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Determination of the effective components in the
various parts of Luffa cylindrica (L.) Roemer and
development to remove the flesh from its fruit : (Il)
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Abstrat . The skin and fleshy substance on the net fiber of sponge-gourd fruit pressed
mechanically was removed with 0.2% NaOH solution in 3~5 hours. The treatment of 0.2%
NaOH with 0.02% Monopol(non-ionogenic polyoxethylen derivative) as surfactnat and with
0.1% Ca(OCl), as bleaching agent enhanced the effect to remove the fleshy substance and
improve the quality of net fiber. Also, the wet hardness and tensile strength of net fiber
were controlled by the crosslinkage of the fiber with glutardialdehyde, glyoxal, and formalin,
respectively. The net fiber was stable on the acid and alkaline solutions. Also the range
of temperature to degradate the fiber was 338~385C. These values indicated a fair stability.
The improved net fiber can be used for raw material of bath, dish washing, oil and gas
filter, and many kinds of decorations(Received November 21, 1991, accepted December

23, 1991).

It takes around fifteen to twenty days to remove
the skin and flesh on the net fiber of sponge-gourd
fruit by soaking in natural stream. In this case, the
operation is troublesome and working expenses are
increased. Especially, the quality of the net fiber-
colour, degree of removal of the flesh-can not be
controlled.

For long time, a lot of researches were performed
to confer the some properties to fiber materials for
consumers. By Eschalier in 1906, formaldehyde
was used as a crosslinking agent and then glyoxal,
dihalogen compounds, diisocyanate, diepoxy com-
pounds, and divinylsulfone were proposed to pro-
duce wet strength and stabilization of fiber +>61220

Crosslinked cellulose provides high wet strength
with good absorbency and soft hand.™
Therefore, this research was focused on the re-
moval of skin and flesh on the net fiber of sponge-
gourd fruit in a short time and on the improvement
of quality of the net fiber. The mechanization and
standardization of the processes to remove the flesh
on the net fiber are required for quality control.

Materials and Methods
Materials

The fruits of sponge-gound were produced in the
field of Chungnam Provincial, RDA located in Tae-
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jon. The managements of cultivation were described
in the previous report(1). The ripe fruits were har-
vested and used for the experiments to remove
the skin and flesh on the net fiber of sponge-gourd
fruit.

Methods

1) Effect of the Pressing and Alkaline Treatments
on the Removal of the Skin and Flesh on the Net
Fiber of Sponge-gourd

Eight levels from zero to 2% NaOH concentra-
tions were used to remove the skin and flesh of
the sponge-gourds pressed by mechanical method
and non-pressed. The removal time of flesh from
the sponge-gourd was determined and the quality
of net fiber was evaluated by sensory test. Samples
of superior levels which the flesh was removed in
3~5 hours, were selected and were evaluated by
the examination of 1% NaOH extract, alcohol-ben-
zene extract, tensile force, whiteness, and net fiber
quality.

2) Effect of Surfactants and Bleaching Agents on
the Removal of Flesh and Quality of Net Fiber of
Sponge-gourd

Monopol as non-ionic surfactant, urea as swelling
agent,”” and H,0, and Ca(OCl), as bleaching age-
nts were chosen for chemicals to improve the qua-
lity of net fiber. Fresh fruit of sponge-gourd were
soaked in the solutions of 0.2% NaOH mixed with
0.02% Monopol, 0.1% urea, 0.1% H:O, and 0.1%
Ca(OCl), respectively. Quality of the net fibers
dried after treatment with the solutions were eva-
luated by the determination of 1% NaOH extract,
alcohol-benzene extract, tnesile force, and white-
ness.

3) Effect of Crosslinking Agents on the Quality
of the Net Fiber of Sponge-gourd'>*®
To improve the quality of the net fiber of sponge-
gourd, two kinds of net fiber, which the flesh of
sponge-gourd had been removed with natural water
and 0.2% NaOH solution respectively, were treated
by three chemicals, 25% glutardialdehyde, 40% gly-
oxal, and 37% formalin. Each crosslinking agent was
made in 3 and 6% of above three chemicals. The

treated samples were used to determine the rates
of water absorption and desorption, and quality co-
mponents.

4) Physical Characteristics of Net Fiber of Spo-
nge-gourd 1

(1) Moisture Absorbency and Desorbency of the
Net Fiber of Sponge-gourd : Net fiber was soaked
and moisture absorbency was determined by the
weight at an interval of proper time for 24 hours.
The same sample was dried at room temperature
and humidity, and weighed to determine the mois-
ture desorbency.

(2) Tensile Strength of Net Fiber of Sponge-
gourd: The net fiber was cut 1cmX3cm large and
the tensile strength was determined by holding 1cm
of each end and pulling the fiber by Shimadzu AG
S-500B Instron. For wet sample, the cut net fiber
was determined after 24 hours of soaking in natural
water.

5) Stability of the Net Fiber on the Acid, Alkaline,

Table 1. Effect of the pressing and concentration of
NaOH on the removal of flesh from sponge-gourd
fruit

Pretreat- NaOH Removal Net
ment Conc. time of fiber
(%) flesh(hr)® quality®
Pressed 0 72-98 Good
2 0.1 20~24 2
2 0.2 3~5 2
2 0.3 3~5 z
z 04 2~4 2
2 0.5 2~4 %
% 1 1~3 z
2 2 1~2 4
Non-pressed 0 >168 2
4 0.1 72~96 2
2 0.2 48~172 2
4 0.3 48~72 2
2 04 30~36 2
% 0.5 30~36 2
z 1 18~24 2
2 2 12~18 2

% Average of five times from October to November in
1990. -

Y Evaluated with the net fiber extracted by natural wa-
ter.
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and Thermal Treatments®®

0.05g of net fiber was placed in a beaker with
100ml treating solution and washed with water after
stirring for two hours. The sample was weighed
after drying at 105C for 24 hours in a dry oven.
Treating concentrations of acid were 70, 80 and
95% H,S0,, and 10, 20, 30% of NaOH were used
as alkaline treatments. The thermal stability was
determined through thermogravimetric analysis
(TGA) and differential scanning calorimeter(DSC)
by using General V4. IC Dupont 2100.

Results and Discussion

Pressed and non-pressed sponge-gourd fruits
were soaked in the alkaline solutions : 0, 0.1, 0.2,
0.3, 04, 0.5, 1.0, and 2.0% concentrations respecti-
vely. The effect of pressing was drastic and alkaline
treatments affected the removal of the skin and

flesh of the net fiber in sponge-gourd significantly.
In the pressed sponge-gourd, 0.2% NaOH treatment
was the best condition to remove the flesh of spo-
nge-gourd in 3~5 hours, compared to 72~98 hours
in the treatment of natural water(Table 1).

Among the pressed samples, four levels of the
NaOH concentration were selected and the qualities
were evaluated by determination of 1% NaOH ext-
ract, alcohol-benzene extract, and whiteness. The
amounts of 1% NaOH and alcohol-benzene extract
in the treatment of 0.3% NaOH were lower than
one of the 0.2% NaOH(Table 2).

To lower the concentration of NaOH and to imp-
rove the fiber quality, 0.2% alkaline treatment was
focused on further research. In Table 3, two treat-
ments of 0.2% NaOH with 0.02% Monopol as surfa-
ctant and with 0.1% Ca(OCl); as bleaching agent
were evaluated as good effects.

To conform if three to five hours are proper time

Table 2. Effect of the concentration of NaOH on the quality of dry net fiber of pressed sponge-gourd

NaOH Conc. Removal time 1% NaOH Alc-Ben Tensile Whiteness Net fiber
(%) of flesh(hr.) extract(%) extract(%) strength(kgf) (%) quality
0.0 72~98 17.0 195 10.5 314 Good
0.2 3~5 117 10.0 10.0 345 Good
0.3 3~5 9.3 9.1 9.1 36.7 Good
05 2~4 9.8 11.1 11.6 345 Good

Table 3. Effect of the composition of extracting salution on the removal of the flesh from sponge-gourd

fruit

Treatment Removal time 1% NaOH Alc-Ben Tensile Whiteness Net fiber

of flesh®(hr.) extract(%) extract(%) strength(kgf) (%) quality”

0 72~98 17.0 195 105 314 Good
0.2% NaOH 3~5 12.7 10.0 10.0 34.5 Good
0.2% NaOH +
0.02% Monopol 3~4 10.0 8.4 10.0 33.0 Good
0.2% NaOH+
01% Urea 4~8 10.6 8.9 7.6 350 Good
0.2% NaOH+
01% 1,0, 3~4 116 111 11.8 375 Good
0.2% NaOH+
0.1% Ca(OCl), 3~4 7.8 89 8.2 40.1 Good

# Average of three times from October to November in 1990.
YEvaluated with the net fiber extracted by natural water.
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to remove the flesh from the net fiber by 0.2%
NaOH, pressed sponge-gourds were extracted for
3~5 and 20~24 hours respectively. The contents
of 1% NaOH and alcohol-benzene extracts were si-
milar between two kinds of extracting time. It
means that 3~5 hours to extract the flesh are
enough(Table 4).

In the experiment to improve the wet-hardness
of net fiber with three chemicals-25% glutardialde-
hyde, 40% glyoxal, and 37% formalin, the net fiber
treated with crosslinking agents showed the lower

rate of water absorption and desorption in 3 and
6% of the agents than control. Also the values of
the rate of water absorption and desorption were
lower in the treatments of alkaline solution than
those of natural water. It is explained that the cros-
slinked cellulose is formed by the reaction of cellu-
lose-OH and aldehyde, that is, 2Cel}-OH+CH,0=
Cell-OCH,0-Cell 51229

In Table 6, the tensile strength of the fiber trea-
ted with 0.2% NaOH was similar to the fiber trea-
ted with natural water. Also the treatments showed

Table 4. Comparison of the time to remove flesh on the net fiber with 0.2% NaOH sofution

No Extracting Soaking time 1% NaOH Alc-Ben Whiteness
) solution of fruit(hr.) extract(%) extract(%) (%)

1 Control 72~98 17.0 195 331

2 0.2% NaOH 20~24 14.7 10.5 34.0

3 0.2% NaOH 3~5 15.7 10.0 352

Table 5. Effect of crosslinking agenis on the water absorption and desorption rate of net fiber of sponge-

gourd
Eeerg(t)sval Agents? Water absorption rate(%) Water desorption rate(%)
of flesh Conc.” 59 10 60 360 1440 59 10 60 360 1440
. 0 2082 2438 3430 3675 3678 5.2 9.3 171 529 778
Glutardi-
3 1626 2108 283.0 3169 3434 41 7.7 186 513 788
aldehyde/
6 1587 1963 2382 2724 309.7 2.6 66 147 493 768
Natural 0 1468 1720 2193 2388 2438 1.3 3.5 101 379 705
water Glyoxal/ 3 1019 1434 1673 1896 2069 14 34 88 357 662
6 102.7 1215 1563 177.8 192.7 1.6 34 92 383 657
0 1535 189.7 2222 2358 2464 0.8 35 88 401 708
Formalin/ 3 1204 1407 1729 1971 206.7 1.7 43 103 585 781
6 1099 1389 1652 1913 200.0 2.0 34 74 383 671
Glutardi. 0 1469 1853 2220 250.7 2651 1.0 30 106 369 724
3 106.1 - 1422 1669 2088 2226 11 3.0 80 305 658
aldehyde/
6 1034 1251 165.7 1941 2025 0.3 2.7 111 328 664
0.2% NaOH 0 1888 2188 2847 3268 3398 16 46 100 299 713
Glyoxal/ 3 1344 1419 1993 2511 2731 0.5 20 57 275 676
6 1128 1460 1906 256.7 269.7 11 2.7 86 327 721
0 1335 1529 2110 2181 2195 54 84 138 359 681
Formalin/ 3 1158 1226 1579 1834 1884 0.9 2.1 66 294 636
6 721 1115 1628 1941 2020 1.3 2.6 86 349 671
¥ Crosslinking agents, ® . Concentrations of used chemicals, ¢ : Minutes
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Table 6. Comparison of tensile strength of the net fiber treated with crosslinking agents after removal of
flesh by natural water and 0.2% NaOH respectively

Removal Crosslinking Chemical Tensile strength(kgf) Whiteness
agents agents Conc. o
of flesh (%) Dry net fiber Wet net fiber
A B A B
0 16.6 2.8 8.9 2.3 342
Glutardi-
3 180 44 163 45 36.3
aldehyde
6 24.0 34 211 5.2 37.3
0 32,0 7.3 20.1 46 30.0
Naturtal
Glyoxal 3 34.0 9.2 231 7.2 354
water
6 35.8 84 24.9 8.2 376
0 14.8 7.4 16.1 7.3 34.2
Formalin 3 24.8 7.0 18.9 7.9 36.3
6 23.0 7.5 17.1 9.1 35.2
0 11.0 2. 96 31 4.4
Glutard- 8 >
3 11.9 41 11.0 6.0 355
aldehyde
6 25.5 23 153 48 35.2
0 224 6.1 236 51 342
0.2% NaOH Glyoxal 3 227 3.9 245 5.0 36.5
6 243 6.5 242 6.2 36.2
0 8.2 2.1 9.7 2.3 35.0
Formalin 3 11.2 2.6 121 2.6 35.2
6 9.2 2.2 11.6 24 370

A ! Perpendicular direction, B

. Horizontal direction.

Table 7. Stability of the net fiber on the acid and al-

kali

Acid- Concentration Rate of loss R K

Alkali (%) in weight(%) C arks
70 17

H.SO, 80 29 Blackish
100 67
10 0

NaOH 20 0 Light yellow
30 0

a tendency to increase the tensile strengths of the
net fiber according to the higher concentration of
the agents. The tensile strength was generally stro-
nger in perpendicular than horizontal direction in
dry and wet conditions respectively.

The stability of the net fiber on the acid and

alkaline solutions was considerable. Therefore, the
concentration of 0.2% NaOH used as treating agent
should not bring up any problem in the view of
the quality of the net fiber.

Other methods to lower the concentration of
NaOH by increasing the temperature of extract so-
lution are being devised for removal of the flesh.
Also, NaOH should be replaced as KOH, whose slu-
dge can be used to fertilizers.

It was found that thermal degradation of net fiber
started at 338C and ended at 385C by thermogra-
vimetric analysis. These values indicated a fair sta-
bility to compare with the rate temperature to deg-
rade a cotton cellulose, 337~384TC.

The composition of net fiber was found that the
portion of a-cellulose was 76.2% in 89.2% of holo-
cellulose, the content of lignin was 13~14%, and
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20~40% was alcohol-benzene soluble components.

Even though the physical and chemical structures

of the net fiber were points of interest in resear-

oW N

10.
11.

12.

13.

ching the properties of sponge-gourd, they were not

determined yet exactly.
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