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Abstract

The effects of a fermented hot-water extract (JBB Stevia Laboratory) on the rooting and
germination of lettuce seeds were investigated under two stress conditions (high seed age
and low-light illumination), while the effects of the extract on growth were assessed under one
stress condition (low-light illumination). The results showed that, when sterilized 11-month-old
Lactuca sativa L (lettuce) seeds with rooting and germi-nation rates of 70% were incubated
under low-light illumination of 600 lux, the rooting and germination rate of seeds incubated in
agar media of pH 4.68 containing fermented hot-water extract were both 143% that of seeds
incubated in the control media (plain agar media). Also, when using 12-month-old Z. sativa
seeds with a rooting and germi-nation rate of 50% under low-light illumination of 600 lux, the

rooting and germination rate of seeds incubated in agar media of adjusted pH 5.6 containing 10
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ppm of ferm-ented hot-water extract were 200 and 180% that of seeds incubated in the control
media, respectively. In order to identify substances responsible for the promotion of rooting, Z.
sativa 366 seeds with high rooting viability were incubated and the resulting cotyledons were
then incubated with different concentrations of indoleacetic acid (IAA) so as to investigate the
effects of the extract on rooting. The results showed that the fermented hot-water extract with
a low concentration of IAA (0.01 ppm) promoted rooting within the shortest time but with a
high concentration of IAA (1.0 ppm) suppressed rooting. Also, by incubating seven-month-old
L. sativa seeds with a rooting and germination rate of 100%, the effects of the fermented hot-
water extract on growth after germination were examined under low-light illumination. The
results showed that the fermented hot-water extract increased growth rate by 66.7% when
compared to the control. Consequently, the components of the fermented hot-water extract
were analyzed, and the results revealed that the nitrate and ammonia nitrogen contents of
fermented hot-water extract media were only 0.00073 and 0.0013% those of Murashige-Skoog
media.

Introduction

The plant, Stevia rebaudiana Bertoni is an economically valuable source of sweetening agents
because it contains ent-kaurene diterpenoid glycosides, such as stevioside and rebaudioside
(Farnworth, 1996). These sweetening agents have been the focus of int-ense research by the
Japanese food industry (Abe and Sonobe, 1977; Morita, 1977, Okazaki et al,, 1977; Tanaka, 1987;
Yostihira et al., 1987). More than 100 compounds from the plant have been identified. In addition
to diterpenoids, there are reports of the presence of other compounds including triterpenoids,
sterols (Sholichin et al, 1980; Yasukawa et al., 1993), flavonoids (Rajbhandari and Roberts, 1983),
volatile oils, and common phytochemicals (Fijita et al, 1977, Martelli et al, 1985; Cheng and
Chang, 1983). Furthermore, the biochemical properties of these compounds have been actively
researched, especially those of diterpene glycosides, which have been subjected to intense
pharmacological and toxicological scrutiny (Pezzuto, 1986; Crammer and lkan, 1987; Phillips,
1987; Kinghorn and Soejarto, 1991; Hanson and De Oliveira, 1993). After the sweetening agent
extraction process, the leaves and discarded stems still contain tri-terpenoids, sterols, and
flavonoids, and other parts of the plant contain volatile oils and common phytochemicals. These
compounds, though valuable, have not been as thorou-ghly biochemically characterized as the
sweetening agents. As a result, interest shown in these compounds has been high. As research
on compounds other than diterpene glycol-sides has progressed, investigations into the use
of S rebaudiana Bertoni-derived products in several research fields have been conducted
(JBB Stevia Laboratory, Saitama, Japan). In marine research, an extract from the stem of .S
rebaudiana Bertoni is known to act as a potent antioxidant against Sardinops melanostictus
oil and linolic acid (Xi et al, 1998), and a fraction possessing this high antioxidation activity
contains high con-centrations of potassium (Xi et al., 1998). Also, in medical research, a
fermented hot-water extract of this plant was found to possess an antibacterial activity
against food pa-thogens, including Escherichia. coli O157 (Tomita et al, 1997). Furthermore
in agricultural research, it was reported that .S rebaudiana extract completely cured pear
tree with Monpa disease (Kosellinia necatrix infection) and accelerated rooting ability of that
plant in the private farm (Kagoshima Prefecture, unpublished data). This demon-strated that

38



Effects of a Fermented Hot-Water Extract of Stevia rebaudiana Bertoni on Rooting under in vitro Stress Conditions A7 £ 7 kil BREED A b L AL T TORMIGER R

S rebaudiana extract (fermented hot-water extract) shows potent antibacterial and antifungal
activity against damaged or diseased plants, and can be used as an effective agricultural
material. In the present study, we targeted seeds under stress conditions, such as high seed-
age and low light illumination, investigated the effect of .S rebaudiana extract on rooting and
germination abilities, and determined the growth of seeds under different stress conditions.
Materials and Methods

1. Effects on the rooting, germination, and growth of seeds

Seeds: 7-, 10-, 11-, and 12-month-old seeds of Lettuce, Lactuca sativa L (Great Lake 366),
were prepared and stored at room temperature. Before germination, they were sterilized
in 70% ethanol for 10 seconds, thoroughly washed using sterile water, sterilized in a sodium
hypochlorite solution (available chlorine concentration 1%), then thoroughly rewashed using
sterile water, and placed in culture media (10 seeds per medium). Rooting and germination
were assessed after 7 d incubation and 30 d incubation, respectively. Growth was estimated by
counting the number of seeds with the first foliage leaf.

Seed culture media: Plain agar media (pH 5.6) was prepared by dissolving 0.8% agar
using distilled water, and Murashige-Skoog (MS) media (sucrose not added) was prepared
by dissolving agar (0.8%) in a MS solution (pH 5.6). Fermented hot-water extract media was
prepared by diluting the fermented hot-water extract to a concentration of 10, 100, or 1000
ppm. Diluted fermented hot-water extract was adjusted to pH 5.6 except for the experiment
using 11-month-old seed. All culture media were sterilized at 121 °C for 20 minutes.

Seed incubation: During rooting assessment, seeds were incubated under low illumination
conditions of 600 lux, and during growth assessment, seeds were incubated under illumination
conditions of either 600 or 1500 lux. The incubation temperature was set at 30 °C for both
assessments.

2. Effects on rooting of cotyledons

Cotyledons: Z. sativa 366 seeds were germinated in plain agar media to obtain cotyl-edons.
Cotyledon culture conditions: The cotyledons were grown in either MS media (control)
or 10-ppm fermented hot-water extract media. Indoleacetic acid (IAA) adjusted to 0.01, 0.1,
or 1.0 ppm final concentration was added to the media. The cotyledons were grown under
illumination of either 2000 or 2700 lux, at an incubation temperature of 30 "C for 20 d.

3. Confirmation of IAAby HPLC

The presence or absence of JAA was confirmed by liquid chromatography using the ethanol
fraction of the fermented hot-water extract. Reversed-phase HPLC was performed using a 250
x 4.6 mm column (b x4 m) (Mightysil RP-18, Kanto Chemi-cal, Tokyo, Japan). A water-methanol
gradient (0-80%) with a flow rate of 1 ml/min at 40 °C was used. A diode array (SPB-M 10A,
Shimadzu Co., Japan) was used as a detec-tor.

4. Component analysis of the fermented hot-water extract

The phenol sulfate method was used for all saccharide analyses, while the brucine and
indophenol methods were used to quantify nitrate nitrogen and ammonia nitrogen, res-
pectively.
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Results

1. Effects on the rooting, germination and growth of seeds

Figure 1 shows the number of L. sat/va seeds that rooted in plain agar media over time; seeds
used were 7, 10, 11, and 12 months old. After 7 d incubation, the rooting rate of 7-month-old
seeds was high at 90%, thus demonstrating a high rooting viability. Although the rooting rate
of 10-month-old seeds was also high at 90%, there was an observed lag in rooting time by
50%. The rooting rates of 11- and 12-month old seeds were 70 and 50%, respectively. Briefly,
the older the seed used, the lower the rooting rate and the greater the time lag in rooting

observed.
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Fig.1l Effects of seed age using Lactuca sativa L.on the number of rooting in the agar-medium.

Figure 2 shows the number of Z. sativa seeds that had germinated in plain agar media over
time. After 7 d incubation, the germination rate of 7-month-old seeds was high at 90%, thus
demonstrating high germination viability. Although the germination rate of 10-month-old seeds
was also high at 90%, there was an observed lag in germination time by 75%. The germination
rates of 11- and 12-month-old seeds were 70 and 50%, respectively. These findings show that
the germination rate decreases and the lag-time of germination increases as the age of the seed
increases. After ten months, the rooting and germination rates were correlated, and seeds only
germinated when they first form-ed a root.
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Fig.2 Effects of seed age using Lactuca sativa L.on the number of germination in the agar-medium.

Figure 3 shows the effect of low-pH fermented hot-water extract media on 11-month-old seeds
with a rooting rate of 70% in plain agar media (control media: pH 5.6). The rooting rate of the
1000 ppm fermented hot-water extract media (pH 4.68) increase-ed by 143% when compared to
that of control media.
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Fig.3 Effects of low pH in the fermented hot-water extract on the number of rooting
All measurements were performed with using the 11-months old seeds of Lactuca sativa L.

However, the rooting rate of the 100 ppm fermented hot-water extract media (pH 5.23) was
114% that of the control media (Figure 4).
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Fig4 Effects of low pH in the fermented hot-water extract on the number of germination.

All measurements were performed with using the 11-months old seeds of Lactuca sativa L.

Furthermore, the correlation between germination and rooting rates observed in plain agar
media was also present when fermented hot-water extract media was used, except for the
10 ppm fermented hot-water extract media (pH 5.52). To further investigate the effects of the
fermented hot-water extract on rooting, the extract was diluted while ad-justing the pH of the
culture media to pH 5.6 (Figure 5).
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Figh Effects of the fermented hot-water extract adjusted at pH5.6 on the number of rooting.
All measurements were performed with using the 12-months old seeds of Lactuca sativa L.

The rooting rate of the 12-month-old seeds in plain agar media was 50% that of the control,
but the rooting rate of the 12-month-old seeds in 10, 100, and 1000 ppm fermented hot-water
extract media was 200, 180 and 180% of the control, respectively. These findings suggest that
the addition of fermented hot-water extract enhances the rooting rate by not only lowering
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the pH, but also incorporating an as yet unknown rooting promotion agent. The extract with
10 ppm fermented hot-water extract media had the maximum rate of rooting promotion. The
exact same results were observed when germination rates were analyzed (Figure 6), thus
indicating that accelerated rooting facilitated germination.
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Fig6 Effects of the fermented hot-water extract adjusted at pH5.6 on the number of germination.
All measurements were performed with using the 12-months old seeds of Lactuca sativa L.

The effects of the fermented hot-water extract on the growth of seeds with a high rooting
rate were investigated. Figure 7 shows the results of a growth experiment where 7-month-
old L. sativa seeds (rooting rate: 100%) were incubated with an illumination of 600 lux. When
compared to MS media control (pH 5.6), the growth rate of Z. sativa was 66.7, 55.6, and 44.4%
higher in the pH-adjusted (pH 5.6) fermented hot-water extract media, at concentrations of 100,
10, and 1000 ppm, respectively. The highest effect on the growth was given by 100ppm.

16

y = SSEIE)

10

Number of the First
Foliage Leaf
[--]

SN & o

17 18 19 20 21 22 23 24 25 26 27 28 29 30
Cultured Days

—a—MS-medium (pH5.6) —A—Stevia extract 10ppm (pH5.6)
—-Stevia extract 100ppm (pH5.6) —®—Stevia extract 1000ppm (pH5.6)

Fig.7 Effects of the fermented hot-water extract on the number of the first foliage leaf.
All measurements were performed with using Lactuca sativa 1..366 under the low-illumination
(600lux). .Each medium was adjusted at pH5.6.
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Concerning the growth rate of Z. sativa compared to MS medium, 10ppm fermented hot-water
extract medium increased by 5.3%, 100ppm fermented hot-water extract medium decreased by
5.3% and 1000ppm fermented hot-water extract medium was same when the illumination was
increased to 1,500 lux. In this case, pH of each medium but MS medium was not adjusted (pH 5.6).
These results derived that the fermented hot-water extract gave L. satzva the nutriments to
grow under low illumination, or no effects of the fermented hot-water extract manifested under
high illumination.
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Fig8 Effects of the fermented hot-water extract on the number of the first foliage leaf.
All measurements were performed with using Lactuca sativa 1..366 under the high -illumination
(1500lux). The pH of each medium was not adjusted to pH5.6.

These findings suggest that, under low illumination conditions where light levels are insufficient
for post-germination photosynthesis, the fermented hot-water extract provided the nutrients
necessary for growth. However, when cotyledons were photosynthetically self-sufficient, the
addition of fermented hot-water extract to the media had a negligible effect on growth rate.

2. Effects on rooting of cotyledons

In order to investigate the relationship between rooting promotion and auxin-like hormone
activity, cotyledons of Z. sativa 366 were incubated in fermented hot-water extract media,
and for comparison in MS media (control). Under 2000 lux of illumination, the rooting rate and
speed of rooting in the 10 ppm fermented hot-water extract media were 250 and 185% greater
than the control media, respectively. In addition, under 2700 lux of illumination, the rooting rate
and speed of rooting in the 10 ppm fermented hot-water extract media were 133 and 142%
greater than the control media, respectively (Figure 9). These findings suggest the presence of
low levels of auxin-like substances in the fermented hot-water extract. This is supported by the
fact that low levels of auxin facilitate root growth (Morre and Bonner, 1965). The effectiveness
of the fermented hot-water extract was low under high illumination because lettuce seeds are

photosynthetic seeds.To confirm the presence of auxin-like substances in the fermented hot-
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water ext-ract, the effects of the extract on exogenous auxin were investigated.

Number of Rooting
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—&— Stevia extract 10ppm (pH5.5)2700lux —@—Stevia extract 10ppm (pH5.5)2000lux

Fig9 Effects of the fermented hot-water extract (Stevia extract) on the number of rooting.
All measurements were performed with using the cotyledos of Lactuca sativa 1..366 at 2000lux
for low-illumination or at 2700lux for high-illumination. The concentration of fermented hot-water

extract was adjusted at 10ppm.

Figure 10 shows the effects of the extract on the rooting of cotyledons in media containing 0.01
ppm IAA. When compared to MS media containing 0.01 ppm IAA, grown under illumination of
2000 lux (control), the rooting rate and speed of rooting of cotyledons in the 10-ppm fermented
hot-water extract media containing 0.01 ppm IAA increased by 350 and 296%, respectively.
Furthermore, when the illumination was increased to 2700 lux, the rooting rate and speed of
rooting of cotyledons in the 10-ppm fermented hot-water extract media containing 0.01 ppm
TAA increased by 700 and 243% to those of the control media, respectively. However, under
illumination of 2000 or 2700 lux, the rooting rate and speed of rooting of cotyledons in the 10-
ppm fermented hot-water extract media containing 0.1 ppm IAA were 111 and 100% those of
cotyledons in the MS media containing 0.1 ppm IAA, respectively (Figure 11).
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Fig.10 Effects of the fermented hot-water extract (Stevia extract) included 0.01ppm-IAA
on the number of rooting. All measurements were performed with using the cotyledos of
Lactuca sativa 1.366 at 2000lux for low-illumination or at 2700lux for high-illumination. The

concentration of fermented hot-water extract was adjusted at 10ppm.
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—&— Stevia extract 10ppm (pH5.5)2700/lux —— Stevia extract 10ppm (pH5.5)2000ux
Fig.11 Effects of the fermented hot-water extract (Stevia extract) included O.1ppm -TAA
on the number of rooting. All measurements were performed with using the cotyledos of
Lactuca sativa 1.366 at 2000lux for low-illumination or at 2700lux for high-illumination. The

concentration of fermented hot-water extract was adjusted at 10ppm.
Furthermore, under 2000 or 2700 lux of illumination, the rooting rate and speed of rooting of

cotyledons in the 10-ppm fermented hot-water extract media containing 1.0 ppm IAA were 60
and 89% those of cotyledons in the MS media containing 1.0 ppm TAA, respectively (Figure 12).
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Fig.12 Effects of the fermented hot-water extract (Stevia extract) included 1.0ppm -TAA
on the number of rooting. All measurements were performed with using the cotyledos of
Lactuca sativa 1..366 at 2000lux for low-illumination or at 2700lux for high-illumination. The

concentration of fermented hot-water extract was adjusted at 10ppm.

These findings suggest that the promotive effects of the 10-ppm fermented hot-water extract
media on rooting are at their maximum with 0.01 ppm IAA, and that the fermented hot-
water extract suppresses rooting with 0.1 ppm or more IAA. In other words, the greater the
TAA concentration, the greater the observed rooting suppression, thus further supporting the
hypothesis that auxin-like substances are present in the fermented hot-water extract. In other
words, a combination of auxin-like substances in the cotyledon, auxin-like substances in the
fermented hot-water extract and exogenous IAA determined the promotion or suppression
of rooting. This agrees with the finding that the presence of auxin above the optimal
concentration inhibits root growth (Feldman, 1984).

3. Confirmation of IAA by HPLC

HPLC was used to confirm the presence auxin-like substances in the fermented hot-water
extract. Compounds having the same UV spectra as the IAA standard were not found;
however, compounds with peaks near the IAA standard were detected, thus suggesting the
presence of auxin-related compounds, such as oxidized auxin (Lee et al, 1985), in the fermented
hot-water extract. Therefore, it is believed that these compounds exhibited an auxin-like
activity and worked in conjugation with endogenous auxin in the cotyledons.

4. Component analysis of the fermented hot-water extract

Table 1 shows the results of component analysis of the fermented hot-water extract. The levels
of all saccharides (carbon source), and nitrate and ammonia (nitrogen source) were quantified.
The results showed that the saccharide, nitrate nitrogen and ammonia nitrogen contents of the
stock solution were 2475 = 0.0285%, 401 + 467 ppm and 364 £ 17.0 ppm, respectively. The
nitrate to ammonia nitrogen ratio was 1:1. The saccharide content of the 100 ppm fermented
hot-water extract media was 0.2475 += 0.00285 ppm. In addition, the nitrate and ammonia
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nitrogen contents were only 0.00073 and 0.0013% those of the MS media.

Table 1 Concentration of elements included in the fermented hot-water extract

Element Concentration (mg/ml)
Total Sugar 245+ 0.29
Nitrate Nitrogen 0.401 £ 0.005
Ammonium Nitrogen 0.364 = 0.017

Discussion

Drinkable fermented hot-water extract (Healthy Pocket, JBB Stevia Laboratory, Saitama,
Japan), which is made mostly of the stem of S, rebaudiana Bertoni, has been reported to
function as an antioxidant, exhibit antibacterial activity (in humans and animals), and prevent
decay in fresh fish. A fermented hot-water extract made by an alternative process has been
used in agriculture, and this extract was shown to be effective in treating pear trees infected
with Mompa disease. Based on these findings, we investigated the effects of fermented hot-
water extract on rooting, germination, and growth (first foliage leaf) of aged seeds. Since all the
seeds were also photosynthetically competent, different levels of illumination were established.
By varying these conditions, it was possible to change seed resistance against aging and
attenuation of rooting ability under low illumination. The fermented hot-water extract is a
product of fermentation and therefore has a low pH. The acidic conditions created by the
addition of fermented hot-water extract to the media promoted rooting of L. sativa seeds under
the experimental conditions used. Rapid root growth under acidic conditions (acid growth)
has been documented by a number of researchers (Edwards and Scott, 1976; Tanimoto and
Watanabe, 1986; Tanimoto et al., 1989). Furthermore, it has been suggested that acid growth is
involved in the early stage of auxin-induced extension. However, our results show that rooting
was promoted even in pH-adjusted fermented hot-water extract media, and thus suggests the
presence of an auxin-like agent that functions with exogenous auxin. An explanation for the
observed absence of IAA by HPLC could be that auxin-like substances underwent chemical
changes caused by extremes in heating and lighting associated with the manufacture of the
fermented hot-water extract. The fact that auxin enhances the stress resistance of plants
(Mauk et al, 1987; Blanco-Brana et al., 1982; Hughes and Dickerson, 1990) indicate the existence
of auxin-like substances in the fermented hot-water extract. It will be important to isolate
and identify the compounds that promote rooting. Furthermore, the effects of the fermented
hot-water extract on healthy seeds with normal rooting and germination activities can be
ascertained by following the formation of the first foliage leaf under low light illumination.
Although the nitrate nitrogen content (nitrogen source) of the fermented hot-water extract
media was markedly smaller than that of the MS media, the fermented hot-water extract
media were much more effective in promoting growth of the first foliage leaf. This difference
in growth was attributed to factors other than differences in nitrogen content, specifically,
the presence of a compound in the fermented hot-water extract. The saccharide content of
the fermented hot-water extract was very low at 0.2475 £ 0.00285 ppm. Moreover, because
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fermented hot-water extract media and MS media were comparable under high illumination
(figure not shown), fermented hot-water extract media can be used as an alternative of
MS media. One of the problems associated with large-scale plant incubation is the use of
saccharides in culture media. The addition of saccharides in the media increases the risk of
bacterial contamination. With fermented hot-water extract media, the risk of bacterial contami-
nation should be greatly reduced.
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