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Utilization of Non-activated Grafting Cactus by
Drying Technology and Optimum Treatment to
Minimize Discoloration and Transformation
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SUMMARY

This study was carried out to investigate the optimum treatment method to
minimize the ftransformation and discoloration of non-activated grafting
cactus when drying treatment is applied to it as part of commercializing it.
The following is the summary of the study results.

(O The moisture content of red Bimoran, reddish orange Bimoran and
Sanchwi was more than 96% while pink and reddish green Bimoran was 92
~03%. Grafting cactus contained a very small amount of ash, crude fat,

crude protein, and crude fiber.

(C As for pigment ingredients, betalain accounted for 5142081 mg in red
Bimoran, 3.05=053 mg% in pink Rimoran, 2.15%012 mg% in orange
Bimoran, - and 481 %028 mg% in reddish orange Bimoran. Chlorophyll
constituted 25.72+1.04 mg% in reddish green Bimoran, 5465+ 142 mg% in
Socheong; B -carotene accounts for 1.58x0.10 mg%, 2362024 mg% and
3791032 mg% in red Bimoran, Sanchwi and reddish orange Bimoran,

respectively.

(O When grafting cactus was applied to hot-air and microwaves drying, it
took more than 20 hours to reduce the moisture of grafting cactus itself to
about 90%, where the changes in the appearance and colors of the grafting
cactus were really great. In contrast, when freeze drying was appiied to
grafting cactus for 60~72 hours, its final moisture content was 4228-~814%

and its volume change rate was 55~105%, which was almost the same of



its prototype.

(O The maximum abgorptbn range of absorption spectrum was 530~534nm
in samples extracted from red and pink Bimoran, which confirmed the line
of betalain. The UV/VIS absorption spectrum was 662nm, 618nm and 580nm
in samples extracted from Sanchwi. And Sanchwi vshowed that they- contained
18% of chiorophyll a, 6% of chlorophyll b, and about 5% of 8 -carotene in
terms of the area ratio by ODS HPLC column. Also, Socheong had a strong
absorption region around 664nm, 618nm and 584nm, which was in almost
agreement with chlorophyll a and chlorophyll b. The separation of pigment

using TLC also verified chlorophyll a and chlorophyll b.

(O 3 kinds of ball-shaped samples including red Bimoran using various
physicochemical pre-treatments measured the significance depending on their
area, aspecvt, maximum' diameter and perimeter after freeze drying. The
results of the test showed that the lowest transformation rate was attested
in the area and aspect of DF-100 treated samples, the maximum diameter in
ethanol treatments, and the perimeter in DF-100 treatments. The test of
pigment stability, where betalain content was compared with initial value,
showed that ethanol treatments of red and pink samples accounted for 95%
of initial Value, and organic acid treatments of red samples were well
affected in citric acid and pink samples in malic acid. No difference was
demonstrated depending on the density of metal ions solution; hoWever, the
pigment reduction rate was less in Al(SO04)s treatment than in Fez(SOz:):é and
AgNO3 treétments. Furthermore, blanched samples showed low reduction

rate when they were treated at 90C for 10 minutes.



(O When investigation was made into the change in the quality of red
Bimoran after 50 days in store for export, the weight reduction rate was
2.14% in PE 1 treatments and 2.82% in PE 2 treatments. In PE 1 method,
the treatments were packed after polyethylene film was filled with nitrogen;
in PE 2, the treatments were packed in a box with the film that had minute
holes. As the time of storage went longer, the moisture in the stems was
reduced more than that in heads. When 50 davs had passed in storage, the
moisture in a stem accounted for 91.91% (the lowest) in the control and
92.99% and 9352% in PE 2 and PE 1 treatments. respectively. After 50 days
in storage, the color difference (AE value) in a stem accounted for 1.95 value
{the lowest) in PE 2 treatments and the evaluation of overall favorite degree

was the best in PE 2 treatments.
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3) o} A 2% (dissicant-drying)
2714, B4} #WEk B A2 JEAE Fo dxATe PR §4
& g5z A e A fx7b Solsht AVh WA & AN 2
Z R 4o Age g AERE opEdl, A
vj, Wg EEjxo}l, Mg 3% 2718 9 A}, Aok b, BAE Solw, Az}
2 g dx Pge 29 FaHe 7 dude dxExt e Wz
Azxsta AL Jbssid. Ada P 2vkx Adelghadel led FAAE
AL a3l Egdor WInz Fadds TEsy] #st ¥A L
oF 2717t gl FHCA ARE AFsH, 27 A Uz A2 7
S dystde] 2719} €A Ano] Dkl FFL vYA ¥ F& MR #

& FFE ARAIE 23 Zo]l A2 X 9EE HFe] FAHRSE o &

o ZoE 2~3m HVI2E . V1R Jte solo] & dolvd &
A% wRsA AzEn UFd A3 AdE fFE&ah AT JE FHE
H8719 12 35 d7hde ¥ 2 Sd AsE ¥ de7tde AL

k> =2
ol 2E2ES ol golo] B YL ARE Eod ofF HeHm EHE
toz 2 2 BAY FHE 4YAAR 3
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4) 7t9 A% (heat-drying) | }

el okl & W2 AZAYE PYOR YR mAL 2 T3}
drh A oloplE A ol§¥ WEAZWR ALAEYS FAGY
Azl T AHE A¢ F ATk F, AAAAY H2LBEG o83 A

om e we A7 Wl Be Fe AW + A 59 BL F AN T
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el % 5o AXAE Ahed TREAE AxF F oirld AsE I
ANA GEH FMEE HEUAS

(O United State Patent 4,312,134 : ¥ 2#AF 2], & Freeze-dryer® chamber
2EE -80F~-40F22 FXAZ b, 9A -60FAA of 64 — -30~

~20°Fel Al 3~44 - -20~0FojA 2~3% — vpAgoz 40FAA 199 2
2 R, 27 2e sEARANAL FL& A 3L /AT & v B
2%

O United State Patent 5834074 : AZxAI7l & B&s7] 9 oA
Zeol 718 Bol AXYER wigd T FH 2RE 45~55FF st 025~
1L0%(W/W)e] ekl alel  33%(W/W)2l com  syrup &< (preservation
solution)& ®BF A A 45~55FollA 4A17F B¢ LA F thg 85~95 FolA 12
ANZF o ARARE

O =ASs WO 94/13137 : silicon compound (R'HSIO) (R'R'SiO)
(R'RR%SiOp). £ HAolx 3} ;}éiymer, silane eéup}iﬁg agent polymer %=
+ photopolymerizable monomer$t silane coupling agentfl}-@? copolymer & 3}
1}9] photopolymer® A 8istad dry flawer"l EHE coating Mt as AL

e
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H2& Nz 3 9

A1d A 2 AAH

AzAPA AT ARE HAF TN 4YFE A

Qe AR
(Gymnocalycium — mihanovichii  var. friedrichii Werd)& #1152 i
(Chamaecer silverstrii f. variegata hort.) ¥ 4% (Notocactus scopa) &5 2%,
Tl 4~14em AEL AHA Pz AN @ = o FEAAGE A
Aate] hEL AAT AL AR e, dAXS s 4F dx, vholaR
o2 Az ¥ FF dAzsAd. dxdzro2s pHE 24T Al
(pH 25, 70, 100¢ ovoke A 2 <dzka)yd H7ME F, 5% barodon &
cashpial0.5% NaClO), 5% benzoic acid, 0.5% DF-100(gt=rv] A&7 4r), 50%
glycerin, 05% alum, 10% formalin, 70% ethanol, 30% acetic acid % 5%
L-ascorbic acid 59} thebgh Wi A4 2 Mx w4 it e AAd Az
ool ola] 3A17F ol WE HAAZ g3} blanching(60Cel A 1~10&, 90T
A 1~58) AE3 e Aol 05~1A7 A A AzEFUT

3, AL ABE A7E ngAdA FEE 48 A4 Hed
(Gymnocalycium mihanovichii var. friedrichii Werd) F% 2.2 #A730o] 11~14
amAE e AL At AFFAL VS #PFor FEHAAL 3

= sz o] AEAE M0F @ Fid 9 P 2L YERTE A

o AxFtaE Wiel Fstel WEW PHPE D Ak
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?qsbz_ 71_1' A?—_—,‘q = ]_%%, 2 ,]. {!_f: :_} _:,J_ _Ju ni] HE 2t ﬂ‘ Z}EL_’].:;E] x]-;:;]

=]
1

2 JAEHUY. 2857 WA E 80x90x90 cmo)¥, SHXAL XL

E 0~150Ce 4HE 30~95%0Ith. $% W 05HPS] DCEEHE TE5 0

L.

HNEFZFS 096 m/minolth A Fo] AzEE HARAY A= 50x50%50 cm
o]iL, W¥-ol 20x20x20 em Z7]|] AZ¥ Edol7} A AdFo A9
TAE FASREE Hojdoh AR 2 $£37)9 FLAdHHY A4HL 5 cm
FA e el dt A dEARE HEH Q)

Fig. 2 A%40%e d¥a2 430 g8 d¥d= 492AS Jehya

okr

o, gl LEg RN HAPe dzAPF AR 53, AR

2000 12 07

Fig. 2. Hot air drying system
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Fig. 2. Hot air drying system
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2. Microwave?l %

MicrowaveZE o] &g HE40%

lo,

Hz2EA LS #4387 S8kl microwave
AXAPZAE A Fs At Fig.
e Aol & %ol 15 m, 7F27F 80 em, AI27}F 60 cmo]v] A A A 714 A
24 £%& 9 10 Lolth, ¥ #x+& microwave(0~750 Me), @F0x2%A, &

£24%A o2 FAEC gloen, 4F 4 volaRdgr &F Ee 5 AL

3% AAE microwave AZRAFHAXZ A K

£ o8 HEAF = Yo} AojRi= A2 FL2F chamberd &% H
microwave Z#Ho| 7}53EE UL

2 GAEE B microwaves 7t 8 HAAAE o] &3t IbAolE FTF v}
olZAR3E Ao n EdFL 87|E Fsd A=F7IE ALES=H 719
o] & H7IBEHLS KW)7F AR H

Az7H2 FFE F AES AUt B@ HAgozry Fud £

i
el
1S
P
.52
ol
~
1]
~
2
2
12
ol
lo
L‘I-.l
~O
g,
it

]

rle

dzlel A o) HEE S FYY 9F o8 PaEn

Fig. 3. Microwave drying system
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2. MicrowaveZd %

MicrowaveE o] &3 FHEXAA AxEAS 4317 359 microwave

AZAIHAAE AAsEct Fig. 32 AFE microwave AXDAARNZA B
Ao dol= & =o] 15 m, 7F&7F 80 cm, A E7F 60 cmol ™ AA Al 714 A

z Lolth. ¥ AX ¥ microwave(0~750 M), @F A2, &
L2444 o2 FAF o, dF % volagsrt i e R AL

Zo g& Ax=AZE & dvh AoF = Az F23 chamberd % 2

ZF GAEZ 2Y microwave: 713

ARRE Aolstgin AFL VB FYUs] AxF/E AsEd F4
of 270] A/BEHI5 7L Ao FUY 9RTINE D dFoz WE
o Az W FFE & ArE AAHAG. B AAFORRE FUE F2

< Azl A w7 HEZ T F48 4% o8 dEdy.

Fig. 3. Microwave drying system
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A3 x4 2 2 P

1. 3§ &4
HEE BAL A8 Mot AzAEe SHEY BHL HAe A
7 FNE o83k Fe] AN AN QAR GAA R 4

t2 TAstAen, de RGB sheleh, e Zelq Zevi(frame grabber), 7
vete] S 2HEAE FEHS FAY, dL4EEH A8 ZUEHYG FFH 5L
2 749t dzxdse #HH
diameter), & #l(perimeter), ¥ ¥ E(roundness}d] &4 G938 FA A ¢
#HE Oxe 942 Image Pro Plus® JAx e Z20#8-S ol&3te B4t
ool AME F FEARY 4E Wy E o] 9 (area), &% |
(aspect), A 27 (maximum diameter), ¥ @ (perimeter), ¥ ¥ & (roundness)Z

z43te] the Aol Sstel WS AvsA,

_{vr
0_4.,

(area), ZF¥ul(aspect), F A A (maximum

o

“loi

rx
Y

. %
LIS

7h As R A

A A4 4BHQF ARE FFFAIVE DPNLZRE 7

S AA8Fe Fdol Etee REo] AFHNME F99 red beet extract
(Type: B-50-WS, Song Eun Co)& #% - Adste] z2d2 A4
Mie) 2EE Fig 49 Po] AARozRHY An 2y Fi AN
©}. Chlorophyll a, chlorophyll b @ 8 -carotened sigmart AFE ARG R
HPLCe] AH48 &0l 2% HPLC 589 ol
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e

Y. Betalaind] MA9 F& - A4

HE
J It

1) Mo 3%

Sample ACGF2A Hl2 ) 3 Sample B(¥ 4 v|ZeHE £7]9 e
& AAstR FAs] AEE g AE 1 kgW 5 LY 01% HCI/MeOHE 7t
83l A 7)(Osterizer, USA)E wlafgtt}d tha] 2 Lo 0.1% HCY/MeOHE 7H&
O 4TAA 1243 % AXAHGY wd A8 F Ultratrex(Janke &
Kunkel IKA lab. Co., Germany)& 20,000rpmoll A 1087F #2ASAIZ] & 94
£ & 71(Sorval RC 26 plus, Beckmann, USA)Z 3,000 rpmelAl 1087 94&
d¢ 0 F5Ae pasdth de Balel o 1 Lel HCUMeOHE 7H3ha
Ultratrex 2 20000rpmel 4 1093+ #2822 B8 oA 24823000 rpm,
108)ste FEdg BEstdon o #HAgg 28 o ORI dA4EAT 3
Z8g &3 Whatmann Nod 32z ozg & rotary vacuum
evaporator(Buch, RE 121,Switzerland)i’ ek 500 mLE 53T w54 E&
FAZU712 §713 300 mLe petroleum etherZ 43] FAE F FFY
petroleum ether®$ ® 23l 3% & A rotary vacuum evaporatorol Al oF
100 mLE F=3grh. F2¢ HAAFY FF34E F27&7Ul-shin Lab,
Korca)ld $2AZ ¥ 24 vialol Hob 4TIA RBaEA AA B 24
o A8k cHFig. 4).

Reynoso 59 Hrio] we} HPLCE isocratic 27402 AR RB4& AA34
on olu A&7l HAEHHL red-violet pigmento] ©diAE 535nm, yellow
pigmentd]l WA E 476nmol k. HPLCS betalainAl M4 7} A8 & 3
g & spectrum A& ¢} UV/VIS/NIR spectrophotometer(Jasco, V-570,
Japan)Z 800~200nm¢e] HAHAE scanningdgrh FEF 229 TLCE
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Bilyk 59 ¥ met #2029 A8 % 20¢g

o

m&o

Ads AFd de TH

4 4 mLo] #3183 Table 58 22 &l Aaglg AMRSt AA AT o]
o A% TLC plate¥ silica gel 60(20X20 cm, Merk)ol 3 2™ solvent I 2

Zm7} 10 em Eol7b & w7 1x At F polarity7t Erd & solvent

[o2 &ui7b 15 em %ozt 8 d7bx

tAl 2x Asiste] FeiE i
bandg &1ttt
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1 kg of sample
|« add 5L of 0.1 % HCI/MeOH soln.
Homogenization
| add 2L of 0.1% HCY/MeOH soln.
Store at dark room at 0 C for 1day

Centrifugation(3,000 rpm, for 10 min)

| |

Res@due Supernatant
|« add 1L of 0.1 % HCI/MeOH soln.
Centrifugation{3,000 rpm, 10 min)

B |

Residu ‘ Supernatant—>
|« add 1L of 0.1% HCl/MeOH soln.
Centrifugation(3,000 rpm. 10 min)
| |
Residue Supernatant
(discard) %

Filteration
Store at dark room at 0 C
Evaporation near to 500 mlL

Washing with petrolewn ether 4 times—

| I

Hypophase Epiphase

Evaporation

Freeze drving

Fig. 4. Flow diagram of extraction of betalains
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Table 4. HPLC operting conditions for betalain analysis.

o Instrument JASCO HPLC system

o Detector UV/VIS 535 nm, 476 nm

o QOven temp. 30T

o Flow rate 1.0 mL/min

o Column Waters ¢ Bondapak Cis(3.9 X 300mm)

© Mobhile phase 80:20(v/v)  Methanol @ 0.5 M NaHPQOq4

Table 5. Solvents used for TLC separation of betalain components.

Solvent mixtures{(mL)

Solvents I I
Isopropanol 55 30
Ethanol 20 35
Distilled water 20 30
Acetic acid 5 5

t}. ChlorophyllZdl 2 carotenoidAl M A9 F& - FA 2 &<l

lo

e

1) Mo F

HrAagaozrg el chlorophylldl 2 carotenoid”l Aol EZ&
Edelenbos 5 @ McGhie 59 ¥ wat Fig. 59 #o] AAsdd. &, &5
M7 =M ¥ Sample C(AF3) 2 Sample D(2)E 719 #YFES A
7Aste] FAsn AEE g AHEd AR 9F 50 gol 200 mLe aceton:
tetrahydrofuran (1:1, v/v)# 15 gl anhydrous Na»SOs 2 3 g9 NaCOz& 7%
3ti A 71(Osterizer, USA)Z vhaistdd. vl EE  Ultratrex(Janke &
Kunkel IKA lab. Co., Germany)® 20,000rpmolA 1087 #@3A 2 *

>4

-35.



Whatmann No. 41 d#A2 s 4ot o] & #F4& 13 o 5T F o
Mg &slir 40ColA rotary vacuum evaporator(Buch, RE 121, Switzerland)
% 50 mLE %38l =& NS 250 mL £ %2 separating funnelZ £71
50 mL¢] diethyl ether® ZFES 23 FAstd Fatgrt. o o] 50 mL
10%(w/v) NaCl& 7}tz Z38tAl 18d F AXAA ZE7E olFolAx
8l ou diethyl ether & 2& & W& oo 100 mL9 diethyl etherg

lo ok

S

gA] 7he &S vrESl T diethyl ether® Rol d4 7128 E9HA rotary
vacuum evaporatoroll 4 AxA AT AxEo] A acetoned 7Fl ~20T el

H#3bA A chlorophyllAl 2 carotenidZl M o] BEAjo] Al&3815 ),

2) AA 2 gql
FE% FHLE HPLC 24L& Arard Wilo weh Table 654 #& =
Astol 4 A Akt HPLCA9) chlorophylldl 2 carotenoidAl M4 7 A¥&

FHT ¥ spectrum #4298 UV/VIS/NIR spectrophotometer(Jasco,
V-570, Japan)® 800~200nm¢ #H4HHE scanningdt ot FE2F M9
TLCE Watanabe 59 Wilo] we} silica gel 60(20x20cm, Merk) TLC plate
of dH3e EestH o ojuf ALE3 &vE= petroleum ether:acetone=7:3(v/
v)olith.
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50 g of sample

Addition t)f 200 mL acetonetetrahydrofuran(l:1, v/v)
Addition éf 15 g NaCOsz(anhydrous)

Homogenilzation

|
¥

Filteration with Whatmann No. 41 (A)

Addition f)f 200 mL acetone'tetrahydrofuran{THF)(1:1, v/v)
Addition tf 15 g NaCOs(anhydrous)

Homogengzation

Filteratiort with Whatmann No. 41 (B)

Combinatiion (A) and (B)

Evaporatif)n with vacuum rotary evaporator at 40 C
Transfer lto separating funnel

Rince thel remaining residue with 2X50 ml. diethyl ether
Addition f‘)f 50 mL of 10% NaCl soln.

Collect ditathy} ether layer (C)

Extract t}l}e remaining aqueous soln. with 100mL diethyl ether (D)
Combine i(C) and (D)

Eevaporatle under vacuum to dryness

Dissolve i‘egidue in minimal amount of acetone

Storage :t -207C

Fig. 5. Extraction of chlorophylls and carotenoids
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Table 6. HPLC operating conditions for chlorophylis and carotenoids

analysis.

o Instrument JASCO HPLC system
o Detector UV/VIS 440 nm
o Qven temp. 0T
o Flow rate 1.0 mL/min A
o Column Waters Spherisorb ODS 2(5 ¢m, 4.6%250 mm)
¢ Mobhile phase

- Solvent A 80:20(v/v)  Methanol : 0.5M ammonium

acetate(pH 7.2)
- Solvent B 90:10(v/v)  Acetonitrile : Water
- Solvent C 100 Ethyl acetate

o Degasser/gradient Ternary gradient system/3-line degasser
© Gradient system

Time(min) Solvent A Solvent B Solvent C
0 100 0 0
2 0 100 0
3 0 90 10
14 0 65 35
20 0 31 69
25 0 100 0
27 100 0 0
32 100 0 0

-38-



2}. Betalain, chlorophyll 2 carotenoid Al 49 &% &34

%, A& ethanol : H:O(B0:50 v/v)& A F 7lste] A8l A g F5
3 the 12,000 rpmoll A 10%7F AR AT A de Astod 23EEA
(V-550, JASCO, Japan)® 538 nmellA &&sAch EEFHE AGF beet
red(Song Eun Commercial Co., Ltd)& o} &3} A3 & betalainFFH o=
VER AT

250 mLE AL3dch o714 50 mLE 3| FAodFo| %74 ethyl ether 50
mLE 7ts) 187 AdgsiA &5 %, 50 mLel 2FFE acetone =& AASA
L BFERAYESE 5 g8 7He 254170 5 50 mLE A &3 thE 660 nme

6425 nmol A B =E & sle] Commar & Zscheille 2] o2 A4 dc)

(CxExXA)
(1000 % 22 3+ aceton™ < Spl. Wb

Chlorophyll & #(mg/100g) = x 100

714 C : ethyl ether 1 ¢ 2 chloropyll & #(mg),
Clmg/L) = 7.12 Eesoo + 16.8 Esars
E : ethyl ether &5 2 (ml)

A acetone A8l (mf)

]

Carotenoid® A.OAC., W wat 2Asdd. & HEAIY EF 508
A v}l T acetone 40 mL, hexane 60 mL9+ MgCOs; 0.1 g% &7 wvkgh
9, YAREd FEAue 288 g, Ak acetone 25 mLS hexane 25

mLE 2 23] 100 mL vol. flaskell &71%, acetone 9 mLE ¥
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hexane2 & A3} 436 nmolA EHEE &3 S -~carotene EF8& )

o7 Aikskg o

THFEHALELE AY A AAFTHFEW: fresh weight)S 7|Fo2 39 A%

71w METE AAFFS %2 Fdde IAsgew, Ruge 2y

FE HAA Ao g vEE FASI FoE Wa2dddE

o] &3td Al8E 97l A sea sand(30~50mesh)E &% Rulg A8 ¥

U sea sand® FXE ¥39 A(E olfde FHAAZ A Fo WIE F
At

v odut A8
ANael FEEFL 16T Y tgaxy, 22 ¢F& Soxhlet FF
W, 2993 g% Semimicro Kjeldah® (Kjeltec 1030 Auto Analyzer,
Tecator, Sweden)2.2 ZA g AsFo] ALASF 6258 Folo AEsd o,
Z4F % HeS0s-NaOH 2 &% (Fibertec System M 1020 Hot Extract,
Tecator, Sweden), £ 8E L M3z Yoz &8¢}

o A% =3
AZHA4e] EIE blenderz 197 vhs e BN A}
(Chromameter, Minolta Co., CR200, Japan)& A}8&3lo] Hunter M x}Al o] 8he
=& YelE Lik(Lightness), $& M9 L2 el agk(redness) ¥
=dAdel ARE JeldlE bikyellowness) o2 ZAstgoen, 7z Az
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Table 7. Size and weight of grafting cactus

. Size
7,
Grafted cactus Weight{g) Hetght(am) Width(m)
. LY 67.76+1.02 38.50+0.51 74.94£1.58
Red Bimoran .’
S 13.59+0.75 25.94+0.36 35.25+0.52
. . L 53.44+0.93 42.31+0.75 65.94+1.08
Pink Bimoran
S 11.47£0.57 29.83+0.47 33.25+0.29
L 15%1. .2620. 45.26+0.
Yellow Sanchwi 20.15+1.21 68.26+0.59 6+0.49
‘ S 13.89+0.67 61.51+0.47 31.42+0.38
. L 67.72+1.39 43.61+0.35 68.55+1.61
Orange Bimoran
S 11.03+0.70 26.42+0.44 41.53+0.60
Reddish orange L 62.22+1.29 39.89+0.54 68.03+1.67
Bimoran S 10.42+0.82 24.11x0.30 42.38+0.63
Reddish green L 81.56+1.23 57.28+0.56 68.39+1.87
Bimoran S 19.79+0.98 335+0.49 48.22+0.37
* All values are represent meanzS.D. (n=3)
v Large
? Small
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Table 8. Chemical composition of grafting cactus

Crud Crud Crud

Color Moisture(%) Ash(%) m © ru © race
) fat(%) protein{%)  fiber(%4)
Red 96.89£0.25 0.83x0.04 0.08+0.02 1.37x0.01  1.65+0.14

Pink 6352+0.33 155+0.11 0.15+003 163009  1.742007
Yellow 96.59+0.19  0.88£0.05 0.07+001 074001 157017
Orange 95.80+0.23 1.22+0.04 003002 133001 2.36:0.09

Reddish g5 054024 1036001 0126006 1425002  154+0.06
orange
Reddish g5 164081  1.08£001 0076005 1295000  243:0.14
Green

* All values are represent meanS. D. (n=3)

be S BN

R

M

£,
o
M

Fol M B4 Zas Table 9o vhebd nvpel go] A4 2 3
Mol HEFES betacyaninAl MAEA, betalain® AN v RTNA 514
mg%, B MAA 305 mg%, FZEAM 2.15meg%, HEBHo AlFA 4381
mg%E THF3tR UAE HeZ VElY T Chlorophylls A &4 AlgoAM 2572
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mg%, green® 9] A AolA 5465 mg%, L#]1 carotenoidd MAi v L WA A
4, MG ojs MARA, B-caroteneo] A wlR e abF 2 HFAo] n)

Hghol A zkz} 158, 236 2 3.79 mg% FHHo dE Aoz dElkth

Table 9. Pigment of grafting cactus

Betalain Chiorophyll B-carotene
Sample
(mg%) (mg%) (mg6)
Red Bimoran 5141081 - 158%0.10
Pink Bimoran 3.05x053 - -
Yellow Sanchwi - - 2.36%0.24
Orange Bimoran 2.15+0.12 - -
Reddish
COCIST Orange 4814028 - 379+0.32
Bimoran
Reddish '
.IS green - 2572+11.04 -
Bimoran -
Green Sojeong - 5465+1.42 -

* All values are represent meanzS.D. (n=3)
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Changes in weight(A) and moisture content(B)

of red Bimoran during hot-air drying at different

temperature and relative humidity.
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—@— 38.54+4.86g
—O— 15.67+3.159

Weight (g)

()

Drying time(hr)

Fig. 7. Changes in weight of red Bimoran during hot—air
drying at 50°C(A), 60CB) and 70C(C) under 40%R.H.
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Fig. 8. Red Bimoran treated by hot-air drying at 70T (A), 60T (B)
and 50T (C).

By



(A)

Fig. 8. Red Bimoran treated by hot—air drying at 70 C(A), 60T (B)
and 50T (C).
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weight(g)

0 : . L
0 120 240 360 480 800

drying time{min)

%)

moisture content(

80 I : i L
0 120 240 360 480 600

drying time{min)

Fig. 9. Changes in weight(upper) and moisture content(lower)
of red Bimoran during 220Ib microwave drying at
different temperature.
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weight{g)
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~drying time(min)

moisture content(%)}

o] 120 240 360 480 600
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Fig. 10. Changes in weight(upper) and moisture content(lower)
of red Bimoran during 240Ib microwave drying at
different temperature.
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40

Weight (q)

1 1

—— 35.53+2.70g
—O— 14.74+3.45g

0 5 10

Drying time (hr)

Fig. 11. Changes in weight of red Bimoran during microwave
drying at 50TC(A), 60C(B) and 70'C(C) under 240 Ib.
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.~ Microwave 6hr

Microwave 12hr

I

(B)

Microwave 28hr % Microwave 44hr

(C)

Fig. 12. Red Bimoran treated by microwave drying at 70T (A),
60T (B) and 50T (C).
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Fig. 12. Red Bimoran treated by microwave drying at 70'C(A),
60T (B) and 50T(C).
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Fig. 13. Changes in water contents of red Bimoran
during freeze drying.

100

—8— 128.90+2 .40 g, weight

--O-- 128.90+2.40 g, water content
80 - a4 8508+3.43 g, weight

-4 85.98+3.43 g, water content

Decreasing rate(%)

60

Freeze drying time(hr)

Fig. 14. Changes in water contents and weight decreasing rate
of red Bimoran during freeze drying.
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Table 10. Moisture content and specific volume of red Bimoran
treated by freeze drying

- Diarsnaénteprie Weight Moistur% /contents Volume Ochange
No. (cm) (&) (%) rate(%)
Initial 96.63+0.12
1 4.29+0.68 10£2.65
2 142%15 677716250 497+0.35 8+1.29
3 5.29+0.24 6.520.98
4 5.15x0.24 10.5+£3.45
5 814+1.72 6.5+1.85
6 125%1.2 60.19+1.80 S2lx0.z2 goralz
7 5.33+0.13 9.0+2.52
8 5.05+0.17 9.522.00
9 5.56+0.05 55%1.08
10 541+0.19 7.5+1.32
; 9.2+23 5344£2.10 488+0.18 6.042.00
12 541+0.19 85+1.25

FU% FAAZ 246 o] ABAAFY A8 =7 v} YL o=
AR §ASL AT dolur] st Fel JuA FAE ol gdte] ¥4
£ @ AFE wble 11~159 JEUT BEAQF ol FPFA=
249 T AQAY WA Azsh e wgA ded 29, Ao

A7, 3¢ A4t B4, 22 dAHY 279 &vge UeguE 93

Jomnck
[A\]
=
wn
fub]
3
2,
[¢]
of¥
)
i
9
N
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o3
2
flo
S
[N
=
&,
2
2
[a—y
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¥
X
fitl
(g
i)
o
.5,
Y
)
o3
M
38
e}
R

WHFHOR 737+1250%9 WIHEE HolmRA WHo| FFE Wsso] AH

T AE 5T 5 AAH(Table 11).
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Azet 7hze v E JYeEdE F8uE 127] sampledl A 1.1721.38%9] 4&F
o8 "o Mgy FAANS Bz fdxd g% A 2 wyg W A,
FTHHE A9 FYA FaHAY e AT FASHA Hele ZAoE &
@5 A tH(Table 12).

Hu A& 127 Sampleoﬂ"ﬁ 423+222%9] F£HEo g WA AL FAS
A BE sampledl A #A® AL 2 4 glowy 7 &

& FFHOA g 2 Ut dd sample No. 110] @AM = vz ot
£ sample ™t & 7428 RoFo] AYFHorw Wilgo] Avty 2E 4+ ot
2213 sample No, 2 @ 394 FHul A4 glojalel W&ol AopE o=
dy g Fade wstgolA e ARG ARE moFE Zo]th(Table 13).
HAEAYE 127] samplecl Al Ealel Wshge 570+214%, dE=E 8
285%9 FEor UEHHoH, #3& e gdE $EA4x ¥ Fasd
I 985 Zrstded 9857 =719 9

'YOT
FHZ AEHEAG T HHrEdE dx F dye] HaHy B EF 4

223
i?L
s

& HoF sample

RB7E ol Ao TRz & Hud Alge] dzxEse 433 =
kew HF FRIF 5% FFELR ARTY FHoly auA AHAE A

HERdon, g WESE 10% olst #Eorw A A {AR HHE A
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Table 11. Changes in area of red Bimoran during freeze drying

Sample Area{mm”®)
No. Before After Change rate(%)
1 239351£156.12 2210.50+159.09 7.64
2 2123714141 .44 1956.16+196.78 7.89
3 2002.60+104.83 1967.52+32.57 1.75
4 2114564862 1877.90+204.03 11.19
5 2135.56+326.82 2031.52x86.11 4.87
6 2431.40+132.98 2280.92+115.85 5.78
7 2131.87+£21560 1954.70+233.34 8.31
8 2133.51+33.62 1928.19+5.80 9.62
9 2045.02+179.66 1923.36+156.90 595
10 22277.33+22.83 2051.60+83.28 7.89
11 2281.35+11.20 2062.71+32.19 9,58
12 2258.09+92.76 2076.67+41.69 8.03
i"seg‘zjf} 7374250

Table 12. Changes in aspect of red Bimoran during freeze drying

Sample Aspect
No. Before After Change rate(%6)
1 1.02+0.01 1.04+0.02 - 169
2 1.03£0.02 1.02+0.03 0.40
3 1.04+0.02 1.03+0.03 0.84
4 1.02+0.00 1.05+0.02 341
5 1.04+0.03 1.04+0.02 0.22
6 1.02+0.01 1.02+0.02 0.02
7 1.02+0.00 . 1.02+0.01 0.35
8 1.04+0.01 1.02+0.01 2.19
9 1.0620.08 1.0620.05 0.14
10 1.02+£0.00 1.02+£0.02 0.34
11 1.06+£0.04 1.02+0.00 4.10
12 1.02:0.01 1.02:0.01 0.34
Average
+5D(%) 1172138
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Table 13. Changes in maximum diameter of red Bimoran during

freeze drying

Sample Maximum diameter{mn) ;
No. Before After Change rate(%)
1 63.46+3.55 60.71+3.18 433
2 59.26+1.22 58.60+1.47 1.12
3 57.34+2.51 55.98+2.20 2.36
4 57.95+0.39 55.60+2.18 4.06
5 60.85+1.65 56.60+0.02 6.98
6 64.59+3.14 61.79+4.83 4.33
7 60.31+3.20 56.36+2.81 3.23
8 60.67+1.05 56.37+1.65 7.10
9 59.35+7.81 56.30+5.88 1.77
10 59.55+1.11 57.62+0.23 3.24
11 64.23+0.75 58.87+2.40 8.34
12 60.34+1.18 58.02+0.49 3.85
Average
+SD(%) 423+222

Table 14. Changes in perimeter of red Bimoran during freeze

drying
Sample Perimeter(mn)
No. Before After Change rate(%)
1 586.29+55.79 542.65+4.23 7.44
2 576.08+13.72 538.55+10.65 6.51
3 576.40%£5.10 553.46+16.14 398
4 593.84+22.25 553.46+105.23 6.80
5 583.52+57.08 541.27+53.55 1.24
6 639.18+62.75 618.66+131.94 3.21
7 615.34+38.69 596.59+19.62 2.56
8 542.73+71.19 500.05+76 .68 786
9 620.70+77.18 603.29+128.92 2.81
10 526.61£80.33 490.64+11.14 6.83
11 647.37+35.88 509.99+74.94 454
12 581.64+44.77 490.64+27.01 3.60
Average
+SD(%) 5.70%2.14
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Table 15. Changes in roundness of red Bimoran during freeze

drying
Sample Roundness
No. Before After Change rate(%)
1 13.44+1.43 14.27+1.21 6.17
2 12.10+1.06 13.05+0.00 7.85
3 11.57%0.00 12.39+0.52 7.09
4 11.88+£0.62 12.46+3.63 11.45
5 8.6610.72 9.86+1.69 13.84
6 14.38+1.89 15.47+0.00 7.58
7 13.87%£3.15 14.69+0.80 5.96
8 11.56+2.71 12.64+3.07 9.34
9 15.29%7.22 16.724+5.39 9.36
10 11.91+£0.21 12.61+15.65 5.87
11 14.80+4.69 16.87+0.49 13.99
12 11.93+1.35 12.87+8.34 7.89
i"seg?;‘; 8.87+2.85
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Fig. 14. Grafting cactus(Bimoran and Sojeong) treated by freeze
drying.
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drying.
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YubE 0 2 betalain® FE 7)ol anthocyanin®lY} flavonoidst Hls2d +
Z2E Mz e 499 3FER, Hroe 2A2FF anthocyanin®l i B3
oy dAolle 1 A%l FRE & Madel WA
Betalain® A4 dol, AR, 35 5o okalfFd EAsiH, 9714 &2
Wk 2 =S A betalainS® Gl A Ui WM betacyanind =

24 9] betaxanthin® 2 FA S o] 9t} Betalaino] £3te Miy Az 44
oA WA mE FA-E e, pH 4.0~6.0A)ol A 7HE b skt

2 AFdAE A BE beet red(Song eun commercial co.,, Ltd)& o] &3] 4
Fatdoh FAAZAY HAFe AN ¢uolx FEE betalaind 330 mg
o2 TAAZX Fo AEs vlEsfRkE 9 DF-100 05%, Glycerin 50%°] #
g7 A 301 mg% ¥ 305 mg%E ] E4g0] /M AA YEgen,
90T oAl 1087+ blanchingd 27, Wyt 05% 2 NaClO 05% A& Al
9% Yozl ZE APt B FHEHAAFET dxAgFe 2 i
£o] 5L ¢ $ Ut DF-1002 A G T ARA betalain M2l A s}l

7lod el Ma £48 H2sAZ ow glycerin & AA A HAFE IR AT
}

FAAZ Foe HEE Ughle Lol RE AHTdAM F7HEUTHTable
o] 7hx &shA Ao
blanching g #-&A17A Hoted 44z §F AQde Avdez AL §A
ga oy afd MHTe thh XHde] Fojde e o2 A8 Lak
& =7 Jdehdd. Az A Lztol 338599 #is 90CToHAM  10minE <t
blanchingS Al#& HalFolM 55352 713 w2 @& Jeile® Barodon
5%l A 7Hg G E@e RAFU
283 90T 10minE <t blanchingg A 838 M FoMe Mg e
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W& batel & My tdMe BF ()9 goeg dAxAsn zolg JEUE
dl wlsted Wiz b AA vebgoh L, bakd} vlasle] AN EE YERRE a
gt ZA Hse dded 4R glycerin 50%E LTI A FoldE RolH
ot HEk 05%,.5¢ AYd ARdAE Ha B & Jehl gl Hunter
MEAE oj&3t9 ¥& L, a bFLE Lab 370 g F 479 FAAHI=R

FdHE ARAE)FeR F g vug A% L, byte] FAAFA b A
ol Ho] AEE 1.88~2158¢ ZA#E dehiiddd dxdAe F2AxHE ¥

Aol seAE AT 71 HeHo o &

pout
o
Lt
f
2
r
A

Betalain({mg%)

0 :
control

Treatments

Fig. 16. Changes in betalain contents of red Bimoran freeze—dried
after various treatments.

1. Untreated 2. DF-100 0.2% 3. DF-100 0.5% 4. Barodon 5%

5. Glycerin 50% 6. NaCIO 0.5% 7. Benzoic acid 2% 8. Benzoic acid 5%

9. Alum 05% 10. Formalin 10% 11. 90C-10min blanching

12. 60°C ~30min blanching
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Table 16. Changes in color values of red Bimoran freeze-dried after
vartous treatments

Treatments Color value AE
L a b

Fresh ' 3385242  41.19%397  13.47+058 -
Untreated 4973+3.12  40.60+2.43  -1.67+0.60 1590
DF-100 0.2% 49.79+233  4324x111  -0.74%123 16.20
DF-100 0.5% 48004316 4167:221  -350%0.14 14.17
Barodon 5% 45214125  4363+147  -269+056 11.88
glycerin 50% 49.37+348  37.98:393  -0.83:068 16.17
NaClO 0.5% 50.99:1.86  4317:062  -.2.29+0.80 17.37
Benzoic acid 2% 109201 4201+181  -294%0.17 15.44
Benzoic acid 5% 4784+148  4269:209  ~1.0120.77 14.15
Alum 0.5% 4803115 4536050  -2.79+050 15.36
Formalin 10% 50.86+366  40.63:217  -6.75z1.13 17.03

90C-10min blanching 55.35£0.28  39.90+0.67 8.68+0.77 2158
60T -30min blanching 5058058  41.24+£1.04  -2.34+1.21 16.74
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A3 A ARG M B

Betalain® Wk 41 5 107 Feoll AdHor Fxse] e akalid Ha
ol Me HxMolx FMg ww FFo] Muscaaurin I Z I,

muscaflavin £9°] betalain-like M2E 71-E Reg <ax ¢}, Betalaind

anthocyanin® EA4 §AHAo] E=xul zv] o Ages FHAAEE B4
F¢

s

AFAAEG, #A7A ¢ A hetalaing ¢F 5022 A 42l betacyanind 20
F A9l betaxanthin®. 2 ®F 5™ anthocyanin® o HMAiet 7H=E HAH
MWarz AMET 9tk Betacyanin® RE  diazoheptacyanin structure(Fig.
19 fF=Aolth Mg Fig. 189 vebd nieh o] oled Tg-rzd 71U%

Aelth R BE R 2§l ¥49& o718tH betanindll A9} 2o} Hxo] o}
o

A

THel 97Hx gow vulgaxanthin(Fig. 194t o] Faol
e ¢}

2-deceboxybetaniding ¥Hgth  GlyconE ©WHEE  glucose, E=EAE

Betacyanin®  aglvecon  betanidin®}  iscbetanidin o =

M
ol

sophorose ¥ rhamnose®} ZA¥Hol Utk E3F betacyanin FAE sulfuric,
malonic, 3-hydroxy-3-methyl-glutaric, citric, p-coumaric, ferulic, caffeic =+
synapic aic$} o} 3ts o] gt}

4 X}%(Centrospemaé)% betalains2  flavonoids gialel]  7hAE AEE
(caryophyllales)o 4 &= Molluginaceae, CaryophyllaceaeE #|&l3txs 107437}
QFEAIQEO] ol betalaing 7FAT 7 AU Cactus)e T EHol £
AR = betalaing 7}tk Red beet(B. vulgaris), chard(B. vulgaris), cactus
fruit(Opunia ficus-indica) 2 porkberry(P. americana)®] betacyanin %%
7HE 2 AMEE I gl ‘

AEHNER 3850 U= red beet extract?] YRS red beet2 & 75 ~
95%¢9] betanin® #F3tm  glew UvRARE  isobetanin, prebetanin %

isoprebetaninelt}. Fx9 27}A & Z+zt betanin®  isoprebetain®]  sulfate
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monomer©] th. Beet® w7l red betacyanin# yellow betaxanthing =EF 7HA

Ak A8 A ol A an'chocyamn3’1L betacyanin® A 7FA UG HBA B
E5o e e gtk
R‘\:D _~R
l
l
l
HOOC N COOH
|
H
Fig. 17. Diazoheptamethin structure.
R R R R
. I l | |
CH R CH C C H
\/\/‘\3/2\@/ \@/ \N\NZ\N7\/
N,  gCH N cH CH N
| ! f |
R R R R

Fig. 18. Betacyanin resonating structure.
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HOOC Ij‘l OOH
'H

Fig. 18. Structure of vulgaxanthine~1(R=NH3) and
vulgaxanthin-2(R=0H)

1. Betalaind] 49 2 2@ 24

Fig. 4o wet £elste] 27128 F3 v2eHSample A) 2 A4 vz
(Sample B)¢] &vio} polarityd] @& £8=E Table 1739 Zth Sample A %
Sample B R+ polarity index 52 o]l SujoMut &a=E Hoz Vet
v =4do] vlmd 4gk Sulodt =S Ueho] betalaing] UuwkQl EAdo) R
ot 2H#E YeERd
&% Sample A% Sample B9 &4 A2HEHE Fig. 200149 o] Huj
= Sample A2l M4 E 534nmolgle™ Sample BS ZM A+ 530nm
o ol F44AY betacyanin AF 9 MAst Hol: Hd Fol 535nm
A3l AAE Jedo] F M AT} betacyanin AEYE ¢ F YUY
. @8 476nm F2NME BS54 AAE RolRA Yo} betaxanthin AES FA
Mol Ao EASHA v Aoz Yehyn
2702l F peak®t 370 AEY HL peakd HZF Fig. 219 red beet extract

ot

O

!

LR
Mo
_j—‘gld
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o] betalain AZvE W2 Schwarz 59 . 23 A9 dxss E HPLC ¥4
N 2Elo] betalain®] EAe] AgsirbE AL ¢ 4 YAk -Bondapak CI8
2 #3724 48L& Sample A9l %% peak 1°0] A9 53%F 1283 peak 2
7b 28% ZhEFom o 2(AAHDY vl &R EAMGE A ¢ F ANTHFg

2
L]
@]
joV)
=5
fo
ok
e
b
g3
I
it
tio
e
o?ei

g A3} peak 1 ¥ 27F 25 534mnE e
% betacyanin AF LS THAoZ & 5 AUHFig. 23).
Sample B8] HPLC Z&vEI¥ HHE Sample A%t T Aol& YE
e peak 29 3& @3 ®3d £ UAvHFig. 24). WA EE peak 1
= WA 43%F 183 peak 29t 32 747} 23% H 17% AEE AAEE A
o2 vggt, 4 2d8Eed S B4 A peak 1, 2 E 3& EF 530nmoy
A Hd F5U0E BRI oY peak 4% 534nmel AW EFUE JEE Ao
velytoh(Fig. 25). ‘

Sample 1 ¥ 29 TLC ¥4 A= Fig. 263 #gkth. Sample 12 371¢
bandZ &7} o]Fojx AP o Sample 23 Mol 27 bandite]l ¥l
HAh

AEAH o2 Sample 13 Sample 29 HM A E betacyanin AlE 9 Maz
AEHom Mo Aoly PR T FA o o Aoz dAddHT

lfﬂU
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Table 17. Solubility of extracted betalain pigment on various solvent

with different polarity

Solubility of extracted pigment

Solvent Polarity IndeX™ Betalains from Betalains from
pink Bimoran  red Bimoran
N-hexane 0.0 IS s
Isopropyl ether 2.2 IS )
Benzen 3.0 ' IS IS
Methylene chloride 34 IS‘ IS
Butanol 39 IS IS
T etfah?émfuran 42 IS IS
Ethyl acetate 43 IS IS
Methyl acetate 44 IS s
Cyclohexanone 45 IS IS
Ethanol 52 S S
Pyridine ~ 53 S S
Acetone 54 ° S S
Acetonitrile A 6.2 S S
Acetic acid 6.2 S S
Methnol ‘ 6.6 S S
Water 9.0 ) S

'S : Soluble, IS : Insoluble
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‘Waveiengthinm]

Fig. 20. Absorption spectra of red beet extract and freshly
extracted betalains from Bimoran.
A  Red beet extract
B : Pink Bimoran
C : Red Bimoran
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peak 1

peak 2
ak3
U peak4
| | |
0 10 20

Retention time (min)

Fig. 21. HPLC profile of freshly extracted from red beet extract
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peak 1

peak 2

0 10 20
Retention time (min)

Fig. 22. HPLC profile of freshly extracted from pink Bimoran
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83

”. b
Ba5F B N

2
e A0

Wavelengthinm]

Fig. 23. Absorption spectra of each peaks separated from pink

Bimoran by HPLC.
A :peak 1
B : peak 2
C : peak 3
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peak 1

peak 2
peak3
peak4
L——“P U | — —
{ | |
0 10 20

Retention time (min)

Fig. 24. HPLC profile of freshly extracted from red Bimoran
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8.05

8.837
300

Waveleagthinm]

Fig. 25. Absorption spectra of each peaks separated from red
Bimoran by HPLC.
A : peak 1
B : peak 2
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— Band ©
Band @ —

« Band @
Band @ —

Band ® —

A B
Fig. 26. TLC chromatogram of isolated betalains
A lane: pink Bimoran, B: red Bimoran
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2. Chiropyll ¥ carotenoid 49| 2 % 54

Ab#H (Sample 3) ¥ 2% (Sample 49 &4 UV/NVIS §F 29 EY L2 Fig.
2704 Hentet o] Sample 39 M AE 662nm, 618nm % 580nmel FH
E?ﬂ}—% vheblo] chlorophyll a 2 chlorophyll bel FHo F4uld 660~
664nm, 614~615nm, 576~589nm H-¥ dAstE Fed WS veEhdich
T3 Sample 49 Z %% 664nm, 618nm 2 584nm ¥ A3 EFUE
Bt} chlorophyll a 2 chlorophyll bet A9 YAzt A2 e
ODS HPLC colum®.2 % A¥43, Fig. 284 ®Ee uieh 2o
Sample 39+ chlorophyll a7} W28 & 18%, chlorophyll b7} 6% 714 5
of flew o 5% 7t@el f-carotened Fretal A AEE Yehath wrel
A A#H+E chiorophyll® -3t Qo 1 3ol EA4FHS A& v
7] Mg fS 39 AT 548 He oz Agdn
Sample 4°] HPLC ZZvlEIPS Fig. 299 Zow Sample 33= 2d

chlorophyll a7} A A W28l 36%, chlorophyll b7t 14% 713#& $§&3 A=
Aoz vepstt), T3 S -carotened 9% ko]l dF-Ho] AArE. Sample 33
Sample 49] chlorophyll ¥ B -carotene 919 &g &34 ¥ dgdqye &

A Gt w3y goo] FH $AEE Role ¥ Ielst McGhie
w2 ¥ antheraxanthin, lutene 59 Edo] 745Aol & HoZ B
53] Sample 38 A% A4 A 59 ML el zeaxanthin, lutein 52
carotenoidF 2 A ztgc),

==

5o
i

TLCE Mg %ol 2% Fig 30 2 Fig. 31914 2o| Sample 3 % Sample
49 A chlorophyll a, chlorophyll b ¥ B -carotene® U8t bandE el
T Ao gul WA ADHEG FA ol EstE A A EPA disAde
o] ofef Yot

AEAH O E Sample 39] Z4& # 912 33 AE chlorophyll a, chlorophyll hol

- 80 -



o3t =My B-carotenes] 23 How
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Abs 2

400

Wavelengthinm]

Fig. 27. Absorption spectra of freshly extracted gréfting cactus.
A : Sanchwi, B : Sojeong
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A

L | | 1
0 10 20 30
Retention time (min)

Fig. 28. HPLC separation of chlorophylls and carotenoid from
Sanchwi.
A : Chlorophyll a
B : Chlorophyll b
C : B -carotene
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U -
L | | ]

0 10 20 ; ' 30
‘Retention time {min)

Fig. 29. HPLC separation of chlorophylls and carotenoid from
Sojeong
A : chlorophyll a
B : chlorophyll b
C : B -carotene
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S

Fig. 30. TLC chromatogram of isolated chlorophylls and
B —carotene.
“A : chlorophyll a, B : chlorophyll b
C : B-carotene, D : Sanchwi
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B

O
W)

Fig. 31. TLC chromatogram of isolated chlorophylls and
B —carotene.
A : chlorophyll a, B : chiorophyll b,
C : B-carotene, D : Sojeong
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dapatsteet AgERA pH 2, 7, 1022 283te] FAART HEHAH
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Eal)l
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pH 4.29 5294 cycstein® ascorbic acid® H7MetE o
7 b Ekenl cystein® ascorbic acidE W &3] AMEEYE W gEOR
AEH AR B2 AU B, 922 §E8%E 2 cysteing A9@
ofm 2t S MaobA A F¥rE gldlen], EuieEddR Ao A A
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80N A e zE 8 oA pHel 2% anthocyanin® 2% ® g}l
71915t wAg dozidn ddEA oyt NAT HEALAQFS AY sty

A B dHdAe] d¥dgdde oA d9d UEse da g AdHE

=

Betalain(mg%)

H pH 7 pH 10 Initial: 3.78 mg%

Treatments

Fig. 32. Effect of pH on betalain pigment of red Bimoran.

Betalain(mg%)
fav]
5

pH 2 oHT pH 10 Initial: 3.05 mg%

Treatments

Fig. 33. Effect of pH on betalain pigment of pink Bimoran.
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30, 60 2 90T =4 10, 30, 60% ¢ HEAHAFE A 7HEato
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B Age Agg 30CTAA 1080 de)dh AgelA 287 mg%2 YERHAA
60T 1087 7FdaelA 285 m%e A e WE ztole wfg ojv]s}
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Fig. 34. Effect of heating temperature and time on betalain pigment
of red Bimoran.

Betalain{mg%

Terrperature( ) Initial: 3.05 mg%

Time(min)

Fig. 35. Effect of heating temperature and tim

e on betalain pigment
of pink Bimoran.
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Table 1814 B+ ulolztol BAAx el ethanol A8 FolA red ¥ &
B x27IA 9 95% F, AN HEER 271X 5% FELE Ma A
g7 A 95E A JEhgoen 1 thgo] glycerin 50%, barodon 5%
formalin 10% Azl 7oAl Z271A9 90% ol&e #Foz Add 4549484
FAL S Axe Aagye BoFQenl, 7R o] SRS A # ¢ugE
TR Ak s $sitiy B9 F JdE e dEuA 8
s, HAdF2e] G A £ | M2 ]85 ascorbic acid’}
A A% anthocyanin MA o} Fed AgEH FHEIds S

Beattie®} Pederson o &l&) AlAlgl w}

=

rr
o
2.
of

N

2] anthocyanin M A% ascorbic acid &aFe] <

& A dAE Z2HAE Bo] FU

Table 18. Effect of alkaline and acidic additives on betalain pigment of

Bimoran
Pigment contents{mg%)
Treatments
Red Pink
Fresh 3.78+0.25 3.33+0.15
Control
Untreated 2.78+0.33 2.64+0.11
Posphates salt 19 (pHi 12.5) 2.39+0.25 1.98+0.18
Alkaline Barodon 5% (pH 11.97) 3.39+0.41 3.12+0.28
additives NaOCl 0.5% (pH 11.59) 2.74+0.24 2.88+0.15
Ethyl alcohol (pH 838) 3.58+0.17 3.18+0.37
Glycerin 50%(pH 6.2) 3.42+0.15 3.10+0.09
Formalin 10% (pH 5.68) 3.261£0.20 3.14%0.28
Acidic Alum 0.5% (pH 3.65) 2.78+0.26 3.05+0.36
additives DF~100 0.5% (pH 3.45) 3.4510.21 3.00+0.07
Benzoic acid 5% (pH 2.37) 3.16+0.33 3.06+0.10

Ascorbic acid 1% (pH 2.27) 2.66+0.43 2.96x0.14
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A M citric acid, malic acid, succinic acid 9 #F71AHE T °lE
o] A%E 2AEIYYE Fig. 36 % 3794 e shebe] 1% citric acid, malic
acid, succinic acid®] A% HuF Hxg &3 vehdided A4

o] A= citric acide] 98] 3.08 mg%<] betalain THE BYLZH Mh X
g7 74 £<58kA UeElsi e succinic acid7h 2.88 mg%E EAH &0l M
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Fig. 36. Effect of organic acid on betalain pigment of red Bimoran.
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acid Initial : 3.05 mg%

Treatments

Fig. 37. Effect of organic acid on betalain pigment of pink Bimoran.
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dol o] HEMAA betalain MAa9] ¢HAA HAE TS HdHE
A3 Fig. 38 2 399 2tk &, Al(SOss Fex(SO4)s, AgNOsol F&ol 208
10, 100ppme] F&oj 2§42 zAste] M W Pade Alrdg JA A
3 ¥ 52 Azl Fig. 38 2 399 Aol Hizupel o] o] &8N
Fro] @2 fo4de Bolx gtow FHA Almel glol 10 ppmel Al(SO4s,
Fex(SOus7F zhzt 215 2 213 m% o2 MAael &do] 713 HA vewan,
100 ppml Al(SOasE 1.89 mg%2 7H4 &40 ZA vetwth $2413xd 3
A ANz QN E 10 ppm AT A Al(SOss FexSOs)s, AgNO:o
sAME 27 210, 204, 165 mg%® JEbgres 100ppm A TFelM e
Al(SO4)s 7} 209mg%E M &80 718 e Ao vehkth

e AWt Starsh Francis® ATl oW FHe we HA
anthocyanin® 2% & P45 A =3, Aol pH 27404 i BRI FE
€ Yehdgs 2ad Ax dxstg ey dubE o g (-dihydroxy group®l $i

k)
al
B
o
e
2
L

£ pelagonin® metal complex®l ¢]3 intramolecular copigmentationg ¥/d &
4 glol ©& 0-dihydroxy groupel 9J¥ anthocyanino) #l3}e] ¢t Aol &}
e Abe 59 AT dx"Hcn #dEHD, B3 AR 2 dYdAE
AP Fe”, Agholed 9@ da mEade adA Y & U Ao o
A Aot
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Betalain{mg%)

Treatments Initial: 2.54mg%

Fig. 38. Effect of metal ions on betalain pigment of red Bimoran.

Betalain{mg%)

Al2(S0413  Fe2(S0413 AgNO3

Treat ts
reatmen Initial: 2.65 mg%

Fig. 39. Effect of metal ions on betalain pigment of pink Bimoran.

.05 .



CHEANAY] gge AAy zAd Ay @ wAs xA
7} BAAzA @ SRFF Wz

NAT e HEQQTRY FRFBE AWHOR 0425~09633% F
Foz vhgs Fwol gRAclde AN HAL wE ¥R FLEY
of tha Eskou} kx| 2 Folg molAE @ATH BFAAR olF PSR
Boo] FRABE Table 199 2ol 385-826% +F o2 FAGA $8o] &
2¥2om glycerin 50% M TE AYstne o 4% FF FEEFE B
Zth "ol L glycerin HMETE HEHNQAE gyel IYPoRN F
Bol AZHE AL A Row Ml DP

Table 19. Changes in moisture contents of freeze—dried grafting cactus
after various treatments

Moisture contents(%)

Treatments Red Bimoran Pink Bimoran  Sanchwi Saojeong
Fresh 96.33+025 05612012 94871054 94.25+026
Untreated 4541055 4161043  385%026  4.05%043
Flectiolyzed PH 2 492036 4123022 416%045 4225068

oxidizing ~ pH 7  466£028  433£015 4061041  4.26%051
water pH 10  475%069  436%053 4441027 4681033
Barodon 5% 4651014 440048 4121036 437015
NaOCl 0.5% 434+051  437+041 4001025 429t012
Benzoic acid 5% 4971070  487+083 4391064  437%050
Glycerin 50% 826+065 6251039 - 7.36=058  7.00%:036
DF-100 0.5% 512+063  496+036 4721034 4691064
Alum 0.5% 480+046 4671054 4202021  400:028
Formalin 10% 4661050 4761058 & 4471063 4161022
Ethyl alcohol 418+029 4294054 3981055 4041023
90°C-1 min blanching 5057043  4.95+061 4651048 459%065
60C-3 min blanching 470£020 4384048 = 424+037 455%069
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Table 20. Change rates in shape of freeze-dried red Bimoran after
various treatments

Change ratio(%6)

Treatments Area  Aspect D(llil/ln;it?r Perimeter Roundness

Untreated 690 140 38 669 1844
Plectrolyzed | PH2 66 0% 325 666 1626
oxidizing pH7 687 072 269 647 1554
water pH10 59 124 412 600 1629
Barodon 5% 742 146 394 705 1507
NaOCl 05% 660 093 337 621 1920
Benzoic acid 5% 625 125 284 589 1811
Glycerin 50% 625 142 269 567 1767
DF-100 05% 554 088 272 490 1548
Alum 05% | 655 094 367 544 1807
Formalin 10% 742 152 4ll 754 1724
Ethyl alcohol 523 105 288 510 1666

90C-10 min blanching 788 1.83 3.53 755 19.25
60C-30 min blanching 3.26 1.65 3.96 7.92 18.21
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Table 21. Change rates in shape of freeze-dried pink Bimoran after
various treatments

Change ratio(%)

Treatments Diameter
Area Aspect amet

Perimeter Roundness

(Max.)
Untreated 7.87 177 554 7.24 12.49
pH 2 7.80 165 5.67 6.97 1354
Electrolyzed
oxidizing pH 7 7.76 1.25 5.05 6.96 9.66
water
pH 10 705 143 5.41 6.17 9.47
Barodon 5% 7.50 1.60 597 7.16 14.52
NaOCl 05% 712 1.40 555 65 11.12
Benzoic acid 5% 7.00 178 438 6.00 10.49
Glycerin 50% 727 1.20 496 7.14 11.98
DF-100 05% 6.87 1.26 5.20 6.09 1260
Alum 0.5% 6,60 1.34 500 8.27 1454
Formalin 10% 7.25 1.36 487 7.26 13.26
Ethyl alcohol 7.12 1.20 433 705 12.00
50T -10min blanching 7.85 1.46 5.72 7.49 12.96
60°C -30min blanching 800 164 564 7.65 1254
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Table 22. Change rates in shape of freeze-dried Sanchwi after various

treatments
B Change ratio(%)
Treatments Area Aspect D(;I?/Irg?gar Perimeter

Untreated 865 247 6.66 8.04

pH 2 8.40 2.15 500 800
Electrolyzed
oxidizing pH 7 872 2.06 496 8.37
water

pH 10 .11 2.94 5.74 7.24
Barodon 5% 770 2.37 7.07 6.59
NaOCl 0.5% 745 198 6.49 6.41
Benzoic acid 5% .67 1.85 6.13 6.78
Glycerin 50% 7.20 1.71 525 6.40
DF-100 05% 747 2.44 518 7.05
Alum 05% : 842 1.88 6.48 8.15
Formalin 10% 8.00 254 527 777
Ethyl alcohol 823 2.20 591 714
907 -10min blanching 8.88 2.40 776 8.76
60C-30min blanching =~ 919 2.94 704 970
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Table 23. Change rates in shape of freeze-dried Sojeong after various
treatments

Change ratio{%)

Treatments i .
Area  Aspect qlﬁgit?r Perimeter Roundness

Untreated 7.26 0.94 3.27 3.29 9.27
pH 2 7.42 0.77 4.26 3.41 8.24
Electrolyzed B ~
o pH7 725 0.65 4.03 3.54 7.96
oxidizing water
pH 10 7.08 0.75 2.07 3.05 9.98
Barodon 5% 6.42 0.46 3.18 2.96 8.74
NaQCl 0.5% 7.71 1.14 268 4.14 8.47
Benzoic acid 5% 7.64 0.96 415 4.00 8.25
Glycerin 50% 7.50 087 3.42 375 7.74
DF-100 0.5% 7.09 0.64 3.00 3.16 7.42
Alum 05% 6.84 1.09 2.96 3.22 6.94
Formalin 10% 6.67 0.72 3.12 3.00 8.25
Ethyl alcohol 7.23 093 2.84 3.37 7.00
90C -10min blanching 7.24 112 3.69 356 7.26

60T -30min blanching 3.76 787
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Table 24. Change rates in shape of freeze-dried grafting cactus after
various treatments

Change ratio(%)

Treatments Area Aspect ?ngef € Perimeter Roundness
Untreated 73433 13700 42167"  57400" 134007
Electrolyzed H 2 729007 1.1133% 43033  56800°  12.680°
oxidizing pH 7 72033 08733° 3.9233" 56567°  11.053"°
water H 10 66767°  11400™ 38667 50733  11915°
Barodon 5% 711339 11733 43633° 57233 12.810°
NaOCl 0.5% 71433 1.2900°° 3.8667° 561670 12.930°
Benzoic acid 5% £.9633™¢ 13300 3.7900"  5.2967" = 12.283°
Glycerin 50% 70067°¢ 11633 36900  54367°  12.463°
DF-100 0.5% 6.500° 09267 36400  4.7167°  11.833°
Alum 05% 66633 1.1233™ 38767° 49767  13.183°
Formalin 10% 71133 12000 4.0333° 59333 12917
Ethyl alcohol 65267  1.0600°° 3.3500° 51733 11887

90C-10min blanching 76567 14700 4.3133" 6.2000° 13517
60C-30min blanching 7.8200° 1.4600*  4.3700° 6.3767° 12.873"
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Table 25. Change in pigment contents of grafting cactus freeze-—dried
after various treatments

Pigment contents{mg%)

Frestments B izljgg“an B i,};;glr{an Sanchwi Sojeong
Fresh 3784025 333%015 2755042 4565142
Untreated 2/78+0.33  264+0.11 249+028 4021+135
Blectrolyzed  PH 2 329F020  287%017  246+069 3066+ 168

oxidizing ~ pH 7 2914019 2741024  239+055 39.82+125
water pH 10 347+0.16 305012 2525040 41.10+229
Barodon 5% 3394041 312028 251018 40021228
NaOCl 0.5% 2744024 2884015  247+066 3880* 181
Benzoic acid 5% 3164033 3064010  260+0.74 4235169
Glycerin 50% 3424015 3104009  240+048 4220%150
Alum 05% 9784026 305036 2501066 4177289
Formalin 10% 3261020 314028 2561087 42855124
Ethyl alcohol 3584017 3.18%037  269%027 4368%220
90C-10min blanching 3.15%027 2954035  240+0.63 3890+356
60C-30min blanching 298+0.19 2574023  248+041 = 40.86+237
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Table 23. Changes in weight of freeze dried grafting cactus after

coating treatment

After freeze drying After coating treatment

Initial

weight(g) Weight(g) szif:(a;:;lg Weight(g) Ir;(;rtz?;r}lg
1 110.96 5.45- 95.09 22.78 317.98
2 108.63 378 96,52 19.58 417.98
3 63.72 2.85 95.52 15.29 436.49
4 5183 - 2.86 94.48 11.74 310.49
5 69.58 3.03 9.64 10.85 258.09
6 52.90 2.93 94.46 10.01 241.64
7 55.42 264 95.24 7.67 190.53
8 45.04 2.42 94.63 8.00 230.58
9 44,66 2.31 94.83 823 256.28
10 33.17 1.68 94.94 16.72 895.24
11 27.91 1.23 95.59 10.68 768.29
12 29,76 1.45 95.13 14.32 887.59
13 1809 08 - 9525 3.02 251.16
14 16.85 0.23 98.63 0.97 321.74
15 9.23 035 . 9621 1.19 240.00
6 . 1116 0.45 95.97 1.80 300.00
17 15.23 060 . 9606 123 10500
18 16.84 055 96.73 1.07 9455
19 18.98 0.78 95.89 141 80.77
20 29.89 1.29 95.68 2.94 12791
21 31.08 165 94.69 466 182.42
22 3213 1.38 95.70 3.08 123.19
23 623 031 9502 104 23548
24 8.06 042 9479 1.17 17857
25 9.38 053 94.35 1.81 24151
A;e;ag’e 95.47%0.95 251.83+9051
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Fig. 36. A trial product of dried grafting cactus.
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Fig. 36. A trial product of dried grafting cactus.

- 110 -



34

2. FAA

A

L=
EUN

ol
=

7b. Avl A g

Z, coating, A%, casing, 9

&

z,

al

S

3
o

2

=]
il

o
=

EERE]

A%

9 =7 49

)

1~3hr

=R

|

2%

p—

X

el

£9
I\
L S
=SS
M B E
g
T L
R
M N

T

i
T o bo

o3 =f 13 o

A% 24hr

ke
&

7. Coating
8. Casing

FAE

Aol Az

1

RS
Y

a9 37 848 dx 4

- 11t -



aga, BAE HEAAG FHE T S0ked HIAFE HEAAYE dEd
2594 7HEstel L6BS AxALY B4E ABHAGS Adse A& 1R
oz ste] BAsAG AEHA% 223 BFE FHAUAT 1 WTH
A 9w HEAMAA 10000kgo]l 2851, £ 10%E HEAATh A

1ARGS Faste 2y 2 A AL HHAAF
ggdte] FAYor Ao,
QL Mg 2rke) Aulzk Bad Aoyl HEel «7kd
7 AQelM AhEFE st Aer AYste o FvbEuE At 4A4
A Alg¥ A AnAdLe g 249 gow, @A Al $H3E
HdEEe st AR

E 24 B8 HEAQE A4 dAuiAY

z A SR T A F % FANAR)
R S &< e 1800 % 900 2 800,000

A9 A 900 X 900 2 2,000,000

2 A A= - ©1500x 1830 1 5,130,000

A &= Tray 800 X 800 X 150 5 500,000

¥ A B2z 1200 X 1800 % 1500 2 40,000,000

FAAx  BAARY 1800 X 1500 X 2000 2 60,000,000

Coating 2B 850 X 8500 % 3000 1 2,000,000

Cashing = |

ERE R Ik X 20 égg%é;gw 1290 1 20,000,000

-112-



oA B3 A 47tE 98

71 An 5=

=

1)

1503

U

Aol A

ojFel 7tAdtel 2o H =

FA k.

HoR &

Eid=

X 25 B8 AE AR AEEF AdAT FANY

o o | © o
] o
©|g| 88852 /38888888
|2 gl volFfesss 2R FSla
M S BE8YW | B IZIFEIREC TR
o
!
= o 2
™~ jas] i
po o o
i
M.WO
& 8 i
ﬂ
T
~
Ho d
oo %
il A =
I R R T — =
W T v A
Wl en O X | = N{ w0 e
Sl TR | e M AN N T W
Ho | RH | @ & = @R F R F W
b e
wr FLE._E ﬁuzT xwﬂsEoEOWUJiD_Aﬂﬂ/
e o5 <

el o

Au| Loz AA9}

.
L

| 285

k3



e

y

He

%
744 F A

Aoz e

- 71k ule

He Aoz vebwv, mebA AldFaiE

t Zielh,

2
2

el 60,000
0003
G
ot

afj oF
Aldzpg el wirlult As

d Abg o] lefok

of dag AFH&

TRl mEt EdAE A2ede dElded B

-

Dy
ko3

EEFAE 6
2

A

e

]
2. o
e

Z
g

000

300 ¢}
ix

Mol 285
T

R4

5

L.
T

i)

o]
W

Al &
=
m
=
=.8.
= S

I

o} 4
Mo uf

Ees
I;ﬂ

=]

o]
=
11.

HE
)
&
:’T'L e}

AldAel ol g ¢l

A,
#7bEel e

ey
(&)

T

o
e
f.

A

R HAFT AR 375,

-
000491, EX 7Y

o whebA

B 23 Ay
1449303 ¢ o]

‘j.

7hgskel B

G
5

t71 #

ulk
=
EREEEE S

- %

23 0] v

L

150

&

1

=1
=

Heh
ek AEF A Ape]rh ol BT £ Y

8. &
¥

B39
A

p=%

.
A3
=

2.
=

!

=2
T
H

T
T
%

o}

G2

o
il

3o
9

o8 7R

%
o

i

N

AN A B

&

R

FArtk ol

o 285w FAR & ¢ W& ¥ 267 2ok

&8 80keol #]
2 8]

o]

Fe
2 7}

1,

LA

[¢]

-1i4 -

Az

7h) Azx=47t
(1) AzH



.
o

5

]

1 1.6M/T
T

o] k& 1A00kgol AL ED kg 71A o

TufAbE S 1,520

1,520
6,144
2,560
259.2
10,483.2
16,000
24,000
40,000

50,483.2

wtepA o 7le] Abgd H]

95
12,000
3,000

100

150

14 IM/TA2EA] 1] A
5,000

g7H)

o]

A
T

_]

=7

o
Aol olzA Ev. 2 B4E& HE

34 e,

al

Eal
5
28 kg, M)
16000
512
512
86.4
160,000
160,000

Al

14 7HEA Amv 23|

R 54

o
k)

3

26. #F§ JHA

of A7t &4

A&y
2 A (1)

ok e

2 E2)

A

21 & 8]

Al Q.5

X

®T T W N T
WX T W Mm
K 0
128 = E&. HM% 3
Mmoo o T
xxm w O oy o
< T
¢ % ET RN
M \Nro Mml ﬂmﬂ m.mu
] ‘a )
To O?_ Oﬁé ,m.N! d.WL
W ox i
oo N =
wm R
N TS
b ®oOoar ool w
mr Mw\ w A
o 2w W
o o om ™o
2 g ® -
el
=N W oW
™o W Owe W
UG O S <
I3 o
oY
™ owm e T O
Yy R
y ol M/W W
N wo ~
B oH T
0% mR e
W £l Aw ¥ o5
; b
=
FALSE
VP/E ‘MI < i
Oﬁa o [aN ﬂ o
KT T OW F

- 115-



EAE E HIAE 10gs AdsiEd 18 A9z E 16M/T Aidd e
Q5= "R 160008 ol o) RS EME A
=]

El
Ao FE A 982 240008 0] 288 ALR odET

A% L6M/TS B4§ FRUQF A% /5ol o A9 42
ozE FRY 197 /A 19¢ HEsden, 984 Y 97 THE

gt Aoz AYRAG. $B Qe BRe Fol7] Hatel & A

HagdEd 7189 71 282494 9 300084, 714F 19
4, 443 € 5008 el 44 AEHE Aoz AP eH, o7ld =AY
TRER NAAE 1dell € 718F 400%9 $33 1hEEe dFel @7
st HAZEFol 28HE Aoz /A o] 22 s A8 HE 3
FHE #E 275 Fol Az 1113337 Ee] 28HE RoE YERET
T 190A 143 AFHe vee 718F0 ¥ 3000H €4 3600084,

o
s

F1EF 400%] SMFeE AT 1200089 HFe TS 99T AT
Fdo HF3E HAFAEZIEFE 400089 B F 520004 Qe o] Aoz d
Fgh

ZIAE 1IRD Al 193t AF 5 e v &L 7[EFol € 1,000 €44 120008 9,
71839 400% HFste doda 4000847 FAFS TEE 49T dEF
Ao} Pl HAFAZFEE 1,333H8Y T F 17333:del o] Aoz 4%
g

d&ALe FF 79 Auv o Ae® ARG oed, olEdAE 11T €4

50094 EF 42,0008 o] AEHE Aoz e

rr

- 116 -



¥ 27. 3G =¥y AFgud

R 3 ERE
TR Aol | F o | Anasd
) (@) 93
RS 1 3,000 36,000 12,000 4,000 52,000
712 1 1,000 12,000 4,000 1,333 17,333
P 7 3,500 42,000 - - 42,000
A 9 7,500 90,600 16,000 5,333 111,333
F 0 1A A% bRy BwE 747 50% g ek Agse] 4.
2 ALALRE NEF A7, HAFITTTL AHbeed UE,
3 AT AALNA Y ANRFY 40%4 7 7.
N HAFAFRIL LT Bolne U 49T YFAY.

P4 9% AEe HF oy, BAu, ArE 5 oY

:?. (5]
7bE73nle] X Eo] o g Hrh olgl e pFAule AE2HGL £ BF 2
h=a

o Bsgue FHN, AQugHsE 3 490 Bels4sAe A 48
g AuE wHE ¥ RAAAE SRY 199 199 BE FAuE 35009,

Fau) ol9e] HyFgule 300090 AaHs Aoz st el 259
A 1249 2RsEs Row Adsd ols go| Aste £aHE B4
Hl & 8400 ol ol &0,

onl= ofg 150 o] 225 Jed A7F 18003 o] 4285 H,
EAHE gelo] 1919 9 1089 A o]fshe Ao AR AT %60AY
o, ma 2EEur 9 5vdd 2e¥t 2oz sbAstel @ 6008 Aol 72

E
Ao¥E Aog UgEYH,

rr
po)
o
f
~J
—_—
o
Ol

-117 -



B 28 #4E HE AQAE AA3AG AT g

a 5 A & o H] i
1. B2 5 4] 15,600
ekl (8,400 | 82! x 3500¢ x 25Y x 12€
7] E (7,200) | 89 x 30009 x 25¢ x 12¥
2.9 w 1,800 | 1500009 x 12¢
3. B4y 960 | 821 x 10,0008 x 12€
4. AR FEH| 600 | 50,000¢ x 12¢¥
5. 4] 725 | 71 Al El] 0.5%
6. A718 1,260
2010 7R Q9 83H Y/ Y (1,056) | AAF&(3He] d€19 %A
ARg R 176 9/¢ (204 | 87 H&
7. Z7E42hm| 20,030
8 A&FANGTU/D) 600 | 50,0009¢ x 12€
9. 7| 120,000 | 10,000 ¢ x 124
10. 88 1,560 | H-84u 9] 0.3%
11. 71 # 42,324 | A z7 92 206%
7 205,459

WMEFEEE 4 50398 L8HE Aoz A A 6003 de], FAHvE
AR R R A ] 05%E 7HR3tY 725H Yol 28 5E AR AR

Arlae VRN AELFeE FRHEH, BT WY JELF
4490¢el 22 Alekd® 20KNel i 4 71ERTe] 88,0008 delH, A T
& BN E 2HeA1260Mh] @t dH AHEaFE 1Y 8AT o &
& JHEste] 200 E 12709 AREStE Ao stgoen, AHELE wrte AYE
(Do dH19] A 239 5259¢ HEAHh o9 Zo] AHHIAE
4 25U Abgol WE AR LT 17HYY A8 I A 1,260 e ol Erh
A AEHAs FATL dule st Es wddte Al 47

103628 2.2 vekteon, oo g 47U ® 299 Zrh

2

118 -



B
o

plo

Rt

77 2b5 S o)

ol g3t U7t

tgom, vpajgte g 71EhA

G

Al

2
=

] S

!

2

Gl

Sttt
3 Z1AAE 7k e 0.03% 1,560

<
L=

32
1g

ks

X

K
b

-119-

oz A=A



E 29. 7b3ANY #AME ]l A d (A=A )

(g9 )
4 9 # HA5 9 A 8o \Aztdd | Az
LA B 3 37,500,000
7}EE7 : 322%8888 37,500,000 40 d 8,437,500
IL 7] A A ¥
TAARY 60,000,000 6,000,000 | 11 4 4,909,091
W& 247 20,000,000 2,000,000 | 11 ¥ 1,636,364
qA 5,130,000 513,000f 11 & 419.727
543 40,000,000 40000001 11 4 3,272,727
AAo(RE4ED) 800,000 80,000 | 11 4 65,455
ZAdoj(xd) 2,000,000 200,000f 11 4 163,636
AA (=) 2,000,000 200,000 11 163,636
nge ¢ 2oy 8,000,000 800,000 11 654,545
TR AT A 5,000,000 500,000 11 @ 409,091
Al 11,857,909

FooARAe BAAY A I 10%F Y&

) w2 Qe

#o) R Awwelus gad Axe] BulE dF A A0S AFY LI
e AupE dBeY 2 Yo E 303 2
oF Bul P ARBREo] BASHE FAL) W YFAFAY H =T
Wg Avnd ¥ 319 2ok g 2 duRaREe FAY Q9 AFE
AsEA BRYESE F2E SAVIA 1Felth ool AFSAL AAHE
FuAge 7BE 717 9 1008902 APstel A7 AT 17,333

Aol AFHE Roz ARG

o

do} 2 dutAuF BYFgus FA6, AL4dFdY F wo] 2 I
2R FAsE A TSV A 288 FwE LaH ¥
4 197 1909 A FAuE 50009, F48 o) B EZAulE 30004



2 Hgstel @ 2ol 2594 1249 SRS Qo AAstart
Tol Axtetel xeHE HeFAHE 12008900 o] £ok

30. 7FEA vl 2 AwrAE Wy

& = 2 & oA H] i

1. ZHH 554 17,333 ¥ 31 #=

R (12,000)

ol g ( 4,000)

HAgAFEH (1,333)
2. B2 %A 1,200

344 ( 750) | 059 x 50009 x 259 x 129

71 & ( 450) | 059 x 3,000 x 259 x 12¢
3.4 1,200 | 100,000 x 129
4, BAu] 180 | 058 x 30,0009 x 124
5. &S Zn 240 | 20,0009 x 129
6. =234 35 | AN e 05%
7. S E3gu) 120 | 10,0009 x 12€
8. Abekg-A] | 2400 | 2000009 x 129
9. 77k 894
10. A& F &y 600 | 50,0009 x 12€
11. 3 A n] 5333 | der# 9 1555%
12. B8¥ 8 850 | A= 8504
13. ol F %] 1,715 durAeiv] o 5.0%%
14. A A3 463 | dwkz)vlel 135%
15. 71 ¥ 70644 | dukdeieie] 206%
o 2 gk E] A 39,627

oAuli o) P Awe)RFo FAse A9 A5 @v) YBEL A%
WY 100890l AediE Ao bgstel Az 120080 285w, FAv
05900 € 308U 4% o] g3k Ao sbPstel A7 180AKo], EE 2

- 121 -



Fod 2403

23 5]
ok

Hog 7+

I %
(e

AL YEwt RIS

e [ o P
0 s TR e -~ T
T X ) %o G Mm wOF
g " e 9 T
P om T T . A4 gt NN
¥ op oW T i iy = B0
q% 5 ~ mw N - T -
o E‘w ™~ Iy v . " ' B e
- - B o 3
wo oW BT RIgr 2o
5 N K o WMol —~|T & —_ T
Ie W o £ ‘
nd .& ¥ o) B . i Kl M./! ﬂz
2 oo ® C 5 fin S L o E
L o M oo . 8w oH M {4
o R 18 wr w i & o i M i
wowWF - m“,a W ‘ 7o W 7O
of o T o ~ gl » —
w A4 O® = T B S| Ten o e
T Noo L A L o
i ; T <° ™ K oy o
(e w9 o * ar ot oy ar v A e
of o " @m A = o Nl SR
I N B D PR =1 - 2 X
e T s i o i ~ Mﬁc n H N 3 X o
o ) bx .WM o] x4 e o n._Axo m 30
Hoe w T e F e L rm Af-
w VoW o TS T = T o m.o. A
oo o e < .UW o i o — g ~
AT ® m A i BESE: HK %ﬁ
[ T @ R %o
= % B = WM o W.o ~ o o} o o by oy
b J& OM o g N = Ko Ty
ke o ﬁM o ™ N -4 @.h .HW w o
o oo %O & g L R A K
I S S TR o % H LN B
TN X W T o Mo = KN o
Ll . - B ~ L Pt w
~ P
B o AR R - — [ mE® g
Wge X « & = T
&i b m ©° \.m,rzn ..,W, smv K- 2
(T R T N =] i

o] A A FH

g, 71epE g

etz A% wpAll" HFE olgA FAst=v] we A A

o7t A |tk ey B B4

ﬁ?

3Ly
(=]

- 122 -



2, 71l g 2 %o @A Boj 9 AumueAd AAse FS 4% F

2o P ulg& AMstth o] 2 Wy Adstd FuAd

et

Q.
v

T 5333, #HHAME 171484, AATIAFS 462U, I
7.0644H o] ¥ = AoeR byt

O%D

o) £a7be] AHA

t
st7] sl EnvbA & HAgolaol Aok dr mEbd & M E

|rkel o B duwbgejuoh oA ANE ol&& vdte Ad FHERIE
AR, o7l RIEERA] 10%E THEEte] AFEa7ME A ST
ol & Woez A MU wAM R Enrte B 2% 2o A
U7t oA AHE AN FAEY 1048389, A RH] 40,0008, A
HieFHl 940006 ¢, 7FEAE] 2049084 Y 5 EF 349301 el o] &t ol &
o] Mzdstel #uf L Yl E o g4 10%etn P ol &
38888 doll ol&rh AxA7E, ol ¥ drideid], olgE v Az
42777618 ol H, ofvlo] BIFEAA 10%E Tg HFE07te 4705370408
Ve T

ke AMzA7bE 21836949 22 vElkow, wef 3 drtdedlE 2467659
doz Yeht o] FHE ol 10%% ol&& 243046¢0) HH, AAE2IE
267350599, H77bA Al E 2 AFE50bE 204085649 2.2 YERRT,

S EgY Axgrie 218360¢ o2 dEden, wup ¥ d¥tdns
24677?12& e o] FEE ghel 10%% ol &2 243.06€°] HH, AMEL
7t 2,678.51%I BIAZMAAE T8 AEER7ME 2940869 22 e

J

03i

-123 -



E 32. Axd7 2 371 HAA
(49 2D
T X 5 F 489 k@ 2ol T 289
AU 1,520,000 950 95
P 221 (1) 6,144,000 3,840 38.4
A A (2) 2,560,000 1,600 16.0
s 259.200 162 1.62
EZZA4EN | AEX 16,000,000 10,000 100
AN E o) 24,000,000 15,000 150
ATy | ¢ a 78,000,000 48,750 4875
g 4 12,000,000 7,500 75
HANYF 4,000,000 2,500 25
748 %4 vl B & A 15,600,000 9,750 975
o H] 1,800,000 1,125 11.25
T 4 9 576,000 360 36
B 600,000 375 3.75
oA 724,650 45291 453
A 7 B 756,000 4725 473
77 20,295,409 12,684.63 126.85
AEEFAN 600,000 375 3.75
o] F 7} 120,000,000 75,000 750
X 3 B 1,559,790 974.87 9.75
7] E} 42,395.991 26,497.49 264.97
A = 4 7 349,391,040 218,369.40 2,183.69

- 124 -



(3% 32. 4%)

g = F o5 F 4229 kT 28N HT L
e ¥ 7HH e ) 12,000,000 7,500 75
derdEn] | Aol g 4,000,000 2,500 25
HAAYS 1,333,333 833.33 833
B2 T 4] 1,200,000 750 75
o H] 1,200,000 750 75
T A 4 180,000 1125 1.13
B ¥E v 144,000 90 09
F A H 34,750 21.72 0.22
74 28] 893,571 558.48 558
FE.FE 72,000 45 0.45
¥ 03 g5 850,000 531.25 531
2 -2 1) 2,400,000 1,500 15
TEFHY 600,000 375 375
340 7] 5,332,693 3,332.93 33.33
o & 21 1,714,692 1,071.68 10.72
A A F 462.967 289.35 2.89
71 E} 7,064,532 4,415.33 44.15
o 2 AwkdEu] A 39,482,539 24,676,59 246.77
o] (M= Uk deid] 10%) 38,887,358 24,304.6 243.05
A& 57t 427,760,938 267,350.59 2,67351
BN (M A E 37k 10%) | 42,776,094 26,735.06 267.35
ANFEE a7} 470,537,032 294,085.64 2,940.86




3) EJALA

Aol A, Aol Add, Adglel we, aen Agorye WA
v oulgs 2oe AR faAs FARYel AAsolol sdl o714
= EAANAE o83l Adel T84S ARHYIR A

=

e & gAY FAEe] #8WEst g8 A9 28lE HEE 5o A&
of @} awy B & gt
TS A At

Bl 82 AA Fgul 40 JPuig o FEHAH, P BolE FANLTIL
et wolg AF Aol APHoR 2aFHE ARY, =74, B¥ F TV
of Azd FFAu e SAF Aojg AT #EH, AR £I6 5 A
Aon, A7ld tate QG A E ] vpre] i vt
A sgEe A Fe Aot Aok

ol AFBZFE doJal FANA AFAYA 229 Assp § o
& A ge A ymARA &AM E Fgste AT 5HES wgdi] 5
ool duwhi} Hex AR HEFHORE of9 FRI RA HeAE B

2
2
>
iy
-z
>
itia
o
g
S
Rl
N
i
of
R
o,
AL
N
X
E

g B R AMud AL A U4 A5 Egs @ oA
Aq7b ohel oz WASAD g3 udsde] 528 =
RE BASE o)y fEo] EoAAMAe] & $9e ARY 1A

T
oM o4 el @m ol 2 sbgol WA HuW &ee At gk

- 126 -



_Zwa

A7t delg AAsr R}

|

z 3

T8.9%

APl A

X
w

E
=

7VAolt, &7t E e

B7e)

dA 2AE 7HARY wud AY

o

&+

o

e
%
A

A

oW

B

bk
M

o

3|
S|

5 8ol

=
=

&o] wopx|A "Hrt wekM uE £4& faAe 2ulA A

el

t

?J:

5

W

ted 11

3

B AFAALe A

=)
-

3}

£
hors

AL W ES gy, =Fu 59 A7t

|

L
i

F Aok zEg B 2HeA Al 7HE

ot
Holzt 744

b e A

ol

Ao
e
=

o]

vl Aol of

£t

taew 7|

51

o
=

AR RN

R=1
&

2003 & A

bl 2R

gl 10%9 ol%S U3

bl = & 427,761 € 0]

3
1

) & <]

of olzu @l 2 dv@uFT FIHS

4
188 394837 ol =3tod

d

349,341

BT

B

g

SEENRE

Y

Aot 4

L.
£

bo) 21,189 ¢

ol Hvy 2 FM 7t

ol & 38887

- 127 -



g 7hEArd el EdANA

G
4
vz 52228288 EEEER g gegBIAr g8y ey
EIRLEESERETEE T R GRE T STHRE TS o =&
I~ O O UL e [} Sy Do e [aN} (ST i D e OO
@bmﬂu%‘idxgl -t & v [{=T A\ s
"
Hr )
w
— _ %! —
2 E = T E o = T TEE @ R 5
S w = [ =0 v ¥ xR w =
PmEEeh mHEwEeT S| K T FHE o eRT M o T 2o %o
wolorm TRERFETEIHTRITE | TEIHTABRIAE T T =
Clp e Al T d RN g AT T dEARARH T N o
| o

- 128 -




4) 594 84

F Qe RE £9% u§S sestel ¥l o
st wg BAA Adss FAEE Ao mE Aol 19 ule] 2w
oy WA S AR A%EY] ARl A 713 3 e AgelA @

Sz £ v 8-S Hrhsor g golth ol g FAME dAstn 2A=
Abddel @otel dojA fFE&EA 22ele
Value)?} ul¥-4-2&(Internal Rate of Return), 4-7|

Ratio) 5] Sith

2,
Bl
it
rir
>
rﬁL

A} 7}A (Net Present

& {(Benefit—cost

op

7h) « 8 A 71 A (Net Present Value)
S AFEy] A 9 HelE ZFan Sgsted e MM
, 97t 2880 @A Age 9dFAE o T &S AES UivtE
Foolgt= HtilFHE AA €t o] W Fojo] vl&ET A7 e dt A}
de 8P4 ZA 2 Aotk v o] v R iy AYS A &
Aol 23l AAHolth eyt Al 7Izke] o] Z)zbell HA YR H R EA
MR} Ao FAAH] ME Agold AS dEdl Folo A wgo &
A vuseE AT zE kg o7 W89 Hlurt o]Fo A & gl vt
FAT AP B FEE olfol A & gk 2 o]fE ojAEe] 0% B
& A9stue £4 7R FALAHn AR & Vdde HE gE
NAE ZA Hr) WEeth wEt AR g 7] A v §H FAE 3
7tetrl S M2 e 71 #AE vgoly $e FYE VELR
Qafot sted oleh 2o A § HhYo] Zzpel A Ao
A s AG wAstE e gdEe vlE% £9L AA7HA] (Present Value)=
vE & w8l A} oo FAE vuse £@A7FA(Net Present
Value)t}.

e}

=
=3

2‘.
+

0,
i
o
N

-129 -



BAZAE o AAA T4T wEel S =zt BAHY Az
drht HEAE UElE Ae2A 1 ugo} #9g ASHeR F4uH:
ApeE FAT FAL BHL olm ALgeE o] HE e A olxEe] FHof

A AME we} 2o B SAAMAE vl 247] & Add 24E £
3 oMge YAES A BAANZ A@s AQrIF T 2L @
582 B Aot

SRAZMA Bohel weh GAR Age AR AANE AFAE NES A

de AT FEY FTEA Aol BEHE HAHE SR
F(F)olgdolojof gt Frt ArhE Al der sty TASE T
o) AT At 9L s FAE g ARG Ae o=
A ool A Ao AgaAY e el FAsE Aol o AAALE o

B EAA #RAVNXE 263512HY o2 J(EBG Z7] dEd BEE
A8 A% 7HEA S T4 e AR JEwEt F #4 g
b Ao FoelA W EE A £Fde BASG FATIAY BF
@A 7F 2635127 W ol ok,
A, 74z AR X E dekdrge ¢S Swol AW HA 9 A
dgdol H RAUMNE vehlle Hol AE 3 4H]&(Capital Recovery Cost)©]
o B BMoA @ AsIA e B 3 <H] 8 (Capital Recovery Cost) 19,3143
dog2 Yepsdth & A7 263512098 2] A e wzinbek 19,314
e &de ok HE FHoln #AE HE AQFA EEEe] 294
GE Fog AAR/IEd FEMES A sivicl 19314499 £FAE &
E A Zoete eweln)

f

,_
-
i
of
[
o

(Internal Rate of Return)

£
L
AN A
4
i)
o

A S Frlets Atabledl s £ @AZLA olglo] REFYE] Yot £
T2 SFE ol&dtd A AAIAE Hrtste WHd WEFdeEE ©

130 -



i B G S B <
— [ovad 1
pis ‘_6 ok o oy Nr N ‘ﬂ_ < ol
B OF s AB ,
I W W T o
T xo =) ‘: ] ..E p; o o
TN o X e T o I {+
L B i Tome 3 T o+
T o g x T =
< m Wb i oy
T OT oo W = o o B
T T W o4y Fox ok X oy
ny Ay ~ 3 A T
prs =) = ol KA
N . = + = -
L.E \"ms i e o ] 7 o
@ T T mmm o oy Ay RO nk
o ¢ Y C I uoE oy
dy W oom m T o o o
o o T o XK 4
e [l N or k<) <
il X ~ BT )

T 5z koo o Mo gy A
SN oo oo gy )
uf M om owk T K AMH e {4
=1 (5] . . A I — )
) + MoM = - mmm 0 =9 W
10 B R <R = oy
ol og - < H SIS J o o
—_— O . — o O Le)

oo P ook S »mu "o qm.m )
~ i T —_—
B oog OO T B %o
b D . 0
i oo o N ﬂm o h
™ = = of B O " XX & B omK
TR A,w;igtﬁowa oy #Mﬂ‘
= % U o5 oo = W ogh oz oz P "
BT R .S R i
ﬂwl AT b ol oﬁa HT e
CHl - R T om T o
G GRS e -
SERCH SO T S S B

7ol t& BAH

T

s

)3}

L=
5

Aed ol
A+3]

Y

.

=

L

- 131 -

g o

ol A WF & 9.2%
ol A& 5%R T} Eol 1002

st 5ol -

=]

[e]

o2

o] AlF olagH Tt Yo Age] A8

3

A
3

o
=

]

o

2=
=

A
T

=]

oz

k=)
R

te w28 A

[

ojch B #

h

g}
e qo] o

)

A
Q‘
La
2
<

S ol FHAGEY LA
A

e}

o

=
-
g
=
o



¥ 34 B4 dx A

24 ATAAY g0 B4

(&9l )

gt = Z7dE 1ax 2 2} adzar | 8l
H & A 596,880 | 790,382 | 790,382 | 790,382 | 797,332
FuAAL F7t 596,380 - - - 6,950.
Ex 2 Ag 445,000 - - - -
7] A 151,880 - - - 6,950
$ 9 9 - 388,872 | 388872 | 388872 | 383,872
A 8w - 50,483 50,483 50,483 50,483
= F 4 - 94,000 94,000 94,000 94,000
Az 7 H - 204,907 | 204907 | 204,907 | 204,907
Fuf, o wk ek gl v - 39,482 39,482 39,482 39,482
AdaEF dF8F - - - - -
i zlg dE4d - - - - -
23§ A - 383873 | 388873 | 388,873 | 388,873
Az o=}t g - - - - -
Fuj g oA F - - - - -
2P GA o AYE - 9,721 9,721 9,721 9,721
el A - 2916 2916 2916 2,916
+ 9 A 816,633 | 816633 | 816,633 | 816,633
A2 AR§A - ~- - - -
FojRbg AR § A - - - - -
$3E &PgA - 383873 | 388,873 | 388,873 | 383,873
ol 4=9] - 427,760 | 427,760 | 427,760 | 427,760
A A 2 E 7R - - - - -
& F 9 - 506,880 | 26,248 26,248 26,248 19,298

odAZFA(NPV) : 26351234 Y

o Ul 429} E(IRR)

o Zp2 3] 4] -8(CRC) : 19,3144 4

1 9.2%

-132-



Fol 44 nazad AANY

t ks AE

o} s

[ =
o S W

T
[

d A AT

s

Az

,8,.

4

EI ek o9k o

e

Ao

gt

A %

of whel 2~6714

of #YHoF FEHIAL

==
-

=2, 7l

nh

o8 olF Y WHPE 3% W

ted HAarbx

el 20CAFEEAA 109 AR A

s

i ol

2
3

43

z

(PE D& AH8

Abat STt

=
A

cEr

s

o7kl o

R
54

, &

N

T
)

oy
4

Nlo

H7717¢0]

] B EAE Figo 399 #th

A 2} o]

2

T~
2

7hetel weh dAHeR

=
&

oA g Aow FMHAY A7 50d

tol 4T AYTPE DA e

3

o
&

A

Lo
.

g Tel M

367%° #A&E Hel ¥d PE 1

ElES

2.14%, PE 2 Ao

SR B E=
PE 1 % PE

2.’3
©

282%9 ZAeg VR 99

=
T

2

& o
& FEFES AL

bed 95%0] 42l

Qs

| d%e=2

F7]%ke

3

A ]l ¥

Z=™ PE 1 9 PE

1o F

- 133 -



& Control
—i—PE 1
—k—PE 2 4

Weight loss rate(%)

0 10 20 30 40 50

Storage time(days)

Fig. V39. Changes in weight loss rate of grafting cactus during
storage at 20T.
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Fig. 40. Changes in moisture contents(%) of grafting
cactus(head) during storage at 20T.
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Fig. 40. Changes in moisture contents(%) of grafting
cactus(stem) during storage at 20TC.
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Table 35. Changes in Hunter L, a, b and AE value
during storage at 20T

of grafting cactus

Treat— Storage time {day)*
ments Initial 10 20 30 40 50
L 38342081 3860+1.02 37.97+063 3892+0.70 39.12x0.67 39.74:0.84
b 41.071.80 40.55+2.10 4051232 4043%2.37 39.37+1.85 39.52+1.22
Conterel b 17.65i2.37 18302187 18412096 1863x150 1819£1.76 18.16x1.56
AE - 0.88 101 1.31 195 2.15
L 38342051 3849¢124 3853#0.86 38.83:1.05 39.31+1.46 39.73+0.84
o 41.07+1.80 4005+1.20 40084213 39.83x1.81 38.04x1.52 39.4120.85
i b 176562237 1747+152 17.83£1.33 1755#2.14 18.08+1.55 1837+0.83
AE - 1.05 1.02 1.34 1.85 228
L. 3834z0.91 3880+088 3852+0.82 3882:x1.24 35.06%1.19 39.19x0.60
PE 5 a 4107x1.80 4049+1.71 40442168 4071179 40.41%1.03 35.44+1.37
b 1765+237 1788x161 1812199 1810+1.26 1838205 1826x1.82
AR - 0.77 0.80 0.81 1.22 1.95
* Mean T standard deviation of 5 measurements.
Vategg el ARAE A% @ it BE UGIE AE)
Y odxT Ay o] waxay e PERE LAY Aasta F9

. ;{U}a B
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- 138 -

Yol 2l PERE £



vl i =)
A 2020 42 YEAAYE 9B, ARAE, FARE, AAHA
ZEE Yol¥ #5HAe] AF3E Table 363 #th 9@ HJeig BY gizT7¢o

PE 1 AH27& 209, PE 2 Hgl7& 3092 AAstdA A3 2719 Ag5d
A AelE Utk dzd AR AF 40dc] EHEHAE W PE I
A FAE 27 ARG Fo48 By Hxdod dxTidxMe dxd
Axrt 323 F7hd ez veyd Fug AxdAe dx s dxE7
ol RulFsE B}A PE 1 HeFole =71 ded #AZ A4 0¥
o] Ae AHAME FARES i A% RAeR EAHAT. dAHA VE
= gt Me oo AES AT e 0.03mF A polyethylene filme =
uta ¥t e o3 o] © AHEF(PE 27t M £ 2AE BAFAE
o]+ filme
F Ao g A2 dSHojHd. kAl wHYR vravteor Y
TFE FUIHE] folstnr FEo] Fiyo & Ml Hls) dz7F At
A vebted A7 40U AHdEEMRE FHA ZolE HEAUT
ol¢} w2 AAVI2E FYF polyethylene filme. 2 X743 PE 1 Aoy
B SR 3ge A2 e adE deoy AR A £FeR 9
YAHE FEo filmiol ol AHoR A 233 ERW 571 EobA
°

A FEHor Fgolrt BAsd FEAES Asste ado] H/U

2 SR Zue AUPH BN VIR NPT FEE A
=

- 139 -



Table 36. Changes of organoleptic characteristics of grafting cactus during
storage at 20T

Treat- Storage time (day)*

ments  Initial 10 20 30 40 50

Control"” 9.0£0.0° 87+0.4% 83+05>% 78+0.7% 68+0.7% 6.2+0.8%"
ﬁ‘npcgear“ PE 1?7 9.0+0.0° 86+05" 82+05%% 7.4+04' 66+09* 58+0.8"
PE 2° 90+0.0° 88+0.3® 8705 81+05 79+04% 74+04'

Control 9.0+0.0° 87+0.4* 8106 76+0.6% 64+09" 53:1.0
Dryness PE 1 9.0+0.0° 89+0.2° 850.4°™¢ 83+0.6"°" 8.0+0.4 7.7+0.6™
PE 2 9.0+00° 88+03 88+04™ 83+0.3" 7.8+05™*¢ 7.3+0.7°

Control 9.0+0.0° 9.0+0.0° 8605 8105 7.0+08" 6.5:09%
PE 1 9.0£0.0° 9.0+0.0° 81204™ 7506 6.2+08" 58:09"

Spoilage ,
PE 2 9.0+0.0° 9.0+0.0° 88+04™ 83+0.3° 7.7x06™ 7.2+0.7%°

Control  9.0£0.0° 88+0.3* 86+05™ 7.4+09% 6.7:0.8" 65:09"
Overall PE 1  9.0+0.0° 88t0.4° 81+04° 7.3+£0.7% 62+08" 5809
PE 2 9.0+0.0* 9002 88+0.4 82+04° 7.7+06% 7.2+0.7%"

* Each value represent the mean®=SD of the rating by 5 judges using 9
point scale (l:extremely poor 5:medium 9:extremely good).

“! Means with same superscripts in a row are not significantly different
{p <0.05).
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