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Elucidation of the structure of half-dried vegetables and
investigation of their cooking properties

Yuko Hisamatsu

Increasing vegetable consumption is one way to prevent lifestyle-related
diseases. Close to 90% of vegetables is water, so the current study examined the
effectiveness of using half-dried vegetables that had a moderately decreased water
content. A previous study dried vegetables with the sun (mean air temperature of
23°C, mean humidity of 20%, mean wind velocity of 2 m/s) and in a temperature-
controlled cabinet (60°C), and that study found that the essential characteristics
of half-dried vegetables differed after cooking. The previous study also found that
sun drying produced “half-dried vegetables” of high quality that weighed 30% less.
Ascertaining the factors for these benefits of sun drying will allow the
determination of more specific conditions for cooking half-dried vegetables, and
ascertaining those factors would help to determine how vegetables could be used
effectively in meals.

This paper has examined the tissue, physical properties, and function of half-
dried daikon radish. In addition, this paper has examined whether pumpkin,
mushroom and fruit have tissue structured like that of the daikon radish and
whether the essential characteristics of those foods change in accordance with their
structure. Moreover, this paper has examined cooking properties for vegetables
that were half-dried in the sun in order to facilitate their use in home cooking.

Part 1 examines differences in the structure of half-dried vegetable tissue and it
examines the relationship between the structure of vegetable tissue and changes in
the physical properties and antioxidant capacity of vegetables.

Chapter 1 described how the structure of fresh and half-dried Japanese radish
tissue was observed with a scanning electron microscope (SEM). Chapter 1 also
examines whether differences in the structure of fresh and half-dried tissues can
be predicted based on their physical properties.

A look at SEM images reveals that cells in specimens that were dried in a
temperature controlled cabinet were uniformly desiccated. However, cells on the
surface of sun-dried samples formed membranous tissue. The tissue contained
resilient cell tissue like in the fresh samples. In addition, physical properties were

found to reflect differences in the structure of tissue. Sun-dried samples had a



relatively high breaking stress and tissue that was less susceptible to degradation.
In other words, resulted suggested the presence of membranous tissue. A high
Young’s modulus and a low breaking strain reflect the presence of cell tissue like
the fresh samples. Moreover, samples that were dried in air had a breaking stress
higher than that of sun-dried samples. Samples dried in air presumably contain
firm, sturdy membranous tissue. In other words, temperature must be controlled
without encouraging moisture to diffuse in the specimen and air must promote
drying of the surface alone for membranous tissue to form.

Chapter 2 examines the relationship between changes in the antioxidant activity
of vegetables as a result of partial drying and the structure of vegetable tissue.

Peroxyl radical scavenging activity was measured in fresh samples and sun-
dried samples using chemiluminescence before samples were boiled, and the
antioxidant activity of samples was compared. Sun-dried samples had less
antioxidant activity than fresh samples did. However, a previous study indicated
that sun-dried samples after boiling retain their antioxidant activity better than
fresh samples after boiling. Membranous tissue that forms in sun-dried vegetables
is presumably involved in inhibiting dissolution during boiling.

Pumpkin has a high starch content and differs from daikon radish. In light of
the results in Chapters 1 and 2, Chapter 3 examines changes in the structure of
pumpkin tissue based on the disruption of pumpkin samples.

Sun-dried pumpkin samples had a higher breaking stress than fresh samples did
and sun-dried samples were less likely to become mushy, suggesting the formation
of membranous tissue like those in the Japanese radish. The starchy vegetables
degrades when those vegetables become mushy, resulting in decreased intake of
vegetables. Thus, sun-drying is an effective way to keep those vegetables from
becoming mushy.

In order to determine if non-vegetable foods can be half-dried as well, Part 2
examines whether half-dried mushroom and fruit have the same essential quality
as fresh vegetables. Part 2 discusses optimal conditions for preparation and it
speculates on changes in the structure of half-dried tissue.

Chapter 1 describes how mushrooms were dried in different ways and then used
in cooking. Chapter 1 also predicts structural changes based on quality and
antioxidant activity and it examines optimal conditions for half-drying.

Sun-dried maitake samples had greater antioxidant activity than fresh samples

had. A comparison of the antioxidant activity in soup from boiled samples



indicated that sun-dried samples had significantly lower antioxidant activity and
less elution of pigments. Thus, the elution of antioxidant components was
presumably inhibited. In other words, membranous tissue presumably formed in a
mushroom as a result of sun-drying, much as it formed in the Japanese radish. In
addition, sun-dried samples were found to have more vitamin D, than fresh
samples. A 50% decrease in the weight of half-dried mushrooms as a result of sun-
drying was deemed to be optimal for preparation of half-dried mushroom samples.

Chapter 2 describes how half-dried kiwi samples were prepared, assuming fruit
would be turned into a fruit paste. Chapter 2 also examined the potential
practicality of using half-dried kiwis based on their essential quality. Moreover,
Chapter 2 speculated whether changes in the structure of half-dried tissue would
be found in half-dried kiwi samples.

Sun-dried kiwi had a coloring like that of fresh kiwi, and sun-dried kiwi had no
significant decrease in its peroxyl radical scavenging activity or superoxide anion
radical scavenging activity (like that of SOD). Sun-dried kiwi also has a viscosity
that goes well with cooked food, so sun-dried kiwi could be practically made into
a fruit paste with considerable health benefits. Changes in the quality suggested
that sun-dried kiwi had tissue like that found in fresh kiwi. A structure like that
found in half-dried vegetables was presumably formed in sun-dried kiwi as well.

Assuming that half-dried vegetables will be used in home cooking, Part 3
examined changes in the weight of boiled vegetables and the properties of
seasoning with sugar and salt.

Boiling sun-dried vegetables was found to reduce their weight and bulk. Boiling
those vegetables was found to be an effective way to increase the intake of
vegetables. In addition, sun-dried samples that were boiled in pure water alone
had a high sugar content. That content was equivalent to boiling fresh samples in
a 5% sugar solution. This finding means that sugar use and intake can be reduced
when using sun-dried vegetables. When seasoned with salt, fresh samples and sun-
dried samples had an equivalent salt concentration. Given the differences in weight
as a result of boiling, however, salt intake can be reduced through use of sun-dried
samples that yield a smaller amount of prepared food.

Structural changes due to sun-drying were crucial to exploiting the superior
properties of half-dried vegetables in order to increase the consumption of half-
dried vegetables. This research has revealed that membranous tissue is formed by

that moisture is kept from diffusing when the surface of food is air-dried. A



promising finding is that such drying may cause mushrooms and fruit to have
essential quality like that of some half-dried vegetables.

Assuming that half-dried vegetables will be used in actual cooking, this research
has examined methods of cooking using sun-dried vegetables. Findings revealed
that half-drying reduced the final bulk of those vegetables and it reduced the use
of seasonings by capitalizing on the sweetness of the vegetables themselves. Thus,
half-dried vegetables don’t hamper their original palatability and half-drying
retains the considerable health benefits of vegetables in terms of preventing
lifestyle-related diseases. Half-dried vegetables may help to increase vegetable
consumption and it may help to make cooking easier. Half-dried vegetables can be

used effectively in regular meals.
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Table 1. Basic property of sample
radish

boiled half-dried Japanese

Measurement item

Sun—dry Machine—dry
Boiling time Short Short
Physical Rupture stress [-] Hard
rt
property Rupture strain [-] Supple
Lightness Dark Dark
Color +Red©Green— [-] [-]
+YellowsBlue — Vivid yellow Light yellow
Smell Strength of the smell Weak [-]
Sugar content Much Much
Component
Amino acid content Much Much
Antlo.X|.dant Peroxyl radlc.all scavenging High [-]
activity activity

The table shows the differences from the basic property of fresh
vegetable sample. There is a significant difference in the item

with description: p<0.05
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Table 2. Basic property of sample boiled half-dried pumpkin

Measurement item Sun—dry Machine—dry
Boiling time Short Short
Physical Rupture stress [-] (Hard)
rt
property Rupture strain [-] (Supple)
Lightness [-] [-]
Color +Red<Green-— Red [-]
+YellowBlue — Yellow [-]
Smell Strength of the smell [-] [-]
Sugar content Much Much
Component
Amino acid content Much Much
Antiolxi.dant Peroxyl radic.all scavenging High [-]
activity activity

The table shows the differences from the basic property of fresh
vegetable sample. There is a significant difference in the item
with description: p<0.05
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Fig.1-1. Sample preparation for observing with a scanning electron
microscopy
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Fig.1-2. Scanning electron micrographs (SEM) of each Japanese
radish samples(x300)

SEM images of Japanese radish is shown below the dotted line.
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Fig.1-3. The scanning electron micrograph of sun-dried Japanese
radish sample (x500)
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Fig.1-4. Rupture stress-strain diagram of Japanese radish samples
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Fig.1-5. Rupture properties of Japanese radish samples

@® : Fresh sample, M : Sun-dry sample,A : Machine-dry sample
(A)YEo(Pa)=0 «/ ¢ .

( Eo: Young’s modulus , o ¢: Stress , ¢ (: Strain )

(B) The dark figure shows the mean.

Different letters indicate significant difference (p < 0.05).
(n = 8).
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Fig.1-6. Rupture stress-strain diagram at 30 -70 % penetration of
Japanese radish samples
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Fig.1-7. Rupture stress-strain diagram of Japanese radish samples
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Fig.1-8. Rupture properties of Japanese radish samples

Different letters indicate significant difference (p < 0.05).
(n = 8).
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Fig.1-9. Rupture stress-strain diagram at 30 -70 % penetration of air-

dried Japanese radish samples
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—TAHAm L, migibeEO W EHRAE & L7,
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DY A 2 RO BRI VA F T UL
% M) Hl &
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Fig.1-10. Comparison between two types of Japanese radish samples
in the antioxidant activity

Different letters indicate significant difference (p < 0.05).
Values represent mean £ SD (n = 4).
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KeELTHEZDODND, EX¥I vy ClEmMahd<, £%4
2 TiE 21 mg/l00 g THDH DK L, 100g DAEX A 2 %
M ESEEYY TLEA 2T L7 mg/5.91 gk, WEOD
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M), 72 & OVIZ 1H IR JE & 5 R E 60°C: wo R A 3 FF)HIC &
D E B DR 30%O R 2R L,
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B R NIE T L, Fig.1-11-(B)TIX, ilr ER iz W
THLEPAEICELS ko, ZTOMHEMEOHEIT X 4 a2 K
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Fig.1-11. Rupture properties of pumpkin samples

@® Fresh sample, @ : Sun-dry sample, A :Machine-dry sample

(A)YEo(Pa)=0 / ¢ .

( Eo : Young’s modulus , o (: Stress , ¢ ¢: Strain )

(B) The dark figure shows the mean.

Different letters indicate significant difference (p < 0.05).
(n =4).
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(Fig.1-11-(B)), Z OMEIZ, A4 2O KHEERE D SEM
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MEED X7 F o OWERHESNDN, ZTHnITMA T, 7
YT UEOLZ N RIT, 24 FEREEOFIEQOC)H)RAFIZ XD
Gilrim o MiRE CEAZNM T Z D 3D, Zh b FRREOIR
EiHCTholm RAGBEBRABOME IE I Mmoo LD A
Bloml ol B 210,

SHIEARTFT ¥y ORHAFEERE TIX, AN EIDICL

Wl RNBLE SN (Fig l-12), T XU E OB FE T, wmoTm

Fig.1-12. Comparison between two types of mushy pumpkins after
processing boiled samples

Mushy pumpkin is shown in each circle.
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400 X550 mm, BEL o F LME)ZHWwW, BEHHNXFT 1 H 8
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M AEREFTEYE AT, ERABOFH AT Y CEBS DX
ODEBAEREL, 2B O@mBE LML X5 EEKTERK
OEAIIZ DWW THEBERF L2,
3)IZ B Ek B E

41



FAEOILBWERT A~ A4 X 71220 TIL, 128V ilkhl %
(SR AET R, FF-2A) E AT Y 7 b o = 7 (W& " AE
prid, Asmell)Z 80 U, xR MIT o FEC I EHR B
DB W A2 B Lz D, BlEIiT®EERD
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-

D
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T, —ERESBON %, £ EELE Tukey 2 W THRE
L, AEKEZ 5%K & L, 7, MERE 5% L 10%K
i DEICHO>WVWT, FEBEMI® D5 L HEL L,

1.3 R k& %

1) H & &AL R o #& R £ AL
MBEORLZLEX ) aRlABOEENDROREL L Z &
i f & LT Fig2-1lcRm" L, ¥/ a0ofEENTHRD L, ¥
AV, A B ITEEBEBOEN R TCHEBENE EL, VA4
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Fig.2-1. Temporal changes in the degree of decrease in weight
of various mushroom samples by each drying treatment
(n=3)

Table 2-1. Drying time (h) of mushroom samples determined
from weight reduction curves given in figure 2-1

Sun drying Machine drying
Rate of weight 30 % 50 % 30 % 50 %
decrease
Shiitake 4.6 9.1 1.8 35
Shimeji 2.9 4.8 0.5 1.2
Maitake 2.7 43 0.5 1.2

Numbers indicate hours (n=3).
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1.0

The ratio of weight
S
(@)

0.0 ‘ T
0% Sun Sun Machine Machine
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Dry samples

O Before boiling B After boiling

Fig.2-2. Comparison of the weight before and after boiling
treatments of Shiitake samples with different drying processes

* : Significant difference (p <0.05).

Significant differences among the boiled standard sample and the
other samples are p <0.05.

This figure represents the weight ratio of each sample to the non-
dry sample.

Each value is mean = SD (n=6).
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Fig.2-3. Comparison of the apparent area rate before and after
boiling treatments of Shiitake samples with different drying process

Significant differences among the boiled standard sample and the
other boiled samples are p < 0.05.

Boiled before and after in all the dried sample: Significant
difference (p < 0.05).

Values shown in the figure is represented by the area ratio of each
sample to the non-dry sample.

Each value is mean + SD (n=3).
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Fig.2-4. Comparison of (A) the odor strength and (B) the odor
quality of boiled Maitake samples during different drying process.

(A) *: Significant difference (p < 0.05, n=3).

Each value is mean £ SD.
(B) *: Significant difference to the standard (0 % weight loss)
sample (p < 0.05, n=3).
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Fig.2-5. Amount of free amino acids of the boiled mushroom
samples after different drying processes

*. Significant difference (p <0.05).
Each value is mean = SD (n=3).
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Fig.2-6. Amount of free amino acids divided by the taste of the
boiled Maitake samples during different drying processes

Free amino acids with umami and sweet taste: Aspartic acid,
threonine, serine, glutamic acid, proline, glycine and alanine.

Free amino acids with bitter taste: Valine, methionine, isoleucine,
leucine, tyrosine, phenylalanine, histidine and arginine.

*: Significant difference (p <0.05).

bitter taste: Significant differences among the boiled Machine 50%
sample and the other samples are p <0.05.

Each value is mean + SD (n=3).
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Fig.2-7. Relative Amount of vitamin D> of the boiled mushroom
samples after different drying processes

This figure represents vitamin D; ratio of each sample to the non-
dry sample.
Each value is mean £ SD (n=3).
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Fig.2-8. Peroxyl radical scavenging activity of boiled mushroom
samples during different drying processes

Each sample is extracted by 70v/v% ethanol solution.
Different letters within each mushroom sample indicate significant
difference (p < 0.05, n=3).
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Fig.2-9. Comparing the color change of boiled soup prepared
from each mushroom samples during the different drying

processes

Values shown in the figure represent the difference in
color of each sample with that of the non-dry (0%) sample.
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Fig.2-10. Comparison of change in the lightness, the
hue, and the chroma of boiled soup prepared from each
mushroom samples during the different drying

processces
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Fig.2-11. Peroxyl radical scavenging activity of boiled soup prepared
from each mushroom samples during the different drying processes

Each value is mean £SD (n = X),
Different letters indicate significant difference (p < 0.05).
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Table 2-2. Sensory evaluation of the boiled Shimeji samples treated
with different drying processes

Eézlizrt?ozf —~+ Suns0 %  Machine 50 %
Color pale~deep 0.29 0.71°*
Smell weak ~ strong 0.94* 1.03 *

Hardness tough~tender 0.16 0.16

Crunchiness bad~good 0.06 -0.03
Taste weak ~ strong 0.65* 0.87*

Umami taste weak ~ strong 0.42 0.77 *

Comprehensive g gt 0.23 0.26
evaluation

Evaluation results obtained by using the standard as the 0 point.
*: Significant difference (p <0.05, n=31).
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Fig. 2-12. Comparison of antioxidant activity of each kiwi
samples

[]l: Chemiluminescence value
B : Superoxide dismutase-like activity
There are no significant differences.
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Fig. 2-13. Comparison of hardness according to
texture measurement of each kiwi samples

Different letters indicate significant difference
(p <0.05).
Values represent mean = SD (n = 4).
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Fig. 2-14. Comparison of adhesiveness according to the
texture measurement of each kiwi samples

Different letters indicate significant difference
(p <0.001).
Values represent mean £ SD (n = 4).
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Fig. 2-15. Chromaticity evaluation based on the L*a*b*
color system of each kiwi samples

@®: Fresh,A: Sun-dry, m : Machine-dry.

L* value: All samples indicate significant difference.
a* and b* value: There are no significant differences.
Values represent mean (n = 4).
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Fig. 2-16. Comparison of taste according to the sugar
content and pH of each kiwi samples

@®: Fresh, A: Sun-dry, B: Machine-dry
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Fig.3-1. Sensory evaluation paper
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Fig.3-2. Weight of ecach sample after boiled in sugar water of each
concentration level

Concentration level of sugar water: [10%, M 5%, HE10%
Different letter indicate significant difference within each boiling
treatment. (p < 0.05).

Values represent mean £ SD (n = 4).
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Fig.3-3. Weight of ecach sample after boiled in salt water of each
concentration level

Concentration level of sugar water:[10%, M 1%, MW10%
Different letter within each boghing treatment indicate significant
difference within each boiling treatment (p < 0.05).

Values represent mean £ SD (n = 4).
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Fig.3-4. Brix value of each sample after boiled in sugar water of
each concentration level

Concentration level of sugar water: [J0%, M5%, W10%
Different letter indicate significant difference within each boiling
treatment (p < 0.05).

Values represent mean =+ SD (n = 4).

85



v, S HICKEICE R S 7z BER A 2 4 <8l 2 < o fE
DWEHZMIMEI LB X,

FREODEARKTOZ THE DS H, 10%WHE K T4 T
eI W T, RA@mBEAB AR ICEN, FEICHEED?
Mo, LML, 5%W Bk T4 <723 kB T 3B 12
ENH LR P oo, ThlL, RKRHEERKEIZEE WY THE?
i CAKDOPEEERBE(TY v 27 ZE K 48%)TH v, $L#I1E
AniE o, HEOEANE VI Mot & & 2712,

S BT, 5% PEK Tan TR ARE & MK T4 T K H R
R THTAEEPN RS, ARBEOHE LR TWWE, £ 2T,
ANDORERE CHma o W2 T ERBEMIICED BE
L7,

(2)E BB FE Al 2 X 2 H Bk o #% bl 5 B

MR OFERE & 72>l 5% K T4 TR/AERE L HMAKT
T R AEBERE 2 & e, 2 S0k R B (Fig.3-1)12
HBom a2 ERIEEL/FER, FEEE RS, BREFEIM®
AEEE BT 50%THoT, ThHiX, 2 o0 B H S @Gk
FRETHY, AIBREOHKELTETZIENARTHL D Z
EETABLTWD, ZTOZEiF, RKAGZBEHTRXORALOH
R WZ ExERLTEY, WEoFEHREZHO T, &L
SHEFEHETICHENARE LS Z ERHFFHFTE D,

2) B MG R RUE o M & o M

KICRKHAGZBETF R BT 2EERORK FIEEZRFTT 2720

86



HTAkZ B2 B ORI EONERREE Fig3-5 mL

IOfERIZOVWT L, A arABLIRFyRABTH

oEm»PrHGonled, ¥4 arrABORBRED R EZ L,

HWoaREORE TIE, MIZRT L9124 THERB & O T

B TAEET RS, RBREDOHEDRE L > T,

RKABFgBEAE I, AXBCETR2nwREOBRKRMAKIZ LY,

BoRENHEFESINLLD ETPFRLEY, LKL TH &

D/NIWVWEBIZEWT, o307, ARE L FREEIC

HUEBNTETH S L E X, SbIT, #iTEM 0 EEN LY

BB ciE b R o T2 L 5 (Fig.3-3), ZFEEICE

TOHRS BT A THEBRABO TN DR D LI D,

AEEHBEWROTH TR, BEFEICEBITL2HAED I DICEFED

WA BEEZHELTZLLET O TWD Z &b, FF X

FBEICH WD Z L TRBEDAETHL Z LR TR ST,

0.7

a

Concentration of salt (%)
S S (=] S S
o w ~ W o)

e
=

0.0

Freh Sun-dry

Fig.3-5. Brix value of each sample after boiled in salt water of each
concentration level

Concentration level of sugar water: mi%, B10%

Different letter within each boiling treatment indicate significant
difference within each boilin@%treatment (p < 0.05).

Values represent mean £ SD (n = 4).
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