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Effects of germination conditions on ascorbic
acid level and yield of soybean sprouts
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Abstract: The effects of light illumination on the ascorbic acid content and growth of soybean sprouts were
investigated. Among the six light qualities studied, ultraviolet light had the highest promoting effect on
the ascorbic acid content in soybean sprouts, increasing it by 77.0% compared with the darkness control,
while red light had the highest promoting effect on the growth of soybean sprouts, increasing the total fresh
weight by 16.6% compared with the darkness control. Experiments with different durations of ultraviolet
and red light illumination in a day showed that 12 h ultraviolet (500 Lx) and 12 h red (1000 Lx) light diurnal
cycles had the highest promoting effects on both the ascorbic acid level and fresh weight of soybean sprouts,
increasing the ascorbic acid content and total fresh weight by 78.7 and 17.4% respectively compared with
the darkness control. The results indicated that germination of soybeans under 12 h ultraviolet and 12h
red light diurnal cycles was an effective process for increasing the yield and enhancing the nutritional

quality of soybean sprouts.
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INTRODUCTION
Soybeans have been consumed by Asians, including
the Chinese, for centuries and are often advocated
in Western diets nowadays because of their beneficial
nutritional effect.!"> However, soybean seeds contain
many antinutritional factors such as lectins and
enzyme inhibitors.> Therefore various processes have
been investigated to improve the nutritional quality
of soybeans.* Germination has been identified as an
inexpensive and effective technology for improving
the nutritional quality of soybeans. Numerous studies
have been done to investigate the effect of germination
on antinutritional factors,>>® protein and amino acid
levels” and the digestibility of soybeans.”~® However,
there is a paucity of literature about the effect of such
treatment on the ascorbic acid content in soybeans.
In previous studies we found that ascorbic acid, not
detected in soybean seeds, significantly increased in
the germinated products of soybeans, eg soybean
sprouts,!® which indicated that soybeans were able
to accumulate this vitamin during germination.
Ascorbic acid has many important biological
functions in both plants and animals.!!~!®> Humans
are unable to synthesise ascorbic acid and are thus
entirely dependent on dietary sources to meet their
needs.!* Plant foods are the main dietary sources of
ascorbic acid in China and most other developing

countries. Although ascorbic acid is a universal
constituent of fruits and vegetables,!”> the seasonal
availability of fruits and vegetables and the significant
losses of the vitamin which occur during storage,
preparation and cooking mean that ascorbic acid
remains one of the few nutrients in which the diet
can be deficient.!® Therefore enhancing ascorbic acid
contents in vegetables and fruits is beneficial for
human health.

Soybean sprouts are highly digestible and a good
source of protein and minerals!” and have been
eaten for a long time in China and other Asian
countries as a kind of ‘vegetable’ to complement
a low intake of fruits and vegetables, especially
in rural areas of China where seasonal fruits and
vegetables are not available all-year-round. Several
problems are encountered during the production of
soybean sprouts, including yield reduction, quality
deterioration and rot occurrence. Much attention has
been given to developing new techniques to overcome
these problems, including the use of plant hormones,!®
food additives,!® antimicrobial agents?° and calcium.?!
However, to date, none of these methods have been
effectively employed to increase the ascorbic acid
content in soybean sprouts. In order to enhance
the nutritive value and increase the yield of soybean
sprouts, the effects of light illumination, including
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various light qualities and alternate illumination with
different lights, on the ascorbic acid content and yield
of soybean sprouts were investigated in this study.

MATERIALS AND METHODS

Germination

The soybean utilised in this study was a native Chinese
cultivar, Ludou 2, provided by the National Soybean
Center of China (Nanjing, China). Soybeans (1 kg)
of identical size and weight were selected, rinsed in
distilled water and drained. They were then placed
in distilled water (25 + 3°C) and soaked overnight
in the dark for 8h at 25+ 3°C. After pouring off
the soaking water, the seeds were rinsed in water
(20 £3°C) for about 5min, spread evenly on a tray
lined with absorbent paper and then placed in a
controlled environment chamber at 28 °C and ambient
humidity (ca 90-95% relative humidity). The seeds
were rinsed with water (20 +3°C) once a day in
the morning. The seeds were showered with distilled
water (25 +3°C) for about 5min and left to drain
completely. The sprouts were harvested at the end of
treatment.

Light exposure

The selected soybeans were divided evenly into six
groups, each group consisting of two trays of soybeans,
one of which was illuminated by light (white, blue,
ultraviolet, orange, red and far-red light respectively)
distributed so as to give a uniform flux density at tray
level. The absorbent paper lining the trays was watered
twice daily to prevent any drying-out of the sprouts
during their period of illumination. The other trays of
soybeans were inserted into black polyethylene light-
proof bags and transferred into the same illuminated
controlled environment chamber to serve as non-
illuminated darkness controls, except for the treatment
with ultraviolet light, where the dark control was
transferred into another chamber without ultraviolet
light.

Fluorescent lamps (40 W, GB 10 682-89, Huaxiing,
Shanghai, China) were used as white light source.
Far-red and blue light were obtained by filtering white
light through a Schott RG filter (cut-on 690 nm) for
far-red light or through a blue filter (350-530 nm,
max 450 nm, 195 filter, LEE Filters, Andover, UK)
for blue light. Orange light was obtained from white
light filtered through two filters: an orange filter (cut-
on 580nm, 021 filter, LEE Filters) and a cut-off
650 nm filter (Oriel, Courtaboeuf, France). Red light
was obtained by filtering white light through a red filter
(610-690 nm, max 660 nm, PG 501/3 filter, Philips,
Eindhoven, The Netherlands). UV lamps (40 W, GB
10 682-79, Huaxiing) were used as ultraviolet light
source.

Different flux densities were obtained by turning
on different numbers of lamps and by adjusting the
distance between the lamps and the test materials.
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Flux densities were measured using a quantum sensor
(ZDZ, Xuelian, Shanghai, China).

Sampling

Whole soybean sprouts (about 5000 soybean sprouts
per replicate) were collected for various analyses
after 1-9 days of sprouting. The samples from each
treatment were weighed for fresh weight and then
divided into two portions. One was used for ascorbic
acid analyses, while the other was stored at —20 °C for
enzyme analyses after snap-freezing.

Ascorbic acid determination

Ascorbic acid was measured as described by Stasal-
loa and Yeung.??> Soybean sprouts (50mg) were
homogenised in 0.5 ml of 1M HCIO4 with a mortar
and pestle in an ice bath and centrifuged at 13 000 x g
for 5min at 4°C. Then 0.1 M 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES)/KOH buffer,
pH 7.0, was added to the supernatant at a ratio of 1:5
(buffer/extract), neutralised with 1M K,CO3 to pH
5.6 and centrifuged again as above. The supernatant
was divided into two tubes, one of which was treated
with 1.5ml of ascorbic acid oxidase (100 UmL™!,
Sigma, St Louis, MO, USA) and the other received
the same volume of distilled water. Ascorbic acid was
measured as the difference in Ay¢5 between the two
tubes after 30 min.

Extraction and assay for GLDH
L-Galactono-y-lactone dehydrogenase (GLDH, EC
1.3.2.3) was extracted and assayed as described
by Oba eral?®> Soybean sprouts (10g) were
ground in 50 ml of extraction buffer (30 mM 3-(N-
morpholino)propanesulfonic acid (MOPS), pH 7.5,
2gl™! bovine serum albumin (BSA), 4mM Cys,
0.35M mannitol, 10g1~! PVP-40, 25mM Na,P,0;
and 2 mM ethylene diamine tetraacetic acid (EDTA)),
filtered through four layers of cheesecloth and cen-
trifuged at 2200 x g for 5 min. (NH4),SO4 (200g17!,
5ml) was added to the supernatant, incubated at
4°C for 30min under continuous stirring and cen-
trifuged at 10 000 x g for 20 min. The pellet contain-
ing membrane-bound proteins was resuspended in
1 ml of washing medium without BSA. GLDH activity
was measured in the resuspended pellet after a semi-
purification step through Sephadex G-25. GLDH
activity was assayed by the reduction of Cyt ¢ at
550nm (¢ = 21 mM ! cm™!) in a medium consisting
of 50mM Tris-HCIl, pH 8.0, 60uM Cyt ¢, 1.5g17}
Triton X-100 and about 25-50 ug of sample protein.
The activity of GLDH was determined as pmol Cyt
min~! mg~! soybean sprouts (fresh weight).

Statistical analysis

The analysis of variance employed an SAS program for
PCs (SAS Institute, Inc, Cary, NC, USA). Duncan’s
multiple range test was also applied to determine
whether there were significant differences between
individual treatments.
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RESULTS AND DISCUSSION
Accumulation of ascorbic acid in soybean
sprouts during germination
Ascorbic acid has been directly implicated in the
modulation of plant growth, including the early
stage of germination of embryos.?4#2> The effects of
germination treatments on the ascorbic acid level
in soybeans are summarised in Table 1. The results
show that ascorbic acid, not detected in unsprouted
soybeans, increased significantly during germination.
This is in agreement with observations on Pinus pinea
L., which showed that ascorbic acid was not found in
dry seeds but increased during germination owing to
the reactivation of its biosynthesis.?>

In order to confirm the reactivation of the
biosynthesis of ascorbic acid in soybeans during
germination, the activity of the key enzyme in ascorbic
acid biosynthesis was investigated (Table 1). GLDH,
which catalyses the oxidation of L-galactono-1,4-
lactone to ascorbic acid, the last step of the ascorbic
acid biosynthetic pathway,?® has been proved to be
one of the key enzymes in ascorbic acid biosynthesis.?”
Table 1 indicates that the activity of GLDH in soybean
sprouts increased significantly during germination,
accompanied by increases in ascorbic acid level.
This confirms that the accumulation of ascorbic
acid in soybeans during germination was due to the
reactivation of its biosynthesis.

Effects of light quality on ascorbic acid level and

growth of soybean sprouts

As might be expected from its antioxidant-based
functions in plant metabolism, the levels of ascorbic
acid in plants are highly responsive to a wide variety of
environmental factors.!® Several groups have reported
that plants increase their ascorbic acid levels in
response to high light intensity,?®2° but they did not
provide information about the effects of different light
qualities on ascorbic acid levels. The effects of red,
far-red, white, blue, orange and ultraviolet light on

Table 1. Changes in ascorbic acid content, GLDH activity and total
fresh weight of soybean sprouts during germination?

Ascorbic acid level and yield of soybean sprouts

Table 2. Effects of light quality on ascorbic acid content, GLDH
activity and total fresh weight of soybean sprouts?

Ascorbic acid GLDH Total
Light (mgkg™" (umol min~" fresh
quality fresh weight) mg~") weight (g)
Darkness 208.3 +£23.4c 13.82+1.97c 5560 + 106b
Red light 113.6 £ 6.3d 9.79+0.57d 6482+ 132a
Far-red light  89.4 £9.8e 748+ 0.96e 5876+ 115b
Orange light 95.8+11.7e 6.83+0.84e 5604 + 108b
Blue light 237.9+26.7b 19.73+2.16b 5174+ 106¢c
White light 233.8+22.1b 20.36+252b 5586+ 117b
Ultraviolet 368.7 £41.83a 29.67 £3.38a 5220 +97c

Germination  Ascorbic acid GLDH Total
time (mgkg™ (umol min~" fresh
(days) fresh weight) mg~ ) weight (g)
0 ND ND 1000 + 37i
1 26.3 + 3.6e 1.92+0.17d 1895 + 58h
2 76.8 +8.9d 5.32 £ 0.36¢ 1978 £ 69h
3 128.1 +£12.1¢c 8.87 £ 0.98b 2824 + 879
4 217.9+28.6a 11.43+1.42a 4758 4 93f
5 199.4+20.2a 1218+ 2.15a 5462 +97e
6 163.24+21.3b 11.43+2.06a 5964 + 103d
7 158.3+13.4b 1222+ 1.97a 6462 +127C
8 126.5+14.5c 11.86+1.69a 7088 + 153b
9 81.94+10.7d 7.89+£0.45b 7490 + 186a

aEach value is an average of three determinations. The values were
obtained from soybeans germinated in darkness at 28°C. ND, not
detected. Means followed by different letters within the same column
are significantly different from each other (P < 0.05).
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a8 Each value is an average of three determinations. The values were
obtained from soybeans germinated for 5 days in continuous darkness
or with illumination at 28 °C. The illumination intensity of different light
qualities was 1000 Lx. Means followed by different letters within the
same column are significantly different from each other (P < 0.05).

the ascorbic acid level and growth of soybean sprouts
were examined here (Table 2). The results show that
ultraviolet light had the highest promoting effect on the
ascorbic acid content in soybean sprouts, increasing it
by 77.0% compared with the darkness control, while
red light had the highest promoting effect on the yield
of soybean sprouts, increasing the total fresh weight
by 16.6% compared with the darkness control. This is
in agreement with observations on callus of Saussurea
medusa Maxim which showed that ultraviolet light
had a promoting effect on the contents of secondary
products and red light had a promoting effect on cell
growth.30

The changes in the activity of GLDH in soybean
sprouts germinated under different lights exhibited
the same trend as the changes in ascorbic acid
level (Table 2). This indicates that the activity of
the key enzyme in ascorbic acid biosynthesis was
regulated by light and that increases in the activity
of GLDH resulted in the accumulation of ascorbic
acid in soybean sprouts germinated under ultraviolet
illumination.

Effects of intensity of ultraviolet and red light on
ascorbic acid level and fresh weight of soybean
sprouts

It has been reported that plants increase their ascorbic
acid levels in response to high light intensity.?°
Our experiments showed that the ascorbic acid level
and total fresh weight of soybean sprouts increased
significantly when the intensities of ultraviolet and red
light were higher than 500 and 1000 Lx respectively
(data not shown). Therefore 500 Lx ultraviolet and
1000 Lx red light were selected for the alternate
illumination treatments.

Effects of alternate illumination with ultraviolet
and red light on ascorbic acid level and fresh
weight of soybean sprouts

Ultraviolet light had the highest promoting effect
on the ascorbic acid level in soybean sprouts but
significantly inhibited their growth (Table 2). In
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Table 3. Effects of alternate illumination with ultraviolet (UV) and red
(RL) light on soybean growth, GLDH activity and ascorbic acid

content?

UV/RL Ascorbic GLDH Total
diurnal cycle  acid (mgkg™'  (umol min™" fresh
(h/h) fresh weight) mg~") weight (g)
0/24 11454+119¢c 11.26+1.79¢c 6476 +131a
4/20 283.9+31.3b 24.354+4.81b 6556 + 133a
8/16 304.24+£32.4b 28.93+4.37a 6552+ 138a
12/12 372.44+38.3a 30.87 +4.18a 6526 4+ 141a
16/8 368.6 £32.3a 31.17+3.76a 6130+ 132b
20/4 375.7+31.7a 30.38+4.17a 5672 +129¢c
24/0 372.44+413a 29.17 +£4.26a 5231+ 114d

2Each value is an average of three determinations. The values
were obtained from soybeans germinated for 5days at 28°C. The
illumination intensities of ultraviolet and red light were 500 and 1000
Lx respectively. Means followed by different letters within the same
column are significantly different from each other (P < 0.05).

contrast, red light promoted the growth of soybean
sprouts but had a significant inhibiting effect on their
ascorbic acid level (Table 2). In order to obtain the
highest ascorbic acid level and highest fresh weight of
soybean sprouts, the effects of alternate illumination
with ultraviolet and red light were investigated
(Table 3). The results shows that 12 h ultraviolet and
12 h red light diurnal cycles had the highest promoting
effects on both the ascorbic acid level and fresh weight
of soybean sprouts. The ascorbic acid content and
total fresh weight of soybean sprouts germinated under
such conditions were 372.4mgkg ™! fresh weight and
6526 g, which are 78.7 and 17.4% higher than the
darkness control values respectively.

CONCLUSION

This study has demonstrated that the germination
process, in particular under ultraviolet illumination,
has a significant promoting effect on the ascorbic acid
content in soybeans. In the germination process the
increases in ascorbic acid level were considered to
be a consequence of the reactivation of ascorbic acid
biosynthesis undergone in the seeds during germina-
tion. Germination of soybeans under ultraviolet and
red light diurnal cycles appears to be an effective
process for increasing the yield and enhancing the
nutritional quality of soybean sprouts.
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