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Graphical abstract 
 

 

Abstract 
 

Daily consumption of chicken eggs produces a vast number of eggshells 

byproducts which are a rich source of calcium salt. This paper investigated the 

potential of eggshell powder from eggshell byproducts as an alternative 

coagulant in the tofu preparation process. The eggshell powder was successfully 

obtained and analyzed with calcium salt (CaCO3) of 74.7% followed by calcium 

of 17.48%. Liquid nigari as a coagulant was evaluated and showed better tofu 

yield (143.24 ± 1.68 g/ 100 g) at 2% of addition to the soybean milk. The tofu 

prepared with 2% liquid nigari and 0.25% eggshell powder showed a higher yield 

(154.79 ± 3.56 g/100 g) as well as the improvement of texture profile of resulting 

tofu with hardness of 19.1 ± 2.02 N, cohesiveness of 0.26, and springiness of 13.5 ± 

0.06 mm. The studied tofu was obviously observed to have better textural 

characteristics than two samples prepared by traditional methods. The result 

suggested that eggshell powder could be a promising alternative coagulant for 

tofu preparation.  
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1.0 INTRODUCTION 
 

According to the report by World Wildlife Fund (WWF), 

the processed food from farm to fork promotes a large 

amount of food waste which is the most concerning 

risk to the planet earth [1]. Food waste is defined as a 

part of food loss and preferably discarded sections 

during food processing [2]. It was reported that one-

third of food waste was considerably consumed with 

sufficient nutritional values (around 1.3 billion tons 

annually) [3]. In which, eggshell waste has been 

currently rated as the 15th considerable food by-

product issue, leading to serious environmental 

problems as well as health-concerned problems due 

to the growth of microorganisms on these eggshells [4]. 

Chicken eggshells are food waste materials from 

domestic resources including factories, poultry farms, 

restaurants, and home kitchens. Eggshell contributes to 

9-12% of the total egg weight which is a good source 

of dietary calcium [5].  Eggshells are constituted by a 

majority of calcium carbonate (94%), calcium 

phosphate (1%) and magnesium carbonate (along 

with some organic components and water [5,6].  The 

calcium carbonate could be converted to different 

calcium-fortified products, underlining their highly 

promising applicability in biomedical and food 

industries [7]. Therefore, the utilization of eggshells for 

calcium-fortified foods production could be an ideal 

low-cost alternative to commercial supplements to 

increase the consumption of calcium in the human 

diet, which was in agreement with many previous 

researchers [8–10]. Ray et al. (2017) supplemented 

eggshell powder with wheat flour to produce eggshell 

powder fortified chocolate cakes. The obtained results 
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indicated that adding 6% of eggshell powder 

increased the calcium content of cakes (816.8 

mg/100g) while remaining the physicochemical 

properties and sensorial properties at the acceptable 

level. The enrichment of eggshell powder in Polish 

bread spread was observed to increase calcium levels 

to 2.5-fold compared to the control sample [11]. 

Interestingly, the use of eggshell powder as a calcium 

supplement for rat diet was found to have higher 

bioavailability than the commercial calcium 

carbonate supplement [12].  

Tofu, known as soybean curd, has been commonly 

used as a favorable product supplementing a rich 

source of protein and calcium in Asian diets for many 

centuries. Soybean curd is basically prepared by 

coagulating soymilk by using many types of coagulant 

[13]. The coagulant induces soy protein gel for 

trapping water, lipids and other chemical constituents 

in the matrix forming curds [14]. The quality of soybean 

curd is highly dependent on the coagulating agent for 

achieving the high yield and desired texture of tofu. 

Calcium sulfate is a widely used coagulating agent, 

but other calcium salts can considerably be an ideal 

calcium source such as calcium chloride, calcium 

lactate, calcium acetate, calcium carbonate [15,16]. 

Kim et al. (2007) also used 0.1% oyster shell powder 

(mostly composed of CaCO3) and the yield and 

moisture of tofu were considerably higher than that 

prepared with MgCl2 [17]. Therefore, the use of 

eggshell powder with the main component of CaCO3 

could be a promising alternative to tofu coagulant. 

Besides, liquid nigari, a by-product during salt 

production, is also a chloride coagulant (MgCl2 and 

CaCl2) and has been found to promote natural flavors 

and the original taste of soybean [18]. The combined 

usage of liquid nigari and eggshell powder can 

produce better tofu yield and textural characteristics.  

Therefore, the objective of this study was to utilize 

the chicken eggshell powder from the eggshell 

byproducts as an alternative to tofu coagulant. The 

effect of liquid nigari and eggshell powder content on 

the tofu yield and texture profile was determined to 

better produce tofu formulation. The resulting tofu in 

this study was also compared with other traditional 

tofu products to show the discrepancy in textural 

characteristics. The result is expected to show the 

feasibility of eggshell powder as an alternative tofu 

coagulant as well as an effective means of easing the 

environmental issues due to food waste from eggshells.  
 

 

2.0  METHODOLOGY 
 

2.1 Materials  

 

Chicken eggshells were collected as byproducts from 

Vinh Thanh Phat Co., ltd (Ho Chi Minh City, Vietnam). 

Soybean was purchased from Tam Nong VN 

Company limited (Ho Chi Minh City, Vietnam). Liquid 

nigari was supplied from Sahu company limited 

(Quang Ngai province, Vietnam) containing mainly 

MgCl2, besides Ca, Kali and Na.  

2.2 Preparation of Eggshell Powder 

 

The eggshell membrane was manually stripped off the 

eggshell in water and repeated washing in water. The 

eggshells were then blanched at 100oC for 15 min to 

remove impurity particles and inactivate 

microorganisms attached to eggshells. The eggshells 

were dried at 60oC for 2 h then ground by using a 

mortar and pestle. The  fine powder was subjected to 

the sieving process using a 140-mesh [19]. The 

obtained eggshell powder was subjected to 

proximate analysis to determine its chemical 

constituents according to AOAC 968.08 method.  

 

2.3 Preparation of Tofu 

 

Soybean was soaked in water with the soybean: ratio 

of 1: 2.5 (w/v) for 4 h. The soybean was then subjected 

to wet grinding process with the soybean: water ratio 

of 1:8 (w/w). The soybean milk was filtrated to remove 

the soybean residual and pasteurized at 90oC for 10 

min [16]. The liquid nigari varied from 1-3% (w/v) was 

added to the soybean milk and stirred for 90 s to 

investigate the effect of liquid nigari on the tofu yield 

and texture profile. To investigate the effect of 

eggshell powder on the tofu yield and texture profile, 

eggshell powder was added to the soybean milk at 

different content (0.2% to 0.35%, w/v) with fixed liquid 

nigari content. The mixture was poured into the tofu 

mold (10 cm in diameter), pressed for 10 min with 

pressing force of 2 N/cm2. The tofu yield (E) was 

calculated as followed [20]:  
 

𝐸 (𝑔/ 100 𝑔) =
𝑚𝑡𝑜𝑓𝑢

𝑚𝑠𝑜𝑦𝑏𝑒𝑎𝑛
× 100 

 

Besides, in this study, two samples of tofu in the 

market were also used to evaluate the structural 

parameters along with the best sample of the 

experiment (research sample). In which, sample 1 is 

produced manually and sold in a traditional market in 

Ho Chi Minh City, Vietnam; Sample 2 is produced by Vi 

Nguyen company, sold mostly in supermarkets, 

Vietnam. The purpose of this experiment is to allow 

readers to compare the research sample with 

products already available in the market and 

accepted by consumers. 

 

2.4 Texture Profile Analysis  

 

The texture profile of the resulting tofu was analyzed 

using texture analyzer (Brookfield CT3, AMETEK, Inc., 

USA) following the method of Wang et al. (2003). The 

tofu was cut into a specimen (2 x 2 x 1.5 cm) by using 

a sharp knife. The specimen was placed at the center 

of tested area to ensure the texture analyzer probe 

press and penetrate the center point. A TA58 probe 

was used with 5 mm travel distance and a speed of 1 

mm/s in the cycle mode. Hardness, cohesiveness, 

springiness, gumminess, and chewiness were recorded 
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from the profile based on the definitions of Saio et al. 

(1969) [21]. 

 

2.5 Statistical Analysis  

 

Each experimental data was in three replicates. Result 

was expressed as mean ± standard deviation. One-

way analysis of variance (ANOVA) and Tukey's Honest 

Significant Difference (HSD) test were carried out to 

compare mean values and statistical difference was 

expressed at the level of 5% (p < 0.05) by using SPSS 

20.0 (SPSS, Inc., Chicago, IL).   

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Proximate Analysis of Eggshell Powder  

 

The chemical compositions of eggshell powder are 

listed in Table 1. The primary component of the 

eggshell powder was Calcium carbonate (74.7%) 

followed by calcium of 17.48% and protein of 3%. The 

eggshell powder was also found to contain a small 

number of minerals such as potassium, iron, sodium, or 

phosphorus. The result was inconsistent with a study 

done by Ray et al. (2017), the calcium content was 

found to be approximately two-fold higher than this 

current study [10]. Chemical analysis showed that 

eggshell is composed of 97% calcium carbonate [22, 

23] which was considerably higher than this study. This 

was possibly due to the genetic factors, breeders and 

breeding level which affected the chemical 

constituents of eggshells [23].  

 
Table 1 Compositions of obtained eggshell powder  

 

Composition Percentage (%) 

Calcium carbonate (CaCO3) 74.700 

Calcium  17.480 

Magnesium oxide (MgO) 0.530 

Protein 3.000 

Lipid 0.270 

Potassium (K) 0.018 

Iron (Fe) 0.002 

Sodium (Na) 0.082 

Phosphorus (P) 0.130 

 

 

The addition of liquid nigari showed significant 

impacts on the yield of obtained tofu among 

analyzed groups (p < 0.05). Figure 1A showed the 

discrepancy in tofu yield with the addition of liquid 

nigari at varied concentrations. As the result, the liquid 

nigari at 2% was found to achieve the yield of 143.24 ± 

1.68 g/ 100 g. The achieved tofu yield was 

comparable with previous studies. The use of 2 M 

MgCl2 as a coagulant in the study of Zhu et al. (2016) 

revealed the tofu yield of 116.05 ± 1.06 g/100g [24]. 

Similarly, Shi et al. (2020) also prepared the tofu by 

adding the MgCl2 with a yield of 133 g/100 g [25]. The 

increment in the tofu yield was attributed to the water 

holding capacity in the presence of liquid nigari. The 

mixture of salts (MgCl2, CaCl2) in the liquid nigari 

produced a uniform and continuous gel structure that 

was able to trap more water and soluble components 

in the tofu network, leading to a higher yield of tofu 

[26]. The increase in the tofu yield was highly 

associated with the increment of moisture content or 

water holding capacity in the tofu structure [27]. 

Increasing the liquid nigari content up to 3% was 

observed not to cause a significant influence on the 

tofu yield (p ≥ 0.05). 
 

 

 
Figure 1 The yield of tofu at different content of A) liquid nigari 

and B) fixed liquid nigari content at 2% with eggshell powder 

(0.2% - 0.35%) 

 

 

3.2 Effect of Liquid Nigari on the Tofu Yield and 

Textural Characteristics  

 

In terms of the texture profile of tofu prepared at 

different contents of liquid nigari, the result also 

revealed a significant difference in analyzed textural 

characteristics of tofu (p < 0.05). Table 2 presents the 

texture profile of tofu with different contents of liquid 

nigari. Liquid nigari serves a role as a coagulant with 

the predominant compounds of MgCl2 and CaCl2 that 

contributes to the natural tofu flavor while maintaining 

the original taste of soybeans [28]. The hardness of tofu 

presents its resistance to destructive force during 

processing or application [29]. In this study, the highest 

hardness at the first compression (16.8 ± 1.55 N) of tofu 

was at the liquid nigari content of 1%. Under the 

heating process, soy protein is denatured, leading to 

the formation of agglomerates with negative charges 
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on the surface [29]. The coagulation process occurs 

when metal ions such as Mg2+ or Ca2+ form bridges 

with the negatively charged protein via the 

electrostatic interaction between the cations and the 

proteins [30]. The hardness of the resulting tofu was 

due to the dense and compact structure of tofu by 

the cross-linking action of proteins and coagulants. In 

this study, the highest hardness of tofu at 1% of liquid 

nigari indicated the denser and more compact 

structure of tofu. Normally, the higher concentration of 

liquid nigari (higher content of MgCl2) was found to 

better produce hardness of tofu by accelerating the 

coagulation process with the intense interaction 

between proteins and cations, resulting in a more 

compact structure of tofu [31]. The elevation of liquid 

nigari addition in this study, however, was found to 

reduce the hardness of prepared tofu. This was highly 

aligned to the tofu yield or the water holding 

capacity. The liquid nigari at 1% might contribute to a 

quicker coagulation process to induce a denser 

structure due to the loss of water inside the protein gel 

network [14, 32]. Meanwhile, the increase in the liquid 

nigari content showed the higher tofu yield which 

means that the higher water content is trapped in the 

protein gel network, leading to the loose structure of 

tofu or softer tofu. High holding water capacity has 

been highly correlated to lower hardness in tofu [14]. 

The difference in textural characteristics was ascribed 

to not only the coagulants but also various intrinsic and 

extrinsic factors such as protein concentration in 

soybean, pH, ionic strength, and temperature during 

the coagulation process [33]. 

The hardness at the second compression was 

observed with the same tendency that the hardness 

noticeably decreased from 8.63 ± 0.94 N to 4.44 ± 0.12 

N when increasing the liquid nigari content from 1% to 

3%. The similarly decreasing trends were observed in 

other textural characteristics such as gumminess and 

chewiness when increasing the liquid nigari content 

from 1 to 3%. Gumminess is the force required to break 

down the tofu before swallowing and chewiness is the 

energy required for chewing to be ready for 

swallowing. Cohesiveness represents the ability of tofu 

to resist deformation. The cohesiveness was found to 

be insignificant different among analyzed groups (p ≥ 

0.05). Carrageenan was noted to cause a significant 

reduction in the hardness but less affecting the 

cohesiveness of tofu [29]. Springiness values of tofu at 

different contents of liquid nigari were insignificantly 

different from each other, suggesting that tofu might 

nearly spring back to its originally physical shape after 

occurring deformation [34]. In this study, liquid nigari at 

2% formulated the resulting tofu with the highest yield, 

and textural characteristics of cohesiveness, 

springiness was insignificant among analyzed groups. 

Therefore, the formulation of tofu was selected at 2% 

of liquid nigari for further analysis.  

 
 

Table 2 Texture profile of the obtained tofu at different contents of liquid nigari 
 

Liquid nigari 

content (%) 

Hardness-first 

compression (N) 

Hardness-second 

compression (N) 
Cohesiveness Springiness (mm) Gumminess (N) Chewiness (mJ) 

1 16.8 ± 1.55d 8.63 ± 0.94c 0.25 ± 0.03a 13.36 ± 0.34b 4.28 ± 0.90c 57 ± 10.55c 

1.5 11.65 ± 0.59c 7.24 ± 0.44bc 0.21 ± 0.03a 12.66 ± 0.22ab 2.55 ± 0.37ab 32.33 ± 2.30ab 

2 11.06 ± 0.37c 5.71 ± 1.16ab 0.28 ± 0.06a 13.06 ± 0.39ab 3.06 ± 0.56bc 40.09 ± 8.40bc 

2.5 7.50 ± 0.22b 4.92 ± 0.13a 0.26 ± 0.05a 12.4 ± 0.22a 1.96 ± 0.37ab 24.36 ± 4.72ab 

3 6.41 ± 0.47a 4.44 ± 0.12a 0.28 ± 0.04a 12.72 ± 0.36ab 1.61 ± 0.11a 20.53 ± 1.95a 

Data are expressed as mean ± standard deviation. Superscripts (a, b, c) indicate the statistically significant difference in mean values within the 

same column (p < 0.05).  
 

 

3.3 Effect of Eggshell Powder on the Yield and 

Textural Characteristics of Tofu   

 

The influence of eggshell powder addition on the tofu 

yield is depicted in Figure 1B. The addition of 0.2% 

eggshell powder was found not to cause the impact 

on the tofu yield but it started enhancing the tofu yield 

to 154.79 ± 3.56 g/100 g at 0.25% eggshell powder 

addition. However, the increase in eggshell powder 

content at 0.3% and 0.35% was not different from that 

at 0.25% (p > 0.05). Upon the results from the proximate 

analysis, the predominant component of eggshell 

powder was CaCO3 which contributed to the 

synergistic effect with liquid nigari to better promote 

tofu yield. Kao et al. (2013) reported that 0.4% CaSO4 

formed a uniform protein network with more trapped 

water, exhibiting better tofu yield. The CaCl2 was 

found to significantly increase the tofu yield when 

increasing its concentration, resulting in a great 

amount of tofu coagulation [13]. Some previous 

studies produced the tofu with a very high yield (400-

600 g/100g), which was attributed to the 

discrepancies in types of coagulant, genetic factors of 

soybean, pH, cultivation, etc. [14, 29, 35, 36]. Kim et al. 

(2007) also revealed that the tofu prepared with 0.1% 

oyster shell powder achieved a higher yield than that 

with the single use of 0.2% MgCl2 [17]. This confirmed 

the hardening effect of eggshell powder in this current 

study.  
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Table 3 Texture profile of the obtained tofu at different eggshell powder contents 

 

Eggshell 

powder 

content (%) 

Hardness-first 

compression (N) 

Hardness-

second 

compression (N) 

Cohesiveness 
Springiness 

(mm) 

Gumminess 

(N) 
Chewiness (mJ) 

0.20 17.20 ± 2.99a 9.15 ± 2.40a 0.20 ± 0.01a 13.11 ± 0.27a 3.46 ± 0.68a 45.32 ± 9.15a 

0.25 19.10 ± 2.02a 11.05 ± 1.12ab 0.26 ± 0.02b 13.50 ± 0.06a 4.94 ± 0.50b 66.68 ± 7.01b 

0.30 20.31 ± 1.65ab 10.32 ± 2.24ab 0.24 ± 0.01b 13.09 ± 0.15a 4.88 ± 0.51b 63.77 ± 6.49b 

0.35 25.59 ± 1.71b 14.30 ± 0.54b 0.19 ± 0.01a 13.59 ± 0.35a 4.81 ± 0.20b 65.34 ± 3.19b 

Data are expressed as mean ± standard deviation. Superscripts (a, b, c) indicate the statistically significant difference in mean values within the 

same column (p < 0.05). The resulting tofu was prepared with the addition of 2% liquid nigari and different contents of eggshell powder (0.2% - 

0.35%). 

 
 

The effect of eggshell powder addition to the tofu 

preparation on the textural characteristics is listed in 

Table 3. In this study, the hardness of the resulting tofu 

was noticeably different when adding different 

content of eggshell powder (p ≤ 0.05). The addition of 

0.2% eggshell powder promoted a hardening effect 

on the structure of resulting tofu (hardness: 17.2 ± 2.99 

N) compared to tofu prepared only with 2% liquid 

nigari. The more eggshell powder content was added 

to the soybean milk, the more hardness of resulting 

tofu was recorded. The highest hardness was found at 

0.35% of eggshell powder addition with respect to 

25.59 ± 1.71 N. A similar trend was noted at the 

hardness of the second compression, from 8.53 ± 0.91 

N to 14.3 ± 0.54 N when increasing the eggshell 

powder content from 0.2% to 0.35%. The result was in 

agreement with previously reported studies [25, 31, 37]. 

The hardness of tofu was caused by the denser and 

more compact structure of resulting tofu via the Ca-

protein bridges and hydrogen bonds also partially 

contribute to the hardening effect [26]. Although the 

eggshell powder caused a noticeable impact on the 

hardness of the resulting tofu (p < 0.05), cohesiveness 

and springiness were insignificantly affected by the 

presence of eggshell powder. A similar finding was 

observed in a study done by Kim et al. (2007) that the 

oyster shell powder hardened the tofu structure but 

was not able to increase cohesiveness [17]. Springiness 

in this study did not differ from each other, indicating 

the return to the original physical shape after applying 

deformation force [34]. As gumminess and chewiness 

were highly correlated to hardness, they appeared to 

have the same tendency [26]. Gumminess increased 

from 3.46 ± 0.68 N to 4.81 ± 0.2 N while chewiness 

increased from 45.32 ± 9.15 mJ to 65.34 ± 3.19 mJ when 

increasing the eggshell powder content from 0.2% to 

0.35%. In summary, the eggshell powder at 0.25% 

showed an improvement in tofu yield and hardness, 

which could be selected as a suitable parameter for 

subsequent analysis. The visual appearance of 

soybean curd and resulting tofu prepared with 2% 

liquid nigari and 0.25% eggshell powder is described in 

Figure 2C and 2D. Tofu prepared without adding 

eggshell powder (Figure 2A and 2B) seemed to have 

more brightness while tofu with the addition of 2% 

liquid nigari and 0.25% eggshell powder appeared to 

have a more yellowish color.  

 

 
 

Figure 2 Visual appearance of A) bean curd and B) tofu curd 

in addition with 2% of liquid narigi, and C) bean curd and D) 

tofu curd in addition with 2%  of liquid narigi and 0.25% of 

eggshell powder 

 

 

3.4 Comparison with Traditional Tofu Products 

 

The difference in textural characteristics between the 

studied tofu and two samples of traditional tofu is 

presented in Table 4. Two samples of traditional tofu 

were randomly selected for the experiment. As a 

result, sample 1 showed better textural characteristics 

than sample 2. Sample 1 showed a higher hardness 

(14.5 ± 1.45 N > 4.72 ± 0.23 N), cohesiveness (0.2 ± 0.02 

> 0.16 ± 0.03), and springiness (12.9 ± 0.36 mm > 9.39 ± 

1.51 mm) than sample 2. The textural characteristics of 

sample 1 were fairly similar to those of tofu prepared 

with only 2% liquid nigari. However, the studied tofu 

prepared with 2% liquid nigari and 0.25% eggshell 

powder showed the better textural characteristics with 

the highest hardness (19.1 ± 2.02 N), cohesiveness (0.26 

± 0.02), springiness (13.5 ± 0.06 mm), and many other 

values compared to traditional tofu products. This 

result confirmed the reinforcing effects of eggshell 

powder on the quality of tofu in terms of structural 

aspects.  
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Table 4 Texture profiles of studied tofu compared to commercial products 

 

Tofu 

Hardness-first 

compression 

(N) 

Hardness-

second 

compression 

(N) 

Cohesiveness 
Springiness 

(mm) 

Gumminess 

(N) 
Chewiness (mJ) 

Sample 1 14.50 ± 1.45b 8.53 ± 0.91b 0.20 ± 0.02a 12.90 ± 0.36b 2.92 ± 0.15b 37.66 ± 2.68b 

Sample 2 4.72 ± 0.23a 3.56 ± 0.20a 0.16 ± 0.03a 9.39 ± 1.51a 0.78 ± 0.17a 7.49 ± 2.64a 

Studied 

sample 19.10 ± 2.02c 11.05 ± 1.12c 0.26 ± 0.02b 13.50 ± 0.06c 4.94 ± 0.5c 66.68 ± 7.01c 

Data are expressed as mean ± standard deviation. Superscripts (a, b, c) indicate the statistically significant difference in mean values within the 

same column (p < 0.05).  

 

 

4.0 CONCLUSION 
 

In this study, the process of obtaining eggshell 

powder and its application on tofu preparation were 

successfully evaluated. The obtained eggshell 

powder was analyzed with the predominant 

component of calcium salt (CaCO3). The addition of 

liquid nigari and eggshell powder significantly 

caused a significant impact on the texture profile of 

the resulting tofu. Addition of 2% liquid nigari was 

found to promote better tofu yield. Moreover, tofu 

prepared with 2% liquid nigari and 0.25% eggshell 

powder showed an improvement in textural 

characteristics of tofu prepared with only 2% liquid 

nigari. In comparison with two samples of traditional 

tofu, the studied tofu showed better textural 

characteristics. The result indicated that eggshell 

powder could be an alternative to coagulants used 

for tofu preparation. 
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