7t 7o AYEE Y S 00k 2 se] B o] Todstm 2447 5
gte] ALARE BFGFY v AV F AT B2 BIY & A
onl gETAAE A% EES Q3UTHTable 3, 4).

Table 3. Acute toxicity test of fruit of Opuntia ficus-indica var. saboten

Dose(mg/kg) 0 500 1000 1500 2000

Dead”/Treated  0/30 0/30 0/30 0/30 0/30

® : The number of dead mice for 24hrs after intraperitoneally injection of Opuntia
ficus—indicavar. saboten

Table 4. Acute toxicity test of stem of Opuntia ficus-indica var.

saboten
Dose(mg/kg) 0 500 1000 1500 2000
Dead’/Treated  0/30 0/30 0/30 0/30 0/30

*

¢ The number of dead mice for 24hrs after intraperitoneally injection of Opuntia
ficus—indicavar. saboten

3. 2A8A AN

dAsy AAE AAE AEs 4719 §3E B U= Fodn
24Mzke) A% F AGT, AET 2 AmIFHle *Fe A
i f2E 3 AR freldel fltH(Table 5, 6),

Table 5. Hematological Values of rats intraperitoneally treated with fruit
of Opuntia ficus-indica var. saboten

Parameter\Dose(mg/kg) 0 500 1000 1500 2000
\No. of animal 10 10 10 10 10
WBC(X 10°8) 13.79+12.17™ 14.33£208 1356+3.21 1527401 15.79i2>.76
RBC(x10%ut) 7631027 7724030 7571043 755+t039 7.87£0.32
Hb( g/dl) 1496+0.62™ 1532+051 14. 26065 1479+0.35 15:28+0.67

Values were expressed as mean £ S.D.
" . not significant
WBC : white blood cell, RBC : red blood cell, Hb : hemoglobin
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Table 6. Hematological Values of rats intraperitoneally treated with
stem of Opuntia ficus-indica var. saboten

Parameter\Dose(mg/kg) 0 500 1000 1500 2000

\No. of animal 10 10 10 10 10

WBC( X 10°u6) 1467+£3.71™ 15.261+3.07 14.65£2.39 1569£4.00 15.93£2.67
RBC( X 10° 1) 786£071™ 7691037 789062 753%0.46 7.78E052

Hb( g/dD) 15.07£0.72™ 14.98+0.67 15.23+0.53 15.32£0.69 14.89=0.52

Values were expressed as mean £ S.D.
™ . not significant
WBC : white blood cell, RBC : red blood cell, Hb * hemoglobin

4. 93 AststA Axo A= 9

oA duje} 7] FFREE Yehle 3 451 3
A

2o @Wd ATZ FqsnA 2F ARTA AAE BBE Yo
o &3

Table 7, 8ot} Fuj2] Hof &3& 250, 500, 1000mg/kg} =719 F
S 100, 250, 500mg/kg s T A AL Este Asisty AAE 9
F9E vk APoA Feldd 4 F deS #TF 5 Uk

Table 7. Biochemical parameters in the rats orally treated with fruit of
Opuntia ficus-indica var. saboten for 4 weeks

Parameter\Dose(mg/kg) 0 250 500 1000
| \No. of animal 7 7 7 7

SDH(U/ ¢ ) 74097 89%£183 76+147 86%1.38
ALT(U/ 4) 33.0+887" 38.0%£593 40.0%763 45.0+9.88
AST(U/ L) 82.0+17.0" 967%X8.97 100.0+19.6 101.0=209
GGT(U/ ¢) 21+t026™ 22+030 251082 23042
ALP(U/ £) 124.0+305™ 139.2+32.8 135.0+225 131.0%38.2
T. Pro.(g/dl) 641046 6.1%£052 59+032 6.0%x041
Uric acid(mg/dl) 2.36+0.29" 2571040 227+037 2691051
Creatinine(mg/dl) 0.6£0.09™" 07+0.10 07£008 08=*0.12

The assay procedure was described in the experimental methods.
Values represent means mean T S.D.
™ : not significant
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Table 8. Biochemical parameters in the rats orally treated with stem of
Opuntia ficus—indica var. saboten for 4 weeks

Parameter\Dose(mg/kg) 0 250 500 1000
\No. of animal 7 7 7 7

SDH(U/ £) 7711.06™ 100%248 97263  84%193
ALT(U/ 2) 3671421 4231897 396+527  46.019.00
AST(U/ ) 84.7£153" 83.0+146 976+174 1007196
GGT(U/ 2) 1.9+£0.34™ 242048 224032 261053
ALP(U/ ) 1287£31.6™ 1256%27.9 1319+208 13961266
T. Pro.(g/de) 6.2+021"  66+039 65047  63%0.24
Uric acid(mg/dl) 2321025 2471043 239%037 243035
Creatinine(mg/dl) 06£0.10®  08+012  0.7%0.11 0.8+0.14

The assay procedure was described in the experimental methods.
Values represent means mean * S.D.
" not significant
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Table 9. Effect of fruit of Opuntia ficus-indica var. saboten on serum
triglyceride and lipoprotein levels on normal rats

Treatment Dose Day TG T-Chol HDL-Chol. LDL-Chol. VLDL-Chol.
(mg/kg)

Normal 732+587"" 6041847 26.8+3.26™ 224+ 337" 156+0.87™

OFS 250 7 7071836 669+727 289+28 320% 7.20 15.3£0.98

500 7 8661849° 7011987 2424307 284536 168+121

1000 7 799%1750™ 6561852 274%217 309+627 1731172

Rats were orally administered OFS(250, 500, 1000mg/kg) daily for consecutive seven days.
The rats were sacrificed seven days later for last treated materials. The procedure was
described in the experimental methods. Values represent means * S.D.(n=7)and by the
same superscript are not significantly different(p<0.05) each other by new multiple square
method.

" not significant
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Table 10. Effect of stem of Opuntia ficus-indica var. saboten on
serum triglyceride and lipoprotein levels on normal rats

Treatment Dose Day TG T-Chol HDL-Chol. LDL-Chol. VLDL-Chol.
(mg/kg)

Normal 723£821™ 668570 286x3.12 2371492 149£094

OFS 100 7 889+532 689%620 259+276 278+¥537 16.7%1.02

250 7 806+792 73.1%683 262%327 269%630 1541087

200 7 78813547 699%692 274%217 2461517 160=136

Rats were orally administered OFS(100, 200, 500mg/kg) daily for consecutive seven days.
The rats were sacrificed seven days later for last treated materials. The procedure was

dgscribed in the experimental methods. Values represent means * S.D.An=7).
" not significant

6. 44 24 F AR FFel A= T
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Table 11. Effect of fruit of Opunfia ficus—indica var. saboten(OFS) on
the content of hepatic lipid peroxidation in normal rats

Content
Treatment Dose MDA nmole/g of tissue
Normal 168 + 0.82*°
OFS 250 203 + 327°
500 219 = 469°
1000 189 *+ 0.90°

Each sample was orally administrated once a day for seven days to rats. The procedure
was described in the experimental methods. Values represent means + S.D.n=7) and by
the same superscript are not significantly different(p<0.05) each other by new multiple
square method.

Table 12. Effect of stem of Opuntia ficus—indica var. saboten(OFS) on
the content of hepatic lipid peroxidation in normal rats

Content
Treatment Dose MDA nmole/g of tissue
Normal 183 £ 1.27"
OFS : 100 ' 214 = 279
250 206 £ 3.17
500 229 + 417

Each sample was orally administrated once a day for seven days to rats. The procedure
was described in the experimental methods. Values represent means + S.D.n=7).
" not significant
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Table 13. Effect of fruit of Opuntia ficus-indica var. saboten(OFS) on
the activity of superoxide dismutase(SOD) and glutathione
peroxidase(GP) in normal rats

Activity
Treatment Dose " "
SOD GP
Normal 9.69+0.27™ 1209+16.7*°
OFS 250 9.72%=0.40 140.8+23.9°
500 993052 138.7+20.4°
1000 10.3+0.48 129.6+18.4°

Each sample was orally administrated once a day for seven days to rats. The procedure
was described in the experimental methods. Values represent means = S.D.(n=7) and by
the same superscript are not significantly different(p<0.05) each other by new multiple

square method.
© Unit/mg protein. 1 unit of superoxide dismutase activity was defined as the- which

inhibited the reduction of alkaline DMSQO-mediated cytochrome C by 50%.
" 1 Oxidized NADPH nmole/mg protein/min
" : not significant

Table 14. Effect of stem of Opuntia ficus-indica var. saboten(OFS) on
the activity of superoxide dismutase(SOD) and. glutathione
peroxidase(GP) in normal rats

Activity
Treatment Dose - ”
SOD GP
Normal 10.1£050™  123.7+£204™
OFS 100 9.80+0.67 139.4£196
250 9.73+0.42 119.6L 187
500 9.73=0.42 140.3£ 354

Each sample was orally administrated once a day for seven days to rats. The procedure
was described in the experimental methods. Values represent means * S.D.(n=7).

Unit/mg protein. 1 unit of superoxide dismutase activity was defined as the which
mhlbxted the reduction of alkaline DMSO-mediated cytochrome C by 50%.

: Oxidized NADPH nmole/mg protein/min

* I not significant
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Table 15. Effect of fruit of Opuntia ficus—indica var. saboten{OFS-FR)
on blood pressure in rat

Time(min) Mean blood pressure(nnHg)
OFS-FR(mg/kg)
Control(n=3) 15(n=3) 30(n=3)

0 119 £ 263 115 = 1.26 112 = 3.17
5 . 106 = 3.16 108 = 9.16 116 = 4.24
10 107 £ 242 111 £ 872 107 & 3.42
30 114 £ 311 104 £ 456 113 = 392
60 108 £ 3.10 113 £ 943 118 = 2.18
90 115 £ 292 118 £ 424 117 = 536
120 117 £ 143 109 = 311 108 = 5.23

n : number of animals
Each values represents the mean = S.D.

Table 16. Effect of stem of Opuntia ficus-indica var. saboten(QFS-ST)
on blood pressure in rat

Time(min) Mean blood pressure(mnHg)
OFS-ST(mg/kg)
Control(n=3) 15(n=3) 30(n=3)

0 113 £ 384 115 * 327 112 = 3.16
5 103 £ 6.89 108 £ 5.16 111 = 342
10 115 £ 6.72 113 £ 4.78 110 £ 359
30 114 £ 1.46 114 £ 324 112 £ 421
60 113 £ 542 102 £ 396 106 £ 5.36
90 99 = 273 101 £ 542 108 = 358
120 101 £ 2.43' 105 = 4.11 112 = 6.23

n ! number of animals
Each values represents the mean

I+

S.D.
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Table 17. Effect of fruit of Opuntia ficus—indica var. saboten(OFS-FR)
and acetylcholine on the contractility of isolated rat ileum

9% of contraction

Conc(ACh)

ACh OFS-FR + ACh
107 733 = 133 1.40 = 0.09
2x107 1528 = 1.76 587 + 326
5x10° 1796 = 1.87 1572 + 236
10° 28.37 + 148 4308 + 752
2x10° 81.64 = 354 80.87 * 1.49
5x10°% 98.82 + 0.39 99.33 + 033

Each values represents the mean £ S.D.(n=3)

Table 18. Effect of fruit of Opuntia ficus-indica var. saboten(OFS-FR)
and histamine on the contractility of isolated rat ileum

% of contraction

Conc(ACh) -

His OFS-FR + His
5x10° 492 + 056 6.33 = 142
10 9.17 = 098 1687 + 1.85
2x107" 48.06 = 4.04 4796 + 4.06
5x10 ' 8372 + 927 7787 + 527
10° 8764 + 346 90.76 = 1.92
2x10° 100 + 0.00 © 9574 + 053

Each values represents the mean * S.D.(n=3)
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Table 19. Effect of stem of Opuntia ficus-indica var. saboten(OFS-ST)
and acetylcholine on the contractility of isolated rat ileum

9% of contraction

Conc(ACh)

ACh OFS-ST + ACh
107 747 £ 217 217 £ 010
2x10™ 747 £ 217 6.29 * 227
5x107 1824 £ 2.00 19.36 = 246
10° 3046 = 153 4027 + 853
2x10° 89.23 + 2.29 84.37 £ 2.24
5x10° 100% 0.00 99.16 * 0.42

Each Values represents the mean = S$.D.(n=3)

Table 20. Effect of stem of Opuntia ficus-indica var. saboten(OFS-ST)
and histamine on the contractility of isolated rat ileum

% of contraction

Conc(ACh)

His OFS-ST + His
5x107° 512 £ 042 6.24 £ 1.36
10 1027 + 1.24 1532 £ 2.85
2x10 ' 52.36 = 527 4826 * 6.07
5x10 88.26 = 8.36 7927 £ 722
10° 8743 * 727 90.23 £ 243
2x10° 99.27 £ 0.23 98.82 * 6.48

Each values represents the mean = S$.D.(n=3)

10. +¥A9% &%

e gl tH(Table 21).
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Table 21. Effect of fruit of Opuntiaf icus—indica var. saboten(OFS-FR)
on pentobarbital induced sleeping time in mice

Dose Onset Duration
Treatment (ng/kg p.o) N Mean £ SD Mean *= S.D.
Mg/ K&,D. (min) (min)
Control 10 3.27 £ 0.14° 80.2 £ 6.93°
OFS-FR 250 10 346 = 017 787 + 5.42°
500 10 350 = 0.22° 906 = 927
1000 10 3.32 = 0.19° 774 £ 6.44°
CPZ 10 10 169.6 + 21.4° 1696 +£ 21.4°

The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are not significantly different
each other(p<0.05) by Duncan's multiple range test,

CPZ: Chlorpromazine HCl

Entg Xl £71E DMFe A% S3iste] A4
100, 250, 500mg/kg= 7 +5< &I pentobarbital
Aol BEFUAL QA D FHAZLY F o] ANt A, @
2 AR chlorpromazine® ZA7HF o+ §94 e #UAF FLE 1

B A tH(Table 22).

Table 22. Effect of stem of Opuntia ficus—indica var. saboten(QOFS-ST)
on pentobarbital induced sleeping time in mice '

Onset Duration

Treatment (m 3&%; o) N Mear(lmﬂi_Ln)S.D Mea?m;_; )S.D.
Control 10 336 = 0.18° 784 * 5.36
OFS-ST 100 10 3.40 = 0.14° 80.6 * 6.00°
250 10 343 + 017 346 = 7.21°
500 10 334 £ 013 839 *+ 6.23°
CPZ 10 10 2.63 = 0.20° 1732 = 246°

Values sharing the same superscript letter are not significantly different
each other(p<0.05) by Duncan's multiple range test.

CPZ: Chlorpromazine.HCl

NPT AL F st £ DuE HTFolg
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Table 23. Effect of fruit of Opuntia ficus-indica var. saboten(OFS-FR)
on the locomotor activity in mice

Locomotor activity(count/5min)

Treatment Dose

(mg/ke,p.0) 0 05 1 2 4(hr)
Control 10 6503141.3° 4502 41.4° 327.6+ 487 276.7£51.4" 220.0+22.8"
OFS-ST 250 10 6953%130.9% 490.7+47.8" 354.6+42.0" 2468+289" 2009+30.7"

500 10 703.7%386" 454.6%39.9" 330.7+35.7" 271.1£36.4" 2082325
1000 10 684.7%1299" 418.7+56.3" 364.91456" 257.6X26.9" 2304432
CPZ 10 10 6537+439" 256.1 487" 1262+376" 1299+30.8° 186.7£27.4"

The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are not significantly different
each other(p<0.05) by Duncarn's multiple range test.

CPZ: Chlorpromazine.HCI

295 g ALeEd datod £uHAAY F18 AFFIET I
2 BAHYY U qHF JTE BFY 5 ANoY Fddx 2 A
He) A

=
£3 chlorpromazine®] A FElME 30EFH 2A 714 79
5 o] FAasAHTable 24).

Table 24. Effect of stem of Opuntia ficus-indica var. saboten(OFS-ST)
on the locomotor activity in mice

Locomotor activity(count/5min)

Treatment Dose
(mg/kg,p.o) 0 05 1 2 4(hr)
Control 10 647.3T40.4° 470.3£51.9" 354.3+43.0" 2585127.9" 2008%283"
OFS-ST 100 10 694.1£375" 409.4+53.8" 372.1+486" 276.7148.1" 2196=255"
250 10 70231405 4280E40.6" 273.3+346° 2435+269" 23031349
500 10 694.6130.8" 406.8+63.2" 284.7+53.6™ 279.8+33.3" 200.6+39.3"
Cpz 10 10 65691447 256.4+54.3" 123.1£33.9" 132514208 1889=27.1"

The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are not significantly different
each other(p<0.05) by Duncan's multiple range test.

CPZ: Chlorpromazine.HCI
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Table 25. Effect of fruit of Opuntia ficus-indica var. saboten(OFS-FR)
on the rotarod test in mice

Dose Inhibition of performance(%)
Treatment N
(mg/kg,p.o) 0.5 1 2 4(hr)
Control 10 0 0 0 0
OFS-FR 250 10 0 0 0 0
500 10 0 0 0 0
1000 10 0 0 0 0
CPz 10 10 30 40 70 30

The assay procedure was describgd in the experimental methods.
Values sharing the same superscript letter are not significantly different
each other(p<0.05) by Duncan's multiple range test.

CPZ: Chlorpromazine.HCI
EHY B719 AEFAE R A ALES 34 o}Fd o

Fe vAA EAdt FAHAAZEZ chlorpromazined] FojoME 05
pds 3
7)

0, 70, 30%<] A &g JetUlAcH(Table 26).
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Table 26. Effect of stem of Opuntia ficus-indica var. saboten(OFS-ST)
on the rotarod test in mice

Dose Inhibition of performance(%)
Treatment N
(mg/kg,p.0) 05 1 2 4(hr)
Control 10 0 0 0 0
OFS-ST 100 10 0 0 0 0
250 10 0 0 0 0
500 10 0 0 0 0
CPz 10 10 40 40 30 30

‘The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are not significantly different
each other(p<0.05) by Duncan's multiple range test.

CPZ: Chlorpromazine.HCI
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Table 27. Effect of fruit of Opuntia ficus—indica var. saboten{OFS-FR)
on the body temperature in rat

Body temperalure(T)

Dosc
Treatment (mg/} ) J
mg/kg,p.o -15 15 30 60 120 240(min)
Control 10 375+016" 381+0.11" 385+0.11° 37.9+014" 37.3+0.12" 374005
OFS-FR 200 10 37.1+013° 39.7+040" 37.7+011" 37.61009" 37.5+009" 3777008

500 10 376+010° 37.9+0.12" 37.8+015° 37.7+012° 376%005 3747009
1000 10 375+020° 37.3+0.10" 38.9+009" 37.8+008 37.8+014" 3767008

CPz 10 10 373+0.14° 379-012" 37.3+018" 367+0.10" 363+0.10° 367+010"

The assay procedure was descfibe_d in the experimental methods.
Values sharing the same superscript letter are not significantly different
each other(p<0.05) by Duncan's multiple range test.

CPZ: Chlorpromazine. HCl

Table 28. Effect of stem of Opuntia ficus-indica var. saboten(OFS-ST)
on the body temperature in rat

Body temperature(C)

Dosc

Treatment e
(mg/leg,12.0) -15 15 30 60 120 240(min)
Control 10 37.37+0.11" 37.98+0.15™ 38.06+0.13" 37.67+0.13" 37.50+0.12"" 37.52+0.06"
OFS-8T 100 10 37.39+0.13 37.96+037 37.76+0.14" 37.64+0.05" 37.33+0.10° 37.57+0.07"
250 10 3754+016 38.05+0.12 3809+0.08" 37.76+0.14" 37.60+0.09" 3760+0.12"
500 10 3751+0.15 3806+0.11 37.99+010° 37.82+0.09" 37.46+0.08*" 37.54+0.05"
CPZ 10 10 37.49+0.10 3798+0.16 37.74+0.17 36.84+0.16" 3642+021° 36.80+0.27"

The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are not significantly different
each other(p<0.05) by Duncan's multiple range test.

CP7: Chlorpromazine.HCI
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&sith(Table 29, 30).

Table 29. Effect of fruit of Opuntia ficus—indica var. saboten{OFS-FR)
on acetic acid-induced writhing syndrome in mice

Treatment Dose N Writhing lag: Writhing syndrome
(mg/kg,p.0) (sec) (No/15 min)

Control 10 2204 = 165 184 £ 1.8

OFS-FR 100 10 2436 = 179° 164 = 1.7°

250 10 3074 + 22.7° 107 £ 2.2°

500 10 3249 * 30.1° 98 + 1.9°

CpZ 10 10 3989 + 394° 53 £ 0.7

The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are not significantly different

each other(p<0.05) by Duncan's multiple range test.

Table 30. Effect of fruit of Opuntia ficus-indica var. saboten(QOFS-FR)
on hot—plate test in mice

Onset time
Treatment (mg}?&?;,sgo) N (sec)
Control 10 156 £ 0.16°
OFS-FR 250 10 187 £ 0.19°
500 10 254 + 0.22°
1000 10 306 + 0.30°
Aminopyrine 100 10 50.2 £ 048"

The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are - not significantly different each

other(p<0.05) by Duncan's multiple range test.
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Table 31. Effect of stem of Opuntia ficus—indica var. saboten(OFS-ST)
on acetic acid-induced writhing syndrome in mice

Dose Writhing lag Writhing syndrome

Treatment (mg/kg,p.o) N
(sec) (No/15 min)
Control 10 2306 + 174° 194 + 1.67°
OFS-ST 100 10 2607 = 189* 151 + 1.80°
250 10 3109 £ 24.4°¢ 103 + 250°
500 10 3304 * 29.8° 87 = 169
Aminopyrine 100 10 4042 £ 41.2° 48 £ 1.23°

The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are not significantly different.

Each other(p<0.05) by Duncan's multiple range test.

Table 32. Effect of stem of Opuntia ficus-indica var. saboten(OFS-ST)
on hot-plate test in mice

Onset time

Treatment (m g}?gz,spe_ o) N (se0)
Control 10 165 * 0.19°
OFS-ST 100 10 20.3 = 0.24°
250 10 307 * 0.34°
500 10 336 = 0.38"
Aminopyrine 100 10 . 498 *+ 042°

The assay procedure was described in the experimental methods.
Values sharing the same superscript letter are not significantly different

each other(p<0.05) by Duncan's multiple range test.
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Table 33. Effect of fruit of Opuntia ficus-indica var. saboten(OFS-FR)

on the MES-induced convulsion and mortality in mice

Convulsion(%6) :
Treatment (m[g);)ksge) N TE cC. Mor;s )l ity(
Control 10 100 20 80
OFS-FR 250 10 100 20 30
500 10 100 20 90
1000 10 100 20 80
PHB 100 10 0 100 0

An one hour after the final treatment of sample, animals were received electric
shock(110V, 50mA, 0.2 seconds). The procedure was described in the experimental
methods. Values are mean = S.D. and values followed by the same superscript are not

significantly different(P<0.05) each other by new multiple square method.
T.E., tonic extensive convulsion: C.C., clonic convulsion
PHB : phenobarbital

Table 34. Effect of stem of Opuntia ficus-indica var. saboten(OFS-ST)
on the MES-induced convulsion and mortality in mic

Treatment Dose Convulsion(%6) Mortality (96)
(mg/ke) N TE. CC.
Control 10 100 30 80
OFS-5T 100 10 100 20 90
250 10 100 30 90
500 10 100 30 80
PHB 100 10 0 100 0

An one hour after the final treatment of sample, animals were received electric
shock(110V, 50mA, 0.2 seconds). The procedure was described in the experimental
methods. Values are mean = S.D. and values followed by the same superscript are not
significantly different(P<0.05) each other by new multiple square method.

T.E., tonic extensive convulsion: C.C., clonic convulsion

PHB : phenobarbital
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35, 36).

Table 35. Effect of fruit of Opuntia ficus-indica varm saboten(OFS-FR)
on the Strychnine-induced convulsion and Mortality in mice

Dose N Onset IE. Mortality

Treatment (ne/ke)

Inc(%) lat(sec) Inc(%)  lat(sec) Inc(%) lat(sec)

Control 10 100 2251+354" 100 2377£158" 100 261.4%116"
OFS-FR 250 10 100 234.2+175° 100 2656%+233" 100 2821*134°
500 10 100 2283+17.0° 100 247.0£20.7° 100 2746 i 16.2°
1000 10 100 223.0%:34.4" 100 2279%188" 100 265.8%9.09"

PHB 100 10 9%  465.71330° 30 - 0 -

An one hour after the final treatment of sample, animals were received strychnine(2.5mng/
kg, ip.). The procedure was described in the experimental methods. Values are mean =
SD. and values followed by the same superscript are not significantly different{P<0.05)
each other by new multiple square method.

T.E., tonic extensive convulsion: Inc., incidence: lat, latent time from strychnine

treatments. PHB : phenobarbital

Table 36. Effect of stem of Opuntia ficus-indica var. saboten(QOFS-ST)
on the Strychnine-induced convulsion and mortality in mice

Onset TE. Mortality
Dose

Treatment (ne/ke) N

Inc(%) lat(sec) %) lat{sec) Tne(%) lat(sec)

Inc(

Control 10 100 2363%31.2"° 100 2487%206" 100 265.7+189"
OFS-S8T 100 10 100 244.8%273" 100 26941281 100 290.2+19.4"
250 10 100 2321%372" 100 258,1+21.3" 100 2845%13.3"
500 10 100 2200+445" 100 2489%19.3" 100 2857180

PHB 100 10 90  476.8+382"° 30 - 0 -

An one hour after the final treatment of sample, animals were received strychnine(2.5ng/
kg, 1p.). The procedure was described in the experimental methods. Values are mean +
S.D. and values followed by the same superscript are not significantly different(P<0.03)
each other by new multiple square method.

TE., tonic extensive convulsion: Inc, incidence: lat, latent time from strychnine

treatments. PHB : phenobarbital
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Table 37. Effect of fruit of Opuntia ficus-indica var. saboten(QFS-FR)
on the pentylenetetrazole-induced convulsion and mortality in

mice
Treatment Dose N Onset T.E. Mortality
(mg/kg)
Inc(%) lat(sec)  Inc(%) lat(sec) Inc(%)  lat(sec)
Control 10 100  46.8*1.63" 100 164.2+144* 100 189.4%10.1°
OFS-FR 250 10 100 55.2+£6.07" 100 1681687 100 1815%12.3°
500 10 100 50.9+4.52° 100 170.2+£13.2° 100 190.9+9.05"
1000 10 100 464+123%° 100 165.6*14.9" 100 1827119
PHB 100 10 0 - 0 - 0. -
An one hour after the final treatment of sample, animals were received
pentylenetetrazole(150mg/kg, i.p.). The procedure was described in the experimental

methods. Values are mean * S.D. and values followed by the same superscript are not

significantly different(P<0.05) each other by new multiple square method.

TE., tonic extensive convulsion! Inc. incidence: lat., latent time from pentylenetetrazole

treatments. PHB ' phenobarbital

Table 38.

Effect of stem of Opuntia ficus-indica var. saboten(OFS-ST)
on the pentylenetetrazole-induced convulsion and mortality in
mice

Dose Onset T.E. Mortality
Treatment (mg/ke)
Inc(%) lat(sec) Inc(%) lat(sec) Inc(%6)  lat(sec)
Control 10 100 487+£1.86" 100 1645+592"" 100 191.6*583"
OFS-ST 100 10 100 53.0£284" 100 167.4%£7.36" 100 185.3+6.49°
250 10 100 50.9+3.46™ 100 176.21692° 100 193.7%£6.73"
500 10 100 46.0+327° 100 157.9+829° 100 181.9+7.23"
PHB 100 10 0 - 0 - 0 -
An one hour after the final treatment of sample, animals were received
pentylenetetrazole(150mg/kg, i.p.). The procedure was described in the experimental

methods. Values are mean * S.D. and values followed by the same superscript are not
§igmﬁcantly different(P<0.05) each other by new multiple square method.

IE.,

tonic extensive convulsion: Inc., incidence: lat., latent time from pentylenetetrazole

treatments. PHB : phenobarbital

- 183 -



Euigaad duish 2718 34 SANES ohF4 54PN
FHREa.  &veddr  GuOFS-FRS  &ugddg 27
(OFS-ST)E #7% DMFel 94% §astd 4dAg+2 48 F 15
9 3omg/ked AUFAGT AGETPDY WHE 24 2P G2
B e W AgEsdel Fue vAA ggon, A AEH e U

|
3lod QFS-FR% OFS-STE ZZt 15pg/mée] w%olA basal tensionoﬂ
gEe FA FE Aoz Hol 3G HEZY AHY JFS FA o,
acetylcholine @ histamined] 93 FHutgol JgFS F7 %‘9}‘4— 2] ¢
A#}E Kol OFS-FR ¥ OFS-STE A&AAAC |43 vAA &e v
StAE Aow AzZbEn

FEFEAZAC vA = @l

Ho
o
rg
2
N,
24_‘
ofo
2
I,
Ho
fr
Ho
oft
it
off
g

H™ (MES) Strychnine 7@, Pentylenetetrazole
ol st Me EutdAddAd o 2 &EnpgAld &

RO

gAA A %7](100 250, SOOmg/kg)%" 7§
syndrome & A (Wittle2] WH)ol wat WF2H&

—% 3&%3}%4 Sl =gl
1% dulE 500, 1000mg/kge]l FodofA /o A AEFHEE UEU
Qom &utetddd Z71= 100mg/kee] FolodA 2EZES UYEHAL
o 250, 500mg/kgoll A BAT AEEAE TF F F AJrh old WUF
g9 golg 2o F hot-plate &2 &olstdd v ZAbol sk oA
aFet A SFoA BF F F U
g es #AY ZH0F 10% carrageening B F 9 T2 F3Hd
g3l FALet DA SutgAdd de 2 EnpgddR F71 Fo 308, 14
7k 2A7F D@ 3x 7k ZHZE £EHO FAE FAHs FEY AAES UE
st E mp, &upgbAQl A Fof(500, 1000mg/kg)E AT F A EEA 30%E, 1
AIZE 2A T A A R F

37t dA &I BEHALY 343 43
=Rl Eﬂ} 7F AR o 250mg/kge] o ol A]
20 &71(100, 250, 500mg/ke) & 4 TF
2 3 A FoHl FEFTEe AR

._4

0
1000ng/keS] Folol A §9]
Wrhe ool gt &
ste2 A 308, 1Az, 2A1%E

& rr o

- 184 -



e B @ 4 g
deHorn utgddgel dee 27)e S, WYY X Lo
obFY AYS FA o HANAANE Qe 212 e w9 orA
& HFoz AT JEavont: FANEY AEAL] BT
olgld A4 277t dvinn AW BHE el
<ZFuEIA>

I. Ahmad, A. Davies, J., Randall, S. and Skinner GR.: Antiviral
properties of extract of Opuntia streptacnatha. Antiviral Res., 30,
75(1996)

2. Ibanez-Camacho, R. and roman-Ramos, R.. Hypoglycemic effect of
Opuntia cactus. Arch Invest. med(Mex). 10, 233(1979)

3. 01F8: dEe] 2Ed2g YA 9 MAe] ¥y ekt Fei
A7, Mgty RaAgeYd 4areke)=2(1997)

4. 923, FAL, BAE: EugdAAe) FIZ ga. okesx 49
621(1998)

o. Fernandez, M.L., Lin, Emme, CK, Trejo, A. and Mcnamara, D.J:
prickly pear(Opuntia sp.) pectin reverses lbw density

3 i

lipoproteinreceptor suppression induced by a hypercholesterolemic diet
In guinea pigs, J. Nutrition. 122, 2330(1992)

6. Marklund, S. and Marklund, G. : Involvement of the superoxide anion
radical in the autooxidation of pyrogallol and a convenient assay for
superoxide dismutase, Eur. J. Biochem., 47,469(1974)

7. Paglia, ED. and Valentine, W.N. : Studies on the quantitative and
qualitative charaterization of erythrocytes glutathione peroxidase. J.
Lab. Clin, Med., 70,158(1967)

8. Araki, S. and Ueki, s. : Changes in sensitivity to convulsion in mice
with olfactory bulb ablation. Jap. J. Pharmacol., 22,447(1972)

9. Woodbury, L.A. and Davenport, V.D. : Design and use of a new
electroshock seizure apparatus, and analysis of factors altering
seizure threshold and pattern, Arch. Int. Pharmacodyn., 92,97(1952)

10. Aebi, H. : catalase. In “Methods of enzymetic analysis”  Vergmeyer,
M.U,, Academic Press, New York, 2,673(1974)

- 185 -



	손바닥 선인장의 열매와 줄기를 이용한 기능성 식품개발 및 생리활성물질 연구

	요약문

	목차

	제 1 장 서론 
	제1절 연구개발 목적과 범위

	제2절 연구개발의 중요성


	제2장 손바닥선인장 재배기술연구

	제1절 서설

	제2절 재료 및 방법

	1. Opunitia속 선인장의 특성조사

	2. Opuntia속 선인장의 번식방법 연구
	3. Opuntia속 선인장의 석회 및 추비 시용에 관한 연구 
	4. Opuntia속 선인장의 생육촉진 및 재배 시험 

	제3절 결과 및 고찰

	1. Opuntia속 선인장의 특성조사 
	2. Opuntia속 선인장의 번식방법 연구 
	3. Opuntia속 선인장의 석회 및 추비 시용에 관한 연구 
	4. Opuntia속 선인장의 생육촉진 및 재배 시험 

	제4절 결론

	1. Opuntia속 선인장의 특성평가 
	2. Opuntia속 선인장의 번식방법 연구 
	3. Opuntia속 선인장에 석회 및 질소질 추비시용에 관한 연구 
	4. Opuntia속 선인장의 생육촉진 시험 
	참고문헌


	제3장 손바닥선인장의 열매와 줄기를 이용한 식품소재 및 가공식품의 개발

	제1절 서설

	제2절 재료 및 방법

	1. 손바닥선인장 가공을 위한 전처리 조건과 가공특성 조사 
	2. 선인장 점질물의 특성 및 분리조건 조사 
	3. 선인장 색소의 특성 
	4. 손바닥선인장을 첨가한 식빵의 품질 특성 
	5. 손바닥선인장을 첨가한 생면의 품질특성 
	6. 손바닥선인장의 열매를 첨가한 요구르트의 제조 및 특성 
	7. 휴대용 레트로트 파우치 제품 개발 
	8. 손바닥선인장 주류의 개발 
	9. 기존제품의 품질 고급화 연구 
	10. 선인장 줄기 및 열매 추출물의 향균 효과 
	11. 손바닥 선인장의 열매 분말의 변비 개선 효과 

	제3절 결과 및 고찰

	1. 손바닥선인장 가공을 위한 전처리 조건과 가공특성 조사 
	2. 점질물의 특성 및 분리 조건 조사 
	3. 손바닥선인장 색소의 특성 
	4. 손바닥선인장을 첨가한 식빵의 품질특성 
	5. 손바닥선인장 열매와 줄기를 첨가한 생면의 품질특성 
	6. 손바닥선인장의 열매를 첨가한 요구르트의 제조 및 특성 
	7. 휴대용 레트로트 파우치 제품 개발 
	8. 손바닥선인장의 열매와 줄기를 이용한 주류 개발 
	9. 기존 제품의 품질 고급화 연구 
	10. 향균 효과 
	11. 변비개선효과 

	제4절 결론
	참고문헌

	제4장 손바닥선인장의 열매와 줄기의 생리활성성분 연구

	제1절 서설

	제2절 재료 및 방법

	1. 재료

	2. 손바닥선인장 열매의 추출 및 용매분획

	3. 손바닥선인장 줄기의 추출 및 용매분획

	4. 손바닥선인장 수층분획의 산 가수분해

	5. 항산화 작용 측정법(DPPH 소거작용 실험)

	6. Dopamine B-hydroxylase(DBH) 저해 작용 측정

	7. Monoamine Oxidase A(MAO-A) 저해 작용 측정

	8. Monoamine Oxidase B(MAO-B) 저해 작용 측정


	제3절 결과 및 고찰

	1. methanol 엑스 및 용매분획물의 양 
	2. 생리활성 검색 
	3. 유효성분 추적 및 화학구조 결정 

	제4절 결론

	참고문헌

	제5장 손바닥선인장 열매 및 줄기의 약리효능 평가연구

	제1절 서설

	제2절 실험재료 및 방법

	1. 실험동물

	2. Carrageenin 유발 항염증효과

	3. 혈액의 생화학적 검사

	4. 혈액학적검사

	5. 혈정 중 지질 함량의 측정

	6. Uric acid 함량의 측정

	7. Creatinine 함량의 측정

	8. 간조직 중 lipid peroxide 함량의 측정

	9. Superoxide dismutase(SOD) 활성의 측정

	10. Glutathione peroxidase 활성의 측정

	11. 단백질정량 및 통계처리

	12. 심순환계 및 소장관에 미치는 영향 연구

	13. 정신신경계에 미치는 영향 연구


	제3절 실험결과 및 고찰

	1. 소염작용에 미치는 영향 
	2. 급성독성에 미치는 영향 
	3. 혈액학적 검사 
	4. 혈청 생화학적 지표에 미치는 영향 
	5. 혈청 중 지질함량 및 lipoprotein함량에 미치는 영향 
	6. 간장 조직 중 지질과산화의 함량에 미치는 영향 
	7. Superoxide dismutase 및 Glutathione peroxidase활성에 미치는 영향  
	8. 흰쥐에 혈압에 미치는 영향 
	9. 적출회장에 대한작용 
	10. 수면연장 작용 
	11. 자발운동 
	12. 운동협조능에 미치는 영향 
	13. 정상체온에 미치는 영향 
	14. 진통작용 
	15. 항경련작용 

	제4절 결론

	참고문헌



