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ABSTRACT: To develop functionally and nutritionally improved tofu, the effects of partial (0.2∼0.8%) replacement with 

licorice powder (LP) on the quality characteristics of tofu were investigated. The pH and turbidity values decreased upon 

addition of increasing amounts of LP (P<0.05). The yield of LP-supplemented tofu was higher than that of the control to-

fu, and it increased as the concentration of LP increased (P<0.05). Substituting 0.6% and above of LP significantly hard-

ened the texture of tofu (P<0.05) while control and 0.2∼0.4% samples were not significantly different among them (P> 

0.05). Lightness significantly decreased with higher LP content in the formulation (P<0.05), as indicated by visual obser-

vation that the color of tofu became darker. Redness and yellowness significantly increased (P<0.05). 2,2-Diphenyl-1- 

picrylhydrazyl and 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid radical scavenging activities significantly in-

creased (P<0.05) with higher substitution of LP, and they were well correlated. Tofu incorporated with LP (0.2∼0.8%) 

had a better shelf life which was approximately 4.32∼26.64 h longer than the control tofu at the elevated temperature of 

15oC. Finally, consumer acceptance test revealed that supplementation of LP more than 0.4% had an adverse effect on 

general consumer acceptance. On the basis of the overall observations, tofu samples supplemented with 0.2% (w/w) LP 

were found to benefit from the functional properties of LP, without compromising consumer acceptance.
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INTRODUCTION

Soybeans (Glycine max L.) contain high amounts of pro-

tein (35∼40% on a dry wet basis) and special biological 

active compounds, which have been regarded as choles-

terol-free sources of high quality nutrients (1,2). In addi-

tion to their nutritional benefits, isoflavones (genistein, 

daidzein, and glycitein) in tofu have several health-pro-

moting functions like anti-carcinogenicity, lowering blood 

cholesterol and sugar, and reducing the risk of cardio-

vascular disease (3-8). Soybeans have been utilized in 

various forms of foods, with tofu being the most widely 

accepted. Tofu, a traditional soybean food, has been a 

prime component of Asian food culture (9). Tofu is gain-

ing increasing consumption and popularity throughout 

the world as a healthy vegetable protein source as com-

pared to meat, fish, and cheese (10,11).

Licorice comes from the roots and stolons of some 

Glycyrrhiza species (G. glabra, G. uralensis, G. inflata, G. eu-

rycarpa, G. aspera, and G. korshinskyi) and has been used 

in traditional herbal medicine for at least 4,000 years 

(12) due to its emollient, anti-inflammatory, antiviral, an-

ti-allergic, antioxidant, and anti-cancerous properties (13). 

Licorice also reduced cyclosporine bioavailability by acti-

vating P-glycoprotein and cytochrome P450 3A4 (14), 

and compounds containing plant extracts from red yeast 

rice, bitter gourd, chlorella, soy protein, and licorice re-

duced total cholesterol, low-density lipoprotein choles-

terol, ratio of total-to-high-density lipoprotein cholester-

ol, and triglyceride levels in subjects with metabolic syn-

drome (15). Due to its sweet taste, licorice has been ex-

tensively used in food, confectionery, pharmaceutical, 

and tobacco products worldwide (16), and it is consid-

ered as a “generally recognized as safe” by the US Food 

and Drug Administration (17). Considering its physio-

logical activities and therapeutic effects, it would be ben-

eficial to develop a novel functional food based on lico-

rice. A literature review indicates that licorice powder (LP) 

or extract has been successfully applied to the processing 

of cheonggukjang (18), muffin (19), bread (20), kimchi 

(21), takju (22,23), doenjang (24), kochujang (25), and 

pound cake (26).

Rapidly growing concerns about healthy diets and in-

creased demand for the use of novel food ingredients, 
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especially soybean products, have led to investigations 

into tofu with value-added ingredients such as LP. To the 

best of our knowledge, little to no information is avail-

able on the effects of LP on the physicochemical and sen-

sory properties as well as storage stability of tofu. LP 

contains antioxidants and other nutritional components, 

and if added to foods as a supplement, it can provide 

beneficial effects on nutrition and health. In this study, 

LP was supplemented with soybean milk in order to im-

prove its functional and nutritional value. The aim of this 

research was to determine the effects of LP addition (0.2∼ 

0.8%) on the physicochemical and sensory characteris-

tics of tofu. The antioxidant properties and storage sta-

bility of LP-supplemented tofu were also determined.

MATERIALS AND METHODS

Materials

LP was purchased from Garunara (Seoul, Korea), and 

soybeans were purchased from Orga Whole Foods (Seoul, 

Korea). Salt and brown rice vinegar (Ottogi, Seoul, Korea) 

were purchased from the local market in Gyeongsan, 

Korea.

Preparation of tofu

Washed soybeans (500 g) were socked in tap water at 

25oC for 24 h. The hydrated beans were placed in a bas-

ket to remove excess water and ground with distilled wa-

ter (3,600 mL) in a blender (DA700-G, Daesung Artlon, 

Seoul, Korea) for 2 min at high speed, followed by strain-

ing through a muslin cloth and pressing to obtain soy-

milk. Soymilk (2,800 mL) was heated to a boil for 6 min 

while removing the foam, and stirred for 2 min with a 

natural coagulant (mixture of 10 g of salt and 8 g of vine-

gar) and held for 5 min to coagulate and used as the con-

trol. The other samples were made by substituting 0.2∼ 

0.8% of LP based on the total weight of the soybean 

milk. The curd was gently transferred to a specially de-

signed, perforated mold (10×11×10 cm depth) lined 

with cheese cloth and pressed for 20 min using bricks 

weighing 5 kg.

Physicochemical analyses

A sample (10 g) of tofu was mixed with 90 mL of dis-

tilled water and homogenized for 1 min. The mixture 

was held at ambient temperature for 1 h to separate the 

solid and liquid phases. The pH of the supernatant was 

measured using a pH meter (MP230, Mettler Toledo, Zü-

rich, Switzerland). The yield was expressed as the weight 

of tofu obtained from 100 g of soybeans. Turbidity of fil-

tered soybean whey using a Whatman No. 2 filter (GE 

Healthcare UK Ltd., Little Chalfont, UK) was measured 

at 600 nm using a spectrophotometer (Optizen 2120UV 

Plus, Mecasys Co., Ltd., Daejeon, Korea). All measure-

ments were done in triplicate and mean values were com-

pared.

Color characteristics (CIE L*, a*, and b*) were meas-

ured using a Minolta Spectrophotometer (CM-600d, Mi-

nolta Co., Osaka, Japan). Texture profile analysis (TPA) 

of tofu samples (3×3×3 cm) was performed using a com-

puter-controlled Advanced Universal Testing System 

(LRXPlus, Lloyd Instrument Ltd., Fareham, UK) at room 

temperature. Each sample was compressed twice to 30% 

of its original height using a disc-shaped probe (5 cm in 

diameter) at 1 mm/s speed, and the trigger was set at 0.1 

gf. Hardness was expressed in Newtons as the peak height 

of the force on the first compression. Color measurements 

were repeated 5 times while TPA was conducted 9 times.

Determination of free radical scavenging activities

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 

activities of the samples were measured in terms of their 

hydrogen-donating or radical scavenging activity using 

the stable DPPH radical. The assay was performed as pre-

viously described by Blois (27) with slight modifications. 

Briefly, 0.2 mM solution of DPPH radical in ethanol was 

prepared, after which 5 mL of this solution was added to 

1 mL of sample solution in ethanol at different concentra-

tions and then shaken and left to stand for 10 min. Decol-

orization of DPPH-donated protons was determined by 

measuring the absorbance at 517 nm using a spectro-

photometer (Optizen 2020 UV Plus, Mecasys Co., Ltd., 

Daejeon, Korea). The scavenging activity of the DPPH 

radical was calculated using the following equation:

Radical scavenging activity (%)=

Abs.control−Abs.sample ×100
Abs.control

The spectrophotometric analysis of 2,2’-azino-bis-3-eth-

ylbenzthiazoline-6-sulphonic acid cation radical (ABTS+
･) 

scavenging activity was determined according to the 

method used by Re et al. (28) with slight modifications. 

The ABTS+
･ was produced by a reaction between 7.4 

mM ABTS+
･ in H2O and 2.6 mM potassium persulfate 

during storage in the dark at room temperature for 12∼ 

16 h. Before use, the ABTS+
･ solution was diluted with 

methanol to obtain an absorbance of 1.1±0.02 at 734 

nm. Subsequently, 3 mL of ABTS+
･ solution was added 

to 0.1 mL of sample. After 10 min, the percent inhibi-

tion at 734 nm was calculated for each concentration rel-

ative to the blank absorbance.

Storage test of tofu

The tofu was placed in a polypropylene container with 

1,200 mL of sterilized distilled water as an immersion 

solution and stored at 15oC for 4 d, sterilized at 85oC for 
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Table 1. Physicochemical properties of tofu incorporated with different levels of LP

Property
LP level (%)

0 0.2 0.4 0.6 0.8

pH 6.18±0.13
a

6.10±0.07
ab

6.05±0.05
bc

5.95±0.14
c

5.93±0.06
c

Yield (g) 125.21±2.71
d

131.31±1.01
c

131.65±3.34
c

139.16±0.75
b

148.26±1.69
a

Turbidity 3.03±0.03
a

1.52±0.20
b

1.39±0.07
b

1.32±0.01
b

0.31±0.01
c

Texture (N) 6.73±0.74
c

8.09±1.60
c

8.16±1.36
c

10.19±2.51
b

15.18±2.00
a

Color L* 87.89±1.02
a

83.13±0.68
b

79.64±0.61
c

74.68±1.33
d

72.81±0.40
e

a* 0.37±0.12
d

0.56±0.11
c

0.68±0.11
c

1.19±0.16
b

1.39±0.09
a

b* 14.63±0.15
d

14.99±0.43
d

16.15±0.70
c

17.42±0.55
b

18.16±0.26
a

Means with different letters (a-e) in the same row are significantly different according to Duncan’s multiple range test (P<0.05).

15 min, and cooled down for 20 min using running wa-

ter. The tofu and immersion solution were homogenized, 

and the supernatant was diluted with 0.1% peptone wa-

ter. Plate count agar was used for the determination of 

total viable counts. All plates were triplicated, incubated 

at 38oC for 48 h, and viable cell numbers were deter-

mined as colony forming units (log CFU) per g.

Sensory evaluation

Tofu samples with and without supplementation of LP 

were subjected to sensory evaluation with forty un-

trained volunteer consumers (18 males and 22 females, 

aged from 20 to 58). Panelists received a tray containing 

five samples presented in random order at room tempera-

ture (randomly coded using a three-digit number), a glass 

of water, and an evaluation sheet. Participants were in-

structed on how to evaluate the samples and were not 

required to expectorate or consume the entire volume 

served. Panelists were asked to evaluate the samples for 

consumer acceptance of color, flavor, softness, taste, and 

overall acceptance. The ratings were carried on a 9-point 

Hedonic scale ranging from 9 (like extremely) to 1 (dis-

like extremely). The orders of serving were completely 

randomized.

Overall acceptance was evaluated first, and another ses-

sion was held to evaluate the rest of the attributes. There 

was an inter-stimulus interval of 30 s imposed between 

samples, to allow time to recover from adaptation. Partic-

ipants were advised to rinse their palates between sam-

ples. Enough space was given to handle the samples and 

questionnaire, and evaluation time was not constrained. 

No specific compensation was given to the participants.

This study was approved by the Daegu University Insti-

tutional Review Board (IRB # 1040621-201703-HR-012- 

02).

Statistical analysis

The experimental data were subjected to analysis of vari-

ance (ANOVA) using the general linear models procedure 

to identify significant differences among the samples. 

Mean values were compared using Duncan’s multiple 

range test. The significance was defined at the 5% level.

RESULTS AND DISCUSSION

Physicochemical characteristics

Table 1 presents the physicochemical characterization of 

tofu supplemented with different levels of LP. The pH 

values assessed in the samples ranged from 5.93 to 6.18, 

and decreased upon addition of increasing amounts of 

LP. Nevertheless, only minor changes were observed. 

Thus, it seems that LP supplementation resulted in tofu 

of slightly lower pH. A similar change of pH was ob-

served for breads (20) and pound cakes (26) with incor-

porated LP, probably due to the weak acidic nature of the 

supplemented powder. The pH of LP was 5.68 in this 

study.

The yield of tofu with LP was higher than that of the 

control tofu and increased as the concentration of LP in-

creased (P<0.05). The yield of tofu was directly influenced 

by the water-soluble protein and lipid contents of soy-

beans (29). When the LP was incorporated, soymilk pro-

teins were better coagulated; thus, more water was en-

trapped in the gel network, and the yield of tofu increased 

(30). Similar results were reported for tofu containing 

chungkukjang powder (31), shrimp powder (32), loquat 

leaf powder (33), and Lagocephalus lunaris powder (34).

Turbidity of soybean whey tended to decrease with in-

creased levels of LP incorporation where the values of 

0.2%, 0.4%, and 0.6% samples were significantly differ-

ent from those of the control and 0.8% sample (P<0.05). 

Turbidity values may indicate the degree of the aggrega-

tion of protein molecules or dispersion of color pigments 

due to the ingredients incorporated in the tofu formula-

tion (35). The decrease in the turbidity values in this ex-

periment is probably due to a strong protein aggregation 

between whey and LP. This resulted in a less amount of 

dispersed or suspended solids to block light, resulting in 

decreased turbidity. Similar decreases in the turbidity 

values were observed for tofu prepared with spinach juice 

(36).
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Fig. 1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azino-bis-
3-ethylbenzthiazoline-6-sulphonic acid (ABTS) radical scaveng-
ing activities of tofu incorporated with different levels of licorice 
powder (LP). Means within the same activity without a common 
letter (a-d) are significantly different (P<0.05).

Fig. 2. Total microbial count of tofu incorporated with different 
levels of licorice powder (LP) during storage at 15

o
C.

The middle portion of tofu, which has a homogeneous 

texture, was analyzed for textural characteristics im-

parted by LP tofu. Substituting 0.6% and higher amounts 

of LP significantly hardened the texture of tofu (P<0.05) 

while the control and 0.2∼0.4% samples were not sig-

nificantly different among them with respect to hardness 

(P>0.05). This suggests that incorporation of LP up to 

0.4% in tofu formulation would not change hardness, 

which is one of the important attributes influencing con-

sumer acceptability. Increased hardness in tofu was also 

observed with Rhynchosia volubilis (35), Enreromorpha in-

tenstinalis (37), and pine needle (38). The hardening of 

tofu can be affected by the whey protein interacts with 

coagulants and other constituents (e.g. phytic acid) in 

soy milk and anions to form the microstructure into gel. 

During the process of gelation, the intermolecular inter-

action of soy protein is somewhat slowed by LP and re-

sulted in a more homogeneous and regular network, and 

the final result is a stronger tofu structure (39,40).

Tristimulus colorimetry of LP tofu was used to assess 

the extent of color change with different levels of LP 

incorporation. The L*-value (lightness) of the control is 

comparable to that of tofu with pine needle powder (38) 

and water dropwort juice (41). Tofu samples made with 

LP were significantly different from the control (P<0.05). 

A significant decrease (P<0.05) in lightness with increas-

ing levels of LP incorporation was observed, and these 

are probably due to the dark color pigment of LP. On the 

other hand, the a*- and b*-values increased significantly 

upon addition of an increased amount of LP (P<0.05). 

The a*- and b*-values showed similar trends but no sig-

nificant differences were found in the 0.2∼0.4% sam-

ples for the a*-values, and the control and 0.2% samples 

for b*-values. Our results are in good agreement with 

the findings of Park and Lee (26) who reported the color 

characteristics of pound cakes incorporated with 0∼0.8 

% LP.

Free radical scavenging activities

The antioxidant activities were examined based on the 

DPPH radical-scavenging activity and ABTS radical cati-

on assay. The usage of LP in the tofu formulation en-

hanced the levels of antioxidant activity (Fig. 1). This can 

be attributed to the inherent rich antioxidant capacities 

of LP as compared to soybean powder. There were signif-

icant increases in both activity values of bound phenolic 

extracts in the samples with LP as compared to those of 

the control sample (P<0.05). They increased significant-

ly with increasing addition of LP (P<0.05), whereas no 

significant differences were found in DPPH values be-

tween the 0.4% and 0.6% samples and ABTS values be-

tween the 0.2% and 0.4% samples (P>0.05), respective-

ly. Samples enriched with 0.8% LP showed the highest 

antioxidant potential. The data also showed a positive 

correlation between the antioxidant capacities, DPPH in-

creased as ABTS increased. A similar trend was reported 

by Park and Lee (26) for pound cakes supplemented with 

LP. The antioxidant capacities of the extracts are mainly 

due to the total phenolic content and total phenolic ac-

ids (42).

Storage stability

The changes of the viable microbial counts of tofu in-

corporated with LP and a control tofu during storage at 

15oC for 4 days are shown in Fig. 2. The initial total plate 

count of the fresh control and LP-supplemented tofu 

samples at the beginning of the experiments was approx-

imately 30 CFU/g. These values are less than the initial 

concentrations reported for tofu prepared with Rhyncho-

sia volubilis (35). Total viable counts of all the tofu sam-

ples increased exponentially during storage. However, 

the results indicated that LP-supplementation had a sig-

nificant effect on the inhibition of microbial growth. It 

can be seen that the viable microbial counts of the con-

trol tofu increased more rapidly than those of tofu pre-

pared with LP during longer storage periods. With the 

postulation that tofu spoilage would start when viable 
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Fig. 3. Radar plot of sensory results of tofu supplemented with 
different levels of licorice powder (LP). Means within the same 
attribute without a common letter (a-d) are significantly differ-
ent (P<0.05).

Table 2. Consumer preference of tofu incorporated with different levels of LP

Attribute
LP level (%)

0 0.2 0.4 0.6 0.8

Color 7.13±1.59
a

6.55±1.48
a

5.33±1.69
b

4.25±1.92
c

2.98±2.26
d

Flavor 6.45±1.50
a

6.00±1.87
a

4.80±1.71
b

4.13±1.67
b

2.93±1.94
c

Taste 6.75±1.58
a

6.40±1.66
a

4.68±1.62
b

3.68±1.61
c

1.93±1.44
d

Softness 5.93±2.10
a

5.68±1.99
a

4.68±1.80
b

3.83±1.87
b

4.23±2.68
b

Overall acceptance 6.00±2.01
a

6.13±1.73
a

4.63±2.05
b

4.08±2.00
b

2.15±1.67
c

Means with different letters (a-d) in the same row are significantly different according to Duncan’s multiple range test (P<0.05).

counts were above 107 CFU/g, which is the maximum 

acceptable microbial limit (43-45), incorporation of LP 

in the range of the tested concentrations can extend the 

shelf life of tofu. Tofu incorporated with LP (0.2∼0.8%) 

had a better shelf life, which was approximately 4.32∼ 

26.64 h longer than the control tofu at the elevated tem-

perature of 15oC. This was probably due to the antimic-

robial activities of phenolic compounds contained in LP 

(46). Such extension effect on shelf life of Japanese sea 

bass fillets incorporated with licorice extract was also re-

ported by Qiu et al. (47).

Sensory findings

Color, flavor, taste, softness, and overall acceptance of 

control tofu and LP-supplemented tofu were evaluated, 

and the results are presented as a radar plot (Fig. 3). 

The highest color, flavor, taste, and softness scores were 

obtained for the control (7.13, 6.45, 6.75, and 5.93, re-

spectively), whereas the 0.2% sample received the high-

est score (6.13) with respect to overall acceptance (Ta-

ble 2). However, no significant differences were found 

between the control and the 0.2% sample in all attrib-

utes (P>0.05). This is probably due to the fact that most 

of the consumers were not familiar with LP-supple-

mented tofu and perhaps they tested them for the first 

time. When the supplementation is beyond 0.4%, all the 

values decreased with increasing addition of LP (P<0.05). 

Excessive addition of LP seemed to have a deteriorative 

effect on all the attributes evaluated.

Overall acceptance scores of LP tofu were the best with 

the 0.2% sample. The results of the sensory analysis 

showed that supplementation with 0.2% LP improved 

most of the sensory attributes evaluated without signifi-

cant differences. However, further increasing the substi-

tution levels above 0.4% seemed to have some undesir-

able sensorial effects.

In conclusion, the present study established the feasi-

bility of using LP as a supplement for enhancing the nu-

tritional quality of tofu. Overall, our results suggest that 

nutritious tofu can be prepared by supplementing 0.2% 

LP, with increased physicochemical and antioxidant char-

acteristics without sacrificing the sensorial qualities.
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