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Abstract
The effects of water dropwort on the physical characteristics of tofu were investigated and consumer acceptance 

test was conducted. pH decreased significantly with increasing water dropwort concentration from 0 to 3%, where-
as titratable acidity showed the reverse trend (p<0.05). The amount of water dropwort did not significantly influ-
ence the moisture content up to 2% substitution (p>0.05). Turbidity increased significantly with increasing water 
dropwort concentration (p<0.05). A significantly lower moisture content in 3% water dropwort tofu may be attrib-
uted to the denser structure and hardness of that was significantly higher than those of the other samples (p<0.05). 
Even though a*-values of 3% water dropwort tofu was lower than that of control, a*-values increased significantly 
with increasing water dropwort content (p<0.05). On the contrary, b*-values decreased significantly with increas-
ing water dropwort content (p<0.05). 2% water dropwort tofu was found to be the best with respect to its overall 
acceptability score.
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INTRODUCTION

The soybean (Glycine max (L.) Merrill), originated in 
East Asia, and has been grown as a food crop for thou-
sands of years and continues to be an important compo-
nent of the traditional popular diet in these regions (1). 
Soybeans have been utilized into various forms, among 
which tofu is the most widely accepted (2). Moreover, 
isoflavones in tofu have been credited with performing 
several health-promoting functions, like lowering the in-
cidence of several types of cancer (3,4), and reducing 
the risk of cardiovascular disease (5), and menopausal 
symptoms. The results from animal and human studies 
have indicated that an increased intake of isoflavones 
improves the retention of bone or increases the bone 
mass (6-8).

Various attempts have been made in the preparation 
of tofu to improve functional properties with fruit juices 
(9-11), basil water extracts (12), ginseng (13), green tea 
(14), chitosan (15), carrageenan (16), chlorella (17), gar-
lic (18) and seaweeds (19). Water dropwort (Oenanthe 
javanica DC.) is a perennial herb with a distinctive ar-
oma and taste due to its characteristic essential oil con-
tent (20), and grows wild in fresh water marshes and 
swampy fields, canals, and streams in Asia and Australia. 
It is a member of the umbelliferae family (along with 
coriander, caraway, fennel, and cumin) and as a very 

important commercial crop, the stems and leaves are 
used as a garnish in soups and stews in Korea. Also 
water dropwort has been widely used as a medicinal food 
in East Asia for treatments of jaundice, hypertension, 
and polydipsia diseases for many years (21,22) and has 
sometimes been employed as a treatment for pneumonia 
in folk medicine. Essential oils from plants are a promis-
ing source of novel natural anti-microbial agents (23).

The objective of this study was to investigate the ef-
fect of water dropwort addition on the physical quality 
of tofu and the consumer acceptance.

MATERIALS AND METHODS

Materials
Soybeans were purchased from Orga Whole Foods 

(Seoul, Korea). Magnesium chloride, the coagulant, was 
reagent grade and purchased from Daesan Trading Co., 
Ltd. (Incheon, Korea). Samples of water dropwort were 
obtained from Cheongdo, Gyeongbuk, Korea and thor-
oughly cleaned to remove the impurities with distilled 
water.

Preparation of tofu
Cleaned water dropwort was cut into 6.0±0.5 cm 

pieces and excess water was removed using a salad spin-
ner (WD23-210, Myeongmoon LC Corp., Gyeonggi, 
Korea). Water dropwort juice was then extracted using 
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Table 1. Formulation of tofu with water dropwort juice

Ingredients
Concentration of water 

dropwort juice
0% 1% 2% 3%

Soybean milk (mL)
Water dropwort juice (mL)
Coagulant (g)

4000
   0
 200

3960
  40
 200

3920
  80
 200

3880
 120
 200

Total 4200 4200 4200 4200

a commercial juicer (model DO-9001, Dong-a Osca, Co., 
Busan, Korea). Washed soybeans were socked in tap wa-
ter at room temperature for 12 hr. The hydrated beans 
were placed in a basket to remove excess water and 
ground with 5000 mL distilled water in a blender for 
3 min at high speed, followed by straining through a 
muslin cloth and pressing to obtain soymilk. Soymilk 
(4000 mL) was heated to a boil and mixed with 200 
mL of 5% MgCl2 and held for 10 min to coagulate for 
control. The other samples were made by substituting 
1～3% (based on the total weight of the soybean milk 
and water dropwort juice) of water dropwort juice ac-
cording to the formulation given in Table 1. The curd 
was gently transferred to a specially designed, perforated 
mould (10×11×10 cm depth) lined with cheese cloth 
and pressed for 30 min using bricks weighing 3.5 kg.

pH and titratable acidity measurement
Ten grams of sample mixed with 40 mL distilled water 

was prepared to measure the pH of water dropwort tofu 
with a pH meter (PHM210 Standard pH meter, Radiometer 
Analytical, Lyon, France) at room temperature. The ti-
tratable acidity was determined as the titration volume 
in mL of 0.1 N NaOH needed to bring the pH to 5.3 
after homogenization. All measurements were done in 
triplicate and mean values were compared.

Moisture content and turbidity
Moisture content was determined by drying a weighed 

amount of samples to a constant weight at 105oC in an 
oven for 24 hr (24). Turbidity of filtered soybean whey 
using a Whatman No. 5 filter was measured using a 
spectrophotometer (Optizen 2120UV Plus, Mecasys Co., 
Ltd., Daejeon, Korea). All measurements were done in 
triplicate and mean values were compared.

Color assessment
Color characteristics (CIE L*, a*, b*) were measured 

using a Minolta Chroma Meter (Model CR-200, Minolta 
Co., Osaka, Japan) calibrated with a calibration plate us-
ing Y=94.2, x=0.3131, and y=0.3201. Color was meas-
ured at the same location (six sides of each cube) using 
10 tofu cubes (3×3×2 cm) for each treatment. The re-

sults reported in this paper are the mean values of sam-
ples accompanied by their standard deviations.

Textural properties
Textural characteristics were evaluated by 30% com-

pression of individual sample (3×3×2 cm) with a com-
puter-controlled Advanced Universal Testing System 
(LRXPlus, Lloyd Instrument Limited, Fareham, Hampshire, 
UK) at room temperature with a 1.2-cm diameter stain-
less steel cylinder probe. A 100-Newton (N) load cell 
was used, and the crosshead speed was 60 mm/min. Nine 
samples for each replication were tested, and their mean 
values were compared.

Consumer test
Tofu with water dropwort was evaluated by 30 con-

sumer panelists. Four samples were presented in random 
order and they were asked to evaluate the consumer at-
tributes of color, dropwort flavor, beany flavor, chewi-
ness, texture, and overall acceptability. Consumers ex-
pressed judgments about samples using a structured nu-
meric scale of five points (7-point hedonic scale), where 
7=like extremely, 6=like strongly, 5=like moderately, 
4=neither like or dislike, 3=dislike moderately, 2=dislike 
strongly, and 1=dislike extremely, for each attribute 
evaluated. Each sample (ca. 5 g), randomly coded using 
a three-digit number, was evaluated in each session. 
Consumers received a tray containing the samples, a 
glass of water, and an evaluation sheet.

Statistical analysis
The statistical analysis was done using the SAS for 

Windows version 8.1 (SAS Inst. Inc., Cary, NC., USA). 
The means were compared with Duncan’s multiple range 
test at 5% level of significance.

RESULTS AND DISCUSSION

pH and titratable acidity
pH and titratable acidity of tofu with different concen-

trations of water dropwort are shown in Fig. 1. pH values 
of 2 and 3% water dropwort tofu were significantly low-
er than that of control and 1% water dropwort tofu. 
These are probably due to the low pH of water dropwort 
juice. Im et al. (12) reported the average pH of typical 
tofu is in the range of 5.2～6.2 and pHs of water drop-
wort tofu were 6.13～6.26. Similar results were reported 
by Kim et al. (17) with chlorella soybean curd. However, 
these were higher than that of tofu with basil water ex-
tracts (12), with green tea powder (14), with chitosan 
(15), and with fruit juice of pomegranate (9). Titratable 
acidities of water dropwort tofu were 3.13～3.55 mL/g. 
There were significant differences in titratable acidities 
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Fig. 1. Effects of water dropwort juice on the pH and titratable 
acidity of tofu. Means within the same property bearing unlike 
letters are significantly different (p<0.05).
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Fig. 2. Effects of water dropwort juice on the moisture content 
of tofu. Means bearing unlike letters are significantly different 
(p<0.05).

among water dropwort tofus with various water dropwort 
concentrations. With increasing water dropwort concen-
tration, titratable acidity increased significantly. Titratable 
acidity of water dropwort tofu was considerably higher 
than that of tofu with basil water extracts (12).

Moisture content and turbidity
Changes in moisture content are shown in Fig. 2. 

Moisture contents of water dropwort tofu were 77.78～
80.35%. Even though moisture contents were not sig-
nificantly changed (p<0.05) with increasing water drop-
wort concentration up to 2% substitution, moisture con-
tent of water dropwort tofu consistently decreased as the 
water dropwort concentration increased. Water dropwort 
tofu prepared with magnesium chloride gave clear whey, 
indicating that the level of coagulants added was suffi-
cient for complete coagulation of soy proteins. Lower 
moisture content of water dropwort tofu with higher 
amount of water dropwort may be ascribed as denser 
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Fig. 3. Effects of water dropwort juice on the turbidity of tofu. 
Means bearing unlike letters are significantly different (p< 
0.05).

and with a more compact structure, which made water 
easily release from the curd during pressing.

Turbidity of water dropwort tofu increased sig-
nificantly with increasing water dropwort concentration 
(Fig. 3). In general, the solids in whey are mostly sugars 
and low molecular weight proteins (25). The increase 
in turbidity with increasing water dropwort juice concen-
tration was probably due to the fiber and color compo-
nent in the water dropwort juice which was prepared 
by simple extraction without clarification. The yield of 
tofu was calculated as the weight of fresh tofu obtained 
from a 100 mL of the soymilk used for its preparation. 
Use of water dropwort extract in preparation of tofu did 
not significantly influence the yield of tofu, which were 
19.57～20.06 g/100 mL of soymilk.

Color changes
Tristimulus colorimetry of water dropwort tofu was 

used to access the extent of color change with different 
water dropwort concentrations (Table 2). L*-value of 
control is comparable to that of tofu with oyster shell 
powder reported by Kim et al. (2) and Lee et al. (15), 
where chitosan was used as a coagulant. However, there 
are several findings showing lower L*-values than ours, 
for example, Karim et al. (16) with carrageenan, Kim 
et al. (17) with chlorella, Kim et al. (26) with cow’s 
milk, and Kim and Park (9) with fruit juice of 
pomegranate. Substituting water dropwort had a sig-
nificant effect (p<0.05) on the lightness of tofu. A sig-
nificant decrease (p<0.05) in lightness with increasing 
water dropwort concentration was observed and these are 
due to the darkish green color of water dropwort. A sim-
ilar decrease in lightness was also reported by Kim et 
al. (2) with oyster shell powder from 0 to 0.2% of soy 
milk, by Kim et al. (13) with ginseng from 0 to 0.5 
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Table 2. Color characteristics of tofu as affected by water dropwort juice

Characteristics
Concentration of water dropwort juice

 0% 1% 2% 3%
  L*-value
  a*-value
  b*-value

89.78
-4.21
16.57

±1.02a

±0.25a

±0.61c

84.94
-8.11
19.59

±1.26b

±0.96b

±1.57a

85.13
-6.78
18.25

±1.07b

±1.30b

±1.28b

83.48
-4.68
17.45

±1.23c

±3.15a

±0.57bc

a-cMeans(±standard deviation) within the same row bearing unlike letters are significantly different (p<0.05).

Table 3. Mechanical characteristics of tofu as affected by water dropwort juice

Concentration
Texture characteristics

Hardness Cohesiveness Springiness (mm) Chewiness (N/mm) Stiffness (N/mm)
0%
1%
2%
3%

3.7920±0.5777b

3.7330±0.9393b

4.0223±0.5522b

5.2466±1.0167a

0.473±0.029a

0.459±0.039a

0.467±0.020a

0.444±0.027b

5.211±0.068b

5.157±0.101c

5.213±0.182b

5.223±0.167a

0.009±0.001b

0.009±0.002b

0.010±0.002ab

0.012±0.002a

0.707±0.111b

0.707±0.194b

0.730±0.100b

1.001±0.226a

a-cMeans(±standard deviation) within the same column bearing unlike letters are significantly different (p<0.05).

%, by Kim et al. (17) with chlorella from 0 to 2.0%, 
by Jung and Cho (14) with green tea powder from 0 
to 1.0%, by Kim and Park (9) with fruit juice of pome-
granate, from 0 to 5%, and by Choi et al. (27) with 
various natural materials, with carrot from 0 to 8%, cu-
cumber from 0 to 12%, spinach from 0 to 1.5%, and 
green tea from 0 to 0.1%.

a*-value significantly increased with increasing water 
dropwort concentration. Kim et al. (13) showed similar 
results with ginseng, Choi et al. (27) with carrot, and 
Kim and park (9) with fruit juice of pomegranate. These 
are due to the colorants of each material, for example, 
pomegranate has pelargonin. On the other hand, a de-
crease in a*-value was also reported by Jung and Cho 
(14) with green tea powder, Kim et al. (17) with chlor-
ella, Choi et al. (27) with cucumber, spinach and green 
tea, and Karim et al. (16) with carrageenan using calcium 
sulfate as a coagulant.

b*-values of water dropwort tofu were significantly 
higher than that of control and as the water dropwort 
concentration increased, b*-values consistently de-
creased (p<0.05). Interestingly, Kim and park (9) also 
showed b*-values of pomegranate tofu were significantly 
lower than that of control, but as the pomegranate juice 
concentration increased, b*-values consistently increased 
(p< 0.05). Kim et al. (2) showed b*-values of oyster 
shell powder tofu increased with the increasing shell 
powder concentration, Choi et al. (27) also with carrot, 
Kim et al. (13) with ginseng, Jung and Cho (14) with 
green tea powder, and Kim et al. (17) with chlorella.

Textural properties
The middle portion of tofu, which has a homogeneous 

texture, was analyzed for textural characteristics im-
parted by water dropwort tofu. Substituting 3% of water 

dropwort significantly hardened the texture of tofu and 
significantly increased springiness, and chewiness while 
cohesiveness decreased significantly (Table 3). Increased 
hardness in tofu was also observed with carageenan (16) 
and chlorella (17). These are mainly due to the increased 
fiber content with increasing water dropwort con-
centration. The hardening of tofu can be affected by the 
way protein interacts with coagulants and other con-
stituents, e.g. phytic acid, in soy milk and anions to form 
the microstructure into gel. During the process of gelati-
on, the intermolecular interaction of soy protein is some-
what slowed by water dropwort and resulted in a more 
homogeneous and regular network and final result is a 
stronger tofu structure (28,29). Tofu with greater hard-
ness means harder and firmer. Tofu with higher spring-
ness possesses higher elasticity. Tofu with lower yield 
contained less water and would be harder, which was 
well observed in the case of 3% water dropwort tofu.

Consumer acceptance
Tofu samples were evaluated by a panel for color, fla-

vor, taste, texture, and overall acceptability on a 7-point 
scale. Fig. 4 presents the spider charts on several attrib-
utes including color, water dropwort flavor, beany flavor, 
chewiness, texture, and overall acceptability. In terms 
of color, beany flavor, beany smell, chewiness, and tex-
ture, there were no significant differences among the 
samples. Increasing water dropwort concentration re-
sulted in increased water dropwort flavor scores, 1 and 
2% water dropwort substitution did not significantly in-
crease the water dropwort flavor, but not in 3% water 
dropwort tofu. The overall acceptability scores ranges 
from 3.86 to 5.38. Highest scores were given to 2% wa-
ter dropwort tofu. 2% water dropwort tofu was found 
to be the best with respect to its overall acceptability 
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Fig. 4. Spider chart for consumer test as influenced by water 
dropwort juice.

and water dropwort flavor.
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