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SUMMARY

It was presumed that free off-flavors of the vegetables were resulted
from the oxidation products created by the action of lipid hyrolyzing
enzymes(LHAases)., Spinach contained a large portion of galactolipids
(52.2%) and phospholipids(20,.2%) among the fat soluble components,
which are used as substrate for LAHases. Therefore, phospholipases and
galactolipase might play a critical role for quality deterioration of
vegetables during storage. To prevent the quality loss of vegetables
caused by LAHases and to optimize the blanching process, thermal
inactivation experiments of LAHases in spinach and carrot were carried
out, Galactolipase from spinach exhibited D-value of 3400s at 80°C and
z-value of 8,.2C. While phospholipas C from spinach showed D-value of
1720s with z-value of 9.3C. In case LAHases from carrot, Dg and
z-value of galactolipase were 6700s and 8.7°C, respectively, whereas
phospholipase C displayed Dgs of 3120s and z-value of 15.8T. Phospho-
lipase C from both spinach and carrot showed the greatest thermo-
stability and galactolipase from spinach was also significantly
thermostable, Hence, PLC and GL among LAHases could be used as suitable
indicator enzymes for optimizing the blanching process of various
vegetables,

Blanching prior to drying retarded the softening and browning of the
carrots and held the cell structures. Blanching at 55C for 60 min in
pH 7.0 with 0,05M NaCl was determined to be an optimum condition from

enzymatic experiments and hardness measurement., However, it had no



effect on carotene contents and color changes.

However, the change of texture occured by the chemical change of
middle lameller component, during the heating of vegetables(onion,
chinese cabbage etc,). To protect texture softening by a heat
processing, vegetables are preheated at 60'C~75C. A moderate heat
treatment can prevent softening of vegetable tissue though heat
activation of the pectin methyl esterase, which demethylates the pectin
molecules allowing crosslinking with calcium ions.

To improve the pigment and flavor stabilities in vegetables such as
spinach and carrot, The pigments such as chlorophyll and carotenoid of
vegetables were extracted using organic solvents, and the components of
pigments were determined quantitatively and qualitatively using
HPLS-Mass. The flavor components in spinach and carrot were extracted
by purging and trap method and simultaneous distillation solvent
method, and analyzed by GC-Mass, The effects of environmental factors
(temperature, pH, gaseous phase, light intensity) on the stabilities of
pigment and flavor in vegetables were studied by factorial design. The
processing technology for the enhancement of pigment and flavor
stability was examined by addition of antidiscolorants and anti-
oxidants, optimization of blanching and packaging processing and
storage. The amounts of chlorophyll a and chlorophyll b in spinach were
710, 54(mg/100g dry weight) and 280.15(mg/100g dry weight), respective-
ly. The contents of lutein and f-carotene in spinach were 129 57
(mg/100g dry weight) and 58, 36(mg/100g dry weight), respectively. The

amounts of neoxanthin, violaxanthin, zeaxanthin, lutein, g -carotene



and S-carotene in carrot were 6( £g/100g), 10( 2g/100g), 65( zg/100g),
295( £g/100g), 4,560( £g/100g) and 10,500( £g/100g), respectively. The
degradation rate of chlorophyll a in spinach during thermal processing
was 5-8 times larger than that of chlorophyll b, The decomposition
rates of fB-carotene, lutein, violaxanthin and neoxanthin during dark
processing were 0,066, 0.036, 0.025 and 0.016 (hr'). The enhancement of
temperature during processing and storage decreased the stabilities of
chlorophyll and carotenoid in spinach and carrot, The pigment
stabilities of spinach and carrot at pH 7.0 were greater than those at
pH 6.0 or pH 7.5. The stabilities of pigment in spinach packed with
nitrogen were larger than those in spinach and carrot packed with
oxygen, regardless of other factors, The stabilities of chlorophyll and
carotenoid in spinach and carrot processed and stored in light
conditions were less than those in samples placed in dark conditions,
The stabilities of pigments in spinach and carrot were increased by
addition of antidiscolorants such as catechin, quercetin, rutin,
p-coumaric acid and ferulic acid during processing and storage. The
chlorophyll stability of spinach was also increased by zinc compounds
of chlorophyll derivatives, and alkaline agent such as magnesium
carbonate, The carotenoid stability increased by the addition of
flavonoid and phenolic acid due to the inactivation of lipoxygenase.
The degradation of carotenoid in spinach was most effectively minimized
by steam blanching compared to water or microwave blanching, The use of
polythene bag for blanched spinach incresed the pigment stability. The

26 flavor components in spinach were detected, The major flavor



compounds were methional(fish-like), (Z)-1,5-octadiene-3-one (fish-
like) and 3-methyl-2,4-nonaedione(hay-like). The carrot contained 15
flavor compounds such as pinene, sabiene, myrcene, terpiene, limonene,
terpinene and farnesene,

The flavor stabilities of spinach and carrot were affected by
environmental factors such as temperature, pH, gaseous phase and light
in the same way as pigment flavor, The flavor staiblity of spinach
and carrot was improved by antioxidant such as catechin, quercetin,
rutin, chlorogenic acid, caffeic acid and ethoxyquin. The optimization
of blanching and packaging conditions increased the flavor stability of
spinach and carrot, The scientific and practical results of this study
could be helpful for the manufacturers and users of pigments and
flavors in vegetables.

Development of processing technology of high quality vegetables by
inhibition of lipid oxidation was pursued by studying the separation
and analyses of vegetable lipids, lipid changes by various kinds of
oxidation and pretreatment, lipid oxidation during storage, and
oxidative stability of lipids from fried products with vegetables,
Vegetable lipids consisted of neutral lipid (NL), glycolipid (GL), and
phospholipid (PL) and major fatty acidsa were unsaturated fatty acids
of linoleic and linolenic acids. There were triacylglycerol and
eterified sterols in NL, monogalactosyldiglycerides and digalactosyl-
diglycerides in GL, phosphatidylglycerol, phosphatidylinositol, phos-
phatidylcholine, phosphatidylserine, phosphatidylethanolamine, phospha-

tidic acid in PL. NL was the most sensitive to autoxidation: while GL
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was sensitive to photooxidation. Cis fatty acids were more stable to the
oxidation than Cig fatty acids and total lipid was more stable than the
separated forms in NL, GL, and PL, Treatments prior to drying affected
the spinach lipids and blanching for 2 min decreased the lipid
oxidation and gave best color. Spinach lipid was changed during storage
and increase in storage temperature and the presence of light
accelerated the lipid oxidation even though there was not a big
difference. Addition of dried vegetables to flour dough for the fried
products affected the oxidation of the frying oil and the products.
Carrot powder resulted in higher oxidation in frying oil and the fried
products during frying: however, it improved the oxidative stability of
the fried products during storage at 65C under dark. Spinach powder
decelerated lipid oxidation of frying oil and the fried products during
frying and during storage at 65°C under dark. The results clearly
indicate that utilization of vegetables which contain essential fatty
acids can be expanded by manufacturing fried products like snacks with

high oxidative stability.
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A2 oAF FAAsad +3

1. A& 74 % AN

o]l YoMt ANaEA AFAE °l83ldrh AlFAE (F)¥F5FTRA
A Ql, BEdzsto Algsideh AlFA] 1.5 tong AXE Fof 8T F
¢t BAAD F (2 LE 10T, WIRE : -28C) 164 B¢ ¥FA
Z3tglch W¥Edz™ AFA & grindingdte] A-§-3t4ich

2. A, BAE 9@ 348 AA] Yy

AlFXollx= AA] A (phospholipids), *|A(glycolipids) R F/g=|H(ne
utral lipids)e] the} HfEo] 9la ol&S FAMdh= AL E T3] #3)
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7}. Phospholipase C (PLC)
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cerol3} phosphoryl choline?] ester AY& wol diglyceride®} phosphocho
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5Qt PNPCEHE] 1pmol?] p-nitrophenol& A3t H AL oo g Ifgcy,

L}. Phospholipase D (PLD)

Phospholipase D= phosphatidyl choline® #3||8}o] phosphatidic acid
¢} choline® AJ/43}A El=u] o] Wl 433 choline H]YU Y] 44#Ql trimeth
ylamine (TMA)2 H¥H ¥Fo] grh

PLDS]| ¥7HE &1/l fl3te] vt A2 WY& AHgstginh 71§
(soya lecithin emulsion 100uL + 100mM pH 6.0 sodium citrate buffer 100u
L + 100mM CaCl; €%} 50pL + 7.5% (w/v) Triton X-100 €< 150pL) 100pLoj
F4 2508 M7slo] 3704 30&7 wH-gA|2 ¥ IM pH 8.0 Tris buffer
(50mM EDTA ¥H) 500l & Y3 JE EolA 587 wWAldle whg&& $xAA
tl. A48H choline] & &7 ¢131o] WA e} (40units choline oxi
dase + 40units peroxidase + 20mg 4-aminoantipyrine + 10mg phenol + 200m
g Triton X-100 in pH8.0 10mM Tris buffer) 1uL& HH-g-of Y 7}sto] 370
A 208F¢ YAAIZ F 500nmell A FBEE FFsto] 4rE FFstarh
AAY7 1 unite 18 F¢ phosphatidyl cholineZHE] Ipmole] choline
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& Aol AL F27 Jch

4, A2jo)A phospholipase C&} phospholipase D2] ¥a| W )

WEAZE A2 500g0] 10L] 50mM pH7.0 Tris buffer& ¥71sle] 4T
oM MM AoFHAM HAF &t VAR (10,000rps, 10min)E
o] O ASAE B ¥ 15 - 60% 7tx] ammonium sulfate fractionation&
Bt A LS WEc]

7}. Gel permeation chromatography (Fig, 1-1)

Superose 6 (Pharmacia, co.) o] RAAY 200uLE loadingd}iL
0.5ul/min®] R4o2 FalFo] FA st Lejul, PLCS} PLDE M2 i
7t FA edgkeh

1}, Anion exchange chromatography (Fig, 1-2)

Superose 6 column& HFIY RAALYE Jo|22¥ 424l Q-Sepharose
(Sigma, co.) column (1.5 x 10cm)& o]-&3}o] 2a} AAE 3}glct EluentE
= pH7.5 20mM Tris buffer & ©]-€3}¢5L 0 - 50% 1M NaCl gradient& Zo]
Forcl #42 2ol/min, loading %2 500pLE sjgich. i}, Zola¥
A 25 PLCR} PLDE= Ee|XA] Q3L FUY peakol ] §-&= olct

t}. Cation exchange chromatography (Fig. 1-3)

ool & ¥ 4-=]Ql S-Sepharose (Sigma, co.) column (1.5 x 10cm)& o]-&
sto PLC2} PLDS] #2|§ AEdl4r). pH5.0 20mM acetate buffer& eluent
2 3% 0.5M NaCl gradient& ©]&3tct R<42 20l/min, loading 42
800uLZ. stgicy. L Zz} PLCSt PLD7L #83] EelEHE A& HAY 4 A4
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Abs. at 280nm ——— P

UL

Retention volume

Fig. 1-1, Superose 6 column chromatography using FPLC, Applied enzyme
solution was fractionated by ammonium sulfate from 15% to 60%. pH7.5
20oM Tris buffer was used for eluent, and flow rate was 0,5mL/min, PLC
and PLD were active at peak #1,
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Abs. at 280nm
NaCl gradient {-----

Retention volume

Fig. 1-2. Q-Sepharose column chromatography using FPLC. Fractions of
peak #1 in Fig. 1-1 were applied. pH7.5 20uM Tris buffer was used for
eluent and IM NaCl gradient was applied. Flow rate was 2,0mL /min, PLC
and PLD were active at peak #1,
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Abs. at 280nm
NaClt gradient (------)

e

Retention volume

Fig. 1-3. S-Sepharose column chromatography using FPLC. Fractions of
peak #1 in Fig, 1-2 were applied, pH5.0 20mM acetate buffer was used
for eluent and 0.5M NaCl gradient was applied. Flow rate was ZmL/min,
PLC and PLD were active at peak #1 and #2, respectively.
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t} ZZte] peakE-& phosphatidyl cholinex} WFRAlZl ¥ TLCE BEAM% 24
3} PLCE diglycerided® (Fig. 1-9) PLD= phosphatidic acidg (Fig. 1-10)
AAEE HAY 4 et

5. Phosphatidyl inositol specific phospholipase C A
7}. DEAE-52 column (pH 7.5)

ZH4ANE ACTA FPLC system (pharmacia)ol]l 20mM Tris-HC1 buffer (pH
7.5)2 W¥¥E DEAE-52 column (3.0 x 15 cm)& A2}t anion exchange
chromatography*jol] &-&A]Zic}. 7ul/ming] %L buffer§ FBFgon
gradient:= IM NaClo] 7}3]% H4d buffer§ o]-&€3}cd OMEE]IMZ7}R] linear
1A do] F2rl. 280nmollA UV detector® yhijalorg A3} 1 curve
9] peako]] w}e} fraction& Lpo] o} PIg) PCol & 717} Qe HES
Z}z} Lo} 2o} YM-10 membrane (amicon co. )& ©]€3te] AigasE o] &
3t ultrafiltration® 8 E&3dlo], 4ToA FY buffer® F43lgc} (Fig.
1-4).

1}, Q sepharose column (pH 7.5)

Plof 34 o718 7}3 %&¥ DEAE-52 fraction 20mM Tris-HCl buffer
(pH 7.5)8 BHH Q-sepharose column (1.5 x 12 cm)E ©|L¥ anion
exchange chromatography'dol #-2A]Zct}l. lol/min®] H-<452 2 buffer& &
# 9. gradient:= IM NaClo] 71312 S buffer@ ©]|&3}e] lineard}
A Aol F4it}, peakol]l ula} fractiong LIyo| wtol Plo] &4 77t 9l
= HE& Ro} ultrafiltration®® ¥&38fo 4CojA 50mM Tris-HCl
buffer (pH 8.5)2 FA3}Act (Fig. 1-5).
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Fig. 1-4. Chromatogram of DEAE 52 column(pH7.5)
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Fig. 1-b, Chromatogram of Q-sepharose column(pH7.5)
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t}. DEAE 8HR column (pH 8.5)

S&" Plo] XA 9718 7132 Q-sephrose fraction® HPLC system
(waters 600E, millipore)oi] 50mM Tris-HCl buffer (pH 8.5)% ¥
protein-pak DEAE 8HR column (millipore)& A2}¥} anion exchange
chromatography*jol] & &A]Zc} lol/ming] K4S 2 bufferd F|F9gon
gradient: IM NaClo] 7132l 4 buffer§ o|&%} lineard}# Ho] F¢
t}l peako] wiz} fractiong L}io] o} Ploj A 717} Qe HES B
o} ultrafiltration® & %&3lof 4To|A 20mM Tris-HCl1 buffer (pH 7.5)&
4 stglct (Fig. 1-6).

2}. Superose 12 column

5349 Plo] &4 9718 712 DEAE 8HR fraction® FPLC systemol] 20mM
Tris-HC1 buffer (pH7.5)% E¥ ¥ Superose 12 column (pharmacia)g #H%}
¥t gel permeation chromatography'joll #-&A]Zt}h 0,2ol/ming] {FHO.8
bufferg& &¥&F£9.2M peakel wle} fraction& LHpo] o} Plo] AL o7}
7} Al B8 & Bo} ultrafiltration® 8 H&3te] 4ColA 20mM Tris-HCl
buffer (pH 7.5)% F43}c} (Fig, 1-7).

SDS-PAGE Z3} 23kD oA PI-PLCE] WME=E dojd 4 g4ch (Fig
1-8).
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Fig. 1-6. Chromatogram of DEAE 8HR column(pHS8.5)
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Fig. 1-7. Chromatogram of superosel2 column(pH7.5)
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SDS-PAGE (12%)

Fig. 1-8. SDS-PAGE of PI-PLC after superosel2 column(pH7.5)
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A3E ophF FAVA Hb2) YBIYH 54

1. LAHase®] z-gof 2J3t FH=|3s}
7}. phospholipase Cof 2]%t 2}-&

LAHase?] 2-&of 2|3t phospholipid®] E3l4tEE dotir| 9ste] 2
AR AZFx|2HE & &3} phospholipase C& ¢ 2] 7}A] phospholipid 7]3
of WHEAIZL F TLCE o]83te 24& 3st4ich 100oM pH 7.0 Tris buffer 1
048, 100mM CaCl, solution 5u8, 7.5% Triton X-100 solution 154£¢] soy le
cithin, phosphatidyl choline, phosphatidyl inositol emulsiong Z}Z} 10
W R A7 F A]FX| oA el § phospholipase C 104& 43o] 37C wate
r bathol|A] 6A]ZF RE-gA|Z Tt ¥ £ 200/4 chloroformtmthane (2:1, v/v)
fHog AL F&F)o], thin-layer chromatographyE %3] diacyl glyce
ride’} BAHHE A3t (Fig, 1-9). HJ/|EujEE haxane : diethyl ethe
r : glacial acetic acid 7} 80 : 20 : 2 ¢ Z& AE3}9 3 WA o R
£ 50%(v/v) HS04 & AME381e] 110To A 2027 WA A} o] AEE &
8 A]lEX| o] x|} phospholipase C, phosphatidyl inositol specific
phospholipase C &2 fAo] 23] F-&itEel AR Ao F3HE A +
olel 3 E&]4rE ¢l phosphorylcholine, phosphorylinositol & ¥ ClE 2

Hbg O &

A= AlgAl ol Fx] 42 9¥e 1E + S HY

L}, phospholipase Dol 2]%t z}&
100mM pH 7.0 Tris buffer 1048, 100mM CaCl; solution 54, 7.5% Triton
X-100 solution 15u80]| crude lecithin ( phosphatidyl choline 20-23%,

phosphatidyl ethanolamine 21-24%, phosphatidyl inositol 18-22% %8 )&
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Ll S TR '

BIiNniMIin

S8C PC PI SC PC PI SC PC PI SC PC P

1.2-diglyceride

SC: crude lecithin
PC: phosphatidy) choline
Pl : phosphatidyl inositol

Fig. 1-9. Thin layer chromatogram of phospholipids hydrolyzates by
phospholipase C. Solvent system: hexane:ethyl ether:glacial acetic acid
= 80:20:2 (v/v/v).
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104 7} 2120 ¥ AFXoA &Y phospholipase D 104& 4ol 30Tt
60ColN Zzt 6A|HEQ ubg AlFch wk-g ¥ 20048 chloroform+mthane
(2:1, vv) RAog AAg £&3lo], thin-layer chromatographyd E3)
phospholipids7} &3]%]o] phosphatic acid7} A4 EHE& ¥<¢ Fc} (Fig.
1-10)., A7)-&u)j2= chloroform : methanol : water 7} 65 : 25 : 4% A&
A3 WA ko B 50%(v/v) HSOw & AHE-Ste] 110TolA 2087 ¢
A A7},

o] A¥& B3l AlFXel &3 phospholipase Doj 23] A=)
phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl inositol
Eo] 30CojA & phosphatic acid® E3]EA]gt 60Tl A& F3l=lA] UL
& 4 2drl. & phospholipase D& 60TolA HAdo] gloiE ¢ 4 AU
t}.

t}. phospholipase A%] A8

100uM pH 7.0 Tris buffer 1042, 100mM CaCl; solution 5uf, 7.5% Triton
X-100 solution 1549) crude lecithin ( phosphatidyl choline 20-23%,
phosphatidyl ethanolamine 21-24%, phosphatidyl inositol 18-22% % )&
104 M7t A2 F AFAolAM R HLY 104E Mol 37T vater
batholl Al 2}z 3x]3, 647 uk-gA|Z T ¥k-g ¥ 20048 chloroform+mthane
(2:1, v/v) o2 AL F&¥o, thin-layer chromatographyd B3}
lysolecithinZ} A E& ¥UNC} (Fig. 1-11). AL 8= chloroforn :
methanol : water 7} 65 : 25 : 4¢1 Z& AME3Aa WMo EE
50%(v/v) H:S0, & AM&3te] 110Te A 2083 ¢4 St

o] d¥@ AlFAIoll phospholipase A7} ST P2F ], HL
of o3 Ax|Ao] E3¥o] Kejx YAt} lysolecithino] B4 HE ¢ 4
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e W o

e

B T

PE* + .

PA ¢ 4
pcr faty
Pl ¢+

m ®® H D
C 30 60 30 60

PE : Phosphatidyl ethanolamon
PA . Phosphatic acid

PC : Phosphatidyl choline

Pl : Phosphatidyl inositol

Fig. 1-10. The action pattern of phospholipase D.
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> phosphatidyl choline

. lysolecithin

| C 1 2 C : control
1:300C, 3hr
2:300C, 6hr

Fig, 1-11. The action pattern of phospholipase A
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2. Phospholipase C&] A3¥}3t3 &4
7}. Phosphatidyl inositol specific phospholipase C
1) Effect of pH on the activity of PI-phospholipase C

50mM sodium acetate-acetic acid buffer (pH 4.0 ~ 5.0)2} 50mM
Tris-malate-NaOH buffer (pH 6.0 ~ 9.0)ollM X428 &=& 3 Ay
HANLE AFpHE pH 5,001t (Fig. 1-12). el Al L8 2 pHo
ME 70013 &2 47t &% 2o, H2F ¥ H4Y pHtEEE
RoFHc]

2) Effect of temperature on the activity of PI-phospholipase C

30, 40, 45, 50, 55, 60, 70, 80T 2Eolq HAANHS EHEF FIY 2
3 ZLNHE A =& 50Tt} (Fig. 1-13). Zejuh 60Tel o] =&
£ g7t 20% 208 FH3] Aishe HriFor w2 UL Harh

3) Effect of CaCl2 on the activity of Pl-phospholipase C

CaCl2 HE& Welsle] Ca2+ o] o] A2 2o njX& Y& A
A3} caCl27h EA3H] ob& woll uIste 1aM CaCl27} E2jE wf 1 5=
Z7tol wet F43] 47t o8t o 20| B =7 FIIEIASL, 1nMo] e
SEOAE Aoz m¢ 2L oy F7HE BEaurt (Fig. 1-14).

1}, Phosphatidyl choline specific phospholipase C
1) Effect of pH on the activity of PC-phospholipase C
50mM sodium acetate-acetic acid buffer (pH 4.0 ~ 5.0)2} 50mM Tris-
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100 4

Relative activity (%)
8

Fig. 1-12. Effect of pH on activities of PI-PLC
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Fig. 1-13. Effect of temperature on activities of PI-PLC
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Fig. 1-14, Effect of CaCl; on activities of PI-PLC.
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malate-NaOH buffer (pH 6.0 ~ 9.0)oA X428 &E& &3¢ H3} 2L
W8 A ApHE pH 50014t} (Fig. 1-15). pH 4.00)AE o 85xH =2 o7}
2 Pl-phospholipase C (2} 60%)Xcl $2 pHojAMe] AFE & HALLL &
2 pHollA+= PI-phospholipase Coll H|3jA o& FAY 4718 #H4LE R
t}.

(3]
~

Effect of temperature on the activity of PC-phospholipase C

30, 40, 45, 50, 55, 60, 70, 80C koM HANE &8 HFHY F
FAUE AP L2 60Coltt (Fig, 1-16). PC-phospholipase C&= ¥
< H9Y LEoA 70% o] 2] §71& Lieho] Pl-phospholipase Cof u]3}
of Arier 948 ddPdE Bk

_\r‘._I'

3) Effect of CaCl2 on the activity of PC-phospholipase C

CaCl2 5§ @elsto] Ca2+ o]2o] ZLe| 2o nA: %S XA
A3} CaCl2% %7} 0.5mM7}R) &= B 42 Uizl F718ichrl, 2 olAte] =9
CaCl27t & wle 1 2o Z7l ulel 9717} BAste CaCl2e %7}
dnMU el = 40% o|3te] 7fute] wolglglrt (Fig. 1-17).

3. Phospholipase D2] A3¥}¥3 B4
7). Effect of pH on the activity of phospholipase D

PLDS] 28 X3 pHE Uolr7] 4I3le] o] pHolld H7HE At
Buffer® universal buffer& ©o]-&3t4i pHE 3 ~ 12 71#] HWHAA g7}
& &73shalct (Fig. 1-18), 2 A3} pH 5 oflq &2 9478 H4¥ + 4

ch
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20 1

Fig. 1-15., Effect of pH on activities PC-PLC,
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Fig. 1-16. Effect of temperature on activities PC-PLC
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Fig. 1-17, Effect of CaCl; on the activity of PC-PLC,
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—O— Phospholipase D
-4 Phospholipase C
——&— Phosphatase

Fig. 1-18. pH activity profiles of the enzymes in spinach
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L}, Effect of Temperature on the Activity of Phospholipase D

Ztz} 20°C, 25T, 30°C, 35C, 40C, 45T, 50°C4 water bathoflA 30%
RS F 9UHE FAsiolch. I A3 PLDY A kg L= NTE
Hl= et (Fig. 1-19).

Tt} Ca’ o] &o] phospholipase Doj m]x]& %}

Ca’? o]20] WX 24| pectin esterased] ¢7}o] G Fm 2YLFe =
27t A8e Zrie= d37 BaE ATt x|y FR6AN AR 2%
& GRS Wto® AlEEE Ca? o]20] phospholipase D& ¢7lol| njx|
+ 9% AvEgch

1) Effect of CaCl; on the activity of phospholipase D

CaCl;%] ®%& 0, 10, 20, 30, 40, 50, 70, 100aMZE 2| ¥ 7}3}te] 37C
oA A Hr1E EHFstyct 10 MWL & 7| &0 23PH, Call,
& H7BhA g Bols T4HVEE ¥A @ 5 e, 20uME WUt
NE& ZF 200048 & 47 EHv) CaCl:] F7ioll ule} 20uMoflA]
39 ¥rtE R, 20mME& ol ZAUE o 4 dddch (Fig
1-20)

2) Effect of Temperature an the activity of phospholipase D

10mM CaCl.& H7IE wio} 20mM CaClE H7PAE o] Q718§ &2
=g delste] FYsock(Fig. 1-21).

10mM CaCl & H7I3E 4% 30ColA 238 ¢rlE Hyen, 20mM
CaCl:& H7HE 7 3BTolA i A7& HAvk EX 20oM CaClF
H71E A5 10mM CaCl,§ H7IAE wio] w3 2z Sxo4 2-3n) F=E
B2 97k BEich
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Fig. 1-19., Effect of temperature on the activity of phospholipase D
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Fig., 1-20. Effect of CaCl; on the activity of phospholipase D

58



220
200 +
180 ]
160
140
20mM CaCl,
120
100 -

80 1

Relative Activity (%)

60 -

40
10mM CaCl,
20

Temperature (°C)

Fig. 1-21. Effect of Temperature an the activity of phospholipase D



A4 obAF HEEEE L4 2HE

1. AEX¢ Yo Sol9le LAHased] dH4
7h. gy
1) Phospholipase A

YEAZY AlZx o)A 2 Enzyned 40°C, 45T, 50T, 55ColN %
2} O, 18, 28, 3%, 48, 58, 108, 158, 208, 25%, 30% gxay
sample&-& 7I1A] 32 AP 3t

Ay WHS autotitrator& AME-3IHETl, 71EL lecithin 1%, Triton
X-100 1% 40mlo] enzyme 1ml& 45l 37ColA 1087 A7 ¥ £82H
Ao e g 7ML activityg Fsiglch
, A YIS AL 97t S AFAY F
1)

o} FU S AHEsigcl €, 45C, 50C, 55CelM dAeE 3

2} Phospholipase C

WEARE AlFx oA £2)% Enzyneg 70°C, 75T, 80T, 85TColA 2
ZF 0E, 12, 28, 38, 4%, 58, 108, 158, 20%, 25%, 30% €Ay
sample&-g 7} 3L A& 313l

Al uHE pH 9.0 glycine-NaOH buffer 14048, p-nitrophenyl
phosphoryl choline 6082} 2zt AlZtollA AL enzyme 10048 Ao 37C
water batho]A 3057t WhEA]Zl ¥ 800uL2] ethanol} 20042] 2M Tris
buffer& ¥7}515L 400mmoll N FHE=E &3t activityd Al4rstadch

T2y AP AEE AYEE AHESHA 94U LS AFAY

%
L0l Zol3l whS AMRSIYTE @, 70T, 75C, 80T, 85CoA dA S
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3) Phospholipase D

BEAZH A]ZX oA Ee|¥ EnzymeS 40°C, 50C, 55TCo|A &4z 0L,
182, 28, 38, 42, 58, 108, 158, 208, 25%, 30% EXe|¢ sanplel
& 73 AYgE sholch

AlY WL PC emulsion 100u8, pH6.0 sodium citrate buffer(100mM)
10042 CaCl2 sol ‘n(100mM) 5048, Triton X-100 1504E FHES] 100E #| 3]
ependorff tubeol] Wil Z} AlZtollA] VL enzyme 25uE 4ol 37C water
batholl 4] 302k WhEAIZITh, Whgo] B3} FAlol EDTA(50mM) in phB.O
Tris buffer(IM) 504& 71813 #e SojlA] 587 WA ¥cl, cooling¥ W
A1 7121 (20mg of aminoantipyrine, 10mg of phenol, 200mg of Triton X-100)
0.5m13} enzyme(40 units of choline oxidase, 40 units of peroxidase®& pH
8.000A] 10omM Tris buffer(20mL)o] %It} ) 0.5ml& Y3 37ColM 2083
B1-2-A171 ¥ 500nmofl A Abs&3 s}4r).

B2 Z, AEE AW AHESIda 971 S3ES AFAY B
29} U whPE AMESiglth ®, 50T, 55T, 60T, 65TColM @Al
A=

4) Phophatase

WEAZE AFHoM Felgt Enzymed 457C, 50C, 55T, 60ColA 2
zt 0%, 18, 28, 3%, 48, 58, 108, 158, 208, 25%, 30% @Ay
sample&& 7}A]3l AEE siolr).

AlY W& pH 4.0 sodium citrate buffer(0,1M) 14042, p-nitrophenyl
phosphate 6082} 2zt A|Zto) A B2 enzyme 1004& 41o] 37T water bathoj
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A 3087 92 AIZ F 800422 ethanold} 200u48] 2M Tris buffer§ ¥ 718}
I 400nmol| A FH=F HA8lo] activity& A4Hsiglct.

G2e] AS, AEE AYITE AgsAR ot FEPYS AFAY B
29} Tt uhge AMRsYct. ®, 55C, 60T, 65T, 70TCOlN Exzl&
st

5) Galactolipase

A A2 oA He|¥ enzyme® 70C, 75C, 80ColAM ztZ 0, 2, 4, 6,
10, 15, 205 A 2% sampleEE 71X AJH-E 3t4ct.
A¥ ®WhH& 0.1M potassium phosphate buffer(pH5.6) 25u¢, 0.4%(W/V)
Triton X-100 25u£, 0.25%(W/V) Digalactosyl diglyceride 50u8%} 2} A]ZbE
2 dxe]" enzyme sol'n 5048 A o] 30C water batholA] 30&7F ¥h§A|
71 ¥ grgo] Tyt Falo]l Fx EolA 5ET WAAAch el v
dencitometer& o]-&3}o] TLC ¥4& ¥} ojuf Azt 7z o ArhH
02 "|aslo] thermal stability® A 3tgich

gz B, ARE AYEE AN 97 FEPHL AFA e B
9} SUg WPe A8y} ©, 55C, 60T, 65T, 70TAA dAelE
stelct.

AFx], 92 ZZe] phospholipases®} galactolipase?] D-nalue$}
D-value§ Table 1-13} Table 1-20f 2|3ttt

Alx]2] 7-¢ phospholipase C%} galactolipase: TIE A ATHT} ¢
Aol gojtn, BAY 2] nydiel ¥ ALUE 4 F Ut B2 P
2o]i= phospholipase C= A]gx]9} mlatr}x] 2 @A Aol 5] Fate

Abet
1}, galactolipase?] Z-9ol= 70CE A HLE A C}E ALERT} g¢t
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Table 1-1. D-values and z-values of phospholipases and galactolipase

from spinach,

D-values (sec)

z

spinach
40°C  45°C 50°C 55°'C 60°C 65C 70C 75°C 80°C 85C C)

Phospholipase A 4610 1200 508 204 114

Phospholipase C 3650 1160 172 720 9.26

Phospholipase D 16200 2040 90 7.06
Phosphatase 1440 564 213 146 14.7
Galactolipase 5600 2280 339 8.21
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Table 1-2. D-values and z-values of phospholipases and galactolipase

from carrot,

D-values (sec)

carrot -
40°C 45°C 50°C 55°C 60°C 65C 70°C 75C 80°C 85C

()

Phospholipase A 1920 906 270 11.7
Phospholipase C 2510 828 468 312 158
Phospholipase D 1180 774 316 122 15.0
Phosphatase 1940 660 263 165 135
Galactolipase 9420 2100 666 8.69
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o] Wolz)= AYE RYcHFig. 1-22, Fig. 1-23).

Nomograph®] 7Z-$-ol%, A]Zx|o|A+= phospholipase C&} galactolipaseZ}
AHo® r}E BAFHECE HFESE & 4 ek 2z B2 ol
£ phospholipase Ci= A|ZX|¢} npazlz|2 ANkl 2xoM UdYol &
9to.} galactolipasels 70C o] F&i= thh d¢Ho] tlE HLEHTIE ¥
ozl AL ¥ 4 UK Fig. 1-24, 1-25, 1-26, 1-27).

2. B4 Azt T4 nAE ¥
7t BARR Fol A4 ot W,

SU BAL AFA AEE 107] H|sle, 5AE IR &3l
phospholipase C& D2} ¢71& &A3slx, U] 571& -50C deep-freezer
ol A 5AZHEQ BH Al ¥ FAARSCE 2 ¥ 8F8JeR &3
3, x4 47tE &35k

TAAR AFY AAYE v B 52 d=2 ¥ IA45L ¥HI
Ao o 20 LAHE ¢ 4 AUrHFig. 1-28).

L $EAR 39 EAE

AFH N EAE FEYLR T3l 2HLAE AL ¥, lecithin
& AJbsle BAAZ siglch. tlR2TEE 100ToA 3027 wix/g AlF
HolM 2H4NE AL F FYUNA lecithing H7iste] FAA= 3joich
SAAR FHL -50THA 54T 5 BEA F, 5ABEY FEIAZY)
2 Z4ARs4cl. 5282 ¥ chloroformtmthane (2:1, v/v) €07 2|
AE &3}, thin-layer chromatographyS %3] phospholipase C¢] 2h&
BHEQ 1,2-diacyl glycerideE ®A43tdchFig. 1-29). AANGuRE
haxane : diethyl ether : glacial acetic acid 7} 80 : 20 : 2 ¢l Z& A}
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Fig. 1-22, D-value curves of PLA (a), PLC (b), PLD (c), Phosphatase

(d), and Galactolipase {e) from spinach,
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Fig. 1-23. D-value curves of PLA (a), PLC (b), PLD (c), Phosphatase

(d), and Galactolipase (e) from carrot,
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Fig., 1-24. nomograph for determination 10%(up)

phospholipases and galactolipase from carrot,
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Blanching time (sec)
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—.o PLA
- = PLC
............ PL-D
—— » = Phosphatase

Fig. 1-25. Nomograph for determination 1% residual activities

phospholipases and galactolipase from carrot.
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Fig. 1-26. Nomograph for determination 10% residual activities

phospholipases and galactolipase from spinach.
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Fig. 1-27. Nomograph for determination 1% residual activities
phospholipases and galactolipase from spinach,
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Relative activity (%)

Phospholipase C Phospholipase D

Fig. 1-28. Effect of freeze-drying on enzyme activity,
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1,2-diacyl glyceride

1 2 1 2

freezing freeze-drying

Fig. 1-29. Enzyme reaction during freeze-drying
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L3193 WA kO B 50%(v/v) HeS0s & AMESto] 110°CollA] 2087 Ay
Al Zich

7] 8 A W42 AR B, 5AEt WEAEN 2 ¥ 4
A2 FHNAM 48 1,2-diacyl glycerideZ} 4 H& ¥ gt dx]7]

5 3 ARY Aol Aanhgo] dolur] dUeS o + Atk ol& ¥
B SAAZR Fo Tad gl A&deldE ¢ F don, FAUHE
W] gsiMe WEd FEAZR FFM dHrlE2go] WS o + 3
t}.
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A5d T BEAE3)) o3 2EF QLAFY J1EUE
L)

1 AaF(E2) SEAY AL5Y
7h Y A=

£ AYolA A8 Y2 FAE AlFolA ANES FUBIY ALES)
gom T2 4t FHE AT AYL UYL FF& AHEs4lch

Ll Eade) &

254 WYE 78eE HPAA ol&siyrh Eniyt F2E ot F )
Hyle] 0.1M phosphate buffer(pH 8.0)ol ‘dol u}aj”](Warin g blender,
Eberbach, s/p 8355-1)& o|-&3}o 20-30 min F¢ ol ¥ 24A3% B¢
& A7t} & ¥ cheese cloth® #Ft}. 9,000 x gollA 1587 ilEas]
of A& AFYel FAUREE T0% EIAZch 4ToHA sHRAE B2 F o
AE 3l YAEEL ZFFE St} 0.01M phosphate buffer(pH 7.5)0]A]
4A L B F JAEs FFAE BAYSR ARGRITE

t}. Pectinesterase ¥4

0.2 M NaCl -&-<joil g H%i(Signa) 0.45%F AA{3] 7}star skt
NaOH&J 22 pH 7,022 2Pt 7]AZ AHE3IGirt. HLBEE &3P
2]3)] auto-titrator(Mettler Toledo)& AMZ3}gl.om 50 mLe] 7]|HU& S0CE
7h2sle] 3 ME HA 0.5 oL} WFSAIZT) 0.0IN NaOHE Al&-3te] pH
7.022 F3A3le] ARH NaOHE Y2 ¥ e HLEYE Albstgirt.
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2}. Polygalacturonase ¥4

Polygalacturonic acidg 7|4 Z 3lo] ALEAo] &3 AEH BUGE
Somogyi-Nelson %y og &Astgrt &, 0.1M NaCl& ZEHE 0.03M
CHsCOOH $+2-8oY(pH5.5)0] polygalacturonic acid 0,45%F £3jA|7 ol&
7142 AMgdith 714 Solof HAMH A4 lnlg JIste] 70ToA 4]t
HESA]7l R, N HCl 89 0.9nL& 713te) g BAAAc), W= ¥
2,500x golA 8EFQ YMET HFUE& YL Y5 0.5ulo] FF
4= 0.5mL, 0.IN NaOH-&¢] 1mL-& ¥7 ¥ t}& copper reagent lmL-& 713}
o] 2087t Jolil tir] Ao Z A3l ¥ arsenomolybdated color reagent
1nLE Yol 520nmollA FHEE ZA3lelrt. Blank: 2N HCldyddor 0.9ml-&
7iste] W& FAAIN F, ALAG Yol 18 Wel o FE=E &4
stgct, SRR a-D-galacturonic acidg AME3te] 2/gdstHct.

Somogyi-Nelson ¥hyoA] A}l copper reagent?] A= W2 th&3}
2t} Copper reagent (A)¥= 25g2] NaxCOs(anhydrous), 25g2] Rochelle salt,
20g2] NaHCO; 18]35 200g2] Na;SOi(anhydrous)& 1L2] &l ¥} 20T o|3}
2 JYa7ir] 458 233ste] A3t Copper reagent (B)E 15%2] CuSO
4 * 5H00] Sulfuric acid® 1-2%&& EHAA #HZF volume 100mLE o]
AR el A 23 Copper reagent (A)2} (B)e] H]&E 25 @ 18, A%
517] ulE Mol E¥8}e] copper reagent® A%t} Arsenomolybdate
color reagent] A|2uhH-& 450mL2] DDWoll 25g2] ammonium molybdated %
Q¥ HS0; 21nL-& EJRIT}, 25mL2} DDWoJl NaHAsOs 3g& &< F WA A
2% Aof3} sl 37TCoA 24-48A1 HEQY WAY F YARYH ALE
L=
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n}, we] PEQ} PGoll ti¥t pH X3}

@ PEQ} PGol|l mlX|& pHel 93 Fig. 1-30, Fig. 1-310jA19} )
PEE pH 7.001A #cle] 471§ uJelWlen, pH 9,000l 9717t 30%
o]t ®|ASIA WolHrl HhHo| PG pH 4.0004 Y717 ALl LEeR}A|
UTIZE pH 5.0004 Z|the] |7E vietwich. Markovice] W H3o) &)t
PE ©/4¢] 23 pHyl 7.8-8.028 LlelytoL} o] ] EFo] ot xjo]
2 AIZ2EY, Konnodd KoM W PG 3 phr} 4.608 B AY
A pH 5.0 FAHACE @2 T o2 ZAxFelA PEE S0
Al etdzz|alo]l pH 7.0-8.0, PG of4bdel pH5. 0 =7} 3 pHe &
A fARY A48 vehiigic

¥}, NaCl &3

T4 4718 ®0l7] 9180 NaCl& 7)o H713slgich NaClE HEEE 3
7¥ste] L &S B A3} Fig 1-32, Fig 1-339} Zr}. PE2] 3 NaCl &
EE 0.15M2 UEelRton NaClE& M71stA] kg wi Rl of 5uf 718 &2
H7HE Rtk gL} 0.05Mo] 2] SEoJME NaCl& H7IslR] Qg ol
B} of 4u) ol el 3psh Uehyth W pee) Hch Q7S ekt NeCl
TEE 0.IM2 Vielsten] HrbslA] sk wie AL 77t el 4t
cl.

A}, Temperature ¢33}

250 uhE PEY 97} M= Fig. 1-343 Zth w2 PEQ Y &&=
S0CE Lletktom 55To|de] 22 RoPd4F PEY ¥EE/ IFFH3M
dojA 60TCoME Hh 9rte] 20xP =& uiebylch whd, wW e A¢-
(Fig. 1-35), 70CelA Huie] Q71& Uehdlon 1 o|4e] 2xolA PG
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Fig. 1-30. Effect of pH on the activity of PE
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120

Fig. 1-31. Effect of pH on the activity of PG
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120

Relative activity (%)

0 T ¥ T T

0.00 .05 .10 15 .20 .25
NaCl concentration (M)

Fig. 1-32. Effect of NaCl concentration on the activity of pectin
esterase,
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Fig. 1-33, Effect of NaCl concentration on the activity of polygalac

tronase,
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Fig. 1-34. Effect of temperature on the activity of pectinesterase
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120

Fig., 1-35. Effect of temperature on the activity of polygalactronase
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=7t 343 dolA 80ToME FHu) 971 15%n]3kg Wepdlch a1
o 7§ PE W PGS HF =& 7tz 55T2} 30-35CE PES] HF 2=7}
PGHET} ria RaE|o] @ PE, PGz Aol¥t Aztet & 4 on PGel
HYLer} 2ol vl 48] W& & 4 e, olv WAVt GIET}
A Bzl olfta AlRHCh Lee5e] RBzof oj3hd @ PES] ¥A
HALE7F 16CE VeRIgl oLt ol ©olA PEE A3 &3l HEY
AN}7 ohlel W& 10 min%¢t blanching ¥ firmness& &A% Az 7
6CollA blanching¥l ©@2] firmness?} 2t & Lielt Ajo|ER wholA
JAAE FE3l] 2 HEAI 50C7 B2 PES #3F ¥/ 2xel AR
Hrt,

2. qaF(F2) 7HEE3R(EAE) F 54 28
7}. PE2} PGY] €<t 7d

dofl cidt P BI] 93] G PESL PGY d EREHE 2= HE
AY A3 § o] 43t D-valued F3ta 1 L 2Eo] uwiel EAstAL
m(Fig. 1-36, 1-37, 1-38, 1-39), ©o|2%E] Z-value§ F8}9ct} (Table
1-3, 1-4), @ PEQ] Z value: 8.76Coln PGE 6,67CE L}ERGITE Konno
5o B PG Ko o3t 55C @Ae] 07 F HAQ WHAdol AY
AstA] gem, 70ColA dAzl F Hcf 9rpe] 50% wro] Liehiia 80T @
Al F B9 o]l AL uvlehubA] potria et & A& 65Tl
A dAER F T4 HAol AL UAsHA] ddted, 70T dXe] ¥ F3
StAl 717t HolA 80C @A e F HA HAZol AY uehtA] o} RARRE
Aztel ¥ 4 ok W] AL PEY} PGY z-value: 18.5C2} 12,25CE
228 PE, PGR.T} dofl vyt ¢t do] v A Lietulct
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log(100A/A )

Time(min)

Fig. 1-36. Thermal inactivation of pectinesterase in 0,0IM phosphate
buffer(pH7.8),
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Fig. 1-37. thermal death curve for pectinesterase
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Fig. 1-38. Thermal inactivation of polygalacturonase in 0,05M acetate
buffer(pH5.0).
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Fig, 1-39. thermal death curve for polygalacturonase
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Table 1-3. D-value and Z-value for inactivation of pectinesterase

Heating

; ¢ D-value Z-value
r .
empeoara ure (min) C)
(C)
40 650.36
50 80.65
8.76
55 18.18
60 3.14
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Table 1-4. D-value and Z-value for inactivation of polygalacturonase

Heating
¢ ¢ D-value Z-value
emperatur
perature (min) (C)
(C)
65 236.663
70 42.811
6.67
75 6.262
80 1.424
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L}, PE®} PG2] nomograph
ot 2] PE2} PGS nomographi= Fig. 1-40¢f Ltepjiglct.

3. AAR(F2) 237 A
7}, Yx]7] 2xo uld @ firmnesse] Wi}

PrestamoSoll 2]31H Y& WSAF F Aol H3)] firmnessZ} 50%
o]t zta%trhki ¥t} 2@y} blanching ¥ WSA A sPH o 20% wro] 7t
Lok it &, 229 71gAe Al firmness §A& $1¥ blanching?]
daydes & ¢ 4 ok £8]Y 22 sampled 50, 55, 60, 70TCoA Azt
M2 blanching ¥ ¥ 10min H<Qt boiling¥t A3} Fig. 1-413} Lt} 50°Co]
A blanching ¥t -9 firmness®] Z7}7} A=] st A As] F715tdcl.
55CollA] blanching®t sample2 30E7IA|+& VY F71738E& Hout 40
Hol5e] FH3] fimness?} F7}5}o] 60& blanching¥l sample2 713 &
& fimness& UEINLOD A%4ALE fimness7t E718h= A Rgct ¥
®, 60Co|A] blanching¥t sample& firmness?} 333 Z7}sich 30, 40,
50minol| A] F7}Fo] Wolx] kgt A R 70Co|A blanching ¥t
sample2 AMLRE 15871x] 8] fimessz} ZF7ksict 208 o]y
blanching¥! sampleo| A|%E] fimness7} T3] "ol ) ¥ AyAz}, 55TC
olA] 1A H¢t blanching¥t sampleo] 713 ¥& fimness§ XgloLt
blanching A12t& &°|7] $13] 7} RAI%E AAE B 70ColA 16 nin &
¢} blanchingdh= A& AY3tgr]. Lee5S B2& 10 min F¢ blanching
¥t Az}, 54ColA 76 CHRA| firmness7} Ald F7lstgon, 1 o] F3H
100C7}x] ZtAstglcka ek Fig. 1-410)A 10 min blanching®] Z¢ 70C
oA 713 &L firmnessE Kol FAIR Az}e}l Rojzc)
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Blanching time(sec)

0 +——T
50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Temperature (°C)

Fig. 1-40. Nomograph of pectinesterase and polygalactronase
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5000

Blanching at 50°C
Blaching at 55°C

Blanching at 60°C
Blanching at 70°C

L X I N ]

4000 -

Blanching time (min)

Fig. 1-41, Firmness on various blanching condition
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L}, Firmnesso] m]X]&= CaClpye] &3}

Ca A2l H2Fe FAE AAshe e Fo¢ UAIE Nad}t 2 A
B89} o] RAA|J|E Bted, MEHo|L MEZLRE FAAA firmnessE
Z7WN7)71 % sin], A4S AT Ay HHE FLAh
gheh CaClp®] W firmnesso th¥t #2}E dohd A, Fig. 1-419} ol
0.03M 7}2] firmnessZ} Z7pstg.oL}, L ol4ty S Xo|A firmness®] Z7}
7t A UelRA Qfglth ol& BaekFel AFoA wjFe] el CaCl:7}
0.03 ¢ uwf #che] firmness§ UElHOon], 1 0|42 sxojX 23]8 ¥
AL AYeE Yaz SR A ¢ 4 Atk (Fig. 1-42).

t}. Firmnesso] m]X]+= NaCle] &3}

tfe] elFolA NaCle] H7toll &3 firmessyt E7Hcia gal# ol
tlh. 231} Van Buran®] snap bean pods?] A¥olA AAH NaCle F712|
3= 1)7hdol % 229 atet 2)del HA| AFeg AR firmness]
Astgict, B9 firmessol th¥t NaCl®] & UoHE: Azt 0.1Mol4 7}
A 2 firmess& UEIW L, 0.1M o3l B EolrM 3|8 firmness7}
245 AL Roc} (Fig. 1-43). Flemingse] ¢-FoilA 2.6% NaCl2
o] firmness& A} LT AHsHYPA|E 1L o] FEolA firmness?] 4
£o] UVelLA| 9otem, McfeetersFo] ¢F-olla= NaCle] HI7I2 ¢U3f 2
ol9] Ay} si&EIgich wiabA AxF FFe} blanching WY W =23
Eo we} NaClo] 23] firmnessS ZAAFE 282 sl Ao Algd

t}.

g}, Firmnesso] m]x]= pHe] &3}
29 firmnessol b]X|& pHel A3t th] Fig. 1-442} Zth o]dg]
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Fig. 1-42, CaCl; effect on firmness.
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Fig. 1-43. NaCl effect on firmness,
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Fig. 1-44. pH effect on firmness.
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H4AHA PEE pH 7.0004 i) 71 viebd u} glo] pH 7.00014
firmess7t 714 & Zolgte o & ZHzoltlh Ll Leesd] A+
ollA] ©Z¢] blanching Al ¢F pH 5. 08204 713 &2 firmness§ UER
o] ¥ AyA} dxlA] ¢fer). Bureno] 2J3PH pH 4.0 FEoJA pectin
o] demethylation¥lo] PES] ¥ & 3l firmness7} &ob2Tin sl on}
B AYY HAEAo] 23t P6rL pH 5.000A Hcof #E& viehfr] wf el
25|38 PEQ] ¥/do] A= o] pH 7.00]4 7}E &2 firmnessZ} L}& ROE
AT} EY gZe] ZAoA blanching 3H& o T Edo| why &
g2 AL Y ¢ 5 dgdEd, ot Hiol ¥ AAFolepr] Hrpes G2
27 celle] Yelol 2B ABpEAoleha BojiTh
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AHed EFF T HH3 @ SWF  indicator

enzymeX] A

1. A1FX¢] Intact celle] Exidhs AAAH W P=|U EsjaLol Ftyy
&%
7h Ay
1) Phospholipase A

A AEFNE FUY FAR e ¥ Z AEE dBY 229 vater
bathol A wix|7|& AAIstAc) 0-30F AlelollA sampling3lgdct. 12| o]
sampleE& 50nmM Tris-HCl buffer(pH7.5)2} ¥#| homogenization& 3¢t}
Centrifugationg B3] 43S Foldl ¥ 65%7}A] ammonium sulfate ¥3H
& AFch o]yA @ojA sampleE& 7}A|Z phospholipase A2 WIHE &
& stolch

2) Phospholipase C

A AFANE TUY FAZ e ¥ F AEE 4BY =2 vater
batholl A tx]7|& AAIStch 0-30% Alo]olA samplingdtiTh. Le]il o]
sampleE-& 50mM Tris-HCl buffer(pH7.0)3} 37| homogenization& 3}¢lr}.
Centrifugationg B3| AEYE& Aol ¥ 65%71*] ammonium sulfate 3
& AAT). o)A @olF sampleS-E 71R| 3 phospholipase C& UdA4 &
& 3tarch

3) Phospholipase D

A AZFAE YUY FAR e ¥, 74 ARE 4BY 224 water
bathol A ©x]7]& AAl3tdtt. 0-308 AlojollA] samplingdtglc, 2|3 o]
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sample5-& 50mM Tris-HCl buffer(pH7.5)3} ¥# homogenization dl4icl.
Centrifugation® 23] 2L ol ¥ 65%7}2] ammonium sulfate HAH
& AlFth o]gA dol sampleE& 7}A|3L phospholipase D] Udd &
& stqch

4) Phophatase

A AEZXNE B9 AR Ve ¥, 4 ANEE 93T 2= vater
bathol A tix17]1& AAIstglch 0-30% Alojoll A samplingdtTh 223 0]
sampleE-& 50mM Tris-HCl buffer(pH7.5)3} ¥7) homogenization& 3}gith.
Centrifugationg 8] A359& Aol ¥ 65%71%| ammonium sulfate HH
& AZch o8 A dolR sampleE& 7}A|L phospholipase D& W@ &
3& gt

5) Galactolipase

A ASNE FYW RAZ e ¥, 74 AEE 4AY =Y vater
bathol A HlX]7]1& AAIstelch. 0-30% Alo|ol A sampling3tdth. 2|5l o]
sampleE-& 50mM Potassium phosphate buffer(pH5.6)2} 7| homogenization
& 3}olch. Centrifugationg& B3 AFYE dold ¥ 65%7tx] ammonium
sulfate AL A|Ft}. o|gA ¥o]F sampleEE 7}A|3L galactolipase?]
dd &3& stalch

Zt7ke] Ao HY YrhEFE WUES A dIFULR PHE} FUst
t}.

L AdE
AFXE HA dANeE ¥ F ELE F&3lo] 72| phospholipases$}
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galactolipase?] D-nalue®} D-valued Table 1-50i & 2]3}gict

UL TLE FEQ F HAYE 71 AR} 4T w2 A= Y
9toL}, u}zk7}x]|E phospholipase C8} galactolipase?] @¢td Aol ni$ &
A stz vz 2z 2480 ol AAMAU {¥-2 visA Usich
(Fig. 1-45)

Nomograph?] Z-$ol%, AANE F&Y ¥ dAe& VA vlasie] Hk
& uwj, n}x7}A|E phospholipase C2} galactolipase’} AWt og ciE &
AERTH AFHEE ¢ 5 Usrh (Fig. 1-46, 1-47)

2. AdEE ¥ FAFAAMY Ly
b AEXE EUAY F FANY FolHA
1) ey

AR Qe F A FojA QXA DAL ALY 70%F ARSI
o] 7 & Esj3te phospholipase & phopholipase C9} galactolipase: @ @
o] t}E BALERTH:= Z3EE o] ALES FHLE AYEE B
A=

AExe Qdukg whA 10g8] o AY ARE EHEIAch 2232 %
o ARES FR4E ML e o AE F g 95ToA 30X
blanching& #tglth 1elal vhA -20°CelA A3t ¥ blanching®t Rz} 3t
A e AL 63 ¥ sampling® 3}o] DGDG, MGDG, and PCO| & WHHE &
Fslodch. &3 Aol 94 2o ARE 100C H& BoM A4AE BF &
YA A7 VA AERE 100mee] EF4ol Y3 homogenizationg& AJI
t}. olojA §-71&ui(chloroform: methanol = 2:1) 100m¢E M7} 3+ ¥ 1AL
Z9t stirringg Atk 22l §718u) Hold Zzh 300ut& uhAl TLC
plateo]] loading& %t} F/)RulE&= chloroform: methanol :DDW = 65:25:4
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Table 1-5. D-values and z-values of phospholipases and galactolipase

from preheating spinach.

D-values (min)

preheating
spinach 40'C 45°C 50°C 55°C 60°C 65°C 70°C 75°C 80°C 85°C (.ZC)
Phospholipase A 4812 2412 4926 225 10.7
Phospholipase C 2568 1944 509 356 158
Phospholipase D 17400 8020 2440 150 7.45
Phosphatase 5166 1494 511 955
Galactolipase 5826 2928 348 8.18
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Fig. 1-46. Nomograph for determination 10% residual activities

phospholipases and galactolipase from preheating spinach,
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Fig. 1-47. Nomograph for determination 1% residual

lipases and galactolipase from preheating spinach,
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& o]-&¥r} 28]3 densitometer§ o|&-3}od DGDG, MGDG and PCe] oFe] W
3}E F33ddct

2) 4¥Zx

67 ¥ B 3R] ¢ sample?] 7~ monogalactosyl diglyceride
(MGDG) and digalactosyl diglyceride(DGDG)&] <Fo] =A% HlE A9
sampleol] u]3}] Z}z 40 %, 36 % &9 3., phosphatidyl choline(PC)2] or2
70 %7} &ol&glc) whd WY& ¥ 22 MGDG, DGDG Le|iL PC7} Z+z} 16
%, 13 % 12|31 39 %7} Folgol E ACE Kol BUYL ¥ 3¢ EH &
ol " HolArh 63 F BUYE A L sampled] FHH
monogalactosyl diglyceride(MGDG) and digalactosyl diglyceride(DGDG)2]
ool A upg M| sampleo] ujd ZZ 40 %, 36 ¥ F9U2,
phosphatidyl choline(PC)¢] & 70 %7} &ol&gict. dtH HAIMANE
< MGDG, DGDG Z1e|ar PC7t Ztz} 16 %, 13 % L2|3l 39 %7} &olEo| &

L% Hol §UYE U B¥ 4 &l ¥A Aot (Fig. 1-48).

¥

PO

U B2& EUIY F FANY FolR
1) 29 ¥
7}) Carotene &3

88 9 4%t 3g& 2|8l hexaned} acetone ¥} (6:4)S 7}
Bl F2-& YR 2T}, Methanol & 713l glass filter® o 3}sjo] A
¥ FeUrh. FRsE B $£49% U ok 4AYE sl
spectrophotometerd o] &3}o] 436nmol A HU=F &3]
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MGDG > ¥

DGDG> # @ %

PC» &
Lane 1 : Extract of spinach in 0 week
Lane 2 : Extract of blanched spinach after 6 week
Lane 3 : Extract of nonblanched spinach after 6 week
1 2 3

Fig. 1-48. Effect on preservation after blanching.
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t}) Color &&
MAAE AHEStO] L, a, b 3t AREEe Mx} AEE AHEld ARE 7
FO.82 3o ofefe] Ho= el

AE=( AL*+ da®+ 4b?)"*

t}) Firmness &3

ZH)E ®T2 CaCly 0.03M, NaCl 0.1M& X3t pH 7,022 ghdolzl
L] A blanchingdteirt (55°C for lhr) . Control& blanchingg 3}2] ¢
3 PYEAAE 9o AgFE blanching ¥ Y%A 3 stelc}l. Firmness
= texture analyser(SMS, Co.)E& o|&%}o] 5mm diameter probe& ©]-&3}oq
0.1mm/sec®] £EE 75% deformation® & firmnessE &4 3}t

2}) Thermal stability of PE and PG

YEPoR FuE 9 UFYE ##H 50, 55, 60, 70, 80TE
blanching ¥ Z A& $&3lo PES} PGe| 9715438t nomographE 243}
it

) A% & 5448 A5
7}) Carotene ¥&F w3}

Blanching 8}%] ¢4 @2 YEAA Aol ¥ 0.5058] A-absE el
Ugdou A F Bt 0.4928 A Holx)] Qgkrl. 8L} blanching ¥
w22 A A 0,414& blanching 3}2] ¢4-& whZo] B3l viA Hojx|= A
¥ Uehligen A% AAstA HolA 0.352& VIERfQCE ol&

*
blanching % carotene?] £&o] QadLes & & 4 glom AHI 2
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drip Aol 2l%t carotened] Ztaeli o AAc) (Fig. 1-49).

1}) Color ¥}

Colors blanching & 23 81 & ZOE hrol A3 A% A% ¥
of &ste] HE WUSIATL L, a, b valueE FET ¥ 4EZ A3}
th ANHoE & HIe BEA| ey blanching 312 ¢§2 ¢ A
% ¥ L 3ol blanching ¥t ol H|8) tis Hojziclh HIe Table 1-634
1-7o] Vepjolct.

r}) Firmness H¥}

Blanching ¥} & blanching 3] ¢4-& ol vl3] &-& firmness& LIE}
viglth Blanching ¥ &2 A% AYE ¥la3 2 firmness§ UEhl2
®, A% ¥ blanching 31A] 42 F¢ firmess7t IA ol ZAfof Hl3|
¥ firmess& UER|olth. whebA blanchingel] ¥t AXE ZHAAA 4
A& HAstHTt (Fig. 1-50).

G228 WEAA F blanching o] R-5Fof wE W3} AP wtE WY
€ A& A3} blanching¥t Fo] blanching 31&] ¢} ol v]3] carotene
o] ¥ thd WolRA 2L} colord} firmness§ W% H fAlshks A4E &
& 4 dglch

3. Az ouldAz] & - Foll njE AY 5 FAEH
7h A= g Uy
1) A4 g g A=
€ Ao AR "2 AR ABA AINEE TSI AHgE
gom AlebZ A¥E FFL AH8start
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Table 1-6, Color changes during the storage.

not blanched carrot blanched carrot

L a b L a b

Before storage 47.19+3.21 1526%4.95 29.00%£6.37 50841247 14.46%+293 2867+351
After storage 42.05%£2.73 10.80£4.13 27.10%£563 4860*+1.47 11.70+2.05 30.82+275
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Table 1-7. AE changes.

not blanched blanched
Before storage 57.74%+252 56.6511.48
After storage 60.26+1.00 56.00%0.95
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A-abs

0.5 A

0.4 1

0.3

0.2 4

0.1 1

— .

T

—e— not blanched
~&— blanched

0.0

before svorage after storage
Storage for a week

Fig. 1-49. Comparison of carotene contents,
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Hardness (g)

7000

6000
5000
4000 A
3000
2000
1000 -
—@— not blanched
—a— blanched
0 T T
before svorage after storage
Storage for a week

Fig. 1-50. Comparison of the hardness.
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G2 8, FL, oFFELE o] FUFEUE AMESIch @2
sample cylindrical cutter& o]-83lo] x|& 1.5ecn® AE ¥ 1,5cm &°]
o {B¥eor Fuldloct oAudEE B3l 55ToAM 1275t oA e
St 2ol 7B AFolglen uleld 2 Hd¥elM Fu|Y YT sampled
F FoZ o] BC(blanched carrot) & dd]dAzg] 3}tgL RC(raw
carrot) T HNEBIR] UL HejolM EIFAz e AYAR F AFs)
grh. @SARE 65TE N AHPAM #FR9 g3F3ARINE ol &3taley
#UAZRE 65CTE U F U JIELE 1% st on $EUH
37t & wiztx] Az3qch

2 4l
Eujd G2& oduldAz|sA] 42 4 dudAE] ¢ FLo2 Lo
TAA ¥ FAAZIN A2RAZCL

3) B B9y
223 9 dARL 100Ce Eo] Yo AJZHEE ZAuo 18 ¢
drain ¥ 1% A A2 1g@ 22 Lehiglct.

4) @9 hardness &%
Hardnesst= texture analyser(SMS, co. )& ©o]&3%}o] 5mm diameter probe

L2 0, 1mn/secd] 2T 75% deformationd}eicl),
5) Z¥H=E &3

AR J3E npsto 1g o] FF4 40 nL& 7}3l3 10% trichloroacetic

acid € 10 nl& 7}t A2olA 2417 WA F oAt spectro-
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photometer® 420 nmoll A} FRHEE &Adjgich

6) Carotene &4

ZH|H g3 B8l 3g& 23}l hexaned} acetone FEY(6:4)F 7}
st =&ZE WHE R A¥ICE Methanol & 73l glass filterE o}3te] M4
& F&ycl. $H4E 7 2E9S ER¥ e BFYE sl
spectrophotometer& ©]-83}0] 436nmoll A HFHEE SFs}gc)

7) N &3
N2AE AHEBE L, a, b g3t AN Mx} AER vehigict. 4EE
M)A ARE 71208 ol ofehy Yoz Uehigrh

AE=( AL% Ada®+ Ab%)Y?

8) Cell structures of carrots

Az AFx gz HNE2E FY¥u]Z(Universal Research photo-
microscope: Zeiss Germany) & TASIgct @2 AEE 32 2Z(2m x
2m x 1m)SE2 2H2 ¥ 0.1 oM of pH 7.0 phosphate bufferoll 5Ql 2,5%
glutaraldehydeol 4°CojA] 2217 LA ATt 22]3 buffer® A& F ThA]
1% 0s04 solutionofA] 2A]Zto]A} LA AL}, Buffer® 1543 2% cia] A
& ¥ %27} t}E ethanol(30, 50, 75, 90, 95, 100%)¢) Yol Z}z} 1584
&r3itl, sample TIA] 100% ethanol® 1587t 2% A&3jM AL ¥
propylene oxides (P0)E 153t 23 AG3A M=c} AejH sample 5
=7} thE(50, 66, 100%) Spurr (Sigma, St. Louis, MO)ol Ztz} 2417ty i1
A% ¥ embedding dishol]A] 70ColA 8A)Z+Eet FR]A|ZIc). FH]H A&
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& nmicrotome ©]L&3] AIE I slide glasso] 318} methylene blue®
A4 ¥ NREIZE WHIG.

L < L U B
1) 433z 9 Zddzx 92
7h d28 d233

AR 13A17F F5E AzpAdE FFY PG odu]dAely FIoME o]
o FE3] AzEe] gFAZ2el AUAR Aolst viehtR] Qfgtert oy
XA 4 FelMe ALARI dFAzEcl we AxFHch o
£ Ko 59 EaRAZ AFolM dFA2et ARG vay Ae &
ARY Ao JEAzo oy A=z} vlad A PAstged 71
Z¥ AgE 9FARET} 27 AR 4E271 wET] wige] 8ol A
dojydria gl I F A2PHAA dudA et 2(BR: ou]dA e
3 ZdAzTE, BH: ou[EA Y dEARTZ)o] ouldA A L
Y2(RC: ofu|dA 2shA] b2 ZUAZRTE, HC: ofu]dAelslx] o €&
Azxg)of v m2A A=RE o} (Fig. 1-51, 1-52).

90t BHYYHE FHY 2 dFA=2 o AUYA=2Y G2 /AR A
goz Gt BAdFME vehlolelh EY F 7ix] AzupHelA ofu]EA
gl¥t F2o] dAelstA] oL "WIRo} W2 HHUYE Vet (Fig. 1-53,
1-54, 1-55, 1-56).

t}) @22] hardness &%
A& ¥ hardness?t FH3] FAstgrt. EFARY J2I AYAzY
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Dehydation rate per 1g sample

1¢

—e— Blanched carrot
—0— Unblanched carrot

T T T T

5 10 15 20
Drying Time (hr)

Fig, 1-51, Dehydration with hot air,
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—eo— Blanched carrot
—0— Unblanched carrot

1<

Dehydation rate per 1g sample

o ) T T T
0 5 10 15 20 25

Drying Time (hr)

Fig. 1-52. Dehydration under reduced pressure,
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Rehydration rate / 1g sample

—— X FoF
11 —o- X &2F
—&— B 4T
—O— X HaF
0 ‘l T L] L) L
0 20 40 60 80 100

Rehydration time (min)

Fig. 1-53. Rehydration of blanched and hot air dried carrots
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(4]
1

H
1

N
L

—— X FHoF
—— X F2F
—— X H4F
—O— X &HaF

0 20 40 60 80 100
Rehydration time (min)

Rehydration rate / 1g sampe

-
1

Fig, 1-54. Rehydration of unblanched and hot air dried carrots
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—o— X B0F

Rehydration rate / 1g sample

—0— X &2F
—a— A B4F
~o— X & gF
0 T T L |
0 20 40 60 80 100
Rehydation time (min)

Fig. 1-b5. Rehydratio of blanched and reduced pressure dried carrots
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Rehydration rate / 1g sample

—— X I oF
i -0 X F2F
: —&— X FaF
—O— X EgF
0 L] T T L}
0 20 40 60 80 100
Rehydation time (min)

Fig. 1-56. Rehydation of unblanched and reduced pressure dried carrots
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FAY ZHOR hardness7t ZAstdEd A 0Fof oujdAe] ¥
2% B2 oF 2644g2] hardness& UEhJom ofu|dAe)slx] @i
2% YL oF 275g9) hardness§ UEhgich. EY ZgtARY g2
< oujgA eyt F2o] 2265g& FA LB U FTS 246 LiElulch
2y AF7o] Ao ujgl BE FolA FARt P L2 hardness7}
Ti4 Z7tEo] A% 8ol du|dAe] ¥ dFARY P2 o 3447g, &
Ae] kA 4L T2 514, oMH|EAE F AYARY TS 2889, EA
2151R] 94 WL 358g2| hardness& LIE}WITH Table 1-8).

gh) ZAW=E w3t

Ztzte] B @342 W AYAR F AAFY ZAHEE 420 nnolA
FRER FAY A BE FolA AGFoz ZHEs 78k ZA80dd
th AR 0Fo] BH(Hu]EAE] F EFAR)E 0.185, HC(ou]EAe] 3}A]
UL dFU=R)= 0.195, BR(evIEAE] F ZAA=R)= 0.134, RC(AU]EA
gl A Qb2 ZAUAR)E 0.1559] FFEE Uehio] Fitxos dFdz
3 gdo] YRR YoEch AHAEI wolon oudAe x| 2
gol & ZHEE vehidich A F F2d ZHEE AEYeE B
olx A& 8Fojl&= BHY} 0,335 HC: 0.368, BRE 0.318, RC: 0.3542] &%
=& Uehideh A g #HE 2= Y $£EUP ulely E YT U
v Aoz o8A Qrh uwiEtd ARE upd F &£ RES vz 2™
BH: 1.16%, HC: 2.70%, BRE 0.24%, RCE: 1.34%5 BT% A&7} v)z3 g
S 458 w4517 wlRo] NB AlRRTt ZHES} A Vel Roln ¢F
AR A AYARY A gRT e 48 3] B & 2H
7 vehd Zlo® Alg¥Th EY ol& Ko B EIHAE o &% MY
£ S Azjojtt (Table 1-9).
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Table 1-8. Hardness change of dried and stored carrots,

dFAx Agdzx
A 713k
Blanched Unblanched Blanched Unblanched

AzxA 5763.35+634.40  4926.17+288.08  5763.35+63449  4926.17+288.08
A& 0F  2644.36+1254.80 285.15+103.19 2265.58 +798.68 246.60+56.28
AR 2% 277558+176356  319.92+157.70 256950+ 1091.50  248.48+151.02
AZ 43  3009.33+747.11 407.53%220.59 2745.801798.93 259,52+ 75.50
A2} 8% 3447431104182  51495+18646  2880.23+1069.32  358.03:296.04
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Table 1-9, The degree of browning on blanching and drying methods.

477 dFU= Agax

Blanched carrot Unblanched carrot Blanched carrot Unblanched carrot
A% 0F 0.185£0.002 0.195%0.002 0.134£0.001 0.155£0.004
A% 25 0.322+0.006 0.363x0.003 0.314%0.008 0.326+0.007
A% 47 0.328+0.012 0.365+0.002 0.314%0.008 0.341%£0.022
A% 8F 0.335£0.008 0.3680.007 0.318%0.009 0.354+0.011
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u}l) Carotene &3

G2 Azo] wh carotene TS 463nmoll A FFZ=2 FHI A3 A
A 0ol BHZY 0,376, HCZ} 0.4142 VeSO BRE 0.407, RCE 0. 4418
A= D22 carotene ¥aro] wA UMW ouldAe] 3HA] 42 T
o] duldAey JRrl 2 @FE uehdch. 28y AR F
carotene 38k A& 08 Zta o] A A 830 BHZ} 0.310, HCZ} 0.258
& JERden BRE 0,303, RCE 0.2372 ov| @A 2|t ©22] carotene §
o] oA ] 3}A] UYL IR #A FAFHAL dFA2Y G| 7
UAZY G2 R} i WA LEIT) (Table 1-10).,

u}) A w3}
@] Az F AY F9 FHY M wHIE= WA QQIr} (Table
1-11, 1-12, 1-13, 1-14).

Al MEFZ

48}#¥ 0] Z (Universal Research photomicroscope: Zeiss Germany) S8 %
=8 AETZE BN A3 ouldA A 2 B2 AXEYY &
Folo] BAY 4 ddon HERAL GFARETL YA R 3] t%
+&E 9} (Fig. 1-57, 1-58, 1-59, 1-60, 1-61).

4, FHAz 929 AP
7} 92 549

7 A oujdAe] ¢ P2 HHo] oujdAe] shx] o2 FZol v
3 o & SUYE Uehidlon A 7)3to] AojMel ule} ojudA 2ol
whE 2to]7} #ojzrh(Fig. 1-62, 1-63).
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Table 1-10. Carotene contents of the carrots depending on blanching or

drying methods.

dF Az EA ) g e
A 713k
Blanched carrot Unblanched carrot Blanched carrot Unblanched carrot
A% 05 0.376£0.003 0.414£0.003 0.407£0.013 0.441 £0.004
AR 25 0.371 £0.005 0.385+0.003 0.358 £0.003 0.320+0.003
A 45 0.365%0.006 0.362+0.002 0.356£0.003 0.293£0.003
A% 83 0.310£0.006 0.258+0.036 0.303+0.004 0.237+0.005
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Table 1-11, Color changes depending on blanching or drying methods (L

value).
A 712 HEEAE gz
Blanched Unblanched Blanched Unblanched
AzxA 57.54+2.919 58.721+3.043 575412919 58.72+3.043
A% 0F 57.12+0.609 54.80+0.767 59.12+0.287 54.28%0.314
A 25 58.40+0.614 54.38+£1.270 56.36 £ 0.567 57.21+1.223
A 45 55.89£0.864 53.531+1.483 53.656+1.609 54.02£0.617
A% 8F 54,56010,595 53.08+0.597 56.06 +0.558 52.22+0.783
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Table 1-12. Color changes depending on blanching or drying methods (a

value),
e gFd= Agdaz
Blanched Unblanched Blanched Unblanched
AazA 14.73+4.957 16.62+4.495 14.7314.957 16.62+4.495
A% 0F 16.68+0.619 16.01£0.617 16.38 £ 0.360. 17.47+0.396
A% 25 20.78+0.502 15.12+0.710 17.27£0.672 21.24+1.206
A% 45 15.93+0.728 15.19+0.525 16.79+0.904 17.82+0533
A% 8F 16.710.958 14.06+0.821 20.08£0.744. 16.40+0.639
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Table 1-13. Color changes depending on blanching or drying methods (b

value).

A7 2 gFax Faa=
Blanched Unblanched Blanched Unblanched
AzxA 345117585 34.86+7.356 3451 £7.585 34.86+7.356
A% 0F 46.21£0.795 42.33*+1.338 52.23%0.195 46.0510.414
A% 2F 40.40+0.369 35.46+£1.228 41.76*0.645 37.73£1.329
AR 45 42.14%0.620 37.84+0.698 39.01+2.469 41.08+1.207
A% 8F 36.90+1.691 35.78+0.609 40.89+0.439 38.39+0.322
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Table 1-14, Color changes depending on blanching or drying methods ( 4E

value).
dFx Az

274713
Blanched Unblanched Blanched Unblanched
AzA 50.76 +4.606 50.06+4.933 50.761:4.606 50,064,933
A% 05 62.6411543 61.30+0.533 67.99%0.364 68.14+0.546
A% 25 56.06 1 0.893 54.80+2.056 58.7911.302 55.69%1.342
A% 45 59.33+1.751 581312349 60.01+3.952 62.0311.303
A% 8 56.53+1.460 56.42+0.927 59.7710.547 61.14+0.977
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Fig, 1-57. Cell structure of raw carrot( x 400),
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Fig, 1-58. Cell structure of hot air dried carrot{ x 400). : drying

after blanching,
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Fig. 1-59.

blanching.

Cell

structure of hot air dried carrot(

134

x 400).
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Fig. 1-60. Cell structure of reduced pressure dried carrot( x 400)
drying after blanching.

135



¥
: L3 .
“ . :
P Yyt
' L] -~
" s
e e
6y )
y
5 >
& ;.A;?
i
B 7; e,
o - v &
# ki : i
e - :
N e, j .

Fig. 1-61. Cell structure of reduced pressure dried carrot( x 400)

drying after no blanching,
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Fig. 1-62. Rehydration of freeze-dried carrots : blanched carrots
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Rehydation rate / 1g sample
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Fig, 1-63. Rehydration of freeze-dried carrots : unblanched carrot
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L}, @22] hardness &A

A ¥ hardness7t AA "ol oL HFo| wfE WHIl= IAA UenlA]
oottt AR A(AzR FF) oujdA T2 dAE x| U FLelvjdl &
< hardness& UEhglen ol AR 2 A%HoR {A=E gt (Table
1-15),

ch ZHE Wy

ouldAe] ¥ g2t A A U4 DY Aozt AF 7)3he] Ao
Hol wle} F3lo] FHEYCE ou|gAe] ¥ G2 ALY LR FAHAA
gt dXesh] e BT A% o ZhEESIT) (Table 1-16).

g}. Carotene ‘H¥}

oul @A 2§t Fo] AX AF carotene §Pol AN A e
TET vad bA Jepgeu AR 71t F fPagol fAHA FUMHE
o 4~ olalt} (Table 1-17).

o A E
A & FRY A HEe WUEA] Adgich (Table 1-18).

b NEZZ

oflujdA eyt g2zt culdA ] 1A 2 G2 Aolrt Falo] FEH
orh ouldA Y BT vl A F27F fAHA2 oujdA
312 Qb FHAR W2 MR 27} yol maso] Yefsl d3A 4
I &o] yo| Yojytrk(Fig. 1-64, 1-65).
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Table 1-15, Hardness change of freeze-dried carrots,

Storage time (week) Blanched Unblanched

Before storage 5763.35+634.4947 4926.17+ 288.0753

0 254.85+109.3010 127.73%11.5736
1 248.73£103.9500 124.80+14.6281
3 280.26 +71.2404 128.93+43.5227
7 266.85+21.0011 125.38+ 35.4914
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Table 1-16. Browning degree of freeze-dried carrots.

Storage time

Blanched carrot Unblanched carrot
(week)
0 0.148 £0.002 0.134+0.002
1 : 0.155+0.001 , 0.153+0.002
0.141 £0.003 0.186£0.004
7 0.150+0.002 , 0.1870.002
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Table 1-17. Carotene contents of freeze-dried carrots,

Storage time

Blanched carrot Unblanched carrot
(week)
0 0.4660%0.0020 0.5320%0.0025
1 0.2521+0.002 0.553+0.002
3 0.2753+0.0040 0.3397%0.0006
7 0.1377 +£0.0021 0.2020£0.0010
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Table 1-18. Color changes of freeze-dried carrots,

Storage Blanched carrots Unblanched carrots
time
(week) L a b AdE L a b 4E
0 71.36 15.97 37.67 46.33 75.37 17.70 42.28 48.63
+0.845 *£1.043 *£1353 +£1702 £0740 £06563 £0.778 L£l1.114
] 7171 16.11 36.21 44,34 70,77 19.94 37.99 48.44
+0.008 £0.812 £078 0098 £1792 =£0670 *£1248 £1.032
5 73.67 14,74 37.82 44.80 74.02 18.66 37.80 46.06
+0.331 *0638 0999 £1019 =£0479 0415 X098 £1.004
7 74.33 13.16 36.21 42.68 74.13 17.00 39.94 47.05

+0898 0921 41837 £2089 +0204 +£0554 +0.685 T0.700
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Fig, 1-64. Cell structure of freeze-dried carrots: drying after

blanching.
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Fig. 1-65. Cell structure of freeze-dried carrots @ drying after no

blanching.
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Hyggsof o

i
b

b
Ok
X

218 A4

Fujol A "l LR JHEAl 23, Y D B Jled AL 8%
of A&l e de AY gk ol MF, ¢ F F
AA&FY T2 JHAA] A el Y AF AW dF el
3 AAFE QAU vi2 ALY £ Qe a1 HPEY A =3
4, A A AAe whgol AyEel A gty miFelc) wHE, b,
., d¥ 5o HAFolME B Jlgol oIttt dF7t 70-80dch ¥
AYEo] W AxArt WREINUL, olF UYFHLE o3t A&
9, 7Hdel ¢ 23 A3E YRt WH2E FeoA A FHFe
2 AMSEI AE ibde] HvlEeY Edfo] eI HA HyYo)AE kA
(pectinesterase, PE)®} Fe|Z#F2L}A(polygalacturonase, PG)2] 2E-&
As1F o2 zasle Zolth. & ZF LE-EolA ou] dAelg F3 ¥
§19] a-1,4 AYL EFHFH LR J4-ESH= polygalacturonased] ¥A4&
AAAIF|L pectinesteraseE HAPHAIA Mol ol sta AY
(cross-linkage)& B/gsHA sloiFo] =32 AXE WA|Sh= YYolc). #
oz Mdusid 1 8 HyNES 70T YoM 30&dA 2X % B=
B3 sle] olF47](nethoxyl groups)E E3]A7]= HeloAE elAe] B4
& Hu2 gEo] 38 uEAY] F2o AEAue] EAstan = T,
ofauvlg 59 tirl oy o] EE JdHFLE MR Ag 5o 27} o

B
e
©
i
2
%
"y
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o] ZAyste] 229 B & HYUX(firmess) F7HE 7HH2te el
oltt. o] W& ol&3te] FolHs BTE 77THA 5~10EFE B
HAYsle] 227 (firmess)E Hul¥t RAA0 AFANI LR} gle
o, 2 gelx iz, F, Lol¥E, W& Ff, i, ofxvielAL T A
o QlojA o] @AE I =] HAH A7 vlolelst vigkalct
gFol M= olgyt Zlggol Fule] uis] M AF idol wWol HEE o
o2 FA AECE &l gk whetd Al AaFe 23, M
2 zlo] o}E AFLE TS, FUAHE o] § AL &3t} 3}
%ich.

2
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1. 43 23 rtdde] 4228 A7
7} 9wt 278 1Ay qat

714 F ot 29| firmness WI= 60-80C2 A-2o]M firmness 7}
o} A2 two Z]Ho] 2%t J1EAEE 7% 3-mechanism model 4
o] 7Hssto] YAl PE system A|AFZ WHEYCE 60-80TY &=
ol A ZJlolle 7t Frtell nla$te] firmness7t Z4SITir} 15-202 ©]
F2E th] F715he G4E& Hoj 4yt 9] PE systen?] X3 B2
60-80°C Alelo] A& & 4 vl 121TY 2L, el 7HEshe
EEES % Fo=3 -2071A BT 43T e B ZpdA el BAgl] 3
£ BE 7tdsi Ay BE AxY 24 EH] spjEe] 23 &Aool uf
P & AR Vel Ae AR 258 §%e] mif & ALE Yy

et

L gutzEe] dBGE

24§ cookingdhe FUol E84 protopectine] A3t 848 =l
< F718te] & Hrido] A% interlamella layer o] X33 gy W
57} Jtdof o3 zAAR] FHdelrh. ol ¥ WHE FHUA
HHAAM £4317] #1314 PE systen?] F54& & Uele 3-mechanism B
24 (A 1,2)3 ARGE J5Y RE AS4& UEhdE Arrheniusd (4
3)& Hgstact
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Al 1. Hr = Ho * exp(-kr + t), Hs = Heo» exp(-ks * t), Hp = Hor « (1-exp(-k, *
t))

A} 2, H=Hy +Hs + H

(He ¢ pectin@de] A% A3}, Hs : cellulose A 2] 3}, H, : PE system
ol BEHE)

4] 3. Ky = A+ exp(-Ea/RT)

(Kn : A3} SEA(nin™), A NEAAL, R 71AA4, Ea @ B3
Y] (kcal/mol +K), T : A% (K))

Hr, Hs, Heoll Th¥t Z42}e] A¥& = 48 78 Z3} 80T o]t #29
AMe] PE system Ho] AdEe Mz}l Kp: 4.54x10", LAUIRE=
23.48 kcal/mol < KEA] Bj3e] 7-9-2] 4.72x10", 22,56 kcal/mol - K7} A &)
FARE 2k Hol o3} PEY] FHEH Hgol uifel RAR Aoz ueiut
th, ¥ 80T o]t =M Y H:o] Kor®t Eard] ZhE 3.84x106, 17,010
olom, H.ol Kes, Easi= 2t2} 1,29x107, 16,84t} w37 Aol Unbael
Ea®] Zto] 19-23kcal/mol < K2h= A3} nlmsfE uf W2 e Ho LWy
of t RIZsIA Hb-g3te] wiE Ao 2 EAdo] Yol ¢ 4 AUgich
2. IR aAFe FAAR textureo] T G
ARG QAR FHAARA 239 £53 AUEE ALE 1R 2
8AL M) FHo 23] WAt ol d2Y AFE X
¥ L4 Exel pectin, liglin, cellulose, hemicellulose 5-2] d-§3lo] ¥4
A& UA Hol AUY YYELRE IAF LR oA Hu, Yz HH
AES sHYo] 3 A2 fito] Fodge] whel FHY o xWsta A
textureg ZHAIEO] s Fho] AstE Yt A Muyges MY
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3708, AxY dasby, Aolg, Ay, WHAZIYA o]gHo] ¥A
HE7tet YYLE ©A 3} ekt

271 BY F Hol&¥E& F/DF 2F &Ado] AT FuEd 38 2
3, AFUEE 10T 1.0% NaCl B-Jollx 283t EAY F 0.5% alginate
|93} 1.0% sucrose £-ofl A 20872t M]3l F/DE cl2 HUIAE B+
A 712 Areld] firmness?l 0.26 Kgfoll 7}7p¥ 0.22-0.27 Kgfe] k& UiE}
v A el7e] 0.07 Kgfoll v]3] 3AE textured B gt} Texturesf4loe]
AL o] &Y AA Yol A AU AL alginated] FTHA AXZAE nlA
3o} 2R AP Aol sucrosed] AT 2EI|sol oA
2713 HdYo] EUY textured] S AHAAI] diEeltt

3. F1dA Al ALF YA

@HE|A] chlorophyll?] 7t o] wE EHES £EWHAE 0]-§3}
o ¥ A3} Fig. 2-13} Zo] 1oz ZA4F FAHAEdY olE
chlorophylle] o &3] EAL deute] HIT  thido] I xo]
chlorophyllo] acid®} Wh-g-517 Hol wiah Mg™2] 2H'22] X #a}go] Yojn}
NS wlAshs 29 pheophytino] FxH 2 AHEE ] wjolr}.

7t & EHA 299 FERYUH {UakY A& AAHOE Hal
¥ 4 Y PEE J2HES B3 B A3} delAd NaHC:E2 A
Ft A1) YA F chlorophylline a2l Na@d-& 3AAIZ & Ui A A
B4R 4R oHE IUY A olgyo] AAAUZ ¢ 4 Ak 100
2] 0.3%2] NaHC0; &0l A 3037 Be14E F 1.0% 422 gellan gel
ol 1A2E AR F AYAZR 3] o] gy muhE H¥AEY of
u, mute], 3% 54 AARFE 100CoA 302 7Hdste] A& vlay A
3} (Fig. 2-2), T e]to] ul3] pheophytinHE(-b/a)o] 40-50% ZA3}oq
B4 fAo] Aol Lt
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Fig, 2-1. The amount of remained chlorophyll with temperature and time

during heating,

154



1000

100

Measuring value
=

-b/a value Delat E Lightness
Color properties

B Raw @No treat WGel treat

Fig. 2-2. The comparison of effect of color retention with

pre-treatment during heating
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A3 7 AT 233, AP A AT

1. 7tdA] 22a3 B2

At o8 ofn}, Wil 2 ALFE JME F texture W= pectin,
hemicellulose, cellulose T3} T2 MXH nmiddle lamella 459 3}3
A W3 g SAo uld cell wall®] turgor force?] ZHAE dojyicr), o]
3 Jtdel wE RAAKE TR YR8}y 93 FHHLE AHgsia
ulo] pectinesterase (PE)o] &J¥t Mgl 2] demethoxylation T3}
o]-€-3%t A O E Hoogzand®} Doesburg?] 2MAFE 60 ~ 75C2] 8|23 ut
oAl FAIZE oflu] EAeshE Jtd A F FA el w3 =3 o]
BElE Abde dge] ZlRsia ot FuUlge] FE dFE2E= wg, F

g, ARl oravtelAL, F T PE AR E A ov] AN 2

32,
rr

i
flo

I S A

of ¥yt Aol vt Jut A4 chi-&o] 100T Whollx 7t 4bdste
3 HE Yol FHE 2F &0l FAT HESE 24 121.1TY
2, 38} FtdolA Y A= AL ol Fox|A] ¢lgtch. wletd B Ao
121.1C9 22, a9t 7tdstol A A4F 232Hg Hojy fAAZH 5 9)
Az 249 g N A ouldAz] 2JY Y, ¥+ ¥Y 59
245 AR A M7t 4Bl At A& +¥stct

S
e K

7t AUy
1) 7ldA el Al texture HE}

Z}doll 2J% firmness M= rheometer (FUDOH RHEO METER NRM-3005D,
F-53UFAEAL Japan)E knifeF o]§¢ WY testH HASlo &3
sttt ZH AL 203 o)A g &Y Foln, FYEE 7|37 3
Chauvent o]/42] 2t ol &3] o] YA & ALY FFUS FYAE sloich
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2) PE B4 &3

gz PE B2 2xo o2 ¥E Yoliy] sl Atkins 5] PHE
Z-gstoleh. 43 40 goll S/ 100 ml-E HIIste] wlAstA npHAIIF o
H g i3 22 A2 E43drh

Onion juice (10 ml)

|

Add 0.15 M NaCl solution 10 ml
l

Stirring for 1 hour at 40C
|
Add 1 (w/w, %) pectin solution with 0,15 M NaCl
!
Adjust to pH 7.0 with adding of NaOH

|

Put in 20C to 80T water bath
!

Constantly mixing.
|
Titrating

{Calculating of 0.01 N or 0,005 N NaOH solution volume
to used titrating to pH 7.0 for 5 min interval)

{
Analyzing the data
(The calculating of relatively enzyme activity

with comparison of used NaoH soution volume)

L a3
23 ZHA7 AR 42 Bl 4uHE 65 ~ 75T, 60 ~ 1202 o
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o] dxz|shd e E2EA] 0,328 Kegfe] firmnessS Ho] A a1e 0.045
Kgf ol ul3] 8 ~ 10u)8] 27 Z71& 7PAStch whepd o] 2o ozh)
PES] X H¥ g3} 2Ao8 AL

CaCl, oA oup 237 Z718 ¢ #H A 242 0.3 ~ 0.5
% HE3loA] 65 ~ 70Ce {LEZ 20 ~ 120 £ sldse Ao ety
om, Bxzlzo] ujaf 12 ~ 150 B BFY HANE Rk ZF =
F AyA F sigds, Jitds, FdiEe, faEs 5o e AF
o] 7hg & #E Uehidch F3| Ca” oldlel= MeY T3t e 27} my]
Yo] FHIA REC g T4 Y glolx uFAYY e AAE
dod £ & ZFUsteE] A%y wigHgo] 7P 3ATh

2. @] o] A e|A] o] adsorptiono] U A

NAFE HdstA HE A2  npiddle lamelladd E8%4
protopectin®] 718448l colloid pectin® B 7} Elo] AMEZH Ayl of
32 239 97t dojdrt. of7lo] dat 4E9 HFo] oy AEY v
o AE PHo] dailA xAEA Wiol FF Frh

idoll &3t 22 AHE AYILE WA|3}l7] ¢]3] pectinesterase (PE)
of 2J3F pectin AE2] demethoxylation HI}E o]&3¥+ LILT (Low
temperature long time) B#¥AHo] ¥x] A¢dHog L& 9t 65 ~
75CollA ojuj@A ] (blanching)dPd pectin L§¢] methoxyl groupsE <3
A7l PES] Aol HTh2 E|o] carboxyl7| & B/EA7IAL o7jel Y &
o g Axd ol ca¥, Mg" 59 27} olol Asle] zA) Ay
cross-linkage network& 9YHEo] 7}dof 23t ¢3g o AHE EIAAL £

sl ZAolth.

olg[¥t 2273} nechanismol] 9lo] F8 factore] shil Zgel AL
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Fi ol u¥ S FHE meisty] s  dFolAes tiEdAd
AHYA oRxF JuE ARE 3l ofu] @AM L&Y BE, 714
Az, = Fol wE 2R A olFYE FY, At Lwol2y
A%& PEY ¥Ao] W 20 ~ 30T A2olMe T HFEYx}ol ¥ §
ARYE, PES] Hdo] HAHE 50 ~ 80T oA Ayurge Fmye
M B A2 g A=sdch £ d3E B3 EUsE YA
B 4R AN YAE #F ou] dxje] 2] HAe 9lof
fEY 712 Yole g ¥&7Hs3lch

7h A4
1) Zgold 55 F4Y

1.5 x 3.5 cn® AR FuE 0.1 ~ 3.0 (%, ww)2] CaCl, {-qolA A]
L, 2EHEER JMPAele] BEMAIEE AMSSIYTL CaCl: §92 water
batholl ] ¢REPZE o] 83l ALy oz A clFAIA dHdAe s=F
0 glo] T gtz E Hido] dojd + UEH FAch 25CT~90T
o] Zggdoy AEE FAY Juh= HA nfEVLE ¥YW] B &
A% AAT F A8 40 goll FF4 100 nl & 71¥ ¥ homogenizer® 28 &
¢t W3] wiajalgich oie)& o] 2}x|(Whatman filter paper 5C)2 10&
¢ filtrationA]# & AP E LAgeT FHZANIE o&Yclh i3
dAUA] AR 2F5EY AVNAEEE FF%l U dFAE Y ol E
e 7138 Atolol vls|BAV} FTTHE Helol Agiste] grhie] Lg
¥& pH meter (HM-35V, WERREPTH(F), Japan)Z 7]AYPL &FA3le] u
2] 2} ¥t standard curve® HAFsjWlc}. Standard curve: ¥3AES FHF
Foll §3AA FEEE ZAY &9 7AYE Szl A FAAUAR
= 0.99)71 & vehths F30& plot 3t o]gslgich ¥ Hrjg IFHE
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Aad 1AL FAAD F S o8 3iyct
2) Diffusion A4=¢] At

AlE2] it vy gl #al A9 multi-dimensional diffusion system?]
A& & one-dimensional systemS T AL c}S LRIV} FYsiar v S WA
olm, E¥| Ay FA¥th: 5 2 71A EE M3l 2ch & #
A A2Eg whete o4 (A4)9 FABIMA (A5)e2e HUoT
apparent diffusivity§ Al4tste] Hitmede] s]of o] &¥ich,

6C 8%
—— = Da —— (34)
ot 8X
4714
C = average calcium concentration in the onion moisture (g CaClz/100
g H0)
Ce = equilibrium calcium concentration in the onion moisture (g

CaClz/100 g H.0)

Da = apparent calcium diffusivity (m’/s)

L = thickness of the onion (m)
t = times (s)
M(t) ®
=1- 3 —————"expl -Da(2n+1)*n’t/4L%] (A)5)
M() n=0 (2n+1)‘n

o 7] A M(t) = total uptake of calcium at time t (g)

M{(w) = total uptake of calcium after infinite time (g)
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3) FYA ¢ AR
o] &ofl vl & Y R o]§3le 2 Yo uld AEY
Z71aAe As}l7] 91819 Langmuir-Hinshelwood 4]& o] £3}4t}.

kaapp - Co
Tapp = (A6)
1 + (Kapp + Co)

YTapp = adsorption rate (mg/g ° min)
kaapp = apparent adsorption rate constant (1/g + min)
Kapp = apparent adsorption constant (1/mg)

Co = initial calcuim concentration (mg/L)

U a4z

ov] A 2](blanching)& F3l #¥l2] W%H7|(methoxyl groups) 3|
F2Q HelojAe|elA] (PE)Y HAYE FIAAA A48 /el 28I
(carboxyl groups)ol] Q1$]Z .8 M71%t Cao] A cross-linkageE ¥
Nt ofvje] A AL 7)2HE Ca¥'e] ¥4t (diffusion), H2} (adsorption)
gale g A stgict

20C8 0.1 ~ 3.0 (ww, %)&] CaCly, o] HAJA] 7] 5 ~ 10804
of FAY ¥ Wilo] dojula 2 o] F& UntF FIBIGTE 20T
oMe AFEgAel WE Ad HUAPLLE HgolF Mo shssio,
Fick®] v]34} Alel(unsteady state)?] ¥itmuo] fusigd e, LAEe F
B ¥iA4E 3.83 x 107 n¥/s o]}

50 ~ 90TANMS Bé HAVE ATE B3 B4 ATl PES) BAHEZ
Aol % P& A4HQ adsorption®.8 AT BN 2| w3}
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U3lA 20Tl A Kot B #Ago] Ao Exstgict U ga3e 2%
Z7t0ll ulel FxH oz FIste], 70CoA izt geo 20C K} 5 58
Z71X& Bor}l. 80 ~ 90T LEoM: Lfato] 7t4st= Aog e}
Wi ol PEQ] ol &%t whijd Hijog ERAYF o Haol Ay
A& Rl carboxylZ]1& B4A71A] R3l7] wiielth. wlelr 1 o4t &
EoiMe 23l Heg HEXC] ¥ AFYAt del oy
interlamella 32| &Abo]l uhE Ca”" o] olFANY U, o|2Y 5 ¥
W 5o R471 Te o2y il WA 4 FE= JoE AR

50 ~ 90ColAe Lol FHI FAASTE 2.9 x 107 ~ 8.2 x
107 (1/(g - min))®] Zt& UEhIQ L 70ColA 71 23S Hoj Tyt
HElE210te] adsorptiono] Uolehg & 4= glarh Zae] Fawhg ¥l
AlUA= 6.44 Keal/mol 24 w23 o] Q] A YEES] ¥Yihbg A
HofLiz] 16.0 Kecal/molBrh 2,58 22 k& Ro W AT o) oy
HomtgR ®UsiA whgo] doldd & 4 Asdct

ofv] dAel =8 PE ¥ W N L4 121TY oA 208 7}
d Fo ZFzH(firmess) Alo]e] Y E Ay & Azl FaPY Mt
PE ¥4 Xl firmness H3¥ Z&at 2 Yx|ste] 22 wa] 73t glof
FaY A=Y E BojFgrt

3. BAARNLR 247 A4

TRAX F 233, A4 &Hol AT AR, &%, tintE e
2 3lo] 2444 E AT AAY A8 Al e 22 dAAE o
p=g
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7t §FUEY Z¢ FHARA MR FHo] ¥t st cellulose
AT cell wall ZEo] XU YHF2E o] FA =Hol 4¢3ty AN =
Azizt ue ERE /MALA "t ol /] H3 AR ulAl
B2 A2y 4E AT 45 YA g2 vy ohgd 328 g8
2 BYE ¥ 1E e ©eE ASY EUAE o183tk A
HBAM Glucose, maltose, sucrose, sorbitol, mannitol, Na-alginate 52|
2422] 0.2 ~ 3.0 (w/w, %) solutiono] A 30 ~ 602 HA¥ ¥ F/D ¥ 73
£ BTl uls) B F 277 9ol ParH Tk

U Axaatelg) Zo] MEHUY WL cellulose® g A7 22 o] B
Al HE MAFE 1A 29S8 AAUE AY o 2HAE e
2¢t AAeYo] AFoldict 23 ANE ¢ YPHULEE 95 ~ 100CH
0.5 (w/w, %) NaCl, 0.1 ~ 0.3 (w/w, %) NaHCO; 2ol 20 ~ 4083 4
Aelshe A AHEstd e FX el us) 30 x2] A Azt
WA stelct.

th A Jtd, AZX F4Y 7183 EE A dny B¢ JqEue) Ry
o] s}zEjo] chlorophyllo] AMazee] {7]ikat H&§te] uwlel Mg2'e|
2H 29 X1#ago] goju} 249 pheophytino] B JE|o] ¥ AHT], NaHCOs
3 A2 dvtel A%Y HHES H49 A chlorophylline a8l Nad&
BRAL 4 glo] AL BApUx] whyjo] H3ict
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A4d AQaFe 1 A7 wE HIAIA e
7N

1. 71d4FA 2343} WAy
7} o] dAE 23

Az 7ol uld A} LS AEARY 2E4EYY HuAdY £
o] 71U Aow x|, JId AdEHE FUd F Yol &AEHA,
B84 protopectino] ZtAshzu] ks 874 #Hylo] Fslstke Zolt}. o]
o} 2+ interlamella layer?] 3}3t3 o] sty stdo] &3t 23 3
o] 3 Yo A glch

o]& W3l W og Hx] FYHo2 AMSEI Sl el HYHY
Eajol] Foisli= pectinesterase (PE)2} polygalacturonase (PG)®] 21-&&
deiFes zaste Holtl. & Ha £ o] dXNzE T3 HYY
a-1,4 A ERYoR JieBeysts P BA& AAAl7| PEE B4
Al# ®glo] #fFol23 cross-linkage§ BAAsHA slo{Fo] 2FY AHE
WA 3= ot

wizta 2 dolMe HA 4uhfle] pectinesterase?] Ht) Higo] o] F
oL ofu] @A) AL dolry] 3 on] dAe 22, AWE HE
BEA zAF W AL AR Fig. 2-38 ZAolA gt
firmnessi= 60ColAHe PEQ FAY A F7I2 AU Hog e,
70C oA 0.328 Kg2A HtixE RHct 70CY 2IAAL FAz e
0.047 Kg B} 38 78 o]ide] FIIteR 2] /b8 R 2 HHA &
2ol 7} ¢lglch 70C ol ¥ B Eip/t FH3] WolA 80T o] x4
&= pectinesterase’} @oll &3] WA EHol 1 aE & 4+ otk weiA
Jutol Aol HEEBE Aol HF ou] dA] X 60 ~ 75T Alojztn ¥

164



0.35

ont ~\
| %

0.15 J
| 1T
.

0.05 ——

o
N

Firmness (Kg

(@]
a

0 20 40 60 80 100
Temperature (c)

Fig. 2-3. The firmness (Kg) after retort of onion treated by
pre-heating with various temperature. (Pre-heating : 60 min, retort

condition : Fo = 10 in water)
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4 9len, oly cifie] MYl ARl pectinesterased] ol =
He 2271 70T 2Yolehs dFAaet Ak A4E Bt

THH o] @A Ao wlE YEEE Fo| 22zt HIE golE Az}
(Fig. 2-4) ofu] @Aje] A|zto] 221wl 7Hg &2 firmness& viEhigl
th 2A2t o|¥ZL firmness7t 23|18 Woldwd ol Y do 3
PEZ} G857 wigolct. ofuldAze] 2410 o] Ho 23ZE Vel
Z70|\u} Fig. 2-4o]Met o] 20 ~ 30& AMeluiye 2 st FH3
I ol¥2E HaA UNlE] FUIHoR dAHYo] wkE Aol o]Fol
T A BHY A2-E 23D A= HA FHME 20~ 302 A
2% FEY A3E Uehd Re AATL

m&l:lrlr

1) Zae] 23733 13}

oflu] Axel glo] 0.3 ~ 3.0 (%, w/w) 2] CaCly; §ojlA 30204 24
B¢ AAA A3 dEEE A, F FAE AR AY HFARE 233
& Hoj AfA Prhteze 237 3718 AY & 4 dodch ol 24
37t 717 0] ofn] dAj2o] o8] PES] o] HrR o Dﬂgr’%lﬂ?}
I fel FIEEHZI7 =]l 2 fAXed Bl AYshed A&
olE2 o] dA3A] UL Adelelde Aol HylWrlole
cross-linkage§ B4t 3F= AUPFEC] A SAstA] deBe L
AE Hrrstol e =3 33 ZAE A 8 5 g Rolrh

o] dAz|A BEH FF U w=o wE YE2E Fo ovp AR
& ATE A3 Fig. 2-58 o] Lx ol¥e] vjavs, ¥ §F &% 271 1|
Ud o] 2& o TR e AUstel AT el Y 2 =24
Y EAE Rolen, Jdibde M = 23 FUAEA 393
L2 AREEL e FaAt |3bds o S 243 ) Z3E B
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Fig. 2-4. The firmness after retort of onion treated by pre-heating
with various heating time (min). (Pre-heating : 70°C, retort condition

: Fo = 10 in water)
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Fig. 2-5. The comparsion of firmness (Kg) after retort (Fo = 10 in

seasoning solution) of onion pre-heated in various calcium solution

with various concentratiom, (Pre-heated condition : 70°C, 2 hour)
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th. 53 siZgad] A1 % (ww) SqolA 70T, 247 Fet ofu] dH
2 B9 AEEE Folx yYue] F=ot AY {FARE 1.0 ~ 2.0 Kg¥
H& B uds] ¢4y 237 42 AAE BYch ol wiztgdgo] pH
12 0|48 7 UstEld BHAolRE 2 A 2L WHY VAV U=
fel FI2RAVY AEE TS £ U MUY wFAIY iRt &
42383 tEo dojutn Zgolel civke] 271 mulgd o] o] FH-3l
Y o]2Fo] 2R Ayl HAY 4 ] wiRolth 4 #HEA Yol
A o) AL Kol FEE tHFLE 0.3 ~ 1.0 % Alo]oju} £,
g Wy 5o e AL #AYsEW 0.3 ~ 0.5 % & EI HIY
Ro.2 yhgE it

4ZF gaA ojglo] AP FY WAL &€ + Y& A2z J|uEHE ¥
g, YAO|E, AERAEY] AX T2 BAL 0.1 ~ 3.0 % (ww) ¥J}
T Gl HAste] ou] AT F9o] A P AAE AW Ekch
AE 23} Table 2-18 A{EE Mgl oo HA|RE F 70Co|A 242
o] @H ¥t B-% 0.220 Kg®] firmness& Ko FAg] cfzo] Hcp 5uf
A2 ¥ Bych D ZdA #EY 8 ~ 20u) F7t Aol wjsjA
£ 2 Zt via oBtEs 23 73 s3] t}E AL oA
¥l HIhA e 23] AL ou] dAele] o3 4F BAHAY =&
HEd 3z Alojg HElE7t sl MEY U ol g ¥4
313, FAEE Aol AREURLL MEAe]?] FFE ALA HEEM 212, 2
7td Folz g xFo] 243 RAEE AR AAHct 19t FAlo o
A2 HIY Y Ex7t AEatolo] EahslaL e MR EAIL} HXE
o] Fag WANZE 7tadYE BYY ¢ JLEE 2 A IME
ZA R dF dojdtin ¥ 4 rk U AZURE HEIR] B A
F Ak 22 #HElo] ¢m 2jRolA ¢k mukg HPste o] Ay I
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Table 2-1. The comparison of firmness after retort (Fo = 10 in
seasoning solution) of onion treated by pre-heating (blanching) in

various texture hardening solution. (pre-heating condition : 70T, 120

min)
Firmness of after retort
Data
. (Kg)

Concentration
0 % (No treatment) 0.046 (£ 0.0047)
0 % (Pre-heating) 0.143 (£ 0.053)
01 % 0.222 (£ 0072)
CaCly 03 % 0.285 (£ 0.092)
05 % 0.367 (+ 0.136)
1.0 % 0.343 (= 0.161)
3.0 % 0.300 (= 0.109)
0 % (NO treatment) 0.046 (£ 0.0047)
0 % (Pre-heating) 0.143 (+ 0.053)
01 % 0.181 (* 0.067)
Pectin 0.3 % 0.156 (£ 0.046)
05 % 0.143 (* 0.033)
1.0 % 0.210 (* 0.084)
30 % 0.176 (* 0.070)
0 % (NO treatment) 0.046 (= 0.0047)
CMC 0 % (Pre-heating) 0.143 (= 0,053)
01 % 0.074 (% 0.034)
(Carboxym 03 % 0.063 (£ 0.026)
ethyl 05 % 0.056 (£ 0.037)
Cellulose) 1.0 % 0.129 (+ 0.083)
30 % 0.155 {(* 0.047)
0 % (NO treatment) 0.046 (+ 0.0047)
0 % (Pre-heating) 0.143 (£ 0.053)
. 0.1 % 0.103 (£ 0.042)
Sodium 03 % 0.070 (£ 0.023)
alginate 05 % 0.114 (* 0.042)
1.0 % 0.090 (£ 0.047)
3.0 % ) 0.131 (= 0.039)
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go] AWHE b oha A3} wgstel stdFe UE A 848
A el whet 22 AUl YAEE AE dF dojd Aoz 4™
t}.

2) 7]el dzxHEe] Y

£%2 4HIE BY YrlolAeitAe] ¥ &3, sucrose H7lol ¥
AR 242 J1dA] dojubs 4T EeUAl, i 23S U U
Zt4 B3l Q5o xrt 23R F7HE doht JHAL=Re] ot 2y
S HHo% 7} A&y w2d AAE dotrolrh 0.5 (%, w/w) CaClz §9
o] 0.01 ~ 0.3 (%, w/w)®] citric acidg ¥7I5le] pH& 3.0 ~ 3.58 =4
3t} 70°C, 2412t SuldH Tt AL FHI} chz7o] ulF) 1.5 ~ 2ufe] =
] AR F7HE Bol p 2ol 1R a4y A F9 shtehs AME
o 4 glth PE 2Hg-elo]  pH A 3jo] mE nFA7Y AvteEE 2
A3E 7IHE § U fEl FEEUNY e A yLdY §&] 7}
A AL pH U7 4 2olj Aol VI8t T2 EAE AL ReE £
39}

3) B Ao wWE ¥

0.5 (%, w/w) CaCl; Bo)A ofu] dAze] AR 2 F/IENE
A E A3} 087 du) gAY AEBEAY firmess7} 1.8 Kg2 713
B UL BYAN duidAesia] o a2 1.3Kgol vl & Aojs}
gtk ZEu dEEE ¥ 2AZAL Ao 3] AT P& Ho,
ou] AA2E 24T AAT ZH$ 0.49 Kg2 tiR o uvl3] 10u)e] F/18
AR 237 YL A E Hol ou] dAE AT 60 ~ 12089]
U 10 ~ 208 F= oju] dAEslHE 4] Bxe F71E JMALQLEER CaCly
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o A2 o] Ae|AE & SolAg] ou] At AL FUR
Hzg Byrh

2. FRARANLR 243 A

SFUEY Z¢ 5ZARA MY Fh A¥ “YUYLE cellulose
AT cell wall g0l AUy PAFZRE o[ FA =Ho A A =
Azt o] ERE 1A LA EHedl ol& /A3 #13] 4322 maltose
3.0 (w/w, %), sorbitol 0.5 (w/w, %), trehalose 0.5 (w/w, %) solutionoil
A 608 AAh= AAe WS FEINdATt AN T F¢ SoA s
3t ¥ BAz2|o] ul3 8 %2 firmness A3} &7] H-E9 size Fui &7}
alalch o2t AMAINs PR R FRE d223 Y oMl o
Axy gdEe FA% & YR A ok T2 Y YEYoE By
4 B3 AARE A7) dEolth (Fig. 2-6) MEHUY cellulose YT
o] &o} ThE AALFHCE ARA] AU Aol EAAEE At AR
Aa&FE ZHAHE AT ANIE AY o FHAE k= 2% XY
o] IAolgict. A g #3] WA 100C 0.5 (w/w, %) NaCl, 0.1
~ 0.3 (w/w, %) NaHCO3 -&¥ojlA] 20 ~ 4087t 71dAe|¥t ¥ maltose 3.0
(w/w, %), trehalose 0.5 (w/w, %) solutiono]A] 605 x|l F/D¥F A
FA g o] w3 30 %2 2HAR A}t @RSt (Fig 2-7) =g, A
T 59 dAE S AY F AT AAA =y cinp} F2 424

L axute] B3 whao] u2E o] chlorophyllo] MEHS] |74tz 3
3o whel Mg2'e] 20 22 X|3Eo] Yoyt A2 pheophytino] FAE
o] HAMEct oyt B VAFE HAEAF|I] 18 NaHCO2t 2 W7tE]
AT Lo EAYE A2} 542] FH chlorophylline a2l Nago] ¥
4=l {AE(-b)7} ¥ HAlr) (Fig. 2-8)
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Fig., 2-6. The comparison of firmness of green bean sprouts dried by

various drying method with and without pretreatment,
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Fig, 2-7. The change of firmness of F/D fernbrake blanched by in NaHCOj3
solution with wvarious concetration (Blanching condition : NaHCO3

solution at 1007TC).
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Fig. 2-8, The change of green value (-b) of F/D welsh onion blanched by

NaHCOs; solution with various concentration (Blanching condition :

solution at 1007C),
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Nag Mot S0f t¥Ho WE AFE AL

2 7t187= i

A1 M4

12 &5Fd), A¥Y Ay F3 Fo2 FH 2 5271 Fosia
t 7HAE Bok ¥ WA, AR, tidd FolA tiE J13A Foll wid
A st goge WUAE JMsde]l B2 Eobt FMHe ME Fofoly
olg|&t A F2 Azoll glojq Mz W A 5o VA Qo] FUY A
& A MBIt AFAU G232 2 4F ALdgolnt
ALFE AAEE B3 713 4 #E5HY S22 4 JlREHkolE Fe
Mozt ol SR/ Tl 42 7L o] BAURRE 2oL, ¥
Folx S} IEAEE BSHA uz 4A FHol ASHEN AA|
ol gl X4l Lo M4 g Fu] JEe AE 1A Lnjate 2
n3 & gol=yrh 53] 7k % /% Fo UAsE AAY M= A4F
8 A g4 MAd 22U JtReeolE FY Mo} F/HYT FulEEe
BAE Uo7 o|l2 AUsle] 4mjA}e] Fuljg Wolme|a o}y FAF
EAE FHA2TL 2HBE Aq&FY M R /¥ F AR Fol dojule
A4Ats), Ma W Fu] R 23 At Ay A el LR N2,
0 T3 A2 BFY Y BEE A AEFE LR Jgel ¥
23t} wietd o] A7 AL AFA W 92 AWPE, M4 W Fn|
B 24 % g % AP Fol dojuhs AE A, M4 g Fo £3)
o AF, ez v ZE §3 43E AASls WY S ol 1EH

A&7E skt gl
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H2d AR (AFA], @2 MLAPY S AF

L A5 3¢ 9 Ae

o] AHoME AEEA AFA 9 P& &3t AlFAS G
(F)F5FRe (F)efBANAN 4 do], B AXY F AFAE 1.5
tong 8A T B¢ FAANT F (RUIRE : -10T, YILE : -28T) 164]
%S¢ ¥F Azl AR 3R, B2 AEE 22U F opysie A
822 AHg3ioch

2. AR N4 E F& U 2
7, 229 Ha 4 9 I fEAY £ % 24
1) 8229 429 #& 4 ¥4

54 ARy AF2 £ 58& cold acetone 20ml o} 28-7F T{¥E ¥
celited 71§t ¥ Buchner funnelojlA] Whatman No.13} No.42 AAZX|E§ ¥
3t 23t ¥ A& volumetric flask 50mioll Y& ¥ membrane filter
(0.45im pore size)E IAIZ Hlof ol E/E(80:20v/v) EFAOT Y
stglch. S22UE £4517] 8t 10ue] A E& HPLCO] F4lsigict R
E AEE gy or EMFHAH

2) Pheophytin®] & W &4

Pheophytini #lojAq Az 22 F&de 47| Y42 ¥ o
YolelZ (100uL) 8} 274 (100oL)E H7}sle] £ 2028 Eeg kg o
2 %& acidification®} 3to] RHEQITh 4844 G4H1:3 HAW/E) 5ol &
test tubeo] Q= OHE Fo] T W& MUY F Ao Frth
Pheophytin@ B H¥ (&} 10#)2 & Mo] 2FMojA] ZHoz ¢
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H3] Wl v RLo2 gk A4 pheophyting &2 b AY
3 ¥ oEl2 % anhydrous sodium sulfate® HAZ¥ thg, odojeEE
A0 TEsto] @3] A ATt Pheophyting 12 nLe] ofsEo] wo]iL
-15Co| A 0.2im A2 AJHAA £4 A2E 3loT]

3) Pyropheophytin®] #+& W &4

AFx BEE #5380l ¢ F chlorophyllased] ¥4 #43t 317
#13to] 100Co) A 587 vlxy] stgdch dx 7% A RE baby-food jarol
Jo] autoclaveoA] 121 CE 447 S¢F Ab#3}gch. Pyropheophytin Abd
g AEE oMELE FEYU E sEH +848 EEE AAS] $I%Y
olelzF o2 %t F pheophytin®] &3} F2 Y& AX 12uLe] o}4
Boll o] HPLC &4 A&E 3¢t

4) Pheophorbide?] F+& W &4

Bt A2 A ZAE olMELR 2&% ¥ chlorophyllase® H 2|3}l
Chlorophyllide® 2] AL petroleum etherd] E-&Ado] &j3lo] I3,
chlorophyllase® A g¥ M4t oeE £ it 41Hg3} A7 o
HPLCE EMstch.

5) Pyropheophorbide?] & W &4

AIZAH] EHE #4380 ¥A F chlorophyllased] R3& 43 317
#I3te) 70Tl 3087 ulxy] siddch WiX7]1% A E& baby-food jaro]
Yol autoclaveolr] 121CE 44|17t 5¢t 43 gth Pyropheophorbidet= 4t
2 A EE oMMELE FEY thE FEI £88 E2& AAB] ¢35t
ofel2 $o08 Fa|gt ¥ pheophytin®] F&3 T2 AFE& AA 120Le] of
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Aol wof HPLC ¥4 ARZ2 sigirt

6) Chlorophyllide?] & 1 £4

FE 24 elo]=E(chlorophyl lide) & 4817] $13t] AlFA] &4 58& 70
CollA 383 vldF, YZpolA Ay ohE 25T 420 10827 YA
th MiE 108%F0 olMELR FA] £&30rl. 224Uy FE2Yal9]
B 4879 olHEI petroleund] F YO Frjdldrt. FR2YUsepole
& B4317] 91351 olaEFo] HPLCE Y& A 22 o]-§F qlct

7) Zinc pheophytin a and zinc pyropheophytin a®] $& 9 £
Zinc chloride (0.3g)E 4.0mL2] pheophytinz} pyropheophytinol] 2}z} M
75t Wg-& 3] 427 thd HPLC #4& $I3lo] hexaneo] 83)3l4

t}.

8) HPLCo| 2]%¥} chlorophyll @ 1 |EAEe] £ =74

Column Nova-Pak C;3 Reversed-Phase Column
(150 x 3.9 mm)
Pumps A and B Waters Model 510 Pumps
Solvent A MeOH (20) : Water (5) : Ethyl Acetate (1)
Solvent B MeOH (37.5) : Water (12.5) : Ethyl Acetate(50)

Initial Conditions 100 % Solvent A
Final Conditions 100 % Solvent B
Gradient Curve 7 for a Duration of 7 Min,

(Automated Gradient Controller)
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Flow Rate 1.5 ml / min,

Detector Waters 490 E Programmble Multiwave-length
Detector
Injector Rheodyne Injector

Injection Volume 10 ulL

Detection Wavelength 658 nm

9) MEAE o8 NE &3

5AAZ AFA g Y& FulaY FYA (X Fbcm, Fol2em nRHE
Hunter Lab Model D25A-9 MEA 9] light porte]] Eoltl NMEAE 3lekute
E EE3 A ¥ FYEE FEFE kTHoE ) (Y = 43.2 X
36.4, Z = 44.1). A& FAE W& L] g3 "Hdeh L a, b YES
F kg o Ao 2)5te hue(h), saturation(C), total color
difference (E)&] Zto]l AAEqcl

H

h = artan (b/a), C = (a® + b9, E = [(Li-L2)* + (a1 - az)® + (b -
b2)2]l/2

10) 224 ¥& 429 24

A|Zx]o] ¥H-H chlorophyll a2} b2] chromatograme Fig, 3-12} Zt},
AlZX]o]l 9l& chlorophyll a, chlorophyll bel ¥k Ztzb 710.54
(mg/100g dry weight), 280.15 (mg/100g dry weight)e]<icT}.
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Fig. 3-1. HPLC chromatogram of chlorophyll in freeze-dried spinach
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Ll FI2HxolE &Y +& 9 &4

SAAZ At ARA AR g YITAE 10g&  70mle
tetrahydrofuran (THF)Z} Waring blender® 1E%¢t E3siglct. AREE
Whatman #42¢)3}A]| 2 Buchner funnel& ©]£-3led oJslod o filter cake
o oA THF 70ml 2 Th 23 Thf 2% 5O TyPSHATh oiag
200ml 2 3] A 5}31 membrane filter (0.45im)E o ¥t F 40°CollA A Fw
712 ARSI THF 10mlo] Al2& &g}

HPLCE ©]-&38to] AlFX] W wWel R Ft2e|olE M4F FM3|
g 71 W #2242 o Zo.

Column Nova-Pak C;3 Reversed-Phase Column
(150 x 3.9 mm)
Pumps A and B Waters Model 510 Pumps
Solvent Acetonitrile (40) : MeOH (56) : THF (4)
Flow Rate 1 oL/min,
Detector Waters 490 E UV/Vis, Detector
Injector Waters Rheodyne Injector
Injection volume 10 L

Detection Wavelength 470 nm

AlZA]o] Q)& lutein W P-carotened HFEFAUE Fk M3 Az 4
2} 129.57 (mg/100g dry weight), 58.36(mg/100g dry weight)o]lt},

ol AE FlZe|ko| =2 chromatogram Fig. 3-29} Ut} w2
FIZE ol & YIS FYBY] ¢330 T EFEAE ol 8siglen, 2 4

185



92'¢

utein|

866

sueloies-elaq

¥$°9

J
D

uljluexeaz
8%
UIJIUBXR]OIA

c9l

uitjuexoasu

eL’0

~J

Fig. 3-2. HPLC chromatogram of carotenoid in carrot
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3} neoxanthin, violaxanthin, zeaxanthin, lutein, a-carotene W §#
-carotene?] ¥ 2t 6(ug/100g), 10(48/100g), 65(ug/1008), 295(ug
/100g), 4,560(ue/100g) W 10,500(ug/100g) olgitt. ©]& JI&E| o]l A
T FollA @2ol gEol M Wil F2Y JUE Sh= e-carotene W B
-carotene?] W& 334t

3. 71833 W ARz E 4R NagEY
7}. Environmental factor (X, pH, Z|AIRAY, HE)7} A4LF N4 48
o] Wile] T FYE AT AT A EAE
1) §229 & H3o] T 48S A3 % A=A

WE A2 AFA 58 100m! A2 (serun bottle)o] Y& ¥ pH 6.0,
7.0 9 7.59] ¥&L(citric acid + NaHPO, )& pH RZAEE 247} 50ml¥
Horstdct. 7|Azg0] AEFXe S22 P £ UL AV ¢
sto] BF89E HANY A28l FLE purgingdt Almot A2Ae]E 1A
ole tIRAIRE &)Y thE Al EYW & Teflon septag} aluminum caplE
%(air-tight sealing)3lqlrt. AF2E=7t AFX 8 FE2Y Yo F=
BUE Yoy §Iste] $12] YYo= gl ARE 5C, 15C W 25C
8 z0jA 89 B AL FEI AIFA] SE2Y P& ©IBA F

Qg A3 Hstd AHgEE W ARLAFig. 3-3)& AR
(80cm X 60cm X 60cm) & ol &-3tdch. UFA4AL] Uie JHed ¥ Hd3 3
EE AR ARSI S8 H FolE EASIUCE AR URAAAY dwt
of #]x% AU (fluorescence light) S ZHE| 10cn Agto] X% HHeg
RHgol1 B (wire netting)$lo)] Falth 27 AgE W 4 & ¥
TEY ZEE UEF A7 mivt 2 HXE ApjEsidct. BE AEs
87t ARsigon 24 BHoR A3t ARE A, A Y =2
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Fig. 3-3. Light storage box.
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AEE el AgE FAA=Y AHEsHolrt

7}) &0 23 F22Y Mo Wiy

AZX](pH, 6.0)8 AL purging® to] 8Y7t Wo] gl 2AA 7H&
W APy 22F 5ToM 15T W 25CTE LE|d A|Zx 2 224 a
9] ek 307.30(mg/100g) o)A 99.65(mg/100g) W 0.81(mg/100g) 22 Zta
sttt (Table 3-1).

pH7} 7.0Q0 AFAE AaH ] kA 2 Aejolld 8d7 W (5,000 lux)
8] Ea)stol] 713 % AAUL wf =& 5TolM 15C W 25CTE & 4]
Zx1o] Ez=2" b L 165.30(mg/100g)ol A 119, 74(mg/100g) B
19.18(mg/100g) 2.2 ZtA3IHT) (Table 3-2).

Table 3-1, 3-20lA] Ho] pH, 7|ARY, FE 5 o] Al 7}
T 9 AR Fo 2EE &Y AFXY G224 a, b YRS HLYUE

& 4 et

u}) pHoll &3t S8y a2 W3

MEFAE 5TolAM AaAeE 1A & 27A 8YT Wol gl 22
oA 718 W AANEw) pHE 6.00]M 7.0 W 7.52 HIAFIH S22Y a
o] ke 287.74(mg/100g) oA 325, 34(mg/100g) X 310.07(mg/100g) 2.2 ¥
3}stedt} (Table 3-1).

A EFXE 15CoA AL purgingd 3t 8YU T Wol = WA THE
L A 35,000 lux)3& of pHE 6.000A 7.0 W 7.52 HHA|7|d F22Y
b2] $rak2 57,92(mg/100g)ol A 145.11(mg/100g) W 109.87(mg/100g) 22 H
3}s}4dct (Table 3-2).

Z, Abde] ZAA AFR e FE2TYW a, b AU ol wAEH, ¢
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Table 3-1.

chlorophyll a content of freeze-dried spinach,

Effects of processing and storage conditions on the

Storage conditions

Chlorophyll a content ( mg/100g )

Temp(C) pH Gas Light(lux) 0 day 2 day 4 day 6 day 8 day
O 0 710.54 456.74 49150 279.99 28774

5 6.0 N 0 710.54 513.60 495.75 382.39 307.30
0 5,000 710.54 364.35 372.63 337.69 22797

Na 5,000 710.54 384.92 372.49 344.53 24292

07) 0 710.54 575.03 521.70 474.21 325.34

5 7.0 N2 0 710.54 584,87 526.65 47853 347.78
Oy 5,000 710.54 538.45 371.71 409.55 315.13

Na 5,000 710.54 543.67 387.60 421.96 328.99

(6 0 710.54 565.12 52298 413.36 310.07

5 751 Ng 0 71054 571.21 52591 457.18 332.28
07 5,000 710.54 495.53 315.77 399.64 328.26

N, 5,000 710.54 525.01 320.21 443.80 328.26

Oz 0 710.54 273.12 159.64 142.33 72.08

15 6.0 N2 0 71054 276.82 162.51 155.67 99.65
0Oz 5,000 710.54 213.99 127.97 85.39 4453

Nz 5,000 71054 254.03 136.44 108.48 47.00

Oy 0 71054 375.79 317.84 234.42 190.98

15 7.0 N2 0 710.54 458.41 367.61 241,55 27441
O 5,000 71054 358.28 260.76 170.63 135.56

Na 5,000 710.54 373.32 289.12 178.85 155.91

0O 0 71054 296.85 214.91 173.03 107.42

15 75 | Ng 0 710.54 378.04 238.04 187.66 123.96
(0 5,000 710.54 326.83 210.06 106.66 86.32

Nz 5,000 710.54 359.54 234.43 137.06 118.48

0O 0 710,54 33.79 25.39 1.27 0.61

25 6.0 N2 0 71054 56.52 24.40 2.09 0.81
O 5,000 71054 48.92 9.18 1.24 0.34

Nz 5,000 710.54 60.39 8.72 1.36 0.41

02 0 710.54 207.14 75.99 2749 9.98

25 70 Na 0 710.54 221.28 82.71 30.56 12.60
02 5,000 710.54 173.09 73.82 24.41 6.28

Ng 5,000 710.54 172.24 73.87 26.20 6.97

O 0 71054 93.11 36.48 1341 0.75

25 75 N2 0 710.54 107.11 36.90 12.78 0.83
O 5,000 710.54 64.06 24.00 6.59 0.46

N, 5,000 710,54 92.77 30.28 6.03 0.51

190




Table 3-2. Effects of processing and storage conditions on the
chlorophyll b content of freeze-dried spinach,
Storage conditions Chlorophyll b content { mg/100g )
Temp(C) pH Gas Light(lux) 0 day 2 day 4 day 6 day 8 day
O 0 280.15 21947 191.12 181.21 124.30
5 60| N 0 280.15 221.83 192,51 184.65 164.33
(0 5,000 280.15 151.39 167.18 160.91 124.43
N2 5000 280.15 183.24 167.34 162.55 124.98
(o)} 0 280.15 233.80 222.19 218.81 169.75
5 70| Na 0 280.15 238.78 223.49 222.02 178.75
02 5,000 280.15 201.24 161.18 193.90 165.30
N; 5000 280.15 20795 167.82 191,68 169.23
(0 0 280.15 232.33 222.42 200.93 157.33
5 751 Ng 0 280.15 232.70 223.85 226.11 167.12
02 5,000 280.15 19391 138.02 187.75 141.31
N2 5,000 280.15 204.72 142.34 21512 145.11
O 0 280.15 14515 134.67 116.84 83.52
15 6.0, Nz 0 280.15 156.15 169.88 125.93 113.75
O: 5000 280.15 140.86 120.84 103.22 68.20
Na 5,000 280.15 148.08 123.94 120.38 57.92
O; 0 280.15 202.23 192.73 172.79 163.40
15 70 N2 0 280.15 247.78 21051 325.04 171.10
0O: 5,000 280.15 195,51 175.74 149.40 119.74
N; 5000 280.15 199.25 195.38 153.00 145.11
Oz 0 280.15 18157 149.99 129.17 115.73
15 75| N 0 280.15 192.95 198.96 134.67 117.09
0. 5000 280.15 182.79 155.59 114.00 96.32
N2 5,000 280.15 198.85 156.00 128.23 109.87
0Oz 0 280.15 71.68 43.16 3.00 158
25 60| N: 0 280.15 79.57 46.83 3.60 1.80
O: 5,000 280.15 60.57 17.27 1.81 0.91
Ny 5,000 280.15 81.07 30.63 2.10 1.08
Oz 0 280.15 188,51 126.03 72.48 24.60
25 70 N2 0 280.15 201.77 157.09 80.50 26.68
Oq 5,000 280.15 179.15 122.34 64.94 19.18
Ny 5,000 280.15 182.40 126.82 66.46 21.34
O 0 280.15 120.09 62.99 31.97 2.40
25 75| N 0 280.15 122.04 67.52 33.19 341
0, 5,000 280.15 87.08 50.30 16.37 1.37
N 5,000 280.15 10752 61.95 19.25 1.25
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Ze) oA FHAR ol FHL3IGR, 4 2N A B el
& #F=Istalch

th ZIA 2ol ¥ 22 Mo ¥

15ColA pH 7.08] AFAE 84 Wo] A& AN 713 4 AFUR
o] AL purgingd P& g} AUSE wf FE2Y a9 UIFE 4H
118.46(mg/100g) 3 86.32(mg/100g)o] lct(Table 3-1).

5ColA pH 7.58] AFX& 8Y% Yol g ZAA 717 W HAUL
ol A4 purgingg HUSTiet G F22Y be sy ZZ
167.12(mg/100g) W 157, 33(mg/100g) o] 4t} Table 3-2).

A4 purgingd Sl A4 AASTE AALE, pH Y P = &
Aglol A2 F22Y a, by 7 vl JA=HAC

& AFA Y 2|8 M4 HEY E2EYL A4 Ex] {Fo ot 2

Aol MyE= A & 4 Urh

gh) Wol Y3 22y M0 W3

Al FA] (pH 7.0)0& 15CollA M4 purging 3t 8U T Wo| gl 22
W Wol 9l 2A(5,000 lux)olld 7H R AF ¢ o] S22 a9 g2
2}z} 274.41(mg/100g) W 156. 91(mg/100g) o] It} Table 3-1).

pH 6.08] A]FAE 25Cold ALHE s1x] UYL 8U Yol g =7
2 Wo] gl 2A(5,000 lux)olA 713 A A% & wf S22 by HHFL
2}z} 1.58(mg/100g) X 0.91(mg/100g)o] X TH Table 3-2).

ARLE, pH W ARG BAlOl AFXNE WY &2 sl s
W Agshd e &) oA g W ARUS Bt vy 22y
a, bl WA wzjHc).
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&, 4T FE22Y GES Yol gsto] E3j71 dojdE & < lrh

2) F12HolE YR M) F&= FUS A7 AT A EA

YEAZ AFA 1g ¥ F 1022 100ml Alggel ¥ F o2} Z2ER
W Q8 HAY AT Ay Wrle A& wEdch ol AR
249 5C, 25C ¥ 50CE et

7)) 2xo] &% FlZEkolE AMAe] W}

AEH(pH 7.0)& A4 2 purgingdtHA 894 Wl & oA 7hF W
AAstHA 2 g 5ColM 25T % 50CE LW FeHUY kS
34.38(mg/100g)o1 A 14.74(ng/100g) = 14.79(mg/100g) 0.8  ZrAs}ech
(Table 3-3).

pH 6.0¢] A|ZXIE ALAE 3HA] 42 AejolA 84 o] Qe 29
A 712 W HASEA LEE 5ColA 25C W 50CE &2|H B -carotene
o] ¥k 19.52(mg/100g)oll A 5.47(mg/100g) U 5.45(mg/100g) ST ZtA8}
olc} (Table 3-4).

& AALE7} 5TColA 25C W 50CE &ep7bd pH, 7tARE, FEo
HTAIge] FEjel 9 B-carotened ¥|A 3] 74 SIYCt.

pH 7.081 7}8 ZAoM B ARE A purgingdtdA] 8L W 713
W 425,000 lux)shHA 2EF 5CoM 25C ¥ 50CE &AW «
-carotene?] 3k 1,256(xg/100g)ollA] 539(ug/100g) X 540(ug/100g) &
45193, B-carotene?] a2 5,536(ug/100g)0) A 1,934(ug/100g) X
1,466(g/100g) 2.8 7tA3stsdct (Table 3-5, 3-6).

pH 6.08) 7}F2ZA B2g A4 AeshA] 4 AJelolA 84T & 7t
T Q AAFEA LEE 5CoA 25C ¥ 50CTE &2]9H e -carotene?] ¥
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Table 3-3. Effects of processing and storage conditions on the lutein

content of freeze-dried spinach,

r

Lutein content ( mg/100g )

101

Termp(T) pH Gas Light(lux) 0 day 2 day 4 day 6 day 8 day
02 0 129,57 64.79 64.89 39.71 60.72

5 60| Ny 0 129.57 65.90 51.19 42.46 35.13
02 5,000 129.57 56.75 33.65 27.14 22.29

L Na 5,000 129.57 61.94 40.23 32.63 24.12
O 0 129,57 74.82 49.68 38.93 36.76

5 70 N 0 129.57 80.46 55.28 39.92 38.25
O 5,000 129.57 68.13 42.06 33.07 31.87

No 5,000 129.57 73.21 45.77 37.60 34.38

O 0 129.57 67.91 50.22 36.19 30.06

5 751 N 0 12057 75.05 52.80 38.41 34.00
Oq 5,000 129.57 60.10 38.73 33.19 25.65

N2 5,000 129.57 67.69 41.88 37.37 28.71

0O 0 129.57 29.95 25.75 20.61 15.36

25 60! N 0 12857 32.76 26.14 23.44 15.63
0O, 5,000 129.57 26.01 21.35 18.65 13.40

N2 5,000 129.57 26.69 23.41 19.79 13.20

O 0 129.57 35.52 29.80 20.82 15.30

25 701 N 0 12957 37.84 31.37 23.33 19.91
0O 5,000 129.57 31.78 23.82 21.64 10.06

N2 5,000 12957 33.19 24.01 23.94 14.74

0 0 129.57 30.72 19.92 15.82 12.74

25 751 N 0 12057 34.82 21.77 18.14 14.56
0 5,000 129.57 2543 16.24 11.02 10.00

Nz 5000 129.57 29.97 17.00 11.30 10.52

O 0 129.57 17.49 13.06 12.84 10.17

50 60| N 0 12957 18.82 1557 12.25 12.40
O 5,000 129.57 19.33 11.14 8.68 7.02

N2 5,000 129.57 19,59 15.29 12.12 7.04

6 0 129.57 24.27 1955 17.86 13.87

50 701 Na 0 129.57 25.05 21.25 19.51 13.72
02 5,000 128.57 19.39 17.92 14.79 12.87

Ny 5,000 129.57 22.38 19.49 16.04 14.79

0 0 129.57 18.08 14.66 11.13 9.04

50 751 Ng 0 12957 16.70 1585 1272 11.13
O 5,000 129.57 14.85 12.90 8.89 773

N 5,000 129,57 17.53 14.01 10.31 9.32
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Table 3-4, Effects of processing and storage conditions on the &
-carotein content of freeze-dried spinach,
9 onditions B -Carotein content { mg/100g )
Temp(C) pH Gas Light(lux) 0 day 2 day 4 day 6 day 8 day
o)) 0 58.36 40.06 2857 2450 1952
5 6.0 N 0 58.36 42.99 31.44 2598 20.58
O: 5000 58.36 33.86 27.88 24,51 20.04
Nz 5000 58.36 34.34 3017 24.70 23.31
0; 0 58.36 47.72 41.10 36.57 26.95
5 70 N 0 58.36 52.63 4558 39.70 33.45
Oy 5,000 58.36 45.49 34.26 29.72 2522
N2 5000 58.36 47.07 38.00 3217 28.78
0; 0 58.36 46.05 3353 29.21 26.78
5 75 N 0 58.36 46.70 36.44 31.74 26.83
0: 5000 58.36 39.35 32.08 26.03 23.96
Na 5,000 58.36 40.58 33.65 26.84 25.55
0Oz 0 58.36 16.26 12.10 8.06 547
25 6.0 N 0 58.36 16.26 12.17 8.12 6.08
O 5,000 58.36 14,39 940 6.46 3.79
Nz 5000 58.36 17.19 9.67 6.46 4.22
0; 0 58.36 24.81 19.82 14.66 10.23
25 70f Nz 0 58.36 25.41 20.16 17.39 12.85
0; 5,000 58.36 18.39 11.57 12.26 9.60
Na 5,000 58.36 19.07 13.74 12.72 10.06
(6)) 0 58.36 12,52 10.16 8.36 511
25 7.5 N 0 58.36 18.03 11.87 9.23 5.72
0: 5000 58.36 10.85 9.30 6.19 350
N2 5000 58.36 14.40 10.56 7.03 3.27
O 0 58.36 7.16 6.52 5.83 545
50 6.0 N 0 58.36 8.14 N 6.99 5.66
O 5,000 58.36 407 3.84 2.72 1.82
N; 5000 58.36 6.17 4.41 3.85 2.74
O3 0 58.36 1541 12.16 10.11 9.06
50 70| Ng 0 58.36 16.24 12.31 1055 9.78
O 5,000 58.36 11.54 9.81 7.97 7.23
N 5,000 58.36 15.49 10.66 8.95 7.62
o)) 0 58.36 8.28 7.99 6.53 561
50 75 N 0 58.36 12.32 9.68 7.25 6.42
O: 5000 58.36 8.48 7.20 3.74 2.62
N2 5,000 58.36 8.08 8.89 4.27 3.89
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Table 3-5. Effects of processing and storage conditions on the ¢

~carotene content of fresh raw carrot,

a -carotene content ( xg/100g )

Temp(C) pH Gas Light(lux) 0 day 2 day 4 day 6 day 8 day
O 0 4,560 2,370 1,767 1,451 1,109
5 6.0/ N 0 4,560 2,408 1,870 1,551 1,284
0; 5000 4,560 2,074 1,230 992 815
N2 5,000 4,560 2,263 1,470 1,192 881
O 0 4,560 2,734 1,815 1,422 1,343
5 70 N 0 4,560 2,940 2,020 1,459 1,398
0: 5000 4,560 2,489 1,537 1,208 1,165
Nz 5,000 4,560 2,675 1,672 1,374 1,256
02 0 4,560 2,482 1,835 1,322 1,098
5 75! Nz 0 4,560 2,743 1,929 1,404 1,242
0: 5000 4,560 2,196 1415 1,213 937
N2 5,000 4,560 2,474 1,530 1,366 1,049
02 0 4,560 1,094 941 753 561
25 6.0 N 0 4,560 1,197 955 856 571
0: 5000 4,560 950 780 681 453
Nz 5000 4,560 975 855 723 482
(0] 0 4,560 1,298 1,089 761 559
25 70 N 0 4,560 1,383 1,146 852 728
02 5000 4,560 1,161 870 791 367
Nz 5000 4,560 1,213 871 831 539
02 0 4,560 1,122 728 578 465
25 75 N 0 4,560 1,272 796 663 532
0O, 5000 4,560 929 593 403 365
N; 5,000 4,560 1,095 621 413 334
02 0 4,560 639 477 469 37
50 6.0 N 0 4,560 688 551 448 453
O 5000 4,560 706 407 317 256
Nz 5000 4,560 716 559 443 259
0 0 4,560 887 714 652 507
50 70[ N2 0 4,560 915 777 713 501
O, 5000 4,560 708 655 540 470
Ny 5000 4560 818 712 586 540
Q2 0 4,560 661 536 407 330
50 75 No 0 4,560 610 579 465 407
0:; 5000 4,560 542 471 325 282
Nz 5000 4,560 641 512 377 341
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Table 3-6, Effects of processing and storage conditions on the B

-carotene content of fresh raw carrot.

T

i

0)

iti

B -carotene content ( pg/100g )

Temp( T) pH Gas Light(lux) 0 day 2 day 4 day 6 day 8 day
O, 0 10,500 7,709 5,495 4,713 3,755

5 6.0] N 0 10,500 8,269 6,048 4,998 3,958
Oz 5,000 10,500 6,514 5,363 4,715 3,855

Ng 5,000 10,500 3,691 5,803 4,757 4,483

0 0 10,500 9,180 7,907 7,035 5,185

5 7.01 N 0 10,500 10,124 8,769 7,636 6,435
0, 5,000 10,500 8,751 6,291 57117 4,851

N2 5000 10,500 9,055 7,310 6,188 5,536

0)) 0 10,500 8,858 6,449 5619 5,152

5 75| N2 0 10,500 8,984 7,009 6,106 5,160
O: 5000 10,500 7,570 6,166 5,008 4,608

N; 5000 10500 7.807 6,472 5,163 4914

02 0 10,500 3,127 2,328 1,551 1,052

25 6.0 N 0 10,500 3,126 2,341 1,561 1,169
0; 5000 10,500 2,768 1,808 1,242 729

N; 5,000 10,500 3,307 1,860 1,249 811

Oz 0 10,500 4,773 3,812 2,818 1,967

25 70 N 0 10,500 4,888 3,878 3,345 247
Oz 5000 10,500 3,538 2,225 2,358 1,847

N; 5,000 10,500 3,669 2,643 2,446 1,934

O, 0 10,500 2,408 1,954 1,607 983

25 75 Nz 0 10,500 3,469 2,283 1,774 1,099
0, 5,000 10,500 2,086 1,789 1,191 673

N 5,000 10,500 2,769 2,031 1,351 629

02 0 10,500 1,377 1,254 1,122 1,048

50 60[ N 0 10,500 1,566 1,482 1,344 1,089
0O, 5,000 10,500 782 739 523 349

N: 5000 10,500 1,186 848 740 527

0)) 0 10,500 2,963 2,338 1944 1,742

50 7.0 N 0 10,500 3,123 2,367 2,029 1,881
O:; 5,000 10,500 2,219 1,886 1,533 1,391

Na 5,000 10,500 2,980 2,051 1,722 1,466

0O 0 10,500 1,592 1,537 1,256 1,078

50 75! Ng 0 10,500 2,370 1,862 1,395 1,235
0z 5,000 10,500 1,630 1,385 720 504

N, 5,000 10,500 1,553 1,709 820 747
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2 1,109(g/100g)0) A 561(4g/100g) X 371(ug/100g) 2.2 4333, B
-carotene?] & 3, 755(ug/100g)ol A 1,052(ug/100g) = 1,048(.g/100g)
o2 74yl (Table 3-5, 3-6).

& 929 7123 3 NL=st 5Tl 25C % 50CTR &=pUhE p,
Az, BEFY 7 2] BAYle] F2ol E23h= a-carotene W
B -carotene2 A3 32 ¥ ¢c).

o] 42| AAE MAFY JHE U AHY F 25 AL T JREx
olE 332 q-carotene W B-carotene W lutein BF 3|7l Ay

o,

U) pHoll 23t FiZeol= Mo W3}

A|FAE 50CoN AANE 31 o2 Aol 8dZ ¢ g % A
2g 3AAM pHE 6.0, 7.0 W 7.58 HIAIHE FyHA L
10.17(mg/100g), 13.87(mg/100g) X 9.04(mg/100g) .2 W 3}gdc} (Table
3-3).

ANFXE 25T AL purging®& S 442 F 7HE W A A(5,000
lux)& 3lgA pHE 6.0, 7.0 W 7.58 WHA|Z|H B-carotened] &
4.22(mg/100g), 10.06(mg/100g) R 3.27(mg/100g) 22 'H2}s}%lrt (Table
3-4).

A EX12 29l W f-carotened] YL pH Aol sl AA 4P
U & ohgtort Abg ul dge] A ozt A AYE Bt
B ARE 50Ce g 2hoE AL Aeslx] & AelolA sdt
718 9 AAStAA pHE 6.0, 7.0 ¥ 7.52 WHHAI|H a-carotened] Y
2 256(ug/100g)oll Al 470(g/100g) B 282(ug/100g) 2.5 HEIILR, B
-carotene?] ¥&-E 349(4g/100g)oll A 1,391(ug/100g) N 504(ug/100g) L2
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#3159 cl. (Table 3-5, 3-6).

FE& 25ColA A purgingE 3hH 8UE o 7HF W A (5,000 lux)
2 3PHA pHE 6.0, 7.0 W 7.5 WHHA|F|H q-carotened] ¥ 571(ug
/100g)oll A 728(g/100g) W 532(ug/100g) 2.8 2HASIG 3, B -carotened]
ekl 1,169(ug/100g)oll A 2,471 (ug/100g) W 1,099(ug/100g) .2 ZtA3}Y
ctl. (Table 3-5, 3-6).

71E & 428 8 I8 xo)E ¢l ag-carotene W B -carotened] HaF
< pH 240 g3t A GYE LA Yot A4 N dde] 2PN
o7t ZAZH= A& Bk

&, A4FY 7 9 AR F 43 W gFe] 2D JREH o2y ¢
Bgol YL FE A& ¢ F Ut

t}) ZIARAo] g% Jl2Eeol= M40 W

A ZX(pH 6.0)F 25CollA 8U ¥ 71 W ARE spEA ALARE
2] 2 A8 AL purgingE ¥ AEY FHA ke Z#Z
3.79(mg/100g) 9 4.22(mg/100g)o] Y tH Table 3-3).

pH 7.08] A|ZX|& 50ColA 8U¢ W 713 2 ARE spAA F&2AE
2] UL A8 AL purgingd ¥ A8 pf-carotene FE 27
13.40(mg/100g) ! 13,20(mg/100g)0] ATH Table 3-4).
& AA purging2 A2x2 FHIQ Y f-carotene TH2] IIAF YA
t}. ' ,

pH 6.02] 713 ZZojA P& 25T 897 ¢ 712 ¢ AFNS A9
AaNelE 312 U2 A28 AL purgingg T A 82| @ -carotene HP2
22} 561(ug/100g) R 571(ug/100g)0] St} (Table 3-5).

pH 7.08] FRolH P& 50CE 44 Y 71 % AAsPAA LA e
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& A 42 AEY AL purgingd ¥ A8 B-carotene ¥FL 27
470(18/100g) X 540(4g/100g) o] glc}(Table 3-6).

& 229 JHF % AFo ddolM idLF AR ABIE Y2 «
-carotene W B -carotene 2] 1} F A5l cl.

ojate] AME AAFY JIREHo|= Mo ANE FHAF7] ¢k
A it4e] X¥o] adtg o 4 qlrh

gh) #Fxol A% FIREEko|E N40] HI

AlZ2](pH 6.0)F 25ColA AAAE stA] 2 JefolM 84 ¢ 7t
3 9 A

(Olux)d wiel W 712 @ AA(5000lux)dt uwf Feld k2 2tz
15, 36(mg/100g) 3} 13, 40(mg/100g)o}lc} (Table 3-3).

pH 7.02] AZAE& 50ColA Ha purgingdt Aefolr] 8dt & 713
A0 lux)Y wie} ¥ 712 » 235,000 lux)¥ =] B-carotene L
242} 9.87(mg/100g) 3} 7.62(mg/100g)o} it} (Table 3-4).
< 5,000 lux®] FE= AIFA Y £} % B-carotene T FHAY A4
& 7HAstch

pH 6.08] 2ol P& 25CE AL g 312 Y AefolA 8U
& 7HF W A0 lu)¥ wiet W JHF W AA(5,000 lu)E o] e
-carotene ¥8F2 z}z} 561 (ug/100g)2} 453(ug/100g)oladth (Table 3-5).

7VE B % pH 7.09) B2 50ColA A4 purgingdt AejollA 8y
& 7 € A0 lux)¥ wiet F 7 W A5,000 lux)¥ w) B
-carotene L Z}zt 1,881(ug/100g)2} 1,466(ug/100g)°] it (Table
3-6).

& 78 33 F ¥HFEM Uk HELE sensitizerd] F 22 o) %
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£3}o] activated oxygen speciesE A3 o]|& <Qld}le] @-carotene W
B -carotene ¥are] A UAEF 7pA Ll
ojate] AXE WL AR 713 U AY Fo JIZeolE &

%] EAPS ¢ 4 Arh

L 7133 9 AR F A4 E3 42& 5] A AR AR
1) dAelo] ¥ F22Y F3] 4& &3 A& A

dxe] o] wE F22W 3 4=8 JFFs7] 4%t 20uld
citrate &5-§& (0.24, pH7.0)o] FZAIZ AFA (5)& H7Islolct. @
Azlo] 2% Z=2=W a, by 3 HEE FY M3l 4 AE8&E
baby-food jaro] ¥-2 ¥ autoclaveold thga} 2 Lxof A|te] =Ao]
A @A & stqdch

g22% a: 100C (100, 200, 300, 400, 500, 600 sec): 110°C (50,
100, 150, 200, 300, 400, 500 sec): 120°C (50, 75, 100, 125, 150, 200
sec): 130C (50, 60, 70, 80, 90, 100 sec)

E88% b 100°C % 110°C (250, 500, 750, 1,000, 1,250, 1,500 sec):
120°C (100, 250, 350, 500, 750, 1,000 sec): 130°C (50, 60, 70, 80, 90,
100 sec)

A &(100 2 L) oM 2(400 pL)2} ER ¥ HPLCR F43tgich

2) 2= ¥ stRE ol =] F3 4E FFE Y AE A2

Zxo] A% stReio|=] £ &xol F Y& A3} #st
2 AJA%] (0.2M citrate 3-8, pH 7.0) 20olo] SAAR A2X (1g)
o (5g)& d7istgdrt. AEE 30 wl serum bottleo] Glo} septa®
B F 8 A Adxlel] Yol 5,000 1ux®] RAA 25CTR 0, 2, 4, 6 W 84
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Zt B¢t whgAIA AZFHYc AB(100pL)E ofME(400 L)t EHY F
HPLCE FA3l4ct

3) YAF W dAZ F Jl2EHolE P &3

obA) bzl WA A (5,000 lux) XAAL 7lRE|kolE S &4}
7] $1810] 200L8] citrate &8¢ (0.2M, pH7.0)o] FAAZ AZA (1g)
3 g (58)& Mrstgch 24 Al8& 30nLe] serum bottled] Yol W
T ¥ 25ColA 2, 4, 6, 8Y F NFAZcl JREHIol=L WE UFE
HPLCE BA{&tglct.

4) gAejo] ¥ S22y Hi4x

2% (100, 110, 120 ¥ 130C) W Azt ZAYPE AFAE A
the 2229 a, be &% ()& semilog 1AZF o] &3l 2Hch 2
B128] HA} (slope)BHE Zpzte] @Ae] o oyt UHANE ol-§3}
o W& EASE (k)& Foldet. 2eZE AHe2 HAFdEY o= &
289 a, be] &3] vkgo] 1x} ¥kgA] (first-order reaction kinetics)&
ulEties A& ujgicl, & In (C) = kt + In (Co)d] FAlo] H&E= Zo]
1= 3

A AIFXY FE2Y B 2T (), WHI] g (half-life
value) I A3} oux] 3} (activation energy value)o] Table 3-7¢ 7]
gt dXe] & 2o weld F22Y a= S22 b Hr} 5-8u) w
E2A a7t 8= A

In (k)& I/T(° K) o &3 2l=ZF 42 F AMHHPMY FAZEE
Arrhenius4]& o] &3t} HdoliRA] g (E)& F3tgled], 224 a, b9
Foua] Zhe 242 20.2 B 16.6 (Kcal/mol )8 E224 aol E, o] &
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Table 3-7. Apparent first order reaction rate constants(K),

half-life

values(ti,2) and activation energy values(Ea) of chlorophylls a and b in
heat processed spinach.

pigment temp.(C) K(xX10®  tie(sec)  Ea(Kcal/mol)
(sec™")

chlorophyll a 100 2.1 330 20.2
110 43 161
120 89 78
130 16.4 42

chlorophyll b 100 04 1733 166
110 0.7 990
120 1.3 533
130 2.1 330
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229 b2 E. gt Xt} &gl

5) 71 9 AR F 7IZHol=e] Fi&s W Avly ¢HE4 vla

AEX et g2 71 % AR F IR ko= £3)] X Table 3-8
I gt 25 W AT RAEE AFA] 9 @& gAY oL J1RE
olEo] [EY (%)& semilog LALE o &3] Yt e FHA}
(slope) 2B Ztzte] dAg] xZo] thyt AU HE o] &3lo] WNeEHE
A4 (K& 3. 2eze Mo wAFEHYE ol FlREH k0| =9
H3] ur-go] 1x} vkg4] (first-order reaction kinetics)& wlirci: A&
Juigtct, ol g 71F R MY 2AoJME B-carotene > lutein
violaxanthin > neoxanthin®] €M=Z H3 &x7 Fisigen, o] &xj
te Mg 9 AR 23dME Yol e 7 2 AR A by
A8 BYLoU neoxanthin®] E3j4E7} uf¢ wEA ¢ojytr). A2 )0
e 8 JIEHolEA lutein ¥ P-carotene W AL W& ALY
w3 27t o AP ElGE R} su) Zhe whEA) vielyicl

AFA % B2y FReolE Mol HriH UBEL Table 3-98
g Qo) A 72 BAQo] luteino] f-carotene BTl w2 ABHL
teluigich Lutein®}t P-carotene o] &Y A HBEI} Rol gle
¥ GBE Rl WA ekt

o] A= 2] environmental factor %) AW Azle} YA} AR
& Hoj&rh

4. 272 M4 MY FAE AU ARARY WS 24 U 4Y

7}, 3HAA] (antidiscolorants)e] M7lo] oy MA HN FA AFE
% A5 Az whgz2A W FY
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Table 3-8. Rate constants of carotenoid degradation in spinach during
storage at 25T,

Carotenoid k(hr™)
Dark storage

B -carotene 0.066
lutein 0.036
violaxanthin 0.025
neoxanthin 0.016
Light storage (5,000 lux)

B -carotene 0.360
lutein 0.178
violaxanthin 0.162
neoxanthin 0.379
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Table 3-9. Relative stabilities of carotencids in spinach (%

retention),
B —carotene lutein
period(day)
dark light dark light
0 100 100 100 100
2 93 74 96 S0
4 90 63 94 79
6 88 55) 92 72
8 87 51 92 68
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1) A FhaMAe] ¥ MA QMg ¥} dF
7h) A& Azt g2

UAFA] AN F22Y W FlRexo] =9 A& FPe FE= o
BE A3ty S8t BEEHAYAL (linoleic acid, 0.40uM)2} 413} T4
(lipoxygenase 31,000 units: peroxidase, 1.05 units)&} Al 3PHNA (e
-tocopherol, ascorbic acid, catechin, epicatechin, quercetin, rutin,
p-coumaric acid B ferulic acid)& 15oM 3 71%F Rw A|A" (0.2M
citrate $#38&, pH 6.8)0 F2EY Y B-carotened HII3l I}
32 Mol HA A8E &v|slgr]. Linoleic acid®} «-tocopherol® Tween
80 (800ug/mL)z} EYUET F UF LYo Brisidct. BE £4 Al&E+E 30 ol
serum bottleo] Wo} septa® WEIF I 25CTofA 5, 10, 158 H<F vkgA]
7 AzZFATE AR(100pL)E oMHE(400£L) 2 T F HPLCE &3}
it

1) b7 289 o] F= 9

AlFAY ¢ 7HE % AY F FHAAI FERY ag PP F= G
32 Table 3-103} Ut} UARY F E22YU a UHLE & w9 Hi%
T Hrle linoleic acide} #7 Sxjgd wfe] 4ol wated, 53
lipoxygenase W peroxidase®} T2 Ab¥} F A7) A7t EHAEL APol= 3
7 A1ZHE ¥ 15%0] Aud S22 avl ¥ ol &AA] itk &
lipoxygenase®} peroxidases= A|ZFX|9] ZE2H a8l FE w2 A ZA
Zch ©H, AIFA oz EXsin] M PgAHAZ L du-EIANHEH
ascorbic acid?] ¥7l= E2E2Y a9 JEFE A F7MIAE, ol ¢
-E38 &3} ascorbic acid7} 22 #3IE HFIAAIE dEE 3
g AAE AAYOEHR, 218]3 lipoxygenase W peroxidase T2 4tE}
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Table 3-10. Effects of antidiscolorants on the chlorophyll a stability
of spinach in mode! system during dark storage at 25T.

components

in model system

chlorophyll a remaining(%)

5min 10min 15min
chlorophyll a 96 89 83
chlorophyll a + linoleic acid 39 27 14
chlorophyll a + linoleic acid + lipoxygenase 9 6 0
chlorophyll a + linoleic acid + peroxidase 7 3 0
chlorophyll a + linoleic acid + lipoxygenase + peroxidase 5 2 0
chlorophyll a + linoleic acid + a -tocopherol 49 34 20
chlorophyll a + linoleic acid + ascorbic acid 52 39 23
chlorophyll a + linoleic acid + BHT 58 42 31
chlorophyll a + linoleic acid + catechin 56 37 26
chlorophyll a + linoleic acid + epicatechin 60 44 30
chlorophyll a + linoleic acid + quercetin 54 38 21
chlorophyll a + linoleic acid + rutin 51 34 20
chlorophyll a + linoleic acid + p-coumaric acid 46 29 18
chlorophyll a + linoleic acid + ferulic acid 47 31 16
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T4l BEE, AL AL RN, AT giEelel AZHr). o] 2
H2RE S2EY af] HAY AN L7t FLT S jivke AME
& 4 glt}l. FlavonoidH¢Q! catechin, epicatechin, quercetin W rutinz}
AlFA] o= &2)3}= phenolic acid]l p-coumaric acid W ferulic acid®
Alg2Y E2RE FIE gAsldEedl olgY ¥EAMY  (antidis-
coloring activity) epicatechin > catechin ) quercetin > rutin >
p-coumaric acid > ferulic acid £28 22 af] }EYE FIMZHL
H, &3] catechind} epicatechin ¥4 ¥xtEA¢l BHTL} vle¥ &S
2ok

th) FEAA 7} FIRE[ o]l E PP T I

g2 o M H AR § YHMAIE B-carotene?] FE FE& ¥
3ko. Table 3-113} Zth UAA & B-carotene THHELOE Ql& ule] H3j<
5 Hrthe linoleic acid®} Al Sx|g o] &7t Waten, F3]
lipoxygenase 3 peroxidase®} T2 A3} FAUt M7l EHUE Afole £3
7t AHE F 1580] ALtH  B-caroteneo] AL EAsEA] Uttt F
lipoxigenase2} peroxidaserx 2] B-carotene £3|E wl2A ZZA|H
th 3w, HZolx Exfsin HA Az dyH dv-EIANHEH
ascorbic acid®] ¥ 7}= B-carotene?] R&EarG AA ZFI7IX|Z=4], o] 4
HZHE B-carotenes] WA PPN ita7t FAY S Yrhe AE
4 4 alt}l. Flavonoid#¢] catechin, epicatechin, quercetin @ rutin®}
phenolic acidql p-coumaric acid W ferulic acid®] ¥HAH (anti-
discoloring activity)2 epicatechin > catechin > quercetin > rutin >
p-coumaric acid > ferulic acid €28 B-carotened] AELE ZFIIA|H L

o, 53] catechin?} epicatechin ¥4 ¥rabdp=el BHTS} Wyt NG
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Table 3-11. Effects of antidiscolorants on the B -carotene stability of

carrot in model system during dark storage at 25,

components in model system

B -carotene remaining(%)

5min 10min 15min
B -carotene 98 93 88
B -carotene + linoleic acid 51 35 18
B -carotene + linoleic acid + lipoxygenase 12 8 1
B —carotene + linoleic acid + peroxidase 9 4 0
B -carotene + linoleic acid + lipoxygenase + peroxidase 7 3 0
B -carotene + linoleic acid + @ -tocopherol 64 44 26
B -carotene + linoleic acid + ascorbic acid 68 51 30
B ~carotene + linoleic acid + BHT 75 55 40
B -carotene + linoleic acid + catechin 73 48 34
B —carotene + linoleic acid + epicatechin 78 57 39
B -carotene + linoleic acid + quercetin 70 49 27
B -carotene + linoleic acid + rutin 66 44 26
B —carotene + linoleic acid + p-coumaric acid 60 38 23
B -carotene + linoleic acid + ferulic acid 61 40 21
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B4rl.

OJRL olF 4ol MAF AL”e] EAfdle ALE L2APOEHN A&
4 Had E229 AHE AAY AeE AW, Y o2 Ul
lipoxygenase®} peroxidase Z 413} 49l 2&-E AT wiEolel AR
Hrt

N

2) Wl A apEMAe] o £ AFY YA AF
7h g9 Az g g2y

A A PHAA 7 F2EY W JlREeo]=e] M4 PP FE
A A73}7] 9iste] BEIR WAL (linoleic acid, 0.40mM)3} Ha
(superoxide dismutase 40 units + catalse 250 units)$} 3}atEA) (a
-tocopherol, pB-carotene, ascorbic acid, BHI, catechin, quercetin,
rutin)7} 15mM FFH B2 AJA"] (0.2M citrate $5-8-9, pH 6.8)0] E2
23} B-carotened A5l wr7} 3ZuMo] E A stgrl. Linoleic
acid, a-tocopherol, B-carotene Tween 80 (800ug/mL)3} E{I3F ¥ U3Z
Lo Hslgct. A AR+ 30ml serum bottleo] ©o} septa® WEY
the % AR A=l Yol 5,000 luxs] ZZolA 5TE 2, 4, 68 ¢ L&
AA AzE ok AE(1004L)E obAIE(400 L) ST F HPLCE 24
3tact.

) gEAA7 229 QHg el
AlFAY A IR " AR Y
F= 32 Table 3-129} Lttt E2 24 a®} linoleic acid?} FA|o] &)
Y oo 2284 a B3 {27 ARE ¢AF UL o EHot A3 wike
ul, ol 2224 ast W (5,000 lux)8] Exstolld 243 Aba (%o)et

£ o4y

A7 AFA Y SR2E a A

g N
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Table 3-12,

Effects

of antidiscolorants on the chlorophyll

photostability of spinach in model system during light storage (5,000

lux) at 5C.

components in model system

chlorophyll a remaining(%)

2min 4min 6min
chlorophyll a 90 83 71
chlorophyll a + linoleic acid 35 20 9
chlorophyll a + linoleic acid + @ -tocopherol 50 30 17
chlorophyll a + linoleic acid + B -carotene 58 37 19
chlorophyll a + linoleic acid + ascorbic acid 46 28 15
chlorophyll a + linoleic acid + BHT 36 21 8
chlorophyll a + linoleic acid + catechin 48 30 16
chlorophyll a + linoleic acid + quercetin 44 26 13
chlorophyll a + linoleic acid + rutin 42 23 11
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g35lo] A2y aks ('0)E WA=, 4FY A2} linoleic acid®] WF
L45T AMEY A4 MEgAE Hrl 1,5000] BE wiEr] wigo|ch.
Superoxide anion& AAdH= A AAE ¢ superoxide dismutase®}
catalase® H7lstg ot WA Wz #HE Rolx] E¥ed, I olfxe
22 Wo| 2]%t At3}UEE-S superoxide anion RTl= UFY Ablof &3t A
o]7] wjgojr}.

olu}-E A&, AB-carotene W ascorbic acide Wef 23 E2EYY
HAg FopFow WSty oL} BHTE AE RolA] RYrl Flavonoid®
2] U249l catechin, quercetin ¥ rutin® ¢¥}-EIAHF2} ascorbic acid
o} ulsdt M wix] AE Uehle AoE Kol o] YF¥ iUdLE &
Ashe 713& Ze ez AZHr

th PAAAIL FL2E| o]l = P G0 Fi= FY

wrae] wl A = shatsiA| s} ©te] B-carotene ¢HAAO| F= YL
Table 3-133} Zt}. B-carotene?} linoleic acid7} FAlof &Y wje] B
-carotene ¥3] 427 AJEE 4AF UL o] KHr} WA wWyk=d, oj&
gz 2ol W (5000 lux)2) EAstol 4F% ks (‘o) 8t g3t 4F
8 atd ('0,)& A=, 4FY A48 linoleic acid®] ¥HE&EI} 4
23t AbAote] WM& E WU} 1,5008) FE wiEY) wj&olt}. Superoxide
anionS AAT= AZEAE ¢ 2 superoxide dismutase®} catalased
Zistal ot M x| HIE Holx| E¥Ed, I olft 22U A%
AI3IMY-S- S superoxide anion HTh= F3t Atie] 2Jg Zoly] ujFolc).

avl-E AW &7} ascorbic acidi= Woj &J¥t B-carotened] MM #
Hog ukz|dlgior} BHTE #AE Holz] RE¥ch FlavonoidFe dF<¢
catechin, quercetin ¥ rutin® Y¥}-EIME} ascorbic acidel vjs¥t
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Table 3-13. Effects of antidiscolorants on the S -carotene
photostability of carrot in model system during light storage (5,000
lux) at 5TC.

B —carotene remaining(%)
components in model system

2min 4min 6min
B -carotene 90 83 71
B -carotene + linoleic acid 35 20 9
B -carotene + linoleic acid + a -tocopherol 50 30 17
B -carotene + linoleic acid + ascorbic acid 46 28 15
B —carotene + linoleic acid + BHT 36 21 8
B ~carotene + linoleic acid + catechin 48 30 16
B -carotene + linoleic acid + quercetin 44 26 13
B -carotene + linoleic acid + rutin 42 23 11
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HA 2] 3RE UEhle Z20E Hol o]EE YEY AAE AATH: 7
g e Zog yZ49el

A o2 AaFe 7HF W Aol Yoy N4 HEe B Hay
3171 HBAME AaE LA Folof 3lH, olF ¥ Ak £A gL 2
€ BHAAE Ak Zlo] ZatAel Wikl M)

. BAAY HlgdE(phenolics)o] FtR2EkolS Mo GAYE FHA

X

1) AlgA2

H&/d £ (phenolics)o] Ft2E|imo]= H4o] WMo F& o] A3}E o
F8t7] $18}o] (+)-catechin, (-)-epicatechin, epigallocatechin, rutin,
quercetin, chlorogenic acid, caffeic acid, p-coumaric acid, ferulic
acid 3l ethoxyquing Z}2} Mcllvain @38 (pH 7)ol 2, 4, 6 M & &
7} E=E& HIBIgch B-Carotene(840ug/mL)3}  lutein(840ug/ml)-S
Mcllvain 3-8 (pH 7)o Z3}3tglen, linoleic acid(l.2mg/ul)%E
Tween 80 (800ug/mL)3} FURF F QoMo HB38qo Hosigich
Lipoxygenase -9 (126,500/nL)& Z/4o] Ho wEgc)

Zt7}2] wlgAd ¥ (1ml)& 0.50L B -carotene, lutein B 0.5ml linoleic
acid 83} EYS}4r}. Lipoxygenase &< (15uL)& EY o] ¥l
¥ JlRekol=e] WA AFEE U spectrophotometerd ©]-&5}od 460 nmoj
A &Astalc

2) B3y Eepixol= W sl 4E(phenolics)& ol 8% FIRE kol

Na JEe) 34 3

AFAE HIRE AaFd EAFe sHE AEIY ERko:s
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(flavonoid) “+&°] carotenes] HAo] Fi= A A3} Table 3-148} Z
t}, Epigallocatechin, (-)-epicatechin W (+)-catechin® 7} Z}&83t ¥
A A Mg RYon, Mo FEOIM RE 97% o|xke] WA oz Az
& uUehigch 3a3AQ ethoxyquink 1€ Al 71A] shHAA 9} w5yt
WA wbx] 28 wagon), At s AE (chlorogenic acid, caffeic
acid, p-coumaric acid W ferulic acid)S &%t oz A =}F vlehigcl
olefgo] ¥AMIY JetRicol= 4l g io] JlREllol=e] HAG
AAtt= olfe olE o]l e £A8, §I FREU 4FY AL
of 23 B dFY d4E LA 2§48 ML IR = 4
Mg Al £ A FAo] WYL HAH] uFolet ML)

C}. Lipoxygenase®] £¥/d¥g B 7l2Hol= M4 FAE P4 ¢
¢ AlgAz g Y A

Lipoxygenase (LOX)= 2j&fol gl M4 sl2eo|=9 HAZ do
7l F8 Fioln, welr 7133 AT N4 HPHE BAATII ¢
sto] B8t AlAokvtct

1) FAHAE o] & LoXS] Y oA AAF ¢ A7 £4]
7}) Lipoxygenase?] A=

Lipoxygenase (850, 00units/mg protein)& 0.2M sodium phosphate buffer
(pH 6.5)2 2 43}gct,

) WAtk el ¥t

Kaempferol, quercetin, rutin, chlorogenic acid, caffeic acid,

(+)-catechin, (-)-epicatechin, daidzein, genistein& oj|§t&o) 2.5 mg/mL
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Table 3-14. Inhibitory effects of phenolics and flavonoids on carotene
bleaching.

shenolics concentration

2mM 4mM 6mM
(+)-catechin 473 81.2 974
(-)-epicatechin 3.1 66.5 0R8.0
epigallocatechin 50.2 84.6 985
quercetin 138 26.4 40.1
rutin 12,5 21.2 33.7
chlorogenic acid 9.2 16.2 234
caffeic acid 8.7 17.2 289
p-coumaric acid 42 9.6 135
ferulic acid 39 9.2 115
ethoxyquin 46.5 80.1 96.4
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9 58 Ko AEE stdr).

2) EBHEAE o8 lipoxygenase (LOX)S| ¥4 &3

LoXe] ¥4 5 373 XA (25T, pH 9)3}ollA] spectrophotometerd o]
§31o] 234nmoll A conjugated diene®] ¥ $E& FYol &3] AFH
ot 71A8E linoleic acidg AME3l¥Ed], sodium borate B8
(0.2M, pH9.0)o)l linoleic acidg & =7} 0.357uM7} EEF 3}gict. 7]
A (20L)& cuvetteo] Y& ¥ 10xL8 FiAE 2tzt Hrisieict. whg2
10uL (0.04mg/wl) LOXE M7PsPAA Azt ).

3) Lipoxygenase®] E¥43E B Mo 34 33

Lipoxygenase (LOX)& AMAFo] U= H4¢] FIZH o] =2 HAME oo
7le F8 Haold, umiztd JH33 AY F M9 BEE YA 4
Blo] B33t A]A oI

Table 3-15= o8] %/ &elio|=9} wis 38| lipoxygenased
BHEE 9AHe AYE HoFa dch. AY BE HYEL Y olF
ZAY (conjugated dienes)?] A4& A3}, (+)-Catechinz} (-)-epi-
catechino] 7P¢ ®& QA Z}E ElYlen, FRol Esls o 4
2] ¥4 B3¢ daidzein?} genisteink 50% F T &2 o] AAE R
Tl ol olF il EAFo] VY HNAF LAAYLEN lipoxygenasel]
B4& AAztarl diel AMaFY 222Y 4 JReolE 4R 23
& 9Ashs Zog uelylct
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Table 3-15. Inhibition(%) of lipoxygenase activity by flavonoids and

phenolics,
compound inhibition(94)
(+)-catechin 72
(-)-epicatechin 65
genistein 52
daidzein 49
quercetin 42
rutin 40
kaempferol ‘ 38
caffeic acid 31
chlorigenic acid 28
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gl dxe 71 AEXY g2 H4 GRS FAAIY Y EE22
o FEAY old BYE Az
1) A2 Mz} W32

AlFH] BY A2 g7 St B2 Az¥ AlZA (52)& 0.2M
citrate §F-gol Yo ut 3 ¥ HAY X InClEY (225, 450 U
900 ppm of Zn')& FYst (2:1 wv) HE In'Y &7} 42 75, 150 9
300 ppmo] A sttt BWl A]A¥e] pHi 1 M HC12} NaOHE 713l 4,
6, 8, 1022 A9 on Ml AN Hy9 1x7t WA UA 3dch
2tz}e] He] zAoA 150L8] A 8E 3t 260l canofl Y2 F 121TCollA
15, 30, 45, 603 AEsidch. AEY AEE YUY F -15CoA dF
Bysioct.

2) E22% a FEMN2} o}d o] g K= Y WYy

224 a REAY ofd ol Bg K=& J3I] fl3le] g2
W a (2.67 x 10°M), ofd(Il) o] (6.56 x 10”M), BHA (0.3%, w/v),
Tween 80 (0.8%, w/v)& oAM=/ (80720, v/v)oll Y3 15, 30, 40, 50Cei
A s wrgAZch g SRV 2AHE $£E4200M ¢RuEEY
& olg3te] W AAIEAN T2 EetaA A8E Yo Yok &
229 a (4oL)2} oo} (5uL)E 10483 YAt FY Hel7} HEeF 3t
gith. ojelo]2 £ (2nl)& M4Jt EAUE EelaIo] MRt ¥ Ty}
Atk AR (2uL)& 24313t HPLCE 4 3}ch

3) Solute’} 224 REAS} ofdo] 2] MYUF 48 & I%

el Zlatt A8 Azel wg2dA 7l &2 2oy solute
£ solute €8] §-3|9} Incl&j¢] Fujof ulel ARY ¥ R LR
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H71ste] HZFS =} 0.1M0] EA 3ttt

4) SoluteZ} EFE2u-old ¥3tE B F+= ¥

o3 £59) solute 7} o} o] 75 ppnd {3 A|FH 2 EFE2Y-
olel FHIE Ao F= L2 Table 3-162} Lt} Sodium dodecyl
sulfate, sodium thiocyanate, sodium benzoate, sodium caprylate gl
sodiun oleatel RF otd HUYEL A4S F7MZed ole ol ¥¥
¥4 ol HYEEo] U SAHEE F7HIAY] vgelet BZHry.

5) 2224 fEAe} od o]} WIZEE

AFX 2 dAz FPold AREHE F22YU a FEAY ofdo| 2
W& E, W7l W B U] gh& Table 3-17¢9 uehjgltt o of
231e] ¥he &% phyropheophorbide a > pheophorbide a >
pyropheophytin a > pheophytin a2] €22 wi=2A A==y, o= 7H
$1218] ¥ra o)A oAujEdt ¥ ¢ chaing] Zo|7t FIETE oid
o] tetrapyrroleo] FYsHs &Zit= Holx|7] wfio]t}. Phyropheophorbide
a, pheophorbide a, pyropheophytin a B pheophytin a2] ¥4} ofuix] 3k
& 73z} 20.98, 20.43, 21.47 W 20.98 (Kcal/mol)o]Sich.

6) 222Y JFEAY o}dd o]z} Hhgo] F¥E F+= 249

Pheophytinz} o}¢izte] 313189l zinc pheophyting Y ulj o}l o]
9] %%7} zinc pheophytino] #+ 32 Table 3-183} LTl @A AT
o] ZojMo wiz} FE 2] 3| EQ pheophytin B0l F7Istglen, w
2}4] zinc pheophyting] AT A ZUBld, ofd o8 Hx=7}
75ppmoll A 150 T 300ppnl. 8 Z7}44-& zinc pheophyting] BAHE 7
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Table 3-16. Effects of solutes on zinc complex formation containing 75
ppm of Zn* after heating at 121°C for 30min,

solute zinc pheophytin a (nmol/g)
control 80.6
sodium dodecyl sulfate (0.1M) 196.8
sodium thiocyanate(0.1M) 105.9
sodium benzoate(0.1M) 1075
sodium caprylate(0.1M) 242.3
sodium oleate(0.1M) 2180
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Table 3-17.

Reaction rate constants(k),

half-l1ife wvalues(ti,;)

and

activation energy values (Ea) for reaction of chlorophyll a derivatives
with zinc(Il) ions at 15, 30, 40 and 50°C.

pigment temp. k(min"M™")  tiz(min)  Ea(Kcal/mol)
pheophytin 15 0.036 298 20.98
30 0.065 160
40 0.13 85
50 0.21 46
pyropheophytin 15 0.057 173 21.47
30 0.117 33
40 0.22 48
50 041 25
pheophorbide 15 0.119 89 20.43
30 0.19 54
40 0.35 30
50 0.74 145
pyropheophorbide 15 0.21 53 20.98
30 037 29
40 0.68 155
50 1.26 85
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Table 3-18. Formation of zinc pheophytin a in spinach containing 75
150, 300 ppm of Zn® ion at pH 6.0 and heated at 121°C.

zinc pheophytin a conc.(nmole/g)

Zn® conc. Heating time (min)
15 30 45 60
75ppm 42 80 115 130
150ppm 119 228 328 370
300ppm 352 670 963 1,088
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Z 7}t

Zinc pheophyting A% uw] A& pHr} zinc pheophytindl] F++&= 4
& Table 3-19¢} %t} pH7l 4004 82 Z7}8bd zinc pheophytin®] FAJ 3k
o] 108} 7% F7Istolct.

Zinc pheophyting A4 u A& pHrl MEo] F& 3L Table
3-202} Zt}l. Hunter -aZto] Z7pstd AlBe] XEB o] Zylstdl, ofdd o
& A718le] 121CTE 713t A28 -aglol $7181 wiebA AlFA9
ZEHo| Frtstolrl. pHrt 4ol 82 Frtshd -agkel 4l 71 F713H4Ad

t}.

pd

%

o}, zelAle] o3 FREY WA YAE A e U a4 22

dze]A (MgCOs) H7toll 2% FE2We HA UAE A3} 43}
29 A &" (0.2M citrate §3-8§, pH 6.8)0] FE2UL H7Iste] &
T A8E i) 70ColA 1087 wlX]7] ii) 70ColA MgC0s(0. 4%)E 718t
10872k dlx]7) iii) 70°CollA] MgCO0s(0.4%) & d7Isle] 30E3 HX|71& 319
ch  Zzte] zAddA AEE Al E22Y Y FEEy|=
(chlorophyllide)i= HPLCE, ME: MEAZ &Asgc)

2|l ML07F  AEXe Hlx]7] ZFe]A  chlorophyll]
chlorophyllide® A# B M2} pHoll F= @32 Table 3-213f Uch ¢
A AE HipetH A1739 pH7t 718921 chlorophyllo] chlorophyllide
2 AY k= =& ZURIAC. dFAE AUletd Y A& -agtol
Z715td.om ol AFX| 9 o] FI8lASE& 2ujict

vl 2y FEE FAUAIIY] A A2l A 23 (HIST) A
2L DA JtdAE] (HIST)oll 2% G224 HAS Hadsp] AT
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Table 3-19. Effects of pH on the formation of zinc-pheophytin a in
spinach containing 75ppm Zn®" ion at pH 4, 6, 8 and heated at 121C.

zinc pheophytin a conc. (nmole/g)
pH

15(min)  30(min) 45(min) 60(min)
4 12 18 25 35
6 42 80 115 130
8 140 220 260 280
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Table 3-20, Changes in the color of spinach containing 75ppm In® ion at
pH 4, 6, 8 and heated at 121°C.

color value (-a)
heating time (min)
pH 4 pH 6 pH 8
15 0.7 2.3 42
30 0.9 32 46
45 1.1 35 4.8
60 13 3.7 50
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Table 3-21. Effects of alkaline agent on the conversion

to chlorophyllide, pH and color of spinach,

of chlorophyll

conversion(%) color
sample pH

chl.a chl. b L a b

blanched spinach
anched spinac 145 91 | 666 | 2607 -0.10 163

(10min at 70C)
blanched spinach
(10min at 70C with 62.4 345 8.48 2547 -032 101
0.4% MgCOQOs)
blanched spinach
(30min at 70C with 54.7 26.3 8.38 2559 -194 111
0.4% MgCOQOs3)
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ATE 3171 AA3te] 200L9) citrate SEEY (0.2, pH7.0)o] FHAZR A
2 (5g)F HJIY F A BE baby-food jare] ol gy vhe i) 55T,
130%; ii) 1407C, 20&: iii) 140C, 7X: iv) 135C, 203: v) 135C, 15
29 ZALE autoclaveo]r] @A stgich ztzhe] dxe] 2ol A2
3k A28 serum bottleo] Hol E22W 9 I {FEAQ] ek HPICE &
A stolrt.

dxg 71% 2A0] AFX 2 E82d U 2 FEAY JE Y F=
AL Table 3-229} Uth AP A FolHE 140CE 727 A 73
Qo] Algxe 229 a W b o] % Wo] BREFHYLL AFNNE ¥
Azl g Aole A 2o 1WA Jtd A (HTST)o] 2299
B ayshed 713 ARy Aes vehych

Al FiREIRx0lE WAL HAs7] 3 dX7] /1 8 AY 22
1) 7l2Hkols Mg Ha3slr] 9% vA7] 24

Ago] EAsE AALE BYAYY 3] fste] FEYQ AL ¢ AFA
g ©r2g Z7] (steam), F-& (water), nlo]LZ Y o]H. (microwave) ©l]x]7]
g 3ot 8 dAIE sy $lste] AFA (52) R G2 (508)& cloth
ol Y& ¥ 100Ce] +2oA 28 Fot WAt F7 dAUE 317 §
sto] A 8E AHHA 29 Wit WM F autoclaved]r] 2& F¢ 2H
Aelg stk $E% 37 dAZIE nbd A¥e] AEE Wl WAAA
th ulola ol B X I E 317 ¢35t AFX| 9 FE RElHAA Y2
# plo|aggolBo Aol AAE EHAIH AF7] $iste] nle]a
Z9lolH o E(650 watts)ollM 28 F<t AANE it ARE Yol B
A AAA 71§ Gupd ¥ FAARNE AzAA Eelojddyo] Yol
-40CE WEsteltt, HPLCO) 2j5te] FtEliol=8] odo] &FFEHYom, 4
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Table 3-22. Effects of thermal processing on the chlorophyll and
derivatives in spinach,
chlorophyll pheophytin pyropheophytin

thermal. (mg/100g) (mg/100g) (mg/100g)
processing a b a b a b
55°C (130sec) 448 237 1 0 0 0
140C (20sec) 123 191 288 63 24 0
140C (7sec) 243 225 227 41 0 0
135C (20sec) 215 209 227 29 0 0
135°C (15sec) 145 195 263 47 0 0
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EAE o183l Nz ARFHLACL

X7l 220] $4A2 AlFA W 92 HEe JlRE ko= Yol
FE 9¥L 47 Table 3-23 3 Hrh. +RLZ HA]7] & Ag7t M o
< a, b & UENHLH ol FEE2HY F7 A dojuEE uiy
t} F7] dx71§ & AFA2] lutein W B-carotene Wi¥o] FEo|L} n}
olAZolB Y7 E T AlFA e Hakel ulsiA Eokrh AZFA dAz
of glolAd & dxl7] 2 (100C, 28)°] tiE AU F7HA|7|
(autoclave, 2%) W unjolazgojy (650watt, 2%) Rt} ZIHe Aoy
Ltel et

AR 22 A9 Jt2EHkolE T F= viX7] 22U Gy
Table 3-248} Zth #E22 A7 & A&7 M W2 a, b & Ueldd
o o] g-carotene W B-carotene?] E3|7} A UojWtEE 2nmgich
27 dx718 ¥ W28 a-carotene W B-carotene o] FHo|L} njo]
ag2gol2 diX71E ¥ AFA ol vl &trl

AA o g vr1o] dx7)o] eojA ZF7dX]7] (autoclave, 28) ZZAo]
e 24 & w7l 23 (100C, 28) W ulo]a 2ol 2. (650watt, 2
2) Rr} Zzxp4el Jeg veylct

2) F12E ol WG HAMsE dA]7] AR

AIFA] 9 2] JIRHkolE HAE HANSH: YA AF2AL 4
F3517] S8t AR W& i) EASA U2 AMelolA 0CTE, ii)
polythene XAto A 30°CE, iii) polythene XA oA 5CE 2, 4 ¢4 F¢
A ol FtRE o] =9 P& HPLCE F 3T

ARz 40l AFXNY FIZH oS o] F+= Y2 Table 3-259
T}, Polythene bagg o]-83lo] HlX|7]1& ¥ AIFAE AZUE wl¥] lutein
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Table 3-23. Effects of various blanching treatments on the carotenoid

contents and color value of freeze-dried spinach,

carotenoid content
blanching (mg/100gD.W.) color
treatment lutein B -carotene L a b
steam 33.17 15.31 246 -6.1 135
water 31.01 14.30 219 =75 12.1
microwave 2467 11.38 235 -6.7 132
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Table 3-24. Effects of various blanching treatments on the carotenoid

contents and color value of freeze-dried carrot,

carotenoid content
blanching (mg/100gD.W.) color
treatment |, -carotene | B -carotene L a b
steam 32.83 74.15 234 -58 12.8
water 30.69 70.39 20.8 -71 115
microwave 24.42 56.58 223 -6.4 125
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Table 3-25. Effects of storage conditions on the carotencid content
(mg/100g D.W.) of spinach,

storage conditions lutein B -carotene

fresh 1296 584
stored at 30C without packaging

2 days 118.7 535

4 days 1159 52.2
stored at 30Cin polythene bag

2 days 127.7 575

4 days 1255 56.5
refrigerated at 5C in polythene bag

2 days 1269 57.2

4 days 1245 56.1
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W B-carotene §2 uv]EGe] Z-e-9 vladhd Qi oR HA Fgr)
EZE Y& wo] Jl2Eo]E WY FE Y X GY2 HE 3
okt ol Yix7] A AlFA o] 9l lutein U B-carotenes] HAo|
Ata2} Wlof 71Q3}7] wielgl gyt

A @20l B2 JIRE o= o F= PP Table 3-263} Hr}
Polythene bagg ©]&3le] tiX71& ¥ F2& AHBYUSE w8 ¢ -carotene
W B-carotene P2 w|TRe] F9-o wlastd HrjFLoE A &l
23-g Y& o] 2ol HHo] F= MY 2EY @Y HE IA
okskct. ol dlx)7] Ay ©2ol Q= @-carotene W B-carotened] H
o] Ataot Yo 737 wjiolet 4y
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Table 3-26. Effects of storage conditions on the carotenoid content
(mg/100g D.W.) of carrot,

storage conditions a —carotene B -carotene
fresh 4.56 10.50
stored at 30C without packaging

2 days 3.97 9.18

4 days 3.88 399
stored at 30Cin polythene bag

2 days 4.30 997

4 days 422 9.78
refrigerated at 5°C in polythene bag

2 days 4.27 9.85

4 days 4,18 9.61
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3 ALF (AFA, B2 In I8 FA A7

1L A2y 79 & Ag

2 AYoMe AREAN AF2] W G2 ol§sidch AFAY g2
(F)85FR (F)elBaM oA 248 dol, &2 AN F AFA+= 1.5
tong 8|17t B¢t FAAL F (R7IXE ¢ -10C, LWIILE : -28T) 164]
ZE¢ UF AR ARE AT, G2 AZR 20 F upyste] A
52 AHgstdrt

2. a7 Ful BE FE L &
7h. AR JFujdE #&
1) Al2A 2] X purging and trap *Pgel &% Fn] P& F&

54329 AFA £ 10g3 2 100gE 450m1 8] FF4et A Y
3 ¥ ABE Fig. 3-48} Lol purging and trap flaske]] Pdalcrl Flask(l
L)oll A4AE 350ml/min®] $ET 20A| 2H5Q purgingdlel.em systemd] &%
= 37CE  H#AECh  Purgingdl=%9¢ magnetic stirrer2 A|EE
stirring 31920 purgingo] T\ Fid FujdEo]l XZ Y Tenax-TAE
diethyl ether® $&3}¢icr}. & PSS QAR 7] (2,000 rpm,
2-3min)ol| A &%t ¥ 55 tubeol #A 302 3Lt

2) Simultaneous distillation and solvent (SDE) “Hoj 2J¥ EnjAd¥&2)
>

AlEx] 8] Fn|dEE &30 Likens-Nickerson -3 ¢] SDE apparatus
(cat, no. K-523010 -0000, Kontes, Vineland, NJ, USA)& o]&3lact. 5324
A28 AFA B¢ (10g)3 2T (100g)& FF4 (1), UHEEEEA
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Inlet of purified nitrogen gas Thermo-regulator
~a

M: Magnetic bar
S: Vegstable sample

A : Glass wool B : Tenax-TA

Fig. 3-4. Purging and trap apparatus,
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[2,4,6-trimethylpyridine 72.6ug]2} ¥ round bottom flask (5L)ol] YW
X SDE head®] solvent armo] H1ZA¥ round bottom flask (125mL)efl Y& xzj
259 dichloromethane (75mL)2.2 ZielslollA] 2A17 B¢t 3F W &3}
gt AEe uFAL 45-60CE FAIHUCt SE-FEES] FEIS £&
ES -20CoAN 3R 5 AU F 422 Yel2 AAsNcE SuiE
AL BF0T FUANFA FEEY S& 102 3fgon, &0 doldl
L 48y 2289 anhydrous sodium sulfate(3g)E AZRA|L o B2N A A}
Act. FEES 5 tubeo] A AL FTFOE TS R 1004E
3tct.

U, Buldee] Go-Ms B4
AFA W 2ol gk AU FuEE BN U8 GousY 2he
Thest 2o,

GC HP - 5890 Series 1I with FID
Column DB-WAX Column
(60m X 0.25 mm X 0,25 zm)

Carrier gas Helium
Column head pressure 23psi
Column flow rate 1.5m¢/min
Splite ratio 30/1
Injector temp, 200°C
Detector temp. 250°C
Oven temp, 200C(10min)

‘ 100C(1min) (15min)

40°C(3min) (10min)

MS JMS ~ A X 505 WA
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El ionization voltage 70 eV

Ion Source temp, 200C
Library NIST
A ek 35-500

tl. GC/olfactometry 4] (GC/0) : -Sniffing Test-

GC/0 system Flame Inization Detector (FID)2} sniffing port7} -3
¥ HP 5890A GCE FA = 4itl. GC column®] FojjA] L} L= effluent:= FID$}
sniffing port A}o]2] split 1:1 ojgit}. B2 25X 40CoA 200CE
£% 6T H&R Agslden, &7)9 w7l holding timed Zbe} 5§
gl 208 olHt). GC/0= M 8] W panelisto] &3t +3x| e}

el AlFX ¢ Fo] JE 24

AEXx8] Fn|AdES SDE (simultaneous distillation extraction)®uhy
W purging and trap WPol] ste] F&HFLR GC-MSol] &3t HE W ¥l
3t chromatogram? Fig. 3-5¢ Zen| ¥ 26 372 d¥o] 34 U Iz &£
M e gchTable 3-27). ©o]& Fn] A&ol &% A F*)2] odor description®
GC/Olfacometryo]] 2|3e] 3Pyt AlFAY Fnl HEL 8FHY
aldehyde &3 5%F2] alcohol 4%, 2%F2 alkane ¥, 3EFY
ketone g%, 15H¢ acid &, 2&7F9 sulphide &, 4EF2 pyrazine
BE W 1259 pyrrolinee.® F4siglon Zze] Yol Uy WL
=3 Hrl

1) Aldehydes

Propanal, wmethylpropanal, 2-methylbutanal, 3-methylbutanal, ({Z)-3-
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6@ 1
84 »
49 3

26
30

Fig. 3-5. GC-MS chromatogram of flavor components in freeze-dried

spinach.
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Table 3-27. Volatile flavor compounds identified from spinach by SDE

(simultaneous distillation and extraction) method, their concentrations
and odor description with GC/0 (GC/0lfactometry) test.

Compound name Spinach Concentration (ppb) Odor Description
Aldehydes
Propanal F.D.V 96. 15
Methylpropanal F.D, 84.14
2-Methylbutanal F.D. 74.73
3-Methylbutanal F.D. 64,92
(Z)-3-Hexenal Raw 127.42 Green, Putty
(E)~2-Hexenal Raw 76.93
Octanal Raw 103.54 Cardboards, Sharp. Pungent
Methional F.D. 582,65 Fish-like
Alcohols
3-Methyl-1-butanol F.D. 419.23 Bitter chocolate
1-Hexanol F.D. 41,10 Oxidized, Grass-like
{Z)~-3-Hexen-1-o0l F.D, 76.26
2-Ethyl-1-hexanol F.D. 250.83
Methaethiol Raw, F.D. 26.50
Alkanes
Hexadecane F.D. 39.30
Hepatadecane F.D. 30.99
Ketones
3~Hydroxy-2-butanone F.D. 61,32
(Z)-1,5-0ctadien-3-one Raw, F.D, 5.27 Fish-like, Musty, Fungal
3-Methyl-2, 4-nonanedione F.D. 43,16 Hay-like
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(Continued)

Compound name

Spinach Concentration (ppb)

Odor Description

Acid
Acetic acid

Sulphides
Dimethyl sulphide
Dimethyl trisulphide

Pyrazines
2-1sopropyl-nethoxy-
pyrazine
3~Isopropyl-2-
methoxy pyrazine
2~sec-Butyl-3-
methoxy pyrazine
3-Isobutyl-2-
methoxy pyrazine

Pyrroline
2-Acetyl-1-pyrroline

F.D.

F.D.
Raw,

Raw,

Raw,

Raw,

Raw,

F.D

F.D.

F.D.

F.D.

F.D.

F.D.

128.97

6.27
9.64

4.69

3.42

3.21

2.87

6.56

Acidic, Vinegar

Earthy, Nutty

Potato-like

UFreeze dried
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hexenal, (E)-2-hexenal, octanal W methional 4522 A]ZX¢] aldehyde
t F4Ee] glen, olg ¥ F (Z)-3-hexenal2 GC/0lfactometryoy £]3}
o] green?} putty¥t Ze® EHEYOSH, octanald cardboard, sharp,
pungentE, methionald fish-likeZ FEn|7} BA}E 4t).

ol§ 4¥ % 53| nmethional® AR AJFAeJA Uehte vigIE 49

sted S8 Fu] dielth

2) Alcohols

Al2x4 alcohol AdE-2 3-methyl-1-butanol, 1-hexanol, (Z)-3-hexen-
1-ol, 2-ethyl-1-hexanol, methanethiol®] &£ o2 JFAE|o] glen, o|F
3-methyl-1-butanol& bitter chocolate® &, 1-hexanol-& oxidized, grass-

like2 EHE L

3) Alkanes
Hexadecane3} heptadecan®.B A|Z2]2] alkane g8 FAEo] 9lon
358 5= ZtZ} 39.30 % 30.99 ppbE L}IE}RICE,

4) Ketones

3-Hydroxy-2-butanone, (Z)-1, 5-octadien-3-one, 3-methyl-2, 4-nonanedi-
one &2 A|F2]2] ketone’dHEL FAEo] glon, o]F (Z)-1,5-octadien-3-
one2 fish-like, musty, fungal® HA|¥ 2O, 3-methyl-2,4-nonanedione
< hay-like® FEA|E T}

(Z)-1, 5-octadien-3-one2} 3-methyl-2,4-nonanedione2 Z}Z} 7} AJ2X]
o ujgl @ AX YAE W F8 off-flavor 4Eo|th
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5) Acid
Acetic acid7} 128.97 ppbe] X & AlgX|o] &a51n A3 Ao ¥

o0& e 228 Yelylc

6) Sulphides
Dimethyl suphide®} dimethyl trisulphide® F/dE|o] glom &2
2 6.27 4 9.64 ppb o]gitt.

7) Pyrazines

Wl 7}1&] /2] pyrazine 7}&u], 2-isopropyl-methoxy pyrazine
earthy W nutty®, 3-isopropyl-2-methoxy pyrazineZ potato-like® A
gt

8) Pyrroline
Al 2% 2] 2-acetyl-1-pyrroline %X+ 6.56 ppbE LIE}NIC].

olE ¥ 267148 FujdE F AFA /1Y 5P Fu2 EE 4
ol u|Rl(fish-like)&}t AXWAl(hay-like)?] € 8EQ nmethional,
(Z)-1, 5-octadien-3-one, 3-methyl-2,4-nonanedioneZo] FL% Ful WY o
23] (off-flavor) &0 2 w3 Ac)

mteta olF giol oyt J133FE o] oyt A7 AHE e
AaF Fo| ¢FY FAE ol R AEE Az Y& H:= A
L2 A c),
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Z%

A

o, g8 Ful 4

A% ©hZ(fresh carrot)o] ¢l Zn|HdEE SDE (simultaneous
distillation extraction) B! purging and trap “Hol| &Jsle] F&3l2n
GC-MSoll &)5tod AHE W ¥HRIY chromatograme Fig. 3-63F gow & 156 F
Fo] dEol B4 W B E£A=Ar} (Table 3-28). P9 Ful d&ol 9l
ol HA3AQ AL terpencidfol €3l «-pinene, sabinene, B -pinene,
B -myrcene, a-terpinene, limonene, 7 -terpinene, terpinolene, @«
-terpineol®] §go] AA| Fn] Y& 5 7MY 4T UL 3= Ao
e} we] 2z)3t= Fu] HdEog W2 g-pinene, sabinene, £
-pinene, B-myrcene, «-phellandrene, @-terpinene, limonene, vy
-terpinene, 8-methyl-1,8-nonanediol, terpinolene, a-terpineol, bornyl
acetate, trans-caryophyllene, bisabolene Bl a-farnesene Fol|A 713 ¥
2ol W F2% UL 3= terpencidfio] &3l= a-pinene, sabinene,
B -myrcene, @-terpinene, limonene, <y -terpinene, terpinolene, «

-terpineol®] 713-38d &g d+sigch

3. 713 33 9 AR 23d A4&F Ful 42 Hy

AlFX o Fulel glolA 7HY a8 AL AFA HFFY ujduig} Az
HAl2 YR, ol Ad&o] ol F4 v A4E4 trimethylamine(TMA)F-2]
232go] A Ay stddey, AY ZAat ™A JE2 FEHA st uljy
o] F4E-L pethional} (Z)-1,5-octadien-3-one 2 B3 A3, A WA}
2] FAMEL 3-methyl-2, 4-nonadionS 2 L}E}YLITE,

utebd 712 33 2 AR oy A1 ol 4w WHE FHcL
o &2t Fn) JESE W2 a-pinene, sabinene, B-pinene, 8

-myrcene, ¢ -phellandrene, @ -terpinene, limonene, 7y -terpinene, 8-
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100% 16;06

3 10:12

aaliasal

15 !

53 2115
3] ,
.
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5:00 10:00 . 15:00 20:00

Fig. 3-6. GC-MS chromatogram of flavor components in raw carrot
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Table 3-28. Volatile flavor compounds extracted by SDE (simultaneous
distillation and extraction) method, and identified by GC/MS from fresh
carrots,

Flavor compond Concentration (ppm)
a —pinene 7.10
sabinene 10.56
B —pinene 419
B -myrcene 8.38
a -phellandrene 277
a -terpinene 9.11
limonene 5.38
y —terpinene 10.16
8-methyl-1,8-nonanediol 16.41
terpinolene 38.63
@ —terpineol 35.07
bornyl acetate 3.93
trans-caryophyllene 34.73
bisabolene 15.46
a —farnesene 20.87
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methyl-1, 8-nonanediol, terpinolene, «a-terpineol, bornyl acetate,
trans-caryophyllene, bisabolene W @ -farnesene oA 7}3 ko] w1l
29% JYg 3Jl:=  terpenoidfFo] <&3H= a@-pinene, sabinene, B
-myrcene, @ -terpinene, limonene, 7 -terpinene, terpinolene, a

“terpineol 8] 7IE-2EY WHE AFsialch

7}. Environmental factor (&%, pH, 7|AIRAY, FE)7t 24&F Fo] &
of F& 4L A3 A AEA=R

W= Az AJFX 5g& 100ml A2 (serum bottle)o] L] whd 50g&
500ml Al&wo] 2z} Y& F pH 6.0 U 7.58] HHLY(citric acid +
NaHPO)oll pH ZZEE 2z} 50m14] A7istalrt. 7IMzAgdo] Ala3] W B2
2 FujgE P FE IS A3 HAsle] EFEAS MR A=Y
o] AAE purgingdt A B ALANE A 42 URARE EHT thE
A 2-& Teflon septa®} aluminum cap® 8 UE(air-tight sealing)slglcl.
25t A2A W wad IuME U Fb 4UE Lol A 9
8 Wog uhEold AEE 5C, 25T W 50T UM 6d U A%
stelch, REs ARA R W Fu 4% Yol F= 4P A7
Astel W APYAE olgsielth. BE AR 60T AFsHgon 2g T
Aoz ANst] ARE shelT, 24 7E, A% ZAYE DEoW AR
& 524z o] A8,
1}, Environmental factor (&%, pH, 7|AR4, FE)o] 3 A|ZA] Fn
qiel Wy
1) x| % Fu] Y2

A2 AR 25F 5TolA 25C W 50CE &ed The 2A(pH, 7]
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Az gl ZE)ol 4 Y of, Fu]¥E 3-methyl-1-butanol®] ek 2t

A3l 91} methional, (Z)-1,5-octadien-3-one, 3-methyl-2,4-nonadione,

acetic acid®] ¥ F7}sl4ct (Table 3-29~3-33). ol 7l¢ @ A%

% 22& " AFAY A dEo] HHsle Hitslge] Ha, olg 3}

At3lEo] B3 Lo) 2]3}o] aldehyde, alcohol, alkane, ketone B acid9}

280 gio] BPE7] WYELR oju el F7I8H: methional,
H o

(Z)-1, 5-octadien-3-one, 3-methyl-2, 4-nonadione, acetic acid A& AlF

X9 713 % AY F 32 A7} Al

2) pHoll 2j%t Fw & ¥

THE 718 24(2%, 7124 W Zx)o] 43Y uf A|FA|e] phHE 7.5
od 6.022 u3H FnjgdFEYU  3I-methyl-1-butanol, methional,
(Z)-1, 5-octadien-3-one, 3-methyl-2,4-nonadione Y acetic acid®] ¥k
Z71sk4ict (Table 3-29~3-33). ojuf ¥afo] F7}3h= acetic acid F&2
Al ABEE AL FEH dEol Hrh & W2 pHoMe 23 4t
37t o AYEo] iy Ful AU 4] F7HHE AL Hrh

3) 1Azl ¥t Fu] FEe] W3

AFAE ELZ purgingdle] 78 R AYUE 3¢ 4 A_s1A] o2
AlRRTE T RA(LE, pH W FE)o] 4FY o, Fol HEd
3-methyl-1-butanol, methional, (Z)-1,5-octadien-3-one, 3-methyl-2,4-
nonadione %! acetic acid®] &2 Z718}4t} (Table 3-29~3-33).

4) Bxo A% Fu] YL W
A FAE 5,0001uxe] WelA 718 W A BHUL FF, W] gle 2UA
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Table 3-29. Effects of processing and storage conditions on the

methional content of freeze-dried spinach.

Storage conditions methional ( ng/g )

Temp(C ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
0 0 582.65 705.32 828.02 950.75

5 6.0 N 0 582.65 644.29 74593 82757
O 5,000 582.65 1136.71 1690.56 2800.51

No 5,000 582.65 1282.27 1981.89 2681.54

O 0 582.65 692.68 802.73 912,78

5 75 N2 0 582.65 655.23 72781 800.38
Oq 5,000 582.65 1311.27 2039.89 2768.51

N 5,000 582.65 1225.23 1867.81 2510.39

02 0 582.65 125791 1933.15 2608.42

25 6.0f N 0 582.65 1123.54 1664.43 2205.33
O 5,000 582.65 1789.52 2996.39 4203.26

No 5,000 582.65 1629.82 2676.97 3724.12

O 0 582.65 122751 1872.37 2517.23

25 75 Na 0 582.65 1096.48 1610.31 2124.15
0, 5000 582.65 1768.36 2954.04 4139.78

Ny 5,000 582.65 1621.21 2659.77 3698.35

02 0 582.65 1722.04 2861.43 4000.84

50 60| N 0 582.65 1602.42 2622.19 3641.96
O, 5000 58265  2227.84 3873.03 5518.24

Ny 5,000 582.65 2095.74 3608.83 512191

02 0 582.65 1688.81 279497 3901.12

50 75| N 0 582.65 1570.17 2557.69 3518.23
O 5,000 582.65 2209.53 3836.41 5463.28

N, 5,000 582.65 2074.56 3566.47 5058.34
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Table 3-30.

3-methyl-1-butanol content of freeze-dried spinach.

Effects of processing and storage conditions on the

I onditio 3-methyl-1-butanol content ( ng/g )
Temp(C ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
02 0 419.23 352.73 297.10 252.31

5 6.0] N2 0 419.23 384.56 353.75 27381
Oz 5,000 419.23 201.81 166.32 11268

N 5,000 419.23 298.23 222.11 185.39

6] 0 419.23 396.19 324.82 282.44

5 75 N 0 419.23 41395 365.09 311.25
O, 5,000 419.23 265.59 237.11 162.60

N 5,000 419.23 301.86 283.65 200.72

0 0 419.23 197.44 168.36 116.87

25 6.0f N2 0 419.23 255.68 202.05 178.26
O 5,000 419.23 98.56 61.78 3315

Ng 5,000 419.23 124.33 97.62 55.31

O 0 419.23 248.76 186.22 149.44

25 75] N 0 419.23 272.65 241.31 211.92
O, 5,000 419.23 136.09 98.96 46.84

N 5,000 419.23 167.28 12542 78.93

02 0 419.23 112.93 72.38 26.42

50 6.0/ N 0 419.23 178.65 10535 62.39
02 5,000 419.23 74.66 38.07 8.11

N3 5,000 419.23 83.88 54.94 1894

Oq 0 419.23 152.79 98.79 55.32

50 75 Na 0 419.23 200.57 171.65 87.96
02 5,000 419.23 91.51 48.04 22.12

N2 5,000 419.23 103.36 78.10 37.80
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Table 3-31. Effects of processing and storage conditions on the
(Z)-1,5-octadien-3~one content of freeze-dried spinach,

Storage conditions (Z)-1,5~-octadien-3~one ( ng/g )

Temp(C ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
(07 0 5.27 6.37 7.49 858

5 6.0{ N 0 527 5.82 6.74 7.45
0. 5,000 5.27 10.21 15.28 2531

N2 5,000 5.27 11.59 1792 24.23

O 0 5.27 6.26 7.25 8.24

5 75 Ng 0 5.27 592 6.58 723
02 5,000 5.27 11.85 18.43 25.02

Nz 5,000 5.27 11.08 16.89 22.68

0O 0 5.27 11.36 1747 23.58

25 6.0 N 0 527 10.15 10.52 19.73
O 5,000 5.27 10.17 271.08 3799

No 5,000 5.27 11.10 24.12 33.66

(0 0 5.27 11.09 16.92 22.75

25 75| N 0 5.27 991 14,55 19.20
Oy 5,000 5.27 1598 26.71 37.42

Np 5,000 5.27 14.65 24.04 33.43

0 0 5.27 1557 © 2586 36.16

50 6.0 Na 0 527 14.48 23.70 32.96
O 5,000 527 20.13 35.01 49.88

Ny 5000 527 18.93 32.62 46.29

O 0 527 15.26 25.26 35.26

50 75 N2 0 5.27 14.19 23.12 31.81
Oq 5,000 5.27 1997 34.68 49,39

Nz 5,000 5.27 18.75 32.24 45.72
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Table 3-32. Effects of processing and storage conditions on the

3-methyl-2, 4-nonanedione content of freeze-dried spinach,

or onditi 3-methyl-2,4-nonanedione content ( ng/g )
Temp(C ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
02 0 43.16 52.88 62.11 71.25

5 6.0 N; 0 43.16 4832 55.87 62.03
02 5,000 43.16 85.24 126.83 210.04

Nz 5000 43.16 95.15 148,58 201.08

Oz 0 43.16 51.92 60.15 68.42

5 75 N2 0 43.16 49.13 5454 60.07
0 5,000 43.16 98.35 152.93 207.61

Na 5,000 43.16 91.88 140.04 188.26

02 0 43.16 94.27 144.78 195.67

25 6.0 N. 0 43.16 84.26 123.49 165.38
Oz 5,000 43.16 134.18 224.78 315.24

Nz 5000 43.16 122.15 200.19 281.58

O 0 43.16 92.03 140.45 188.79

25 75 Nz 0 43.16 82.27 120.76 159.30
0O 5,000 43.16 132.66 22155 310.47

Nz 5,000 43.16 121.58 199.44 277.36

0)) 0 43.16 129.15 214.58 300.08

50 6.0 Ng 0 43.16 120.15 196.68 237.07
07} 5,000 43.16 167.04 29041 413.839

N2 5,000 43.16 157.13 271.03 384.06

02 0 43.16 126.62 209.51 292.55

50 75 Nz 0 43.16 117.71 191.78 263.84
0 5,000 43.16 156.51 287.70 409.72

N; 5000 43.16 155.53 267.41 379.34
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Table 3-33., Effects of processing and storage conditions on the acetic
acid content of freeze-dried spinach,

Storage conditions acetic acid content ( ng/g )
Temp(C ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
O 0 12897 147.19 155.99 176.87
5 6.0 N; 0 12897 133.97 148.26 164.11
o)) 5,000 12897 171.46 188.95 204.43
Nz 5000 128.97 158.06 167.13 187.05
O, 0 128.97 136.29 14755 150.65
5 75 Ns 0 12897 129.30 134.63 156.45
O 5,000 128.97 150.42 163.05 185.09
Nz 5,000 128.97 142.60 154.86 164.72
) 0 128.97 184.51 202.23 240.51
25 6.0 N 0 128.97 163.20 196.04 227.96
0, 5,000 128.97 224.36 254.06 274.30
N2 5,000 128.97 200.78 233.75 251.74
O 0 128.97 160.68 183.65 202.18
25 75 Nz 0 128.97 157.21 184.07 199.96
O 5,000 128.97 196.52 235.18 256.05
N2 5000 19897 17487 19762 22477
0O 0 128.97 217.28 235.08 278.31
50 6.0 N 0 12897 19842 223.11 263.21
O 5,000 128.97 287.95 301.65 312.31
Nq 5,000 128.97 252.63 281.67 209.18
o) 0 128.97 199.21 225.16 250.72
50 15 No 0 128.97 180.38 210.00 235.37
O 5,000 128.97 253.95 286.89 310,97
Ny 5,000 128.97 219.14 250.37 274.23
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o] 71 % ARBUE o Brt Fo| 42U 3-methyl-1-butanol, methional,
(Z)-1,5-octadien-3-one, 3-methyl-2,4-nonadione W acetic acid®] ¥8k
Z715}4lc} (Table 3-29~3-33), ol= Al4AE Wo] S22 2YUS sensitizer®
sto] AFURLE P43H7] WiEoll olF BELLo o3te] LR &
2E &0l AtEsle] off-HH FEE AE317] wiFoltt.

t}. Environmental factor (2%, pH, Z|MRA, FHx)o] 2§ 2 Fn] 4
o W

@ol| &3t Ful YELE W3 a-pinene, sabinene, B-pinene,
B -myrcene, @ -phellandrene, a-terpinene, limonene, 7y -terpinene,
8-methyl-1, 8-nonanediol, terpinolene, a-terpineocl, bornyl acetate,
trans-caryophyllene, bisabolene W «-farnesene oA 7}& §8ko] w3
03 UL = terpencidfFo] K3l  a-pinene, sabinene, 2B
-myrcene, a-terpinene, limonene, 1y -terpinene, terpinolene, a

-terpinecl®] 71334 HYE A3tdct

1) =7} @2 T & F= 9%

B 7 258 5ColA 25C 9 50CE &H thE RA(pH, 71A
24 2 Fx)o] 43Y o, g4 F8 Fn4gdEe a-pinene, sabinene,
B -myrcene, a-terpinene, limonene, ¥ -terpinene, terpinolene, a
-terpineol ] §tato] ZtA 34T} (Table 3-34~3-41). ol o] =& A
ol 71 F WHste] aksEo] i, olE HalEo] E3x Lo 23}
of FnlgEol B4E7] il 71F % A =& 23 FA g x4
BE =7} dotAly 7|Qlshe Aog AlEHC
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Table 3-34. Effects of processing and storage conditions on the a

-pinene content of fresh raw carrot,

Processing conditio a -pinene content ( ppm )

Temp(TC) pH Gas Light(lux) 0 day 2 day 4 day 6 day
0} 0 7.10 599 5.05 4.29

5 6.0 N2 0 7.10 6.54 6.01 4.65
0O 5,000 7.10 3.43 2.83 1.92

Nz 5000 7.10 5.07 3.78 3.15

o)) 0 7.10 6.74 552 4.80

5 75 N2 0 7.10 7.04 6.21 5.29
0O; 5,000 7.10 452 4,03 2.76

N2 5000 7.10 513 4.82 341

02 0 7.10 3.36 2.86 1.99

25 60 Nz 0 7.10 435 343 303
O: 5000 7.10 1.68 1.05 0.56

N2 5000 7.10 2.11 1.66 0.94

0; 0 7.10 4.23 317 254

25 15 N2 0 7.10 464 4.10 360
0O, 5000 7.10 231 1.68 0.80

Np 5,000 7.10 2.84 2.13 1.34

0)) 0 7.10 192 1.23 0.45

5 60 N2 0 7.10 3.04 179 1.06
O: 5000 7.10 1.27 0.65 0.14

N2 5,000 7.10 1.43 0.93 0.32

o) 0 7.10 2.60 1.68 0.94

50 75 N2 0 7.10 341 292 1.50
0O: 5000 7.10 1.56 0.82 0.38

N; 5000 7.10 1.76 1.33 0.64
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Table 3-35. Effects of processing and storage conditions on the

sabinene content of fresh raw carrot,

Processing conditions sabinene content ( ppm )

Temp(T ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
Oz 0 10.56 9.57 9.31 847

5 6.0 N 0 10.56 9.72 9.50 8.66
Q2 5,000 10.56 9.39 873 841

Nz 5000 10.56 9.46 8.98 8.45

(o)) 0 10.56 10.13 9.76 9.16

5 750 N 0 1056 10.46 10.15 10.03
0; 5000 10.56 9.39 9.24 8.76

N2 5000 10.56 9.91 9.35 8.79

o)) 0 10.56 8.83 8.09 7.82

25 6.0 N 0 10.56 9.06 8.71 8.40
0O; 5000 10.56 8.61 7.62 748

Nz 5000 10.56 8.74 7.82 7.59

O, 0 10.56 9.35 9.13 8.95

25 75 N2 0 10.56 9.44 9.20 8.99
0: 5000 1056 9.16 9.11 879

N; 5000 1056 9.27 9.14 892

0Oz 0 10.56 4.69 4.02 1.61

50 6.0 N 0 10.56 5.62 479 2.73
O: 5000 10.56 2.82 2.21 1.15

N; 5000 10.56 3.59 3.10 1.25

02 0 10.56 151 6.48 4.60

50 75 Na 0 10.56 8.19 7.21 6.62
02 5000 1056 6.69 5.23 360

Ng 5.000 10.56 6.88 6.04 4.09
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Table 3-36. Effects of processing and storage conditions on the 8

-myrcene content of fresh raw carrot,

Processing conditions B -myrcene content ( ppm )

Temp(C ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
0O 0 8.38 6.26 495 4,02

5 6.0 Ny 0 8.38 7.46 6.39 522
O: 5000 8.38 4.05 3.12 2.37

N2 5000 8.38 5.52 442 3.67

0 0 8.38 7.89 6.54 501

5 75 N 0 8.38 8.18 7.32 501
0O; 5000 8.38 543 4.38 351

N2 5000 8.38 6.79 5.24 4.56

O3 0 8.38 387 331 2.25

25 6.0 Nz 0 8.38 5.18 4.11 3.79
0O 5,000 8.38 193 1.46 1.35

Nz 5000 8.38 2.53 1.95 1.69

O 0 8.38 512 3.69 295

25 15 Nz 0 8.38 6.26 495 4.37
0O:; 5000 8.38 2.78 1.93 1.62

Nz 5000 8.38 347 2.42 2.01

0] 0 8.38 1.75 1.08 0.70

50 6.0 Ny 0 8.38 2.25 173 1.27
0O; 5,000 8.38 0.96 0.69 0.21

N; 5,000 8.38 1.24 0.81 0.53

(o)) 0 8.38 2.36 1.86 1.10

50 75 N; 0 8.38 3.79 2.99 1.93
0 5,000 838 1.46 1.15 0.59

Ne 5,000 8.38 1.73 1.34 0.92
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Table 3-37. Effects of processing and storage conditions on the a

-terpinene content of fresh raw carrot,

Processi itions a -terpinene content ( ppm )
Temp(C ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
02 0 9.11 6.33 597 420
5 6.0 Ny 0 9.11 7.80 6.89 512
O 5,000 9.11 392 3.44 2.89
No 5,000 9.11 9.72 8.36 391
O 0 9.11 743 6.50 568
5 15 Nq 0 9.11 8.72 7.96 6.24
Oy 5,000 9.11 537 459 386
Nz 5,000 9.11 7.18 6.18 531
0, 0 9.11 4.35 351 2.66
25 6.0 N 0 9.11 6.09 5.25 471
0, 5000 9.11 221 161 1.09
Ng 5,000 9.11 3.59 2.58 1.91
0 0 9.11 541 413 3.31
25 75 N, 0 9.11 712 5.88 497
0; 5000 9.1 3.25 267 192
N 5,000 9.11 5.04 3.98 297
Oq 0 9.11 3.19 223 1.08
50 6.0 N 0 9.11 447 399 323
0O, 5000 9.11 0.97 0.68 0.48
N, 5,000 9.11 2.24 1.14 0.64
O 0 9.11 455 3.24 2.09
50 7.5 N 0 9.11 507 454 341
02 5,000 911 1.97 0.88 0.65
Nz 5,000 9.11 3.65 2.42 1.46
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Table 3-38. Effects of processing and storage conditions on the

limonene content of fresh raw carrot.

Processi itions limonene content ( ppm )
Temp(C ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
0, 0 5.38 3.57 3.3 2.50
5 6.0 Ny 0 5.38 447 4.13 378
O 5,000 5.38 2.07 1.85 1.59
N 5,000 5.38 3.27 2.75 211
Oz 0 5.38 411 3.89 3.45
5 75 Ng 0 5.38 495 448 4.15
0] 5,000 538 2.63 233 1.96
Na 5,000 5.38 3.73 2.98 2.66
02 0 5.38 2.45 213 1.95
25 6.0 N 0 5.38 3N 3.42 3.09
Oz 5,000 5.38 1.47 1.04 091
Ng 5,000 5.38 2.06 1.81 1.44
QO 0 5.38 3.19 2.58 217
25 75 Nz 0 5.38 413 3.69 3.30
07 5,000 5.38 1.52 1.38 0.98
N; 5,000 5.38 2.59 2.21 1.78
O 0 5.38 212 1.76 1.18
50 6.0 N 0 538 2.80 2.32 1.82
67 5,000 5.38 0.96 0.64 0.37
Nz 5,000 5.38 1.65 1.39 0.66
02 0 5.38 2.62 2.21 1.72
50 15 N 0 5.38 3.22 2.80 2.08
07} 5,000 538 1.04 0.82 0.49
Ne 5000 5.38 1.97 1.65 1.36
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Table 3-39. Effects of processing and storage conditions on the 7

-terpinene content of fresh raw carrot.

Processing _conditions 7 -terpinene content ( ppm )
Temp(T ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
02 0 10.16 6.33 441 354
5 6.0 Na 0 10.16 7.95 6.88 4,02
02 5,000 10.16 2.02 1.85 142
N; 5,000 10.16 3.89 3.40 3.11
Oz 0 10.16 7.01 492 4.03
5 75 N 0 10.16 9.99 8.03 6.62
O 5,000 10.16 2.63 2.33 1.62
Nz 5,000 10.16 7.64 494 3.80
0 0 10.16 3.04 263 2.04
25 6.0 Nz 0 10.16 3.96 3.12 245
02 5,000 10.16 1.49 1.21 097
N 5,000 10.16 2.09 1.84 150
O 0 10.16 3.88 2.80 2.08
25 15 N 0 10.16 6.02 3.85 260
O 5,000 10.16 1.84 1.60 1.33
Na 5,000 10.16 2.62 2.30 171
07 0 10.16 171 1.08 0.38
50 6.0 N 0 10.16 217 1.29 047
0 5,000 10.16 0.66 0.39 0.19
N; 5,000 10.16 1.31 0.98 0.33
6] 0 10.16 257 158 1.09
50 75 N 0 10.16 297 1.73 1.29
O 5,000 10.16 1.13 0.75 0.36
No 5,000 10.16 1.68 1.45 0.85
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Table 3-40. Effects of processing and storage conditions on the

terpinolene content of fresh raw carrot.

Processi onditi terpinolene content ( ppm )
Temp(T ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
O 0 38.63 22.38 18.838 13.84
5 6.0 N 0 38.63 27.86 21.14 15.02
O: 5000 38.63 17.28 12.66 891
N: 5000 38.63 18.78 17.22 11.38
10 0 38.63 30.48 25.14 16.74
5 75 Nz 0 38.63 34.84 28.60 19.92
Oq 5,000 38.63 19.52 15.18 13.64
Nz 5,000 38.63 27.64 19.63 14.44
0 0 38.63 16.78 13.08 3.98
25 6.0 N2 0 38.63 19.13 14.71 10.52
0; 5000 38.63 13.02 10.08 7.96
No 5,000 38.63 14.88 10.46 8.02
0: 0 38.63 18.06 14.22 10.87
25 75 No 0 38.63 22.08 19.52 15.04
O: 5000 38.63 1492 8.44 8.02
N; 5000 38.63 17.04 12.96 997
0, 0 38.63 13.12 8.08 6.31
50 6.0 Nq 0 38.63 14.24 11.76 8.45
0: 5000 38.63 9.48 4.06 3.72
Nag 5,000 38.63 10.24 7.31 5.75
Oz 0 38.63 15.12 10.72 6.96
50 75 Nz 0 38.63 16.56 12.21 8.72
O:; 5,000 38.63 10.96 7.08 5.86
N2 5000 38.63 12.72 9.93 6.27
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Table 3-41. Effects of processing and storage conditions on the a

-terpineol content of fresh raw carrot,

Pr i itio a -terpineol content ( ppm )
Temp(T ) pH Gas Light(lux) 0 day 2 day 4 day 6 day
02 0 35.07 20.18 17.60 12.24
5 6.0 N 0 35.07 26.92 24.51 23.30
07} 5,000 35.07 8.85 6.18 4.03
N 5,000 35.07 13.73 11.57 6.58
0 0 35.07 21.45 20.69 15.82
5 75 Na 0 35.07 2157 26.60 2497
O 5,000 35.07 9.21 8.82 7.03
N; 5000 35.07 16.42 1594 1467
O 0 35.07 13.18 12.03 6.76
25 6.0 N 0 35.07 17.69 13.94 11.15
02 5,000 35.07 5.27 464 3.36
N 5,000 35.07 6.21 4.85 4.33
(0 0 35.07 16.48 1357 10.76
25 75 No 0 35.07 21.94 18.27 16.63
0 5,000 35.07 6.85 5.82 358
Nz 5,000 35.07 11.54 754 5.58
02 0 35.07 7.06 5.09 248
50 6.0 Nq 0 35.07 11.64 761 364
02 5,000 35.07 2.88 245 2.03
N; 5000 35.07 5.92 4.36 2,21
0 0 35.07 11.32 8.30 415
50 75 Na 0 35.07 13.67 9.97 8.15
O 5,000 35.07 358 3.06 2.85
Ne 5,000 35.07 7.54 5.69 3.09
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2) pHoll 2%t Fn| g2 W3

o 71 2A(2E, NAzE 9 FE)0] dHY of T2 pHE 7.59]
A 6,008 yr3Em FZo|AdEQl g-pinene, sabinene, fB-myrcene, a
-terpinene, limonene, y-terpinene, terpinolene, a-terpineol®&r2 Zt
4314t} (Table 3-34~3-41). ol B8] Ju] AdEo] lipoxygenaseo]| 2]
3 B R AW JReERE Y Aol dolA plTt FaF AU
317] wf&olch.

3) Az el 2%t Fu] &S] W

B2 ALE purgingdte] 7HEEE ¢ FUIARUE BfEcl o E
Z7A(2E, pH @ Fx)o] 4AY uf, Fn] 4&4¢ a-pinene, sabinene, B
-myrcene, a ~terpinene, limonene, y -terpinene, terpinolene, a
-terpineol ¥ 714314t} (Table 3-34~3-41). ol wWte] =]3 Ao
FaH EE HELE 226 o) B3 € o, Ad4v HAHE P F
23 aqlo] =] wjiolct

4) B=of 3t Fu] P& Wy

g 5,0001ux?] FEoA 7H3RE B¢, dAYPULuiRC Fu] FE
¢l @-pinene, sabinene, ﬁl-myr'cene, a -terpinene, limonene, y
-terpinene, terpinolene, a-terpineolP#L Z 43T} (Table 3-34~
3-41). ol o] o] Ux sensitizerd] Ex|Blo activated oxygen
species& B8t APH EgatLo] 3 Fu] JES BN wigels}
Arg ¥},
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4, AAFY Fo ¢FY FAS 4 A8 A2
7h. GAHAE o] &3 AT Fn PP FAL AY ARAZR
1) gL shatsiAo] oyt Fnl AdRE 5T AFE Y ARY A2
e} w2

A Al PA3A 7} Fo] ebg el T YL T3] Hstq 52
2 A2X(5g), W (50g), 4% A4 (lipoxygenase 31,000 units:
peroxidase, 1.05 units)®} ¢l ¥4k3bA] ( a-tocopherol, ascorbic acid,
catechin, epicatechin, quercetin, rutin, p-coumaric acid 9 ferulic
acid)E 15uM M71%t 2w AJA® (0.2M citrate 38, pH 6.8)& A&
2 aansigch A2 9 9 AlE2} a-tocopherol Tween 80 (800sg
/L) ERUF F fFFEYo] Mrsidrt. BE £4 AR 30 ol serum
bottleo] ©o} septa® WEF F 25TojA 302 T ¥HSAA A=Fch
A#e Fn] QLS simultaneous distillation extraction (SDE) el ¢
3to] 3F W &% ok, GC-Msel o] 7 HEE B % AY 24

=2

7h AFX e Fr ¢BY I

AEAE 5ToA 308 ¢ 7HF W AZRE of YAHAT} S0 Fof
o] F& PP Table 3-428 AUth AFAY 71 FAFHA o3
(off-flavor) dE o2 RHY 4 & vi(fish-like)2t AR YAl
(hay-like)®] $1Q14d¥-¢l methional, (Z)-1,5-octadien-3-one, 3-methyl-
2,4-nonanedione?] ¢HEAe] F&= PARAY YL Boleh o M 2L A
2 2 X2Fx8 vUE Vel = methional, (Z)-1,5-octadien-3-one®} 2
2 YAlE s 3-methyl-2, 4-nonanedione= A2 THEo2 A&y uf &
th A|ZX|& lipoxygenase Yl peroxidase®t @ 4tE} F A9 o] AFY
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Table 3-42., Effects of natural antioxidants on the major flavor
compounds of freeze dried spinach in model system during dark storage
at 25°C for 30 min,
(Z)-1,5-octadien ) 3-methyl-
. methional .
components in model system ~3-one 2,4-nonanedione
(ppb)
(ppb) (pph)
spinach 6.19 583.38 4454
spinach + lipoxygenase 50.34 5018.26 380.28
spinach + peroxidase 52.89 5132.68 406.34
spinach + lipoXygenase + peroxidase 54.68 5325.72 485,72
spinach + @ -tocopherol | 1.98 205.81 20.31
spinach + ascorbic acid 1.89 194.65 18.32
spinach + catechin 1.79 182.72 16.87
spinach + epicatechin 1.73 175.34 15.31
spinach + quercetin 1.91 198.24 19.54
spinach + rutin 1.98 203.16 20.10
spinach + p-coumaric acid 2.01 208.14 23.64
(spinach + ferulic acid 2.11 215.32 25.82
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o 2 gPol F7stAey AR AFA| e vighviel Ax JdAE F
7tAEeh A FX e &3t A YAMAZ ¢ a-tocopherol 2}
ascorbic acid®] X7} vighUE LlEh = methional, (Z)-1,5-octadien-
3-one2}t A2 WAlE & 3-methyl-2,4-nonanedioned] & LUAAF o
ARA o AIFA Y vAUY A WAE A A, o] AARFEH o]
§ Bu] gEol AFA o] Exshs BXHA|WALL] Alsfe] 2]ste] WPE ]
o] oA AtL7t FAY Qg Yk A& ¢ 4+ glrh Flavonoidi
9l catechin, epicatechin, quercetin ¥ rutind} A]2A|oE Ex)s}=
phenolic acidql p-coumaric acid W ferulic acid®] B|AUWE &=
methional, (Z)-1,5-octadien-3-one®} ZAZX WiE & 3-methyl-2,4-
nonanedione AJ+2) A &4 H 3= epicatechin > catechin > quercetin
> rutin > p-coumaric acid > ferulic acid ©2& F73lgoen, &3
catechin} epicatechinZ ¥|o]\t o|At3] (off-flavor)Ql HIZL] J Ax
A8 A x2g B4ch

) B2 Fn 88 F3

BT 25ToA 0ET & 71 W AZUL u FAHAs} Fo Fol
el F+ ¥¥S Table 3-433} Hrh B2 M H33A Fo
(flavor) 4JE-Ql pinene, terpinene B B -myrcened] QA Mol F= 3lity}
Ao F¥E Holrh, ¢ 71¥ L AH F W2 pinene, terpinene I B
-myrcene ¥ YT WHOoE AAY o Rrl @ lipoxygenase Bl
peroxidased} L AtE Ao} o] ARY wf 2 F3ze] FrIslALn
ANH o R 2o uigty FulE AL2AIFCL BRols &3 Hd &
AEAE g2 a-tocopherol?} ascorbic acid®] HE7}:=  pinene,

terpinene W B-myrcene JE] wHIHE LA ow AIHoT 2o &
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Table 3-43. Effects of natural antioxidants on the major flavor
compounds of freeze dried carrot in model system during dark storage at
25C for 30 min,

. pinene terpinene | 8 -myrcene
components in model system

(ppm) (ppm) (ppm)
carrot 10.73 1831 7.96
carrot + lipoxygenase 1.24 2.26 155
carrot + peroxidase 1.73 1.92 132
carrot + lipoxygenase + peroxidase 1.02 168 0.98
carrot + a —tocopherol 9.03 1547 583
carrot + ascorbic acid 834 14.16 497
carrot + catechin 9.64 16.03 6.38
carrot + epicatechin 9.82 16.42 6.84
carrot + quercetin 873 14.93 5.06
carrot + rutin 8.10 13.21 4.86
carrot + p-coumaric acid 7.86 12.46 450
carrot + ferulic acid 741 11.93 452
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B EFn AEY WHMHE  HAIAHrE.  Flavonoid®Ql  catechin,
epicatechin, quercetin % rutin®} phenolic acid{! p-coumaric acid %
ferulic acid7} ®<*2] £u] /4¥4¢l pinene, terpinene B A -myrcene &3
g oAAFE= A= epicatechin > catechin > quercetin > rutin D
p-coumaric acid > ferulic acid €08 Z7}slgon, 53] catechind

epicatechin ¥|oj¢t Fu] A& &3 4] AF Rgch

2) W AL PusAe] Y Fo) GPY VY AT AT AR Az
o g2

W AGA gaazA)zt Ful PP F= V& AT 43l 52
A A (5), B2 (50g) ¥ A4 (superoxide dismutase 40 units +
catalse 250 units)®} B}AFEA] ( @ -tocopherol, f-carotene, ascorbic
acid, BHT, catechin, quercetin, rutin)”Z} 15mM ¥H-H 2 AJA® (0.2M
citrate UFE&, pH 6.8)& Fusigch AFA W T2 AE, «a
-tocopherol W B-carotene® Tween 80 (800ug/mL)3} T¥FE ¥ P3L o)
H7isldgct. 4 A8 30ol serum bottleo] ©o} septa® W3t v} W
A7 Aol Yol 5,000 lux®] 2ZoA 5CE 10E ¢ A5 AZHA
th SDEHell &3te] Al5e] Fu H4E& $F W & t}E, GC-MSo] o3
Z e B8 UL AT BMstach

7h A1F218] Fnol gg 52

AFAE 5CAA 1087 % 713 % AZNUS of YAxast F8 Fo
BEA F= YYL Table 3-449} Fth AFAE ¥ 719 9 AU o
ANeE o 71 % AZUE o Hok HRE We  wethional,
(Z)-1, 5-octadien-3-one} AR WiAlE Ll 3-methyl-2, 4-nonanedione &
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Table 3-44, Effects of natural antioxidants on the major flavor

compounds of freeze dried spinach in model system during light storage
(5,000 lux) at 5C for 10 min.

(Z)-1,5-octadien ) 3-methyl-
components methional .
in model system -3-one (ppb) 2,4-nonanedione

(ppb) (ppb)
spinach 7.02 776.87 57.55
spinach + @ -tocopherol 2.35 241.56 20.45
spinach + B -carotene 2.03 210.02 19.63
spinach + ascorbic acid 2.49 252.68 2151
spinach + catechin 2.40 237.42 20.67
spinach + quercetin 2.86 289.27 22.04
spinach + rutin 3.01 309.63 25.25
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o] Aol VA3 Frhstdetl, ol AFHY M4 HEA FEEHo] Y
(5,000 1ux)8] EAIstold 4138 4td (T0)o W3t UFY A4 (‘o)
€ Agshed, olu] B4H 4FY 44 (singlet oxygen)$} A|FX[o] &)
3t EX3AUAY (linoleic acid, linolenic acid)3} W& {23 w3}
of ZA1E (hydroperoxides)& A5l olE }it¥E-2 hydroperoxide
lyased} & B3] H Ao &8le] aldehyde, alcohol B ketone 58] HE O
2 E33%17] wj&olt}. Superoxide aniong& A A= AMHHEALAEZ ezl
superoxide dismutase®} catalaseE A|FX|oll HrlsigioL} olaae A
Adx] #AE Rolx R¥edl, 2 olfte FE2™o Y AbEEE
superoxide anion radicale] &3}7] Hthe 433 Atdo] &}t Zol7] wiE
ojt}.

Uv}-EAW&E, P-carotene W ascorbic acids H|IUE U=
methional, (Z)-1,5-octadien-3-one?} X Wil ul& 3-methyl-2,4-
nonanedione ‘g2 44& VA3 JAstgEl, ol olF M YA
7} AlFX]e] &x)15l M4 photosensitizer]] FEEHo| AFA|e] Ex¥
A ukarel oleic acid, linoleic acid W linolenic acid®} WHg-#1] singlet
oxygen oxidationg& @.L7|il o2 Ut} FHPH AHFI} o]F2 EIE
A o] BEol ANF2 e FujE Hol=elul o] pathwayd] 713 Fa¢
thAIQl singlet oxygen oxidation& ¥AF3}A|7} singlet oxygen quenching
71zte]  &Jsle]  AAEl7]  wlEoltl. Flavonoidf2] Y%4¢ catechin,
quercetin W rutin® YI-EFASE, B-carotene alc ascorbic acide} H]
%%} methional, (Z)-1,5-octadien-3-one®} 3-methyl-2,4- nonanedione 3%
WA BE Vel 2R Hol o]EE dFY UAE AA: 73
oJstol AlFA| 2] Wl oyt A AXE AAste A2 gl
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L) @2 3o BYE 33

P& 5ColA 1023 W 713 L A (light storage) & o Fatd}
A7t F2 Ful JEo] FE£ @2 Table 3-459F Ach F2& W HF
A% & Wl AEE o 71 L AU o] Erl terpenoidil pinene,
terpinene W fB-myrcene &2 E37t VA3 A==, ol& T2
Nz 4B ZE2Wol W (5,000 lux)e] EANSIA A3% At (‘o)
gt 43 Ah ()& A, ou AYE UAFY 2
(singlet oxygen)7} Wto]] &3} pinene, terpinene @ S -myrcene ‘4%
2 wE 2R 183l o|E HEES F3517] ulEoelth. Superoxide anion
& AAS= AHAE U2l superoxide dismutase} catalased wol
Aristalent Ful GE F3 oA AAE HolA] R¥led, 1 o= &
229o] 23 AN superoxide anion radicalo] £|3}7] Rrh= g%
3 Abdo] 2% Rol7] wio|ch

U¥}-EI3HF, B-carotene W ascorbic acid: pinene, terpinene W
B -myrcene g2 & VA3 JAsidE, ol olF V4 YA}
o] 2z MY photosensitizerd] FREWo] AsH= YAarAQ
singlet oxygen& £Aste 7|Zjo] o3te] EIE HAst7] wjEo|ch
Flavonoidf2] 9%4ql catechin, quercetin W rutin® ¢u}-EIWE, B
-carotene B! ascorbic acid®} H]sc¥} pinene, terpinene W B -myrcene %3
£ &3 WA ZAE Uil 228 Rol ok 4FY A4E 4ATh:

T\ o] 23le] Bel Ful A& HEHE dAsH: o RzHct
L Fo B FAAI] A% dAe A 2 (HIST) g

22 A stdAe] (HTST)of 23t Fn] 4B YA A3l 913t
o 200mLe] citrate $3-8 (0.2M, pH7.0)o] SHAZX A|ZA] (5g) ¥ &
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Table 3-45., Effects of natural antioxidants on the major flavor
compounds of freeze dried carrot in model system during light storage
(5,000 lux) at 5°C for 10 min,

components pinene terpinene B -myrcene

in model system (ppm) (ppm) {ppm)
carrot 1094 18.68 8.12
carrot + a -tocopherol 8.74 15.47 6.85
carrot + A -carotene 9.12 16.92 7.06
carrot + ascorbic acid 8.07 14.26 6.12
carrot + catechin 861 16.24 6.90
carrot + quercetin 753 13.95 575
carrot + rutin 7.15 1254 5.60
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= (50g) & H7/RY F ARE jarol Yol WBY vhE i) 55C, 130&: ii)
140°C, 20&: iii) 140C, 7&: iv) 135C, 20&: v) 135, 15%¢ 2L
E autoclaveo]d @ Az sigich. Zzte] dAe]l oA AM¥ ARE
serum bottleo] ©o} SDEe] &3t} A8 Fu] 4&EE FF/F U F&¥ vl
&, GC-Msol] &3] zt JE&& B4 % FY F4tqct

Azl 7hE Rl AFA Y Fo Fu] Y& Y| F= FY2 Table
3-463} Ut AP R FoldE M0TE 727 MWL A-$ol wAUE
L]+ methional, (Z)-1,5-octadien-3-one®} AR WAlE W+ 3I-methyl-2,4-
nonanedione ‘32| A/do] i Ad RZE (140TC, 20&: 135TC, 20X
135C, 15&)3 vjaE o] @A3] Hslth ol 2L sid A
(HIST) F3o] AlgX|o] &z BEH2YArY A3} (rancidity) R 24t
BHEe] Q& HAHAIIH, AAHOR o] HE ABE AAIsl A
A 7F F dojue M & EAY ujW (fish-like)o} AZXJA
(hay-like)& #43} fith uwleld AIFAE dAe] 713 & F ol 2
DA 7t A (HIST)o] ool A& Hi3fsh=rl 71 AYPY 4+
274 (thermal processing)o] ®r}.

dxe] 713 2ol WY o Ful PE €Y & IYL Table
3-473} Zrh AF =AY FolA = 140CTE 727 A& Z-Foll pinene,
terpinene W B-myrcene AR Eijy} i AF 2RAE (140TC, 20&:
135C, 202 135C, 152)7 wZsg o HAs Weith ole LewAz
7td At (HTST) F3o] ©el] EAishs Ful 4E24 E3& A7
gEojch. weld P2& Az 7HF ¥ Afols 22T 7Hd AR
(HIST)o] Ful &9 &3l& #Hadsheul 713 AU A7 3% (thernal
processing)o| it}
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Table 3-46. Effects of thermal processing on the major flavor compounds
in spinach,

(Z)-1,5-octadien- . 3-methyl-

thermal methional .
. 3-one 2,4-nonanedione

processing (ppb) (ppb) (pob)
55C (130sec) 51.74 5006.43 400.81
140C (20sec) 73.21 5864.21 483.53
140C (7sec) 59.46 5414.62 435.62
135C (20sec) 68.21 5732.94 462.38
135°C (15sec) 63.56 5682.12 453.19
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Table 3-47, Effects of thermal processing on the major flavor compounds

in carrot,
thermal pinene terpinene A -myrcene
processing (ppm) (ppm) (ppm)
55C (130sec) 80.73 120.35 56.46
140C (20sec) 40.64 89.14 30.14
140C (7sec) 64.52 107.62 41.38
135C (20sec) 45.76 95.29 35.72
135°C (15sec) 60.38 100.38 38.51
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th AR Fu] B8 B AT HHI] skE 2AY A

Mo EAfshs ALE G 3P St FEY AT FY AEH
g J2E& F7] (steam), & (water), njo]ZEo]|¥ (microwave) ©]x]7)
& shach 48 dA7E 317 fiste AlFA] (5g) R F2 (508)F cloth
of Y ¥ 100TY oA 2& F¢ FAstdct. F7] A& 317 9
slod A RE AH|UelA 28" ANte] WA F autoclavedld 28 Ft A
A& stach $E3 F71 HX7E vk A ¥ ARE Yool MR AR
th. ool golH HXJ|& 3}7] fi3t] AlFA 9 P& FeElFA ¢
2 ¥ nlo]ag 9ol Hol A Ae|stdrt. HAE & YA 43l o]
A2YolH (650 watts)olld 2§ FU dAelE At ARE Yol
A AAM dAVIE Buld ¥ FHAARYE AzAA Feloddwe) 4
o] -40CE W&3tairh SDERe] 23l A8e Fn] 4EE FF W 8¢
th, GC-MSoll &J3) 2} d&& B8 W B BH4stsch

ti2]7] 3 (blanching treatment)o] A|FA| 2] F2 Ful &2 P4l
T 9%¥2 Table 3-482 Hrl. F7] viAl7] Me (121TC, 2 nin, )& ¥ Al
FX7L & ux7] M2 (160C, 2min. )L} mlolaZolR uwiX7] Ae
(650 watt, 2 min )8 ¢ A|ZA o] HI3lg w-YFE vl mpethional,
(Z)-1,5- octadien-3-oneg} A WAIE Vi 3-methyl-2, 4-nonanedione 3
B FA QA ASHE dAI] Aee F2 ol AFA &
A3} lipoxygenase At¥} H AV} cis, cis-1,4 pentadiene 72§ Zt:= EX
x| WAkl linoleic acid W linolenic acidoll Zhg-3te] ZAI3E-S ABA 3}
™ olE HABHES] &l AIFX Y o|43] (off-flaver)E A 317 &
of ol§ A|sl7] ¢]ste] A]FA|2] lipoxygenase X AE YA A7 =l
gleh, wlagt gix]7] Ael 24 F F7] "ix7] A (121C, 2 win, )9 2
ol AlFAle] uidujel A2 B4 H4l sted 718 AUt 33
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Table 3-48. Effects of various blanching treatments on the major flavor
compounds of spinach,

(Z)-15-octadien- 3-methyl-
blanching treatment 3-one methional | 2,4-nonanedione
(ppb) (ppb) (ppb)
steam (121°C, 2 min.) 89.27 9003.68 579,03
water (1607C, 2 min.) 98.84 9647.73 598.24
microwave 103.54 1060.45 604.21
(650 watt, 2 min.)
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olglct.

tx]7] XA (blanching treatment)o] ©Wte] Fa Fn] AR AAMoj
F£ B2 Table 3-498} Zr}. F7] dlA7] Ae] (121T, 2 vin. )& ¥ 7
2o] 48 diX7] Azl (160T, 2min, )L} nlo]ZAEo|B HiX]7] A2] (650
watt, 2 min, )& ¥ ©o] H|3}od pinene, terpinene W B -myrcene’dH-2
g HaxaZich vlag by Azl 22 F 57 W27 A (12
1C, 2 min, )8] RZAo] ©te] pinene, terpinene ¥ B -myrcene %9 &

A& Hasted /M AUT FHlAcL

gl L7 Ful APY FUE AU AY A XY =3

ALF72 Ful & BAE Hadsie A d XY 23& A3 9
sto] AlFA] (58) W B (50g)& 1) AR U2 AJelolA oTCR, ii)
polythene E&o|A 30CE, iii) polythene EZoJA 5CE 2, 4 ¢4 5¢
A3 th SDEel 23le] AR Fn 4E€ FF % F&Y ok,
GC-MSell 23] 2} J&E& 848 R FY E4siych

AR W ZY 20| Al Fa Ful Y& Y F+£ Y2 Table
3-502} Tl Polythene bag®2 X3l AFAFE APWUE wf AIFAY
methional, (Z)-1,5-octadien-3-onez} 3-methyl-2,4-nonanedione Fn] A&
< A FAE A 4 Feo vlasiy @43 §oUdch EFE W& o
of o]l Aol T AY 2= S TP JYUF A& Yk
th ole AlFAel gl vlAUel AxdAet T2 o] 39 o] 4tio
711817] wiEolet A€l &, A|FA|E polythene bage 2 XAt 4t
&2 A FFo2 Aste] BRHUAPYALY 43U AIF D, HpAatsga}
3 BNBPE (Yuslols, dig, AR 5)Y BES HLH3}17] g,
Aoz AIFAY vy AXWAE A BYecia Alg ol
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Table 3-49. Effects of various blanching treatments on the major flavor
compounds of carrot,

) pinene terpinene A -myrcene
blanching treatment
(ppm) (ppm) (ppm)
steam(121°C, 2 min.) 40.21 88.36 30.14
water(160°C, 2 min.) 30.14 72.28 25.94
microwave 22.46 60.43 19.85
(650 watt, 2 min.)
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Table 3-50. Effects of storage and package conditions on the major

flavor compounds of spinach,

(Z)-1,5-octadien-

3-methyl-

. methional .
storage  conditions 3-one (ppb) 2,4-nonanedione
(ppb) (ppb)

fresh 5.27 582.65 43.16
stored at 30°C without packaging

2 days 6.43 656.71 60.23

4 days 6.97 700.35 63.56
stored at 30°Cin polythene bag

2 days 5.63 590.24 49.87

4 days 599 607.35 56.98
refrigerated at 5C in polythene bag

2 days 535 585.73 4721

4 days 5.86 600.27 52.14

282




AR W EY A0 Yol 2o Tu] HE Yo F& JBL Table
3-512} Zt}, Polythene bagl® XEASI P AANEL w] w2
pinene, terpinene W B-myrcene En] A2 Eij= g AR ¢4
A9ot wiaste] WA Erh TP W o] n] PLe) Bajo) F=
A3 LEo Gue T JUUF AL Yotk ol Pl Qe En)
JEe Ba7t tao] 748ty wBelet MLl &, W& polythene
bagQ 2 ESHH Abe] X¥bd TFLoE Astel BEEx| WAl A1} o
A2, ALEY I BAYLE (Ysls, ¥R, HE 5)o UYe
Haztsly) oo, Az os W Fnul 4P HE F2ria A7
Hrl. ‘
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Table 3-51. Effects of storage and package conditions on the major

flavor compounds of carrot.

. pinene terpinene | 8 -myrcene
storage  conditions
(ppm) (ppm) (ppm)

fresh 11.29 19.27 838
stored at 30'C without packaging

2 days 8.76 17.58 5.82

4 days 8.01 16.61 498
stored at 30Cin polythene bag

2 days 9.95 18.47 7.14

4 days 894 13.78 591
refrigerated at 5C in polythene bag

2 days 10.35 18.85 7.77

4 days 943 14.12 6.86
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A5 XiF st ofRlo] gt 2EH AR
B Jl& N
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Hsah XA Atst Aof <28t 253 AT
ME 7l N

218 A4

AAFE ohiet A7 ABol U 2ulxe 277 A AAdLes 2l
93 gtk AMat Ue d¥e FIAE YA AW sxg BoRE
o3 7x) GUast 4EES AU B AN Yae FAAH
B we YB3 G, FhEW 5o ALE T YR YolN ulp
JPo] we ALZ BRUL AU A2t wS 4 YOS At A
Fgo) qrkA A Relel olg A JHE wolde AEI} AdEold
gith §7 EE A2 ol 2 39 shlolAT oldY FP& Aen A4
We) HEES WE WA Wrh Az AP oA 0.1 - 1.0k WG
A3 o oEL AE Ul TR x84 BlERLY o] &g 2T
i Azue PR, EY We APy FFULEN U Fo
¢ U $UVTh B ohlzt HEL flavore] AW FHE wINA B
o) cliRel ALES 34 AY WA, ANUR FYH den e
delats} Bldldat 5o We APt gao] gl AaFe o8 Yol
71 Ag 8 7N A ARl Yol WL ANE Yot 4 geon
olzto] A48l flavorol & WAL ChAl 1 o4& AVY +E gl
A48 wsio] olN XA FHol e} THE UG BY 4 Yo nE
49 24 71BES @7 Aslel olel Yt A=Y dFE WaAolc), we
A Az 3 AT 43 oA sl H8Y Gotast HEo] thE YR A
BXNE FAOE, XA VHE A 2F, A AZE AV AN T
B, AgA Bug A U AEY A= QA% SelA Abnusle).
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A2 AlgA AE B4 % 2 A4

1. AFA A3 34 9 £

AlEx] 2] &=x]™(total lipids: TL)S MAIFAE 2 A2Y ¥ Folch
o] whyo] 23] &3 Rouser?] Wol &3} silicic acid column
chromatographyoll &]3] %’g#]d(neutral lipids: NL), @X|H(glycolipid:
GL), <l=x]3(phospholipid: PL)2 ¥za|3ldcl. olu) £& $u:e Z
chloroform, acetone, methanolo}glt}.

54 Az9 A2XNY AU 510 £ 0. 14%0]gd3 F=|Wo] 59.45 +
2.90%2 713 wWatn A2} 8 Aol 742} 22.36 + 1.61%, 16.93 +
1.28% o]t}

2. AEY ¥4
7t 78 Ao =4

FAxAe] RML thin layer chromatography(TLC) 9 imaging
densitometer (Biorad, model GS-700: Hercules, Ca., U.S.A.)& °]83%14l
t}., Precoated Kieselgel GF 254 (0.25 mm size: Merck Co,, Darmstadt,
Germany) plates& A&3}9em NL, GL and PL 2}Z} petroleum ether-
ether-acetic acid (90:10:1,v/v/v)(Shin and Rhee 1986), chloroform-
methanol-water (75:25:4,v/v/v), 28|31 chloroform-acetone-methanol-
acetic acid-water (65:20:10:10:3, v/v/v/v/v)(Kwon and others 1987)¢] &
uhAE ol-319th Plate:: 5% it gofo] 10 X2t ©zkt}sl 300C ovenol
A 10-15832 71dstgict. 2} spot2 lipid standards (Sigma Chemical Co,:
St. Louis, Mo., U.S.A.)8} 2} ¥3}E2] ojn] B1¥ Rf g2 vjasiy ¥
7 3talct.
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Al EA18] 24 A|Hof= monoacyl glycerol(MAG), diacyl glycerol(DAG),
free sterols, triacyl glycerol(TAG), esterified sterolso] XE¥E o] qlgl
o (Fig, 4-1) WR|&ol= sulfolipid, digalactosyl diglycerides(DGDG),
cerebroside, sterylglycoside, monogalactosyl diglyceride(MGDG), esteri-
fied sterylglycosideZ} (Fig. 4-2), ¢lA]&of+ phosphatidylinositol
(PI), phosphatidylserine(PS), phosphatidylcholine(PC), phosphatidyl-
glycerol (PG), phosphatidylethanolamine(PE), phosphatidic acid’} XE3¥}H
o] Kt (Fig. 4-3).

15 3 e |
Akl 202 14% BF3 - methanol (Sigma) &8O 8 oAE|23} 3t T
gas chromatography® o] 2] 21319t} Younglin M60OL gas chromato-
graph (Younglin Co,, Secul, Korea)$®} SupelcowaxTM capillary column (30
mx 0.53 mM, 1.0 M size)(Bellefonte, Pa., U.S.A.)o] AME|9T oven,
injector, flame ionization detector 2] 2%+ Z}z} 230, 280, 280Colal
tlh, AA2 842 5 nl/mine] P split ratiors 33:1 olgdr}. AFF =&
o] Ak Table 4-13F o] elgdldate] 7H Wt elsedatzt Ho|
& "Holalth vl A A FFol whel 2o oFzke] Ate]st 9)
)AL glEddars} hexadecatrienoic acid, #n|glxkE wlo] §h8-31

W, AL el datat wul'liky] Bl&ol Eokrh

t}h, AAHe 4tst
ApEAbEH= 2} 2] AL rancimat ¥RE-R-710] 1 g8 W& F  200ml/minE
tAE ZaFHA 40ToA 364 2HEeE AAISITE AMFAF]A] 42 AR

£ control® Alglc},

>~
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gl 16

Fig. 4-1. Thin-layer chromatogram of neutral lipid fraction from
freeze-dried spinach (A: monocacylglyceride, B: diacylglyceride, C: free
sterol, D! triacylglycerol, E: esterified sterols).
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Fig. 4-2. Thin-layer chromatogram of glycolipid fraction from
freeze-dried spinach (A: sulfolipid, B: digalactosyldiglyceride, C
cerebroside, D: sterylglycoside, E: monogalactosyldiglyceride, F:
esterified sterylglycoside).
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Fig. 4-3. Thin-layer chromatogram of phospholipid fraction from freeze
dried spinach (A: phosphatidylinositol, B: phosphatidylserine, C
phosphatidylcholine, D: phosphatidylglycerol, E: phosphatidylethanol
amine, F: phosphatidic acid).
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Table 4-1. Fatty acid compositions of total lipids and lipid subclasses
of freeze-dried spinach,

Relative compositions of fatty acid (%)

S/U

. 1)

C14:0 C16:0 Cl6:1 Cl6:3 C18:0 C18:1 C18:2 (18:3 ratio

Total lipid 3.24 15,04 2.26 7.69 nd 1.16 11.84 58.46 0.2245
Neutral

lipid 6.50 17,98 nd 10.01 nd 5.63 12,27 41.46 0.3529
ipi

Glyco-lipid 5.06 10.81 0.48 10.57 0.49 0.33 5.23 64.11 0.2027
Phospho

livid 0.49 29.33 6.79 1.26 2.06 7.42 21.04 31.40 0.4694
ipi

D Ratio of the contents of saturated fatty acids to unsaturated fatty

acids
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WS Y5le] 24 AA 1 g8 ¥ rancimat WhE £710] YIL stainless
steel light box (80 cm x 40 cm x 15 cm)ollA 4-5CE 24 h <+ 200
pl/ming AtAS FaFHA 4rSAlZT). Light sourcet ¥hg £7] ¢ 10cm
of 70 20-watt fluorescent lamp 27§18 @ol AR&3tdrct. Controld RH-g &
71& Al foil® Zh#t W& xbetsigict.

Enzyme-catalyzed oxidationoll A= 2zt 2| oF 0.5 gofl 0.5 ol of 100 uM
deoxycholate (Sigma)$} 4.5 mL aqueous buffer solution (pH=8.0: &}
0.1 M 2-amino-2-methyl-1-propanol hydrochloride, 0.1 M Tricine, 0.1 M
HEPES, 0.1 M MES) H7}stgcl. FA] 0.2 mg lipoxygenase (lipoxidase,
type 1-B: Sigma)& M7}5}Q3L 15C water batho]A] 200 rpn?] $EE 14]
7vEQ 2§steit). 1 ol of 1 M citric acidg AMg8lo] Higg FEA|F|Z
oxidized 1ipidst 3.75 mlL of chloroform - methanol (2:1, v/v) 8¥oZ
23] #&3}14ith Control2 HARE A9sta &ulstych

n}z| 2} o 8 Iron-catalyzed oxidatione] QlolAle ZF x]& 0.5 g& 0.1%
Tween 20 3} 10°° M EDTA (Junsei Chemical Co,, Tokyo, Japan)¥& ¥H-R% 5
mL 0.1 M phosphate buffer (pH=6.2)¢] Wil sonicatorelld 1 ¥+ & ¥
stgdch, 0.1 ml 1 M FeSO4 Ro3} k] 20 M ascorbic acid (Junsei
Chemical Co.)& Y3 25T water batholA 100 rpm8] $E2 4A]Z F¢t &
o] 39t} Oxidized lipidi chloroform-methanol (2:1, v/v)-gjog F
&3}3 control FeS04 solutionZhg A &J ¥t 2) Fulstedc)

1) 748 2|49 Subclass ‘HE}

49 Ao ardo) oste] FA XA subclassEol dold W=
Table 4-2~4-49} Zith, Ar3jo] &lsto] 23 A9 MAG, DAG, TAG £] ~Jth
gare 2715ty oL} esterified sterolE Zastel Atdpo] ulad oyt
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Table 4-2. Changes in neutral lipid subclasses of freeze-dried spinach

by various types of oxidation,

Relative compositions of lipid subclasses(%)

Oxidation Sample \onoacyl-gl  Diacyl- Free Triacyl- Esterified
ycerols glycerols sterols glycerols sterols
Control 4.05 4,62 2.99 13.42 73.35
Autoxidation
Sample 4,50 4,58 4,32 17.88 66.10
Control 1.48 0.24 1.17 22.66 68.32
Photo
oxidation o ple  1.69 0. 60 1.89 24.64 64.27
Lipoxygenase- Control 7.45 2.82 3.94 13.54 72,27
catalyzed
oxidation Sample 8. 64 4,55 1.66 17.80 67.16
Controi 4.14 2.93 2.53 21.96 66.22
Iron-catalyze
d oxidation o e 4.87 3.17 3.04 24.63 64,29
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Table 4-3. Changes in glycolipid subclasses of freeze-dried spinach by

various types of oxidation,

Relative compositions of lipid subclasses(%)

Oxidation  Sample g,jfo Digalacto Cerebro-  Steryl- Mono Esterified
lipids syl-digly sides lycosides galactosyl- steryl
p cerides gty diglycerides glycosides
Control 4.21 12.77 3.33 3.42 16.89 52.65
Autoxidation
Sample 4,53 12,85 2.97 3.46 17.01 53. 51
Control 6.27 16,89 4,52 4.45 17.21 47,30
Photo-
oxidation g ole 5.44 16,66  4.83  4.30 18.77 47.66
Lipoxygenase Control 1,52 9.79 2.78 5.47 16.78 62. 84
catalyzed
oxidation Sample 1.19 9.78 3.39 4,58 16, 32 63. 85
Iron- Control - 4,67 5.05 5.42 9.04 75.82
catalyzed
oxidation Sample 2.82 4,66 5.85 4.34 7.76 74. 57
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Table 4-4. Changes in phospholipid subclasses of freeze-dried spinach

by various types of oxidation,

Relative compositions of lipid subclasses{%)

Oxidation  Sample Phospha Phospha Phospha Phospha  Phospha  Phospha
tidyl- tidyl- tidyl- tidyl- tidyletha tidic
inositol serine choline glycerol nolamine acid
Control 9.51 10,03 24,58 16.42 22.38 17.11
Autoxidation
Sample 9.68 13.38 25.60 16.75 24.42 10.21
Control  20.14 - 25.71 16.73 20, 40 16.73
Photo
oxidation ¢ le 19,44 - 22.83 18,57 18,93  4.89
Lipoxygenase- Control 15,17 - 24.52 23.62 14,33 22.49
catalyzed
oxidation Sample 17.87 - 20. 86 24,98 17.66 18.79
Iron Control 10,74 12,05 22.81 17.54 18,22 18.69
catalyzed
oxidation Sample 12.80 13.36 21.40 15.75 18.59 18.17
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Table 4-5. Fatty acid composition changes in freeze-dried spinach lipid
subclasses by autoxidation at 40°C for 36h.

. . L S/U
Relative compositions of fatty acids(%) ratio!
C14:0 C16:0 Cl16:1 Cl16:3 CI8:0 C18:1 CI8:2 CI18:3
Tota] Control 3.24 1504 2.26 7.60 - 116 11.84 58.46 0.2245
lipid g nle 2.85 16,78 1.71 7.54 0.62 2.27 11.82 53.06 0.2651
Control 6.50 17.98 -  10.01 -  5.63 12.27 41.46 0.3529
Neutral
lipid g nle 7.8 37.80 - 9.48 0.91 3.20 8.03 29.25 0.9325
Glyco Control 5.06 10.81 0.48 10.57 0.49 0.33 5.23 64.11 0.2027
lipid g hle 5.83 11.64 0.13 10,67 0.35 1.19 4.85 61.34 0.2279
Control 0.49 29.33 6.79 1.26 2.06 7.42 21.04 31.40 0.4694
Phospho
lipid  qmple 0.23 25.01 6.49 1.68 1.04 559 21.66 37.00 0.3629

Y Ratio of saturated fatty acid contents to unsaturated fatty acids
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Table 4-6. Fatty acid composition changes in freeze-dried spinach lipid
subclasses by photooxidation at 10C for 12 h,

. . . S/U
Relative compositions of fatty acids(%) ratiol
Cl14:0 C16:0 C16:1 Cl16:3 CI8:0 CI81 Cl8:2 Cl8:3

fota] Control 0.55 13.58 2.07 877 0.74 4.36 12.93 56.72 0.1688

lipid g /hle 2.32 18.57 2.28 7.41 0.63 3,73 11.74 51.04 0.2824

Control 0.86 20.22 2.22 13.85 1.69 3.78 15.17 40.23 0.3406
Neutral

lipid  gqonle 0.79 24.79 1.59 15.76 1.70 4.40 10.39 39.85 0.3789

Glyco Control 0.78 9.75 0.38 17.98 0.72 2.88 5.68 62.00 0.1265

lipid g nle 0.35 17.98 0.19 35.01 0.96 2.68 3.52 36.43 0.2478

Control 0.35 20.07 6.20 1.93 1.17 6.42 22.77 39.15 0.2823
Phospho

lipid  g.ble 2.23 45.49 14.93 1.19 3.39 533 11.53 15.92 1.0452

) Ratio of saturated fatty acid contents to unsaturated fatty acids
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Table 4-7, Fatty acid composition changes in freeze-dried spinach lipid

subclasses by lipoxygenase-catalyzed oxidation at 15C for 1 h,

. " ) S/U
Relative compositions of fatty acids(%) ratio!
Cl14:0 CI6:0 C16:1 C16:3 CI8:0 Cl18:1 C18:2 C18:3
Tota] Control 1.62 16.67 213 825 0.55 4.31 12.06 52.01 0.2539
lipld  guple 1.73 14.87 2,12 7.25 0.50 3.64 12.57 55.25 0.2229
Control 0.64 26.57 0.21 13.03 3.02 8.51 9.34 34.77 0.4974
Neutral
lipid  gole 0.43 25.3¢ 0,67 1524 3.03 9.47 550 2549 0.5693
ol Control 2.21 12.46 1.16 11.32 0.45 4.79 552 58.97 0.1971
yco .
lipid  go1ole 1.55 10.46 0.21 10.41 0.72 7.54 5.72 59.97 0.1646
Control 0.27 21.73 7.00 1.30 0.68 6.27 23.49 38.91 02947
Phospho
lipid Sample 0,80 27.44 7.02 1.68 0.98 9.70 22.30 30.59 0.4099

) Ratio of saturated fatty acid contents to unsaturated fatty acids
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Table 4-8. Fatty acid composition changes in freeze-dried spinach lipid

subclasses by iron-catalyzed oxidation at 25°C for 4 h.

. s . S/U
Relative compositions of fatty acids(%) ratio!
C14:0 C16:0 C16:1 C16:3 C18:0 CI8:1 CI82 Cl8:3

Totag Control 1.48 1457 3.43 6.78 090 2.03 11.40 55.40 0.2144

lipid  gonle 1.83 14.30 3.84 6.29 1.53 1.73 9.40 56.08 0.2516

N Control 0.61 26.13 0.75 11.20 2.19 6.04 7.67 39.77 0.5704
eutral

lipid  gople 0.70 20.35 1.67 16.11 2.93 9.42 6.30 33.53 0.5063

Glyo Control 3.57 14.07 nd 10.84 0.49 2.29 543 55.66 0.2661

lipid g nle 3.56 13.71 nd 11.15 0.44 2.48 5.07 54.83 02632

Phospho CONtrol 0.2l 22.20 6.74 1.69 0.92 6.5 21.62 37.65 0.3193

lipid g inle 0.29 20,92 8.69 1.43 0.71 553 20.82 39.84 0.2908

D Ratio of saturated fatty acid contents to unsaturated fatty acids
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Table 4-9. Moisture contents and drying yields of freeze-dried spinach
before and after heat pretreatment,

Original Weight after Moisture content

DI‘ N . ld“
tr:::t . weight freeze ym?%);w of dried spinachz’
men
(g) drying (g) (%)
Control
(Nznhrot) 8, 000 512.5 6.41 9.96 £ 0.07bc
ea
Blazn(;h.l:g 8,000 318.5 3.98 9.82 + 0.17¢
i
Bl i
chhfng 8, 000 305.1 3.81 11.18 * 0.15a
min
Steaming
o 8, 000 252.8 3.16 9.72 = 0.11c
min
Autoclaving
i 8, 000 371.4 4.64 10.48 = 0.41b
min

l)Weight after freeze-drying divided by original weight

“Mean standard deviations: Different superscript means significant
differences among samples within the same column at = 5%,
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Table 4-10. Level of neutral lipid (NL), glycolipid (GL) and
phospholipid (PL) as percentage of total lipids in freeze-dried spinach
before and after heat pretreatment,

Heat treatment NL (%) GL (%)Y PL (%)"
Control (No heat) 10.7° 64.3" 25.0°
Blanching, 2 min 14.5° 57.5% 28.0°
Blanching, 20 min 19.9° 55. 4° 24.8°
Steaming, 5 min 8.3 65. 3° 26.5"
Autoclaving, 2 min 11,7 63.3" 24.9°

D' Different superscript means significant differences among samples
within the same column at = 5%,
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Table 4-11. Subclasses of neutral lipids in freeze-dried spinach before

and after heat pretreatment.

Relative content (%)'-

1

Heat
treatment Monoacy!l - Diacyl- Free sterol Triacyl- Esterified
glycerol glycerol glycerol sterol
Control 6740 13" 3.00+0.56° 3.09%+1,34° 14,5520.67° 75.29%1,29°
(No heat)
B“‘z“;hii:g' 1 5740.34™ 1.35+0.21° 7.07+0.29° 14.36+0.01° 74.98+1.19°
Bl‘é‘g"z;:& 13440 35 2.20%0.14* 5.69+0.59° 29.24%0.32° 60.85+1,24°
S“;a:;';g' 1.3240.01° 1.60+0.14 5.01+0.88° 22.61%0.43° 67.53+0, 46"
A“t°§1:‘i’;"g' 2 4140.56° 2.90%0.00® 21.08+0.75° 27.50+0.02° 44.79%0,22°
UMean standard deviations: Different letter means significant

differences among samples within the same column at = 5%,
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Table 4-12. Subclasses of glycolipids in freeze-dried spinach before

and after heat pretreatment,

Relative content (%)'’

Heat
treatment Sulfo Digalac Cerebro  Steryl- Monogalac Esterified
lipids tosyl sides lycosides tosyl steryl
p diglycerides gly diglycerides glycosides
Control 7.35 19.81 4.38 4,86 20, 83 42.77
(No heat)  +0,59° +1.08° +0,09°  +0.43° +0.54° *0. 49"
Blanching, 5.14 21.32 4.18 6.85 27.77 34.76
2 min +0,05° +2,29° +0.23°  +0.58% +2.90% +5,95°
Blanching, 1.66 18. 43 2.66 5.63 28, 32 43.31
20 min +0.07° +0. 69° +0,00° 40.03™ +1.78° +1.19°
Steaming, 7.55 20,28 4.04 7.31 23.80 37.02
5 min +0.34°  +0.22° +0,05°  +0.34° +1,92° +2,78°
Autoclaving, 2.63 17.82 5.69 6.70 29.59 37.57
2 min +0.09° +0.05° +0. 39° +0.19% +0,01° +0.16°
) Mean standard deviations: Different superscript means significant

differences among samples within the same column at = 5%,
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Table 4-13. Subclasses of phospholipids in freeze-dried spinach before
and after heat pretreatment.

Relative content (%)’

Heat treatment  ppocphat Phosphati Phosphati Phosphati Ph°:"1h_a“ Phosphati
idyl dyl- dyl- dyl- Y dic
. g \ R ethanolam .
inositol  serine choline glycerol ine acid
Control 5.63 5.46 11.46 13.55 12.68 9.84
(No heat) +0.26° +0.00°  +0.19°  £0.36° +0.22° +0.30°
Blanching, 6.46 5.31 13.49 16.23 8.94 10. 56
2 min +0,63°  +0.20°  £2.05°  £0.76°  +0.02° +0.49%
Blanching, 5,25 4,81 12.38 3.18 4.68 5.38
20 min +0.13° +0.24®  £1.20°  +0.08° +0.35° *0.21°
Steaming, 7.54 5. 86 11.76 16. 86 11.08 11. 64
5 min +0.51%  +0.15®  +0.71°  £0.34° *£0.27° +0.16
Autoclaving, 8.35 7.33 11.23 5. 37 4.29 6.61
2 min +0.01° +0.91°  £0.08°  *+0.09° +0.03°  +0,48°

“Mean standard deviations: Different superscript means significant
differences among samples within the same column at = 5%,
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Table 4-14. Fatty acid compositions of total lipid in freeze-dried

spinach before and after heat pretreatment.

Heat

Relative content (%)

}

s/ut
t t t . .
reatment 140 1600 16:19  16:37  18:0 181  18:2  18:3 ratio
(%)
Control 2.57 17.63 1.92 8.0l  0.65 248 9.56 5711 ..,
(No heat) +0,09° +0.22° +0.13* +0,28° +0,05° +0.04° *+0.21° *+1.02° “*
Blanching 2.81 17,73 215  7.57 0.58 2,58 10.22 56.29 .o
2 min  +0.04% +0,22° +0.09° £0.30® +0.25° +0.02° +0.04" +0.88"
Blanching 2.78 17.91 1.79  7.26  0.58 2,82 10.43 56.39 . .
20 min  +0.06° +£0.21° +0.03° +0,10® +0,10° +0.06° +0.13° +0.14*® “*
Steaming 1.41 18.86 1.93 710 012 2.8 9.79 57.98 . .4
5 min +0.13° £0.11° +0.12% +0.21° +0.04* +0.05° +0, 44" +0.58 “
Autoclaving 2.83 18.83 2.04 7.18 0.77 2.58 10,20 55.53 28,92
2 min  +0.02° 0.23" +0.01® +0.06™ +0.01° +0.03"* +0.06° =*0.21° “*
Y Mean standard deviations: Different superscript means significant

differences among samples within the same column at = 5%,
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Table 4-15. Fatty acid compositions of neutral lipid in freeze-dried
spinach before and after heat pretreatment.

Relative content (%)"

Heat "
treatment . ] S/U
14:0  16:0 16:1¢ 16:3Y 180 18:1 18:2 18:3 ratio
(%)
Control 4.71 30,29 1,30 12.75 1.98 3.91 12,20 32.86 58. 65
(No heat) +0.40° £2.77° £0.15° £1,09° +0,54° +0.46° +1,00° =*2.99°
Blanching 7.45 35.61 2.66 13.28 0.45 4.28 11.44 24.87 7 02
2 min  +0,16° *0.52" +0.18" +0.73° +0.24° +0.28" +1,22° £0.90°
Blanching 7.31 34.46 2.47 12,48 3.10 4.27 13.96 21.95 81,39
20 min £0,06° *£0.52° +0.51° +0,60° +0.36° +0.41" +0.54° +0.95°
Steaming 3.82 24.88 4.15 549 2,13 11.80 17.19 30.54 1457
5 min  +0.62° +2.02° +0.36° +0,98" +0.32° £2.09° *+1.42° +2.05°
Aut
1uvion 10.67 40.30 3.7 1277 411 395 822 1620 . .
cla .
) ,ng +0.27° +1.79* +£0.68° +1,02° +£0.28° +0.35° +0.47° +0.92°
mi

1)

Mean standard deviations: Different superscript

means significant

differences among samples within the same column at = 5%,
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Table 4-16, Fatty acid compositions of glycolipids in freeze-dried
spinach before and after heat pretreatment.

Relative content (%)'’
Heat

treatment

s/uY
14:0 16:0 16:1¢  16:3" 18:0 18:1 18:2 18:3 ratio
(%)

Control 4.30 15.97 0.13 11.12 0.08 0.70 455 63,14

25.55
(No heat) =+0.09° +0.85® £0,09° *0.27° =+0.01° +0,32° +0.18" +0,81°
Blanching 3.97 16.54 0.02 11.54  0.19 0.47 3.13 64,06 26 01
2 min  +0.07° +0.34® +0.00° £0.25a +0.15° +0.29° £0.09"° +0.51°
Blanching 3.75 16.32 0.29 10.98 0.44 0.77 3.12 64.31 2581
90 min +0.02® +0.05® +0.01® +0.12a +0,02® =+0.01" +0.02° +0.19°
Steaming 3.14 15,10 0.22 10.86  0.52 0.88 4.01  65.26 211
5min  +£0.07° +0.23° +0.07° *+0.36a +0.13° +0.03* +0.13° +0.54*
Aut

Cl:vi‘; 3.04 1714 L5l 889 064 2.09 816 5837
2ming +0.61° +0.96° +0.74® +1.04b +0,05° +0.62° +2.30° *2.93°

) Mean standard deviations: Different superscript means significant
differences among samples within the same column at = 5%,
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Table 4-17. Fatty.acid compositipns.ofvphospholipids

spinach before and after heat pretreatment.

in freeze-dried

Relative content (%)"

Heat "
treatment ) ] S/U
14:0 16:0 16:19  16:3”  18:0  18:1  18:2 18:3  ratio
" (%)
Control  0.13 23.10 6,25 0.99 0.84 537 19.07 44.14 a1 71
(No heat) +0.01° £0.59° +0.18" +0.11° +0.03° +0.19° +0.28" +0.40"
Blanching 0. 36 22.48 542 1.48 1.10 5.64 19.96  43.50 3150
2 min  £0.01" £0.43° £0,10° £0.05" +0.04” £0.12° *0.14° £0.36"
Blanching 0.18  22.36 4.78 1.22 1.06 6.23 21,40 42,71 30,92
20 min  +0.01° £0,38° £0.11° +0,03° £0.02° +0.07° *0.15° =£0,32" *
Steaming 0.20 2190 547 082 107 684 21.27 3.6 .
5min  +0.04° £0.90° +0.24" +0.06° +0.10" +0.43° +1.35° +2.47° "
t
IA“ ° 010 22.26 514 088 1.28 561 21.09  43.56 20,99
vin,; )
°2am;ng +£0.04°  +£0.34° 0,245 +0,11° +£0.16° +0.31° +0.15° =+0.78% °
Y Mean standard deviations: Different superscript means significant

differences among samples within the same column at = 5%,
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Fig, 4-4, Apperarances in freeze-dried spinach with heat pretreatments
(1: No heating, 2: Blanching, 2 min, 3: Blanching, 20 min, 4: Steaming,

5 min, 5: Autoclaving, 2 min).
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Table 4-18, Compositions of neutral lipid in freeze-dried and ground

spinach during storage.

Storage Conditions Relative content(%)
o . Time Monoacyl Diacyl Free Triacyl Esterified
Temp(T)  Light (weeks) glycerzl glyceiol sterol glyceggl sterol
Before storage 0. 86 1.34 6.96 17.83 68.83
40 No 2 4,56 1.94 9.15 11.52 57.15
4 6.90 6.11 26.71 41,32 18.96
6 0.10 0.75 10, 30 22.36 66, 50
8 0.94 1.33 7.18 15.10 75. 40
10 0.99 1.02 9.19 14,23 74,24
Yes 2 4,28 3.09 6.99 12.53 59,00
4 3.17 2.30 24.33 47,47 22.74
6 0,39 0.59 11.22 19,41 68. 40
8 0.71 1.05 7.60 11.80 78.86
10 0.52 0.58 8.68 15. 89 74.36
20 No 2 3.10 3.98 12. 66 27.46 52,81
4 1.35 1.01 11,06 18,87 67.71
6 1.32 1.73 9. 41 20.89 66. 65
8 0.32 0.31 7.31 18. 80 73.34
10 0.37 0.44 10. 26 16.29 72.73
Yes 2 2.78 3.26 17.14 34,61 42,22
4 0.57 1.66 9,60 20,08 68.11
6 1,92 3.50 10, 01 18.72 65. 85
8 0.41 0.33 8.47 17.15 73.66
10 0,31 0.16 7.90 16. 94 74,70
5 No 4 2.11 1,87 9,83 25,17 61,03
8 3.16 4,17 6. 46 17.58 68. 66
12 3.53 3.20 4,42 17.85 70. 85
16 0.30 0.13 3.51 17.09 79.19
20 0.31 1.02 8.64 21,04 69. 01
Yes 4 3.12 3.50 16.95 32.39 44,04
8 1.88 1.53 6.90 18,69 71,03
12 1.63 2.11 5.44 21.05 69.79
16 2.20 3.04 6. 47 19.64 68, 67
20 0.30 0.30 8. 86 19,06 71.51
-20 No 4 1.01 2.42 8.54 19.97 68,06
12 0.52 0.85 8.04 20.59 70. 00
16 0.32 0.50 9.46 20.41 69, 32
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Table 4-19. Compositions of glycolipid in freeze-dried and ground

spinach during storage.

Storage conditions Relative compositions(%)
. Digalact Steryl Monogalac Esterified
Temp(C) Light Time S.ul.fo osyldigl Cer.'ebro glyco tosyldigl sterylglyc
(weeks) 1lipids : sides . . .
ycerides sides ycerides osides
Before storage 6.13 23.38 4.74 5,94 25,93 33.90
40 No 2 3.38 16.49 2,91 4,83 30.04 42,39
4 3.40 16,49 2.91 4,81 30.04 42.39
6 0.98 11,09 1.42 2.94 24,55 52.70
8 1.97 16.91 1.61 3.49 27.77 45,51
10 1.06 12.79 0.76 2.60 26. 82 50. 47
Yes 2 3.7 18.64 4,16 5.70 29.59 38.22
4 3.7 18.64 4,16 5.70 29.59 38.22
6 0.77 10.53 1.32 2.56 21.93 57.61
8 1.51 12.88 1.82 4,71 27.33 51.75
10 1.34 12.41 1.11 2.74 24.28 52.94
20 No 4 4,37 16.60 3.51 6.01 22,01 47.26
6 0.68 12.14 1.51 3.09 27,06 47.78
8 1.78 12,66 1.72 3.08 26,01 49,32
10 1.18 13.81 1.89 3.24 24,42 50.59
Yes 4 4,50 17.00 4.90 6.72 22.49 44.49
6 1.18 7.15 0.97 3.26 22.27 61.04
8 2.73 12.70 2.82 4,22 19.23 51.36
10 1.90 11.99 2.12 3.23 22,13 52.22
5 No 4 2.63 16,11 1.73 3.63 26.24 49, 67
8 1.40 10.94 1.33 2.78 24.15 53. 65
12 1.20 12.72 1.05 2.62 22.73 54.04
16 2.02 13.49 1.75 3.01 25.62 45.79
20 1,51 12.72 1.67 3.25 26.51 46.52
Yes 4 1.88 15.43 2.31 3.66 26.43 50. 31
8 1.65 11.81 1.45 3.14 25. 44 50. 61
12 1.41 13.87 1.54 3.25 25.37 47.95
16 2.00 13.49 2.13 3.75 24,34 46.03
20 1.12 9.42 1.50 2.29 22.45 56. 30
-20 No 4 3.02 13,52 2.07 3.82 32.63 37.37
12 1.01 9.06 1.15 2.58 24,14 57.03
16 1.96 12.70 1.41 3.21 27.70 47.42
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31} linoleic acid®] Afvl [T M= BHEA] okeh. oleyt Ay
A 249 HEe AY 2z ulel HMHE Ho 2E ETH
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Table 4-20-1. Fatty acid compositions of total lipid in freeze-dried
and ground spinach during storage.

Storage conditions Relative compositions of fatty acids(%)
Temp . Time ¥ 2) i ) )
(o) Light (weoks) 14:0 16:0 16:1 16:3 18:0 18:1 18:2  18:3
Before storage 1.56 14.87 1.41 6.98 0.05 2,20 17.32 54,75
40 No 2 1.83 14.88 1,36 594 0.09 2,13 17.26 53.60
4 1.55 15,91 1.42 6,14 0,46 2,53 16,50 55.96
6 1.13 12,81 .58 5.99 0.58 4.8 17,00 50, 54
8 1.69 18,51 14 466 0.43 535 17.48 48.54

10 1.78 19.22 07 4.81 - 5,27 17.48 48.90

Yes 2 1.99 15.71
4 1.45 14,62
6 0.90 12.23
8 0.96 17.57

10 1.55 17.90

.38 584 008 215 17.27 53.19
.46 6.07 0.25 2,10 17.72 54.78
.97 6,52 0.63 4.91 17.10 50,93
12 487 0.19 533 17.56 49.70

.20 4,77  0.70 5.30 17.26 49.47

Pd ek b ek ] ek el ek

—

20 No 2 - 13.63 .47  5.45 - 4.65 19.36 57.30
4 1.73  13.99 .99 6.33 0,71 5,16 16.10 48.68

8 0.92 18.12 .07 4.98 - 4.39 18.00 51.92

10 1.06 17,08 11 4,67 - 5,36 17.46 50.82

Yes 2 1.60 15.06 .58 5.14 - 4.49 18.46 56.88

4 1.68 12.25
8 1.05 17.14
10 1.16 17.54

.50  6.85 0.64 4,73 16.77 50.62
.03 476 0.38 534 17.86 50.59
.09 495 0,63 5.3 17.59 50.10

Pt ek et e | et et ek e

Y trans-3-hexadecenoic acid
2) 7,10, 13~hexadecatrienoic acid
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Table 4-20-2, Fatty acid compositions of total lipid in freeze-dried
and ground spinach during storage.

Storage conditions Relative compositions of fatty acids(%)
:eg‘)’ Light (wT:::S) 14:0  16:0 16:1Y 16:37 18:0 181 182  18:3
Before storage 1.56 14.87 1.41 6.98 0,05 2,20 17.32 54.75
5 No 4 0.88 14,46 1,72 6,10 0.10 1,95 18.45 55,45
8 1.41 18,39 1.04 537 - 4,83 17.97 52,17

12 1.41 18,24 1,00 507 0,02 2,63 1844 54.08
16 1.15 17.58 1.05 4.78 0,32 5.54 18.38 51.33
20 1.29 17.81 1.21 4.89 0.61 538 17.41 48.64

Yes 4 1,30 14,44 1,60 6.11 0.16 4,50 17,75 54.31
8 0.76 17.36 1,09 5.80 - 474 16.84 51.45
12 0.28 16.23 0.8 6.58 - 4,59 16.76 51.42
16 1.45 17,99 1.11 4,93 0.51 5.21 17.56 50.27
20 0.53 16,69 1.20 514 0.29 550 17.85 50.43

ooy

-20 No 4 0.73 14,78 .50 6.65 0.37 4.96 18.25 52.81
8 1.70  16.95 .41 6,26 0.64 418 1593 49.9
12 1.86 15.61 .17 6,38 0.69 451 16.47 50.19
16 1.98 15.97 .29 5,17  1.70 454 16.19 49.55
20 1.84 17.10 .32 6.40 0.64 3,96 15.65 49.79

S VU

Y trans-3-hexadecenoic acid
2 7,10, 13-hexadecatrienocic acid
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=7} A Atz ol % F23 A& WalEcka SPAct

A FU AFAY A APat 24 e Table 4-21-1 3} Table
4-21-2¢} Frh PR 2AQE FA A wiste] 2 W3 JF2 Ax] Qfgte
o AR 7ol Age] ulg}l linolenic acid®} 7,10, 13-hexadecatriencic
acid &= ¥Ht}iE H3E A& 4 ¢oil L3]3 palmitic acid, oleic acid®}
linoleic acid7} F718hs Z¥E Holvh =Y AF 2 9 W &4
uhE Agat 289 e dAEA] sl

AFX Y A F AR At R4S Table 4-22-13} 4-22-29F
th AAAe Aol AR FA AFA A F MY JL HHE Bl
olZ& nrnte] A F THH A MM ulRy YO PLO] AYH
I E XA urALe] At3lE o] amino group3} HWEE5le] imineREANE Y=
g df Vg Ao Rk EY A=A amine groupE 2-gol 9
gto] AAE HAtELES] E3E wEOIA= carbonyl REAEC] aldolation
< 4oy AR AAAE ANEPE RIste FAEE ¥ F vt
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Table 4-21-1. Fatty acid compositions of glycolipid in freeze-dried and

ground spinach during storage.

Storage conditions

Time

Relative compositions of fatty acids(%)

Temp('C) Light (wosks) 14:0 16:0 16:1' 16:3“ 18:0 18:1 18:2 18:3
Before storage 3.23 8.08 1.05 9.57 057 271 6,92 64,02
40 No 2 3.03 9.71 1.22 10.79 0.43 2.98 7.33 60.76
4 1.24 7.78 205 9.16 0.44 1,53 7,65 64.58
6 239 9.83 - 10.36 0.57 2.81 6.54 56.22
8 0.84 9.35 0.21 10.25 0.40 3.05 7.34 67.07
10 170 10.70 0.19 9.39 0.40 2.98 7.15 66.79
Yes 2 3.03 10.76 0.67 10.68 -  2.83 6.99 60.84
4 1.45 8.30 1.03 9.67 0.23 1.32 7.00 67.71
6 2,76 10.23 0.30 9.67 0.52 3.42 7.38 59.47
8 0.87 8.99 0.29 11.43 0.33 2.75 7.16 67.20
10 1.38 9.64 0.20 9.47 0.41 3,09 7.73 67.17
20 No 2 - 729 - 975 1,60 1,36 7.23 64.84
4 2.51 9.33 0.38 10.21 0.55 3.15 6.89 59.00
6 1.72 9.75 0.24 10.28 0.69 3.54 7.00 6525
Yes 2 7.29 9.40 1.60 2.50 7.23 64.84
4 1.90 8.52 0.40 10.48 0.46 3.15 6.97 48.91
6 1.72 8.22 0.49 10.64 0.8 6.46 7.12 66.16

Y trans-3-hexadecenoic acid

2 7,10, 13-hexadecatrienoic acid
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Table 4-21-2. Fatty acid compositions of glycolipid in freeze-dried and
ground spinach during storage.

Storage conditions

Relative compositions of fatty acids(%)

Temp(C) Light Time 14:0 16:0 16:1" 16:3” 18:0 18:1 18:2 18:3
(weeks)

Before storage 3.23 8.08 1.06 9,57 0.57 2.71 6.92 64.02

5 No 4 1.24 8.31 - 13.07 0.03 2.41 7.03 66.15

8 1.45 13.40 0.21 8.69 0.41 339 7.33 65.11

12 1,19 13.07 0.14 9.15 0.37 3.19 7.09 65.97

16 2,29 1495 0.15 850 0.45 3.21 7.14 63.33

20 1,06 11.29 0.20 9.92 0.37 2.62 6.64 64.91

Yes 4 2.06 9.05 - 11,562 0.51 1.57 6.93 66.40

8 1.66 12,32 0.21 9.62 0.29 2.83 6.81 67.19

12 0.73 10.68 0,23 10.33 0.31 2.92 6.88 67.9

16 0.76 10.69 0.21 9.95 0.36 3.02 7.22 67.82

20 1.37 12,65 0.17 9.23 0.34 3.00 7.02 66.67

Y trans-3-hexadecenoic acid

2 7,10,13-hexadecatrienoic acid
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Table 4-22-1, Fatty acid compositions of phospholipid in freeze-dried
and ground spinach during storage.

Storage conditions Relative compositions of fatty acids(%)
Temp Time b "

. Light 14:0 16:0 16:1 16:3 18:0  18:1 18:2  18:3
(C) {weeks)

Before storage 0.15 18.56 3.67 0.65 0.50 7.33 30,90 36.46

40 No 2 0.01 20.76 3.59 0.62 0.48 7.23 29.18 37.22
4 - 20.85 3.71 1.03 059 579 28.66 39.99
6 0.33 17.38 3.43 1.11 1,05 7.45 26,83 37.61
8 0.12 17.11 2.87 0.71 1.15 7.00 30.42 39.71
10 0.20 19.11 2.88 0.67 0.26 7.26 35.23 38.17

Yes 2 0.04 20.27 3.56 0.54 0.45 7.41 30.82 38.27
4 - 22.30 428 0.8 0.46 6.09 28,02 39.64
6 0.36 17.52 3.80 0.86 0.74 7.46 28.15 36.70
8 0.24 17,27 2.84 0.47 0.49 7.25 29.99 39.63
10 0.27 21.00 346 0.62 0.59 7.44 29.03 35.78

20 No 2 - 21.89 4.57 1.00 - 3.26 28.75 39.44
4 0.38 18.20 3.59 1.16 0.64 7.16 28,01 3847

6 0,30 20.01 439 073 0.64 7.45 28.28 34.65

Yes 2 - 21,28 4.81 - - 4.71 28.64 39.40

4 0.32 18.40 3.58 0.99 0.96 7.35 27.87 36,94

6 0.32 19.00 3.93 0.73 0.57 7.49 28.49 3588

Y trans-3-hexadecenoic acid
2 7,10, 13-hexadecatrienoic acid
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Table 4-22-2, Fatty acid compositions of phospholipid in freeze-dried

and ground spinach during storage,

Storage conditions

Relative compositions of fatty acids(x)

Temp Time
(c) Light (weeks) 14:0  16:0 16:11) 16:32) 18:0 18:1 18:2 18:3
Before storage 0.15 18.56 3.67 0.65 0.50 7.33 30.90 36.46
5 No 4 ~ 16.67 4.60 1.42 0.21 585 30.14 43.04
8 - 21.63 3.18 041 096 7.70 30.87 34.77
12 - 21.18 3.33 0.51 1.07 7.73 30.42 34.35
16 - 20.49 3.45 0.47 1.04 7.86 31.00 34,25
20 - 19.84 3.05 0.68 7.49 31.29 37.44
Yes 4 0.54 19,92 4.61 0.89 0.26 5,89 29.97 40.79
8 - 20.39 3.63 0,72 1.00  7.05 29.81 36.05
12 - 19.94 3.42 0.50 0.8 7.57 30.70 35,94
16 - 20.71 3.58 0.49 098 7.73 30.79 34.3l
20 - 21.43 3.48 0.4 1.04 7.85 30.66 34.19
-20 No 4 - 23.564 3.8 1.40 0,45 6,28 29.65 38.01
8 0.39 21.73 2.83 1.06 0,98 7,92 32.05 29.13
12 0.30 19.30 3.24 0.58 1,19 6.47 29.82 37.62
16 0.18 19.06 1.88 1.83 0.63 6.67 29.54 33.32
20 0.22 20,20 234 1.07 1.13 7.23 30.74 31.24

Y trans-3-hexadecenoic acid

2 7,10, 13-hexadecatrienoic acid
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Tabie 4-23. Composition of dough for snack food,

Ingredient(g)
Sample
Water Wheat flour Spinach powder
control 35 100 0
5% addition sample 35 g5 5
15% addition sample 35 85 15
25% addition sample 35 75 25

327



A og 18 A o 7t el wlE ¥ARY  ESL Al
F o]F A7l ohJAIRIZL, FPEHES U, AW 249 HHdE &
R8s Fristact.

7y, ZatstE st

Al £o] 0, 5, 15 = 25% HIIH A RE 160T thFfrelA 1E2
HAY uf $PR 7tE Aol ulE AkxkE B4 Fig. 4-5% rh #
ZARolA 2fatstEe] 8L Wi Wi MIME AlFA Gol BAGIe] B
E Z9olN FIsitizt 7HE 8~12A17 o] Fol= AT oL st
270l atzhge] gl Frlole Eisl wiE =22 AYPHL UL
LIERdiTE,

AFX Bud WU Al Al o2 ARG HAY JE0A
FArEHE g2 xol& Uehiglch HAE o] G 1E RI)dE
AFXE MR AEE F 718N AUSE el AIFA] EUg H
F4stA] & AEE $12 J1FolA Rt Wkt oA AR A AF
x| wdo] §1ZRolM AME AP JAStL AL vehdct

L} A7}

AlFA] £l 0, 5, 15 E&= 25% HIIH AJEE 160T chFfold 1832
FIAY of §AFe 71E Aol wE fe|RgAr B48L Fig. 4-6 3} Zol
HARolA 2 fexgate] B BE Afol glojA Z1dA Y Flo
utel A F718telct o] RS stdo] AldHol ulel ¥ AEI 7t
313 QlS& LiEhdt

ER AIFA] E4E BY AEE HAW Y56 viste AFA] B
F7rslA 42 ARE HAW JFAdAM FelxYade ddel FHoen AF

328



Peroxide value(mea/kg of oil

0.0 e ; . .
0 4 8 12 16 20

Heating time(h)

Fig. 4-5. Effects of addition of spinach powder to flour dough on
peroxide value of soybean oil during frying at 160C (A sample at zero

heating time means one fried at 1 min after reaching 160C)
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Fig. 4-6. Effects of addition of spinach powder to flour dough on free
fatty acid value of soybean oil during frying at 160'C (A sample at
zero heating time means one fried at 1 min after reaching 1607C).
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Table 4-24, Duncan’s multiple range test for the effects of addition of
spinach powder to flour dough on conjugated dienoic acid formation of

soybean oil during frying at 160C.

Conjugated dienoic acid(%)"’

Heati
e: 1ne Addition level of spinach powder to the flour dough(%)
ime
h
(h) 0 5 15 25
0% 4,37+0.32° 5.61+0,22° 5.54+0.19° 5,47+0.28°
4 5.8710.20° 6.32+0.11° 7.21+0.06° 8.48+0. 56
8 7.06%0,09° 7.89+0,09° 7.8510.02° 10.36+1,02°
12 8.37+0.18° 10.31+0.18° 8.9210, 04° 11.31£0, 44"
16 9.08+0. 41° 11.82+0.11° 11.12+0,09° 13.07+0. 16
20 9,74+0.11° 12.34+0.19° 13.32+0.09° 14.29+0.17°
Means 7.41" 9,20™ 8.99" 10, 50"

D' Different superscript means significant differences among samples

within the same row at a=0.05
2z sample at zero heating time means one fried at 1 min after

temperature of the frying oil reached at 160°C
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Fig. 4-7. Effects of addition of spinach powder to flour dough on p

-anisidine value of soybean oil during frying at 160C (A sample at

zero heating time means one fried at 1 min after reaching 160TC).
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Table 4-25. Duncan’s multiple range test for the effects of addition
of spinach powder to flour dough on polar compounds formation of

soybean oil during frying at 160C.

Polar compounds(%)*’

Heta.ting Addition level of spinach powder to the flour dough(%)

(lhm)e 0 5 15 25
0¥ 6.86t0.16" 3.38+0.01° 4,55%0, 24° 5.56%0, 52"
4 7.46+0,11° 5.35+0, 47° 5.87+0. 08" 6.74%0,64%
8 8.77+0.57° 8.60%0, 34 7.86+0. 05 8.70%0.57
12 9,73+0.93" 9.51+0,71° 8.74+0.02° 10.86+1.31%
16 10.91£0, 44° 13.02+0. 46 11.58+0, 58" 13,990, 03"
20 16.15+0, 64° 14,782, 09° 12.87+0.67° 15.12+0.98°

Means 9,98" 9.10" 8.58" 10.16"

Y Different superscript means significant differences

within the same row at «=0,05
LAY sample at 2zero heating time means one fried at 1 min after

temperature of the frying oil reached at 160C
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Table 4-26. Effects of addition of spinach powder to the flour dough on
the fatty acid compositions of soybean oil during frying at 1607TC.

Spinachco Heating Relative Content (%) 2
ntent (%) time (h) C16:0 C18:0 Cl8:1 C18: 2 C18:3 U/s?

0°  11.10%0.19 5.39+0.03 24.87+0.24 52.79+0.12 5.87+0.10 5.068
4 11,24%0.09 4.72+0.80 24.921+0.1953.44+0.64 5.69+0.14 5.268
8 11,52+0.10 5.22+0.23 24.91+0.09 53.19+0.62 5.17+0.40 4.975

0 12 11,50%0.16 5.38+£0.02 24.741+0,08 52.73+0.16 5.71+0,.22 4.926
16 11,70+0.05 5.16%0.39 25.22+0.18 53.30+0.73 4.62+0.20 4.931
20 11,84%0.21 5.41£0.06 25.32+0,27 52.69+0.19 4.74+0.52 4.798
0 11.42%0.54 5.3610.24 24,69+0.52 53.01+0.78 5.52+0.07 4,961
4 11,40%£0.08 5.42£0.04 24.70+0,05 52.56+0.1 5.92+0,17 4,943
5 8 11.51£0.04 5,67%0,10 24.91£0,41 52.16+0.21 5.52+0.41 4.809
12 11,50%0.16 5.59+0.07 24.96:+0.13 52,35%0.40 5.62%£0.42 4,854
16 11,611£0.20 5.81%0.21 25.29+0.2751.71%£0.36 5.57+0,25 4.739
20 11,924+0.15 5.81+0.21 25.72+0,17 51.53%+0.38 5.02+0.50 4.640
0“  11.15%0.08 5.29%0.06 24,27+0.20 53.05%+0.40 6.24+0.11 5.083
4 11,33%0.10 5.32£0.11 24,87%0.0553.03%0.31 5.46+0.19 5,008
15 8 11.31£0.06 5.55+0.09 24.871+0,24 52,46+0.24 5.77X£0.41 4.931
12 11,51£0.15 5.39£0.09 24.7310,23 52.60+0.28 5.61:£0.36 4.909
16 11,42+0.16 5.51+0.08 24.8210.14 52,44+0.37 5.81+0.22 4.906
20 11,69+0.28 5,50+0.18 25,12+0,19 52,14+0.23 5.55+0.32 4.817
0“  11.63%0.50 5,28+0.14 24.60+0.08 52,96+0.18 5.54+0.19 4.919
4 11,46%0.30 5.04£0.42 24.5610.29 53.82+1.07 5.13%+0,.60 5,068
25 8 11,34+0.42 5.32%0.20 24.75%+0,15563,39+0.34 5.20+0,33 5.002

12 11.20%0.11 5.43%0.07 24.78+0.08 52,66+0.26 5.88+0.22 5,101
16 11.42£0.16 5.43+0.20 24.95%0.12 52,66+0.47 5.54£0.20 4.936
20 11,60x0.19 5.56£0.05 25.08+0,1362,17%0.15 5,61+0,21 4.830

) UsS : Ratio of unsaturated fatty acids to unsaturated fatty acids
D p sample at zero heating time means one fried at 1 min after

temperature of the frying oil reached at 160C
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Conjugated dienoic acid(%
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Heating time(h)

Fig. 4-8. Effects of addition of spinach powder to flour dough on
conjugated dienoic acid formation of the fried products in soybean oil

at 160°C (A sample at zero heating time means one fried at 1 min after
reaching 160°C),
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Table 4-27. Duncan’s multiple range test for the effects of addition of

spinach powder to flour dough on p-anisidine value of the fried

products in soybean oil at 160°C,

p -Anisidine value(%)"’

Heating Addition level of spinach powder to the flour dough(%)
time
(h) 0 5 15 25
0% 24,49+0.23° 9.29+0. 85™ 9.46+1.32° 6.97+0.67°
4 23.25%1,52° 28,0910, 04° 27.39%1.00° 40.65%+1.21°
8 40.15*+1,06° 52.82%0. 05 31.24%0.16° 46.09+1,59°
12 58, 33+0. 79° 6982+0,12° 63.53+0, 44° 65.97+1.96
16 68.5210, 48° 94,77£0. 00° 81.80+0. 76" 96.02+2,24°
20 74.75%0, 22° 86.880.96° 104.38+0.78° 108.51£0.11°
Means 48.25" 56. 95" 52,97 60. 70"

1)

within the same row at =005

Different superscript means significant differences

among samples

Do sample at zero heating time means one fried at 1 min after

temperature of the frying oil reached at 160C
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Table 4-28. Duncan’s multiple range test for the effects of addition of
spinach powder flour dough on polar compounds formation of the fried
products in soybean oil at 1607C. '

Polar componds(%)"’

Heating Addition level of spinach powder to the flour dough(%)

time

(h) 0 5 15 25
0 12.0814.61° 12.50+1,25° 22.41+0,56" 15.19+0. 45
4 10.93+0. 52° 12,73+3.07° 17.26%3. 45° 13.71%0.09°
8 14, 34+1.83° 23,65%0,51° 17.89+0. 80° 20.89+0.19°
12 16, 78+4,07" 18,491, 06" 19.94+1, 32° 23.24+2,03°
16 17.61%1,87° 20,120, 82" 20.28+0. 75° 18,990, 35°
20 20.85+6.29° 20.95+0. 35° 17,28+0.13° 25,03+0. 37°

Means 15.43" 18.07" 19.18 19.51"

Y Different superscript means significant differences amongs samples

within the same row at @=0.05
D op sample at zero heating time means one fried at 1 min after
temperature of the frying oil reached at 160T
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Table 4-29. The effects of addition of spinach powder to flour dough on
fatty acid compositions of the fried products in soybean cil at 160TC.

Spinach  Heating Relative Content (%)
content time uss!
(%) (h) C16:0 C18:0 C18:1 C18:2 C18:3

0“  11.23+0.08 5.28+0.12 24.32+0.08 52.96+0.26 6.21%+0.26 5,055
4 11.34%0.11 5.27%0.10 24.40%0.07 53.07%0.26 5.92+0.34 5.016
8 11.37%0.09 5.42%0.07 24.59+£0,.0552,79+0.32 5.84%0.23 4,957

0 12 11.45+0.04 5.401+0.11 24.78+0.09 52,40£0.20 5.98+0.15 4,937
16 11.73%£0.06 5.33%0,17 24.79£0.1252,721+0.42 5.43+£0.45 4,861
20 11.63+0.07 5.43+0.19 24.90%0,22 52,57+0.35 5.38+0.37 4.855
0“  11.24+0.15 5.13%0.08 24.26+0.1553.60+0,39 5.78+0.32 5.109
4 11,66£0.12 5,32%0.25 25,22%0.07 53.26+0.59 4.66+0.38 4.929
5 8 11.60£0.02 5.32+0.19 25.03+0.08 5.10+0.31 5.10+0.31 4.912
12 11.73%£0.14 5.14%0.32 25.23%0.2553.301+0.44 4.60+£0.41 4,932
16 11.90+0.14 5.30%0.10 24.86+0.05 52,.571+0.33 5.361£0.33 4.812
20 12.02+0.34 5.33+0.10 25,17+0.07 52.71£0.36 4.77+0.21 4.765
0% 11.27£0.34 5.1310.14 24,73+0.1353.24+0.26 5.58+0.13 5.094
4 11.39+0.08 5.07+0.15 24.50£0.12 53.18%0.35 5.85+0.39 5.073
15 8 11.62+0.02 5.41+0.09 24.881+0.1852.4910.24 5.60+0.18 4.874
12 11.65%+0.15 5.17+0.19 24.89+0.11 52,79+0.40 5.50+0.30 4,944
16 11.68+0.21 5.29+0,22 24,781+0.08 52.40X0.52 5.83+0.51 4.893
20 11.76%0.10 5.2810.21 24,9410.1552.42+0,43 5.601+0.24 4.867
0 11.34%0.08 5.451+0.22 24.68+0.21 52.97+0.70 5.56£0.40 4.958
4 11.29%0.09 5.52%0.15 24.47£0.28 52.531+0.47 6.12+0.35 4.944
25 8 11,33£0.18 5.43%0.16 24.60+0.16 52.3810.36 6.27£0.33 4.973

12 11,66£0.12 5.421£0.15 24.93£0.09 52.32+0.38 5.65+0.22 4,853
16 11.63%0.13 5.48+0.10 25.36%0.27 52,30£0.23 5.23+0.22 4,844
20 11.79%0.07 5.51+0,06 25.53+0.08 52.05+0,11 5.12+0.09 4.780

Y UsS i Ratio of unsaturated fatty acids to unsaturated fatty acids
2 A sample at zero heating time means one fried at 1 min after
temperature of the frying oil reached at 160C
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Fig. 4-9. Effects of addition of spinach powder to flour dough on

conjugated dienoic acid formation of the fried products

storage at 60°C.
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Table 4-30. Duncan’s multiple range test for the effects of addition

of spinach powder to the snack food on the p-anisidine value of the

fried product during storage at 60T,

p -Anisidine value(%)"’

Stroage Addition level of spinach powder to the flour dough(%)
time
(days) 0 5 15 25
0 32.27+1,24° 28,95+, 10° 33,4415, 40° 22,453, 46°
2 29,822 40° 15.50+1, 34" 15.46+3,50° 12.21£0.22°
4 25. 760,18 12.82+3.31° 9.80+1.04™ 7.56+0, 80°
6 26.45+1.03° 13.78+1.98° 9,660, 78" 8.91+0, 84°
8 32.13£0, 65° 14.50%0. 96 6.760. 68" 6.80+0.12°
10 50.76+12,14° 18.74+0.10° 7.26+0.60° 7.24+0.24°
12 151,688, 82° 36.51 0. 80° 8.03%0, 14° 9.15%0. 38°
Total 49, 84" 20.11° 12, 92" 10. 62°

D" Dpifferent superscript means significant differences among samples

within the same row at «=0.05
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Table 4-31. Effects of addition of spinach powder to the snack food on

the fatty acid composition of the fried products during storage at 60

C.
Spinach  Stroage Relative Content (%)
contents time usst
(%) (days) C16:0 C18:0 C18:1 C18:2 C18:3
0 11,32+0.22 5.0510.33 23.79%0.48 53.01%£0.77 6.67:0.19 5.104
2 11.38+£0.46 4.951+0.25 24.25%0.47 52.461+0.42 6.55+0,.08 5.107
4 11.66+0,10 5.11+1.23 24,331+0.47 54.19+1,63 4.67+0.60 4.981
0 6 11.60%0,23 5.45+0,09 24,80+0,12 52.25%+0,18 5,89+0.27 4.863
8 11.81£0.21 5.25+0.13 24.64+0.23 52.58+0,44 5.72+0.13 4.863
10 12.22+0.68 5,54+0,13 25.69+0.24 51.42+0.74 5.141+0.40 4.638
12 14,82+0,10 6.782+0.20 28.78+1.12 44.90%0.41 4.21¥0.13 3.605
0 11.46+0.24 5.46%0,10 24.81%0.05 52.76%0.53 5.52+0.35 4.910
2 11.68+0.27 5.36+0.20 24.98+0.17 52.71+0.32 5.2710.48 4.869
4 11,.48+0.07 5,21£0,20 24,60+0,12 53.06%0.29 5.66£0.14 4.992
5 6 11,61%0.13 5,03£0.21 24.60%0.21 53.34%0.26 5.47+0.15 5.014
8 11.41+0.20 5,02+0.14 24.971+0.05 53.7910.14 4.81£0.11 5.086
10 11,471+0.25 4.94%0.12 24.90%0.31 53.54+0.21 5.16+0.45 5.097
12 11,97+0.16 5.24%0.03 25.2710.03 52.21+0.11 5.31 10,03 4.810
0 11,54£0.17 5,1240.08 24.34%0.05 52.99+0,18 6.01+0.25 5,002
2 11.45+0.09 5,14%0,14 24.72%0.35 52.851+0.21 5.85+0.21 5.031
4 11.26£0.06 4.96%0.11 24,18%0,04 53.70%0,32 5.90+0.25 5.166
15 6 11,43£0.18 4.81+0.08 24.31+0.40 53.981+0.14 5.481+0.46 5.160
8 11.39£0.09 4,71£0.24 24,08+0.24 52.291+0.68 5.54+0.59 5.215
10 11.26£0.10 4.82+0.15 24.09%0.06 53.92+0.48 5.90+0.35 5,217
12 11.48%0.31 4.76%0.31 24,13%+0.10 53.87+0,57 5.77+0.66 5. 161
0 11.49£0.05 4.96+0.09 24.15+0.08 53.501+0.38 5.901+0.43 5.080
2 11.45+0.13 5.10%0.10 24.26%0.10 53.04+0.10 6.16+0.04 5.044
4 11.53£0.10 4.89+0.05 24.15X0.17 53.651+0.28 5.79+0.31 5.091
25 6 11,37+0.10 4.83%0.28 24.11%0.19 53.67%0.73 6.02£0.20 5.175
8 11.43%0,12 4.65%0,12 23,73+0,10 54.20%+0.15 5.99+0.13 5.219
10 11.55+0.21 4.68+0.33 23.73+0.46 53.840.50 6.1930.20 5.163
12 11.65%+0.20 4.87+0.25 24.31%0.25 53.69+0.60 5.57+0,30 5.061

D Uss : Ratio of unsaturated fatty acids to unsaturated fatty acids
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Table 4-32. Composition of dough for snack,

Ingredient (g)

Samples Water Wheat flour  Carrot powder
Control 35 100 0

10% addition 35 90 10

20% addition 35 80 20

30% addition 35 70 30
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Peroxide value (mea/kg ¢

. Heatingtme(h)

Fig. 4-10, Effects of carrot powder added to snack on peroxide values
of soybean oil during frying at 160C (A sample at zero heating
time means one fried at lmin after temperature of the frying oil
reached at 160°C).
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Fig. 4-11, Effects of carrot powder added to snack on acid values
of soybean oil during frying at 160°C (A sample at zero heating time
means one fried at lmin after temperature of the frying oil reached at
160 C).
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Table 4-33. Duncan’'s multiple range test for the effects of carrot

powder added to snack on conjugated dienoic acid contents of soybean

oil during frying at 160C.

Conjugated dienocic acid (%)"’

Addition level of carrot powder to the flour dough{%)

Heating

time(h) 0¥ 10 20 30
0 4.37+0.32° 5,140, 40° 4.86+0. 42" 5.11+0. 28"
4 5.8210. 20° 7.8910, 80° 6.58+0.21° 6.54%0.18"
8 7.06%0.09° 9,47+0, 49° 8.05+0, 23° 8.29+0, 25
12 8.37+0.18° 10,320, 29° 10.09+0.15° 10, 81 +0, 30°
16 9.08+0.41° 11,800, 25 11,74+0,18" 11.45+0.13°
20 9.74+0.11° 14.97+0. 86" 13.49+0,62° 13.98+0.94°

Means 7.41° 9,93 9.14" 9, 36"

D' Different superscript means significant difference among samples

within the same row at «=0,05

2)

A sample at zero heating time means one fried at Imin after

temperature of the frying oil reached at 160°C
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Table 4-34. Duncan’s multiple range test for the effects of carrot

powder added to snack on p-anisidine values of soybean oil during

frying at 160C.

p-anisidine value'’

Addition level of carrot powder to the flour dough (%)

Heating

time(h) 0% 10 20 30
0 4.39+0. 47 3.56+0.11° 7.44%1.43° 5.67+0.61°
4 27.73+0.43° 46.86+0. 53" 50,17+14.18° 36.81+1.12"
8 55.26%1,52° 75.17+1,12° 73.21+2.16° 65.04%0,.11°
12 81.96+1,40° 94,050, 92* 99.84 5. 89° 90.42+1,54°
16 93.48+0.94° 105.36%0, 75° 115.21£0,10° 111.88+2.77°
20 105, 380, 38° 114.55%1. 69° 128.45+1.11° 128.29+0. 97°

Means 61.37" 73.26" 79.05" 73.02"

Y pifferent superscript means significant difference among samples

within the same row at @=0.05

2)

temperature of the frying oil reached at 160°C
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Table 4-35. Duncan’s multiple range test for the effects of carrot

powder added to snack on polar compound contents of soybean oil during

frying at 160TC,

Polar compound (%)"’

Addition level of carrot powder to the flour dough (%)

Heating

time(h) 0 10 20 30
0 6.84+0,18" 5.80+0, 35" 4.9710.08° 3.76%0.47°
4 7.46%0.11° 7.54+0.01° 8.31+0. 84° 5.56+0, 38
8 8.77£0.57° 10.54%1.86° 9.60+0.53° 7.82+0, 33°
12 9.73+0,93° 10.93+0. 58° 12.37+2.89° 12.63+0,01°
16 10.91£0.44° 12.74+0.62% 14.27+1.91° 13.53%0. 64
20 16.15%0, 64* 13.89+0. 84° 16,851, 64 17.68%1.11°

Means 15. 43" 16. 46" 16. 62" 17.34"

Y pjifferent superscript means significant difference among samples

within the same row at «=0.05

2)

A sample at zero heating time means one fried at lmin after

temperature of the frying oil reached at 160C
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Table 4-36. Effects of carrot powder added to snack on fatty acid

contents of soybean oil during frying at 160°C,

Carrot Heating

Relative Content (%)

content time uss"
(%) (h) C16:0 C18:0 C18:1 C18:2 C18:3

0 11,10+0.19 5.39%0.03 24.87+0.24 52.79+0,12 5.87£0,.10 5.068

4 11.24%0.09 4,72+0.80 24.92+0,1953,44+0,.64 5.69+0,.14 5,268

0 8 11.52+0.10 5.22%£0.23 24,91+0,09 53,19%+0,62 5,17+0.40 4,975

12 11.50%£0.16 5.38+0.02 24.74:£0,08 52,73+0.16 5.71+0,22 4,926

16 11,70%x0.05 5.16%+0.39 25.22+0,18 53.30+0,73 4.62%0.20 4,931

20 11.84+0.21 5.41%0.06 25.32%0,2752,69+0.19 4.74+0.52 4.798

0 11.27£0.11 5.37+0.10 24.63+0.15 52.87X0.20 5.85+0.23 5.038

4 11,36+0.14 5,40%0.31 24,75+0.10 52,86%0.61 5.64%0,28 4,967

8 11,36%0.16 5,25+0,12 24,64+0,10 53,06%:0,19 5,70%0.26 5,023

10 12 11.58%0,04 5,28+0.24 25.09%£0.12 52.8710.63 5,18%+0.30 4,932

16 11.66%0,10 5.62+0.07 25.10%£0,.07 52.01%0.13 5.61%0.20 4.786

20 11,36%+0,09 5.71+0,07 25.27+0.05 51.69%0,25 5.67%0,14 4,842

0 11.32£0.25 5.41+0.08 24,50+0.15 52.73%£0.06 6.12:%0.14 4.980

4 11,36%+0,17 5.50£0.09 24.68+0,11 52,37+0.23 6.09%+0.35 4,930

20 8 11.471+0.06 5.56+0.11 25.05+0,06 52.44+0.13 5,48:+0.12 4.872

12 11.44%0.20 5.41+0,08 25.18+0.10 52.56+0,31 5,31+0.18 4,930

16 11,55%0.2065.59+0.17 25.12+0.08 52.02%0.31 5.731+0.34 4.835

20  11.47%0.07 5.74%0.19 25.333:0.13 51.51%0.37 5.77+0.14 4.799

11,14+0,03 5.65%0.03 24.72+0,07 52,29%0,23 6.20£0.20 4.955

11,20+0.11 5.18+0.20 24.601+0,26 53.4710.45 5.56+0,28 5.106

0 11.29%0.12 5,37+0.07 24.88+0.13 52,76%£0.29 5.71£0.27 5.001

12 11,68%0.08 5.24£0.11 24.67+0.18 53.00+0.14 5.42%0,29 4,912

16 11,52%0.12 5,53%0.15 24,83%+0.19 52,28%+0.37 5.85%+0.16 4.867

20 11.30%+0.17 5.54+0.06 25.34+0.12 52.16+0.16 5.23%0.25 4.915

Y U/ : Ratio of unsaturated fatty acid to saturated fatty acid

2oa sample at zero heating time means one fried at 1lmin after

temperature of the frying oil reached at 160C
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Fig., 4-12, Effects of carrot powder added to snack on conjugated
dienoic acid contents of the fried products in soybean oil at 160°C
(A sample at =zero heating time means one fried at Imin after
temperature of the frying oil reached at 160°C),
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Table 4-37. Duncan’s multiple range test for the effects of carrot
powder added to snack on p-anisidine values of the fried products in

soybean oil at 160C.

p-anisidine value'’

Addition level of carrot powder to the flour dough (%)

Heating

time(h) 0% 10 20 30
0 24.140.61° 9.76£0.63° 14,9412, 28° 26.26+1, 43°
4 24.10%1,53° 38,8610, 48° 46.29+0. 66° 39.65%1, 58°
8 40.63%0.91° 61.35+1, 36" 79. 351, 00° 52.19%0, 77°
12 58.71+0, 73° 88.14%1,62° 89.11+0, 99° 83. 260, 62°
16 68. 910, 69° 109. 360, 99° 93,960, 32° 111.80+£1,53°
20 74,8710, 21° 101.31£0,51° 123.14%1.52° 123.88+0. 25°

Means 48, 56" 68,13™ 74. 46" 72.84°

1)

within the same row at @=0,05

2)

temperature of the frying oil reached at 160C

361
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Table 4-38. Duncan’s multiple rage test for the effects of carrot
powder added to snack on polar compound contents of the fried products
in soybean oil at 160°C,

Polar compound'’ (%)

Addition level of carrot powder to the flour dough (%)

Heating

time(h) 0 10 20 30
0 9.64%1.15° 11,733, 11° 11.00%1,14° 12.95+1.91°
4 10,94%0,51° 15,14%3,20° 14,12+1, 77" 14,6110, 82°
8 14.34+1,83° 16,13%3.15° 13.69+0, 39" 16.96+0. 59"
12 16.77+4.08° 17.62£0. 42" 19,350, 38" 17.48+5, 44°
16 17.62*+1.86° 19.82+254" 22,26%5,17° 18.73*4, 04"
20 20.84+6.31° 18.31%1,07° 19.34+0. 48° 23.33%+0.31°

Means 15,43 16. 46" 16. 62" 17.34"

Y pifferent superscript means significant difference among samples
within the same row at @=0.05
2 A sample at zero heating time means one fried at lmin after

temperature of the frying oil reached at 160T
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Table 4-39. Effects of carrot powder added to snack on fatty acid
contents of the fried products in soybean oil at 160°C.
éiﬁ:::; Heating Relative Content (%) U
o  timeth) e C18:0 c18:1 C18:2 c18:3
0 11,23+0.08 5.28+0,12 24.31%0.08 52.96+0.26 6.21+0.26 5.055
4 11,34+0.11 5.27%0.10 24.40%0.07 53.07+0.26 5.92%+0.34 5,016
0 8 11,37+0.09 5.421+0.07 24.59+0.05 52,791+0.32 5.84%+0.23 4,957
12 11.45%0.04 5.40%0.11 24,78%0.09 52.40%0.20 5.98%+0.15 4.937
16 11,73+0.06 5.33%0,17 24.79%0.12 52,72+0.42 5,431+0.45 4.861
20 11,63+0.07 5.43%0.19 24.90%0.22 52.57+0.35 5.38%£0.37 4.855
0 11,15%£0,09 5.58+0.03 24.55+0.05 52.50+0.08 6.22+0,07 4.979
4 11.14+0.08 5.621+0.03 24.71+0.07 52.22+0.05 6.32%0.16 4.967
10 8 11,35%£0.15 5.67%+0.13 25.01%0.20 52,024+0.26 5.96+0.41 4.876
12 11.56+0.18 5.74%0,15 25.33%0.04 51.88%0.44 5.49%0.27 4,783
16 11.60+0.06 5.76+0.05 25.31%0.11 51.70%0.08 5.63+0.15 4.761
20 11.62£0,09 5.77£0.06 25.32+0.09 51.49%0.17 5.81+0.17 4.752
0 11,11+0,22 5.51+0.04 24,68%0.16 52,96+0.23 5,75+0.30 5.017
4 11.32£0.11 5.80%0.15 24.95+0.24 51.89+%0.13 6.05+0.37 4.843
20 8 11.41+0.08 5.71+0.08 24,95%+0.13 52.00%0,19 5,93+0.20 4,840
12 11,57+0.12 5.92+0.11 25.48%0.10 51.46*0.09 5.57x0.15 4,719
16 11.60£0,07 5.99+0,20 25.58%0.11 51,24*0.29 5.60%0.09 4.688
20 11.80%0.07 5.87%+0.14 25.46%0.19 51.43%0.17 5.45%0.11 4.661
0 11,20%0.06 5.64+0.09 24.83%0.19 52.46+0.14 5,88+0.17 4,937
4 11.36£0.02 5.47+0.11 24,74%0.14 52,61£0.19 5,82%+0.07 4,939
30 8 11.78%+0.14 5.98+0.07 25,04%0.06 51.66:+0,22 5,554+0,27 4,632
12 11,63+0,11 5.86+0,12 25.29%0.10 51.36+0.21 5.5910.14 4,704
16 11.71+0.12 5.82%0,05 25.36%0,12 51.59£0,08 5.53+0.21 4,705
20 11.88+0.10 5.86+0.06 25.27%0.10 51.49£0.13 5,50+0.18 4,635

Y U/8 : Ratio of unsaturated fatty acid to saturated fatty acid

2)

temperature of the frying oil reached at 160°C
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Table 4-40. Duncan’s multiple range test for the effects of carrot
powder added to snack on p-anisidine values of the fried products

during storage under dark,

p-anisidine value'’

Storage Addition level of carrot powder to the flour dough (%)

time

(days) 0 10 20 30
0 32.90%1.49° 35.34%0.42° 36.15+3.02° 22.19%+17,73°
2 29.82+1.24° 25,7210, 26" 22.55%0, 68° 29.54+8.16°
4 25.76+0.18° 22.08x1,67° 20.84+0.42° 22.16%1.11°
6 26.45+1.03° 24.79+1.31% 18.85%3.15° 19.62+1.69™
8 32.13%0.65° 25,780, 53° 21.86+0.13° 19.73+0,73"
10 50.76+12.14° 36.7910. 44" 24.05%+1.81° 22,13+2.15
12 151,688, 82° 44.87%+2.19° 26,4414, 06° 23.62%2, 78°

Means 50. 04" 30, 77" 24, 39" 22.71"

Y Different superscript means significant difference among samples

within the same row at «=0.05
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Table 4-41,
contents of the fried products during storage under dark,

Effects of carrot powder added to snack on

fatty acid

Carrot
content

(%)

Storage
times
(days)

Relative Content (%)

C16:0 C18:0

C18:1 C18:2

C18:3

ussY

0
2

o O

-
NN o

11
11
11
11
11

12.22+%0.68
14.82+0.10

.32£0.21 5.05%0.33
.38%0.46 4.95%0.25
.66%£0.12 5.11%0.75
.60+0.23 5.45+0.09
.81%+0.21 5.25%0.13
5.54%0,13
6.80%0.22

23.
24.
24.
24.
24.
25,
28.

7910.48 53,01£0.77
250,47 52,4610.42
33£0.34 54.191+0.53
80%0,12 52,25%0.18
6410.23 52.58+0.44
69+0.24 51.42%0.74
78+1.12 44.90£0.41

6.70+0,12
6.55610.27
4.6710,25
5.891£0.05
5.72%+0.11
5.14%+0,19
4,21%0.04

5.104
5.107
4,981
4,863
4.863
4.638
3. 603

10

OO

—
N O

11.
11.
11.
11.
11.
11.
11,

4310.08
21%0.11
280, 09
4710.10
51%0,17
4110.27
82+0.14

5381014
5.194+0,07
5.44%0,05
5.36x0, 14
5.56%0.06
5.41%0,23
5.51%0,13

24,
24.
24,
24,
24,
25.
25.

510,33 52.43+0.29
21£0,10 52,97+0.24
52+0,02 52,34%0.10
5310.05 52.40%0,22
740,11 51.87%0.13
10£0.13 51,96+0.38
17+£0.13 51,6710, 34

6.25x0.23
6.42+0,09
6.43%0.04
6.25%0.18
6.33%0.19
6.12X0.01
5.83X0, 14

4,950
5.096
4.984
4.945
4. 860
4. 950
4.772

20

R Oyt O

P
N O

11,
11.

11

11.
11.
11.
11,

36+0.17
42+0.16
.50+0.04
36+0.09
51%£0.17
61£0.07
610,04

4.91£0,17
5.10%0.13
5.26%0,05
5,.22%0,06
5.32%0.15
5.24+0.10
5.20%0.08

24,
24,
24,
24,
24,
24,
24,

0610.25 53.37%0.20
250,20 53,08L£0.22
471+0.18 52.63%0.20
45+0.06 52.68+0.07
75%0.29 52.24%0.65
621£0.12 52,6610, 22
6210.08 52,.69+0.11

6.30+£0.34
6.21+0.12
6.13*0,12
6.30%0.03
6.181+0,.24
5,88+0,07
5.88+£0. 10

5.146
5. 056
4. 966
5.032
4.944
4.937
4. 951

30

OO

bk
N o

11.
11.
11.
11.
11.
11.
11,

37+0.02
3910.07
37£0.05

5,08%0,03
5.15%0, 06
5.39%0.12
51%0,05 5.12%+0.08
47%+0.07 5.10%0.11
5710.05 5.32+0.03
54+0.02 5.35+0.07

24,
24.
24,
24,
24,
24,
24.

12+0.04 53,131+0.05
18£0.08 53.00£0.13
531+0.09 52.50£0.20
37£0.08 52.89+0.13
290,07 53.08%+0.19
65+0.03 52, 56+0.06
76+0.05 52.49+0.15

6.3010.12
6.28+0.03
6.23%0.03
6.12%0.10
6.060.06
5,91£0.05
5,87+0.03

5,078
5.047
4,969
5.016
5.035
4.924
4.924

Y u/S : Ratio of unsaturated fatty acid to saturated fatty acid



	고품질 채소류의 가공기술의 개발

	요약문

	목차

	제1장 서론

	제2장 효소 불활성화에 의한 고품질 채소류의 가공기술 개발

	제1절 서설

	제2절 야채류 품질저하요인 규명

	1. 시료의 구입 및 처리

	2. 인지질, 당지질 및 중생 지질의 정량방법
	3. 인지질, 당지질 분해효소의 정량
	4. 시금치에서 phospholipase C와 phospholipase D의 분리 및 정제 
	5. Phosphatidyl inositol specific phospholipase C 정제

	제3절 야채류 품질관련 효소의 생화학적 특성

	1. LAHase의 작용에 의한 품질저하 
	2. Phospholipase C의 생화학적 특성

	3. Phospholipase D의 생화학적 특성


	제4절 야채류 가공공정별 효소의 작용
	1. 시금치와 당근에 들어있는 LAHase 의 열안성

	2. 동결건조가 효소의 미치는 영향


	제5절 효소불활성화에 의한 고품질 채소류의 가공기술
개발
	1. 채소류(당근) 품질관련 효소특성

	2. 채소류(당근) 가공공정(열처리) 충 효소의 작용
	3. 채소류(당근)의 조직감 개선

	제6절 블렌칭 공정의 최척화 및 블렌칭 indicator enzyme 선정 
	1. 시금치의 Intact cell에 존재하는 인지질 및 당지질 분해효소의 열안정성 측정 
	2. 살균공정 후 냉동과정에서의 품질변화
	3. 건조당근의 예비열처리 유·무에 따른 저장 중 품질변화
	4. 동결건조 당근의 저장



	제3장 채소류의 가공적성연구에 따른 최척공정 기술 개발
	제1절 서설

	제2절 가공시 야채류 품질 저하 요인규명 및 관련 기작 연구
	1. 앙파 조직의 가열연화의 속도론적 연구

	2. 고팩틴질 채소류의 동결건조 texture에 관한 연구 
	3. 가열처리시 채소류 퇴색방지


	제3절 가공시 야채류의 조직감, 색상 개선 관련 연구 
	1. 가열시 조직 연화 방지법

	2. 양파의 예비 열처리시 칼슘이온의 adsorption에 관한 연구 
	3. 동결건조채소류 조직감 개선

	제4절 채소류의 가공적성 연구에 따른 최척공정 기술 개발

	1. 가열살균시 조직연화 방지법

	2. 동결건조채소류 조직감 개선



	제4장 색소와 풍미 안정성에 따른 고품질 채소류의 가공기술 개발 
	제1절 서설
	제2절 채소류(시금치, 당근)의 색소 안정성 증진 연구 
	1. 시료의 구입 및 처리
	2. 채소류의 색소 성분 추출 및 분석
	3. 가공공정 및 저장조건 벌 채소류 색소성분의 변화
	4. 채소류의 색소 안정성 증진을 위한 시료제조와 반응 조건 및 영향


	제3절 채소류(시금치, 당근)의 풍미 안정성 증진 연구
	1. 시료의 구입 및 처리

	2. 채소류의 풍미 성분 추출 및 분석

	3. 가공 공정 및 저장 조건별 채소류 풍미 성분의 변화
	4. 채소류의 풍미 안정성 증진율 위한 시료의 제조


	제5장 지질 산화 억제에 의한 고품질 채소류의 가공 기술 개발
	제1절 서설 
	제2절 시금치 지질 분석 및 지질 산화
	1. 시금치 지질의 추출 및 분리
	2. 지질의 분석

	제3절 시금치 전처리 과정에 따른 지질 변화 
	1. 수분 함량과 건조 수율 
	2. 지질의 조성
	3. 지방산 조성

	제4절 저장에 따른 시금치 분말의 지질 변화

	1. 시료의 준비 및 저장 조건

	2. 시금치 지질의 분석
	3. 지질의 조성
	4. 지질의 지방산 조성


	제5절 시금치 분말을 첨가한 밀가루 반죽을 튀길 때 기름의 산화 및 튀김제품의 저장성

	1. 시료의 준비, 튀김 및 저장 조건
	2. 튀김 중 튀김유의 화학적 변화
	3. 튀김유의 가열 시간에 따른 튀김제폼의 유지산화

	4. 저장 중 튀김시료의 유지산화안정성


	제6절 당근 분말을 첨가한 밀가루 반죽을 튀킬 때 기름의 산화 및 튀김제품의 저장성

	1. 시료의 준비, 튀김 및 저장 조건 
	2. 튀김 중 튀김유의 산화

	3. 튀김유의 가열정도에 따른 튀김제품의 산화

	4. 튀김제품의 저장 중 유지산화안전성





