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Eggshell (ES) is a by-product of table eggs with high content of calcium carbonate which can be used 
as a calcium source in feed. In this study, we have first illuminated the potential application of ES 
as a novel carrier for probiotics. The carriers used in the study include a SBM (Soybean meal), ESL 
(Eggshell powder with large particles), ESF (Eggshell powder with fine particles), and the complex 
carriers (SBM+ESL, SBM+ESF). The structure of carriers absorbed by L. plantarum was confirmed by 
SEM image. Among these carriers, the complex carrier SBM+ESF showed the highest viability of L. 
plantarum with pH 7~8 during four weeks storage at room temperature. The SBM+ESF was further 
tested as a carrier for various probiotic strains at 4℃ or 30℃. All the probiotic strains showed high 
viability at 4℃ storage. However, a significant reduction of Lactobacillus cells was observed at 30℃ 
storage. B. lichenifomis maintained high viability whereas B. subtilis, B. amyloliquefaciens, and S. cerevisiae 
showed the reduction of 2 log10 (CFU/g). These results suggest that if the ESF as a calcium source 
in feed was mixed with SBM, it can be used as an effective complex carrier for improving the viability 
of some probiotics including B. licheniformis.
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Introduction

Hen eggs are popular and important food resources 

worldwide, since they are abundant in proteins, vitamins 

and minerals [1]. Due to the major demand for table eggs, 

6.5×10
7
 tons/year of eggs are produced worldwide [2]. As 

egg production increases, the eggshell (ES) waste is gen-

erated massively, totaling 3-12% of the whole egg mass 

product [3]. The volume of ES generated worldwide has 

caused environmental impact concerns and potential risks 

for reservoirs of pathogens [4, 5]. It is critical to exploit 

the industrial eggshell as value added resources for practical 

applications. Recently, Quina et al. [6] have reviewed the 

application of eggshells on using as raw materials as a food 

additive, soil amendment, calcium source, cosmetic, catalyst, 

and sorbent. Eggshell contains 39% calcium components in-

cluding calcium carbonate (96%), magnesium carbonate 

(1%), calcium phosphate (1%) and others [7, 8]. The high 

calcium content of chicken eggshell powder makes it an 

attractive calcium source. ES has been used as dietary cal-

cium source for laying hens or added in chocolate cakes 

[9, 10].

As the fishmeal price increase, more researchers are at-

tempting to develop low fishmeal feed with plant protein 

sources or some others [11]. It is a promising method to 

maintain sustainability in aquaculture production, but some 

problems like the intestinal inflammation was observed [12]. 

Probiotics were reported to have anti-inflammation effects 

[13]. In previous work [14], we have characterized for 

Lactobacillus-fermented Artemisia annua L. including anti-

oxidant and antibacterial activity and they could be used 

as feed additive to improve the digestibility and immunity 

of fish. Bacillus strains and yeast are also included in the 

most popular probiotics, benefits of which in health main-

tenance of fish [15].

In general, the viability reduction of probiotics during 

storage can directly impact on their quality. Various type 

of carriers have been used to improve the viability and sta-

bility of probiotics during storage. Raspberry powder has 

been evaluated as a carrier for shelf life stability of L. rham-

nosus at room temperature [16]. Different fibers such as oat, 

wheat dextrin, and inulin were also used as carriers for 
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Table 1. Probiotics used in this study.

Stock no. Probiotics
Culture

Medium
1)

Isolated 

source
Characteristics Reference

SK3494 Lactobacillus plantarum MRS  Mugwort powder
Antibacterial activity, 

Lactic acid production 
[14]

SK1751 Lactobacillus brevis MRS
Fermented leaf of 

sweet potato

Antibacterial activity,

Lactic acid production
This study

SK3927 Bacillus licheniformis LB
Intestine of olive 

flounder

Digestive enzyme 

activity
This study

SK4082 Bacillus subtilis LB
Intestine of olive 

flounder

Digestive enzyme 

activity 
This study

SK4079 Bacillus amyloliquefaciens LB
Intestine of olive 

flounder

Digestive enzyme 

activity
This study

SK3587 Saccharomyces cerevisiae YM Feces of pig Nutrients, Growth factors This study
1)Culture Medium: MRS, deMan, Rogosa and Sharpe; LB, Luria-Bertani; YM, Yeast Malt. 

L. rhamnosus and the viability of the cell with carriers de-

creased slower than the cells without carriers during eight 

weeks storage at 37℃[17]. So far, there is no report for 

evaluation on eggshell powder as a probiotic carrier, al-

though it has advantages for cost-effective and high level 

calcium content. In this study, we firstly investigated for 

the value-added product of eggshell powder as a probiotic 

carrier during the storage according to temperature changes. 

Materials and Methods

Manufacture of eggshell powder 

The eggshell powder used in this study was provided 

by Poonglim Foods Co. Ltd. Briefly, the eggshell powder 

with large particles (ESL) was manufactured by dehy-

dration, heating (150℃), and followed by drying and smash-

ing to 3-5 mm. The eggshell powder with fine particles (ESF) 

was manufactured by soaking in water, removing the egg-

shell membrane, sterilization (100℃), and followed by dry-

ing and smashing to 0.03-0.05 mm. 

Determination of nutritional composition and mineral 

content

The crude protein, fat and ash content of ES powder were 

determined by the method described in A.O.A.C [18]. The 

calcium content was analyzed using atomic absorption spec-

troscopy (flame AAS, Germany) and phosphorous content 

was determined spectrophotometrically by the method de-

scribed in the study of Schaafsma et al. [19]

Isolation and identification of indigenous bacteria 

from ES powder

1 g of ESL or ESF was added into 9 ml of sterile distilled 

water. 100 ul of 10-3 or 10-4 diluted solution was spread 

on R2A, LB, YM and MRS agar plates. R2A, LB and MRS 

agar plates were incubated at 37℃ and YM plates were 

incubated at 30℃. The single colony was purified and iden-

tified by 16S rDNA sequencing (Macrogen, Seoul, Korea). 

 

Preparation of complex carrier with probiotics

The carriers were prepared by using single source of soy-

bean meal (SBM) with particle size of 0.71 mm, ESL and 

ESF. The complex carriers of SBM with ESL or ESF were 

prepared at a ratio of 5:2 mixture. All carriers were steri-

lized by autoclave at 121℃ for 15 min and then dried in 

an oven at 60℃ overnight. 

Probiotic incorporation and viability 

Probiotics used in the study were isolated from different 

sources and characterized with functional effects (Table 1). 

The Lactobacillus plantarum and Lactobacillus brevis were cul-

tured in MRS for 24 hr at 37°C. Bacillus licheniformis, Bacillus 

subtilis and Bacillus amyloliquefaciens were cultured in LB for 

24 hr at 37°C. The Saccharomyces cerevisiae was cultured in 

YM for 24 hr at 30°C. Each 50 ml of the cell was harvested 

by centrifugation (5,000 g, 10 min, 4°C) and washed three 

times with sterilized distilled water (DW). The cell pellets 

were dissolved in 9 ml sterilized DW and mixed into each 

probiotic carrier of 21 g. Then the probiotic carriers were 

dried until the moisture content less than 10% in a clean 

bench. The viability of probiotics in carriers was determined 
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Table 2. Nutritional composition of eggshell powder

  Item

Eggshell, % on dry weight basis

Brown color 

(This study) 

Brown 

color [10]  

White

color [10]

Moisture

Crude protein

Crude fat

Ash

Calcium 

Phosphorous 

0.83

4.74

0.44

91.3

34.5

0.46

0.20

5.04

0.08

94.3

33.1

0.07

0.46

3.92

0.35

94.6

34.1

0.04

Table 3. Identification of bacteria isolated from eggshell powder

Stock

no.
Identification

Query

Coverage

(%)

Max

Identity

(%)

Isolated

medium
1)

Isolated 

source
2) Characteristics Reference

SK4279

SK4280

SK4281

SK4282

SK4285

SK4288

SK4289

Bacillus licheniformis

Bacillus pumilus

Janibacter sp.

Bacillus subtilis

Dermacoccus sp.

Lactobacillus plantarum

Staphylococcus capitis

98

96

100

99

98

97

96

99

100

99

99

99

100

99

R2A

R2A

LB

LB

YM

MRS

YM

ESL

ESL

ESL

ESF

ESL

ESF, ESL

ESL

Probiotic

Probiotic

Pathogen

Probiotic

Deep-sea actinomycetes

Probiotic

Pathogen

[21-23]

[24, 25]

[33]

[26-28]

[32]

[29-31]

[34]
1)Culture Medium: R2A, Reasoner's 2A agar; LB, Luria-Bertani; YM, Yeast Malt; MRS, deMan, Rogosa and Sharpe.
2)Isolated source: ESL, Eggshell powder with large particles; ESF, Eggshell powder with fine particles

by CFU count method at room temperature, 4°C and 30°C 

during storage. The pH was measured by a pH meter 

(pH/ISE Meter 735P, Istek Co., Ltd, Seoul, Korea).

Image analysis of the carriers and the immobilization 

of L. plantarum cells

The physical state of the prepared carriers with or with-

out probiotic cells was presented by digital camera. The 

structure of Lactobacillus cells immobilized into different car-

riers was confirmed by SEM (H 3000N; Hitachi) image. The 

SEM images were taken by Mushroom Research Institute 

of Gyeonggi-Do Agricultural Research. Briefly, the five car-

riers with probiotic cells were fixed with Karnovsky’s fix-

ative at 1.0×1.0 cm for 24 hr at 4°C as previously described 

by Lee et al. [20]. Osmic acid (1%, w/v) was added for 

secondary fixation and then the carriers were dehydrated 

in ethanol with different concentrations (50%, 70%, 85%, 

95%, and 100%) for 1 hr. Afterwards, the carriers were 

rinsed three times using 0.05 M cacodylate buffer for 10 

min. 50% and 100% isoamyl acetate solutions were added 

to replace the above solutions and it was dried with a crit-

ical point dryer (HCP 2, Hitachi). The photos were taken 

after 120 sec coating using an ion sputter coater (Hitachi) 

with an acceleration voltage (14.3 kV–18 kV). 

Statistical analysis

IBM SPSS statistics 24 for windows (IBM, New York, US) 

was used for all data analysis. Data are presented as mean 

± standard deviation. Significant differences were de-

termined using Duncan’s multiple range test at p<0.05 level.

Results and Discussion

Nutritional composition of eggshell powder and its 

indigenous bacteria

The eggshell (ES) powder used in the study and reported 

by Ray et al. [10] showed high contents of ash and calcium 

as shown in Table 2. It implies that chicken eggshell powder 

can be utilized as an attractive calcium source in aqua-

culture and animal nutrition. 

The indigenous bacteria in the ES powder were isolated 

and a total of eight strains were identified as shown in Table 

3. Among these strains, Bacillus licheniformis [21-23], Bacillus 

pumilus [24, 25], Bacillus subtilis [26-28], and Lactobacillus plan-

tarum [29-31] are widely used as probiotics. Dermacoccus sp. 

was isolated from deep sea sediment but unknown regard-

ing biological characteristics [32]. Janibacter sp. and Staphylo-

coccus capitis were reported as a pathogen and an opportun-

istic pathogen, respectively [33, 34]. Chaemsanit et al. [35] 

reported that different species of microbes isolated from egg-

shell and egg content were identified as Micrococcus, Enter-

ococcus, Streptococcus, Bacillus, Corynebacterium, Staphylococcus, 

Acinetobacter, Neisseria, Salmonella, Proteus, Citrobacter, Escher-

ichia coli, Klebsiella, Enterobacter, and Serratia. 

In this study, the indigenous microbial species of egg-

shells were not divergent, especially for pathogens due to 

the heating process at high temperature. It is believed that 
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Item
Carriers with probiotics

SBM ESL ESF SBM+ESL SBM+ESF

Digital 
camera
image

SEM
(x500)

SEM
(x5,000)

Fig. 1. Digital camera and SEM images of different carriers with L. plantarum. SBM, Soybean meal; ESL, Eggshell powder with 

large particles; ESF: Eggshell powder with fine particles. The white rows indicate L. plantarum attached on carriers.

the indigenous bacteria in ES powder come from the 

air-borne microorganisms along with time passing after heat 

processing. The presence of Lactobacillus and Bacillus strains 

implicates that ES powder can be used as a reservoir of 

probiotics. Therefore, the probiotics including Lactobacillus, 

Bacillus and yeast strains as shown in Table 1 were tested 

for their viabilities to determine the ES powder as a poten-

tial source of probiotics carrier.

Image analysis for eggshell carrier and its pro-

biotic adherence 

L. plantarum SK3494 was primarily selected to investigate 

for the effect of ES carrier on the cell viability at room tem-

perature (21±3℃). Soybean meal (SBM) is a common in-

gredient of feed and also a general carrier of probiotics 

through fermentation for aqaculture and farming animals 

[36]. Herein SBM was used as a control carrier in the study. 

The physical state, structure and the probiotic adhesion into 

different kind of carriers were presented by digital camera 

and SEM images as shown in Fig. 1. The physical states 

of the carriers were slightly changed to clotting state after 

mixing with the cell culture and drying. The micro-structure 

of the carriers was confirmed by images with 500 magnifica-

tion. The SBM seems to be a fence composed of fibers with 

a rough surface whereas ES looks like rocks with different 

sizes. The structure of complex carriers (SBM+ESL, SBM+ 

ESF) is likely that ES particles might be embedded into SBM 

or attached on its surface. When the adherence of probiotics 

was confirmed by 5,000 magnification, it was not clear to 

distinguish the optimal carrier of probiotics due to similar 

number of cell attachment.

Change of probiotic viability according to carrier 

type with L. plantarum during storage at room tem-

perature

The viability of L. plantarum SK3494 was compared among 

different carriers during storage at room temperature. As 

shown in Fig. 2A, the viable cells in SBM carrier were the 

most quickly decreased and then followed by ESF carrier. 

The ESL carrier showed quick decrease of cell viability at 

the initial stage and kept it constantly. The complex SBM+ 

ESL carrier showed better performance on probiotic via-

bility compared to SBM or ESF carrier only. The SBM+ESF 

showed specially a good viability of L. plantarum compared 

to the other carriers. The pH of L. plantarum products with 

different carriers showed a stability with little changes (Fig. 

2B). The single carrier ESF showed the highest pH above 

9.0 whereas ESL or SBM+ESF was around pH 8.0. Higher 
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A B

C D

Fig. 3. Changes of the viability and pH on SBM+ESF complex carrier with Lactbacillus strain at the storages of 4℃ and 30℃. 

(A) and (B) indicate the viability and pH change on the carrier with L. plantarum, respectively. (C) and (D) indicate the 

viability and pH change on the carrier with L. brevis, respectively. Data are presented as mean ± S.D. Small letters are 

significantly different by one-way ANOVA and Duncan’s multiple comparison test at p<0.05. 

A B

Fig. 2. Changes of the viability and pH on the type of carriers with L. plantarum at the storage of room temperature. (A) Viability. 

(B) pH change. The symbols: ○, SBM (Soybean meal); □, ESL (Eggshell powder with large particles); △, ESF (Eggshell 

powder with fine particles); ■, SBM+ESL; ▲, SBM+ESF. Data are presented as mean ± S.D. Small letters are significantly 

different by one-way ANOVA and Duncan’s multiple range test at p<0.05.  

pH of ESF carrier may cause less viability of the cells since 

more calcium carbonates were released [37]. The above re-

sults indicate that ES powder has alkaline property. The 

complex carrier SBM+ESL and single carrier SBM showed 

pH 6.5 and pH 6.0, respectively. In comparison with the 

probiotic viability and pH of the probiotic products with 

different carriers, SBM+ESF was determined as the optimal 

carrier.
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A B

C D

E F

Fig. 4. Changes of the viability and pH on SBM+ESF complex carrier with Bacillus strain at the storages of 4℃ and 30℃. (A) 

and (B) indicate the viability and pH change on the carrier with B. licheniformis SK3927, respectively. (C) and (D) indicate 

the viability and pH change on the carrier with B. subtilis SK4082, respectively. (E) and (F) indicate the viability and 

pH change on the carrier with B. amyloliquefaciens SK4079, respectively. Data are presented as mean ± S.D. Small letters 

are significantly different by one-way ANOVA and Duncan’s multiple comparison test at p<0.05. 

Suitability of complex carrier SBM+ESF with various 

probiotics during storage at 4oC or 30oC

The optimal carrier SBM+ESF was further investigated 

for the viability of different probiotic strains at relatively 

low (4℃) or high (30℃) temperature conditions of storage. 

Firstly, we tested for Lactobacillus cells as shown in Fig. 3. 

The viable cell numbers of L. plantarum and L. brevis were 

almost no change during four weeks at 4℃ storage (Fig. 

3A, Fig. 3C). However, the viable cells were quickly reduced 

in both strains at 30℃ storage. The Lactobacillus cells seem 

to be very sensitive to high temperature of storage com-

pared to room temperature storage as shown in Fig. 2. The 

pH of the complex carrier SBM+ESF with Lactobacillus strains 

showed a range of pH 7~8 (Fig. 3B, Fig. 3D). As a probiotic 

carrier, it was reported for okara (by-product of soybean), 

the white-yellow residue of the smashed soybeans after the 
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A B

Fig. 5. Changes of the viability and pH on SBM+ESF complex carrier with S. cerevisiae SK3587 at the storages of 4℃ and 30℃. 

(A) Viability and (B) pH change. Data are presented as mean ± S.D. Small letters are significantly different by one-way 

ANOVA and Duncan’s multiple comparison test at p<0.05.  

production of soymilk [38]. The shelf life of L. plantarum 

in okara was stabilized at 4℃ during 90 days storage. A 

study has reported that a significant decrease of L. plantarum 

TISTR2075 was observed when stored at 25℃ using malto-

dextrin as the carrier [39]. The sensitivity of L. plantarum 

TISTR2075 was similar to our results in this study. 

Secondly, we tested for the suitability of carrier SBM+ESF 

on Bacillus strains as shown in Fig. 4. Similar to the 

Lactobacillus strains, the viable cell numbers of three Bacillus 

strains were almost no change or a little reduction at 4℃ 

storage condition. However, all the Bacillus strains showed 

a better resistance at 30℃ compared to Lactobacillus strains. 

In particular, B. licheniformis SK3927 showed a stable via-

bility during four weeks storage (Fig. 4A). Bacillus can pro-

duce spores under unfavorable environment to the dormant 

state to overcome nutrient depletion [40]. The pH of carrier 

SBM+ESF with Bacillus strain showed constant value around 

6.5-8.0 at 4℃ and 30℃(Fig. 4B, Fig. 4D, Fig. 4F). Cho et 

al. reported that the initial pH 7.0 of the culture medium 

showed the highest growth rate of Bacillus species [41]. The 

pH of the SBM+ESF carrier might be favorable for the 

growth of Bacillus strains.

Finally, we investigated for the carrier SBM+ESF on yeast 

cell as shown in Fig. 5. Like other probiotic strains, S. cer-

evisiae SK3587 showed a stable viability at 4℃ storage. 

However, a slight reduction of cell viability was observed 

at 30℃ storage (Fig. 5A). It was reported that the viability 

of yeast cells varied slightly at the first 30 days of storage 

and less moisture content showed less death during pro-

longed storage [42]. The pH of SBM+ESF carrier with 

Saccharomyces cells were similar to the carrier with other 

probiotics, showing a range of 6.5-8.0 at 4℃ or 30℃ (Fig. 

5B). In general, microbes has an active metabolism at opti-

mal growth temperature but inactive at low temperature. 

In the study, we observed that storage temperature and car-

rier type are critical parameters for probiotic preservation 

and the viability of probiotics is species dependent. 

In conclusion, the aim of this study is to exploit ES pow-

der as a novel carrier to prolong the viability of probiotics 

during storage. ES powder mixed into soybean meal may 

cause a weak alkaline property with high calcium content, 

resulting in increased viability. The storage of Lactobacillus 

strains with the complex carrier SBM+ESF was recommend 

at 4℃. For Bacillus and yeast strains, it is better to keep 

at 4℃, otherwise it can cause a gradual reduction at rela-

tively high temperature. It is suggested that the optimal 

ratio of complex SBM:ESF will be determined depending 

on probiotic species and their storage temperature. By fur-

ther research, ES powder will be more reused as val-

ue-added products including probiotics carrier in the fields 

of agriculture, livestiock as well as aquaculture.
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록：생균제의 부형제(운반체)로서의 난각분말의 특성
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(1건국대학교 동물자원과학과, 2국립수산과학원 사료연구센터)

계란 가공 부산물인 난각(ES: Eggshell)은 탄산칼슘 함량이 높아 사료에 첨가하여 칼슘원으로 이용되고 있다. 

본 연구에서는 ES를 생균제의 부형제인 운반체로서 활용 가능성을 처음으로 시도하였다. L. plantarum을 대두박

(SBM: Soybean meal), 난각조각(ESL: Eggshell powder with large particles), 난각미세분말(ESF: Eggshell powder 

with fine particles), 그리고 이들의 복합운반체인 SBM+ESL과 SBM+ESF에 생균제를 흡착시켜 그 부착상태를 주

사전자현미경으로 확인하였다. 이 중 복합운반체인 SBM+ESF는 상온에서 4주 동안 pH 7~8을 유지하면서 L. plan-

tarum의 가장 높은 생존율을 보였다. 본 연구에 사용한 모든 생균제들은 보존기간 동안 4℃에서는 높은 생존율을 

보였다. 30℃에서는 유산균수는 크게 감소하였으나, B. licheniformis는 높은 생존율을 유지하였고 B. subtilis, B. 

amyloliquefaciens와 S. cerevisiae는 2 log10 (CFU/g)정도 감소하였다. 상기 연구결과는 사료의 칼슘원으로 이용되는 

난각미세분말(ESF)을 대두박과 혼합하여 사용하면 B. licheniformis를 비롯한 일부 생균제의 생존성을 향상시켜 부

형제(운반체)로도 사용할 수 있음을 밝혔다.
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