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Abstract 

The Gram-positive spore-forming bacterium Bacillus thuringiensis (Bt) Berliner produces crystal proteins as 

its main characteristic. The agricultural industry uses this bacteria because its insecticidal proteins established 

it as an effective environment-friendly biopesticide. The investigation into using freeze drying to produce the 

biopesticides Bacillus thurigiensis as a powder for control Spodoptera frugiperda damage on maize in 

Vietnam. This study assessed the stability of this product as pure biopesticides on Spodoptera frugiperda 

during storage. The results showed that the viability of the formulated B. thuringiensis spore-crystal complex 

stored at 4°C and 25°C was maintained at 22.9 × 10
22

 and 19.5 × 10
22

 CFU/g, respectively, after one month 

of drying storage. Furthermore, freeze-drying supported the viability of the B. thuringiensis spore-crystal 

complex for up to 18 months, with 10.2 × 10
22

CFU/g and 1.01 x 10
22

 CFU/g in both temperature conditions 

during storage, respectively. Our study demonstrated the potential of the freeze-dried Bacillus thuringiensis 

spore-crystal complex powder as a more effective biopesticide. The efficiency against Spodoptera frugiperda 

second instar larvae showed that after 12 months during storage at two conditions, 4°C and 25°C, the B. 

thuringiensis spore-crystal complex powder killed 94.7% and 88% in the highest concentration of 35 mg/L. 

This suggests that the B. thuringiensis spore-crystal complex powder, when formulated by the freeze-drying 

method, could significantly improve its activity as a biopesticide under laboratory and net-house conditions. 

This promising result offers a bright future for pest control, with the potential for more effective and stable 

biopesticides. 
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INTRODUCTION 

Maize serves as a crucial agricultural commodity in Vietnam, while insects cause multiple 

problems that affect the corn crops. FAW Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) 

caused its first appearance in April 2019 as a significant pest in the country. Since its original 

introduction, fall armyworm has spread quickly throughout Vietnam, while estimates show that 35,000 

hectares of corn fell victim to FAW infestation in 40 provinces [1] [2]. Spodoptera frugiperda originally 

inhabited the Americas as it continues to be the primary agricultural pest for southern America and the 

United States and disrupts essential crop species such as corn and rice and sorghum and cotton [3] [4]. 

Scientific research shows that FAW larvae prefer feeding on maize foliage, yet they sometimes consume 

mailto:trinhthixuan@ctu.edu.vn
mailto:idoperess116@gmail.com
mailto:pkson@ctu.edu.vn
https://orcid.org/0009-0004-9194-5719
mailto:ltxmai@ctu.edu.vn
https://orcid.org/0009-0007-5973-469X
mailto:ltnxuan@ctu.edu.vn
https://orcid.org/0009-0004-6940-3921
mailto:cnqkhanh@ctu.edu.vn
mailto:trinhthixuan@ctu.edu.vn


Membrane Technology 

ISSN (online): 1873-4049 

Vol: 2025 | Iss: 1 | 2025 | © 2025 

Membrane Technology 

1161 

 

 

ear tissue [5] [6]. The FAW-caused damage in Vietnam leads to reduced crop yields and increased costs 

for insecticides and labour expenses [7]. Extensive migrations based on the remarkable mobility levels 

of FAW create difficulties during its management because the insect moves between regions and 

countries throughout its range [8] [9]. The use of chemical insecticides creates resistance in this insect 

species, yet entomopathogenic bacteria demonstrate promise as ACP and IPM agents to promote clean 

food in Vietnam and other countries [10] [11] 

During bacterium sporulation, Bacillus thuringiensis (Berliner) (Bacillales: Bacillaceae) (Bt) 

produces insecticidal crystal proteins (ICPs) as its major Gram-positive bacterial characteristic. The 

bacteria produce crystals, which include pesticide crystal proteins as its main identifying feature [12] 

[13]. The substance called endotoxin functions as a biopesticide primarily against Lepidoptera insects as 

well as Coleoptera types and Diptera species [14]. It stands as one of the main commercial biopesticide 

products used for insect biological control because the studies describe it as representing more than 90% 

of all biopesticide sales worldwide [15] [16]. 

Hundreds of Bt strains originated from natural environments or dead insects, but few have been brought 

to market because Bt crystal toxin species show distinct infection patterns [17]. The Bt products sold in 

markets show low insect infection rates because their availability period is shorter due to instability and 

lethal characteristics which harm Insecticidal Crystal Proteins during storage [18]. 

Greenhouse farmers can add commercial bacterial products directly to their sprayers since these 

bacteria arrive as powdered substances [19]. Freeze drying, spray drying, vacuum drying, and fluidized 

bed drying represent standard operations in creating bacterial powder production [20]. Freeze drying 

stands out among different drying methods for biological material preservation and maintains bacteria 

properties and toxins at greater than 98% levels [21]. The process of freeze drying demands up to three 

times the operational energy consumption compared to other drying methods, such as oven drying or 

spray drying, according to studies [22] [23], but yields superior bacterial inoculant-drying outcomes [25] 

[26]. Therefore, industrial-scale freeze drying needs development since stability and efficiency levels 

are high. The production of microbial pesticides through freeze-drying enables storage in various 

conditions while making the devices both convenient for transport and straightforward to operate. Freeze 

drying serves well in biological pest management since it allows the removal of cold storage 

requirements and creates longer-lasting products. The discovery creates new prospects for utilizing 

bacterial endotoxin due to its laboratory-proven virulent properties. The capability to develop freezer 

drying formulations with high concentrations of B. thuringiensis spore-crystal complex for biopesticide 

manufacturing appears promising as a plant-based production facility. The current advancement will 

help develop better methods to control FAW pests from damaging maize crops in Vietnam. 

In this present study, after lyophilization by freeze-dried, the B. thurigensis evaluated the viability, 

efficacy, stability, or viability of Bacillus thurigensis (Bt) against larvae of fall armyworm in laboratory 

conditions during storage at cold and room temperate. 

MATERIAL AND METHODS 

Research Site 

The Biological Control Laboratory of the Plant Protection Department, operating within the 

College of Agricultural at Can Tho University in Vietnam, served as the research location. 
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For this study, researchers utilized the Bacillus thuringiensis var. Aizawa (Bta-VN116) strain originates 

from the culture collection of the Plant Protection Department at Can Tho University [27]. The 

researchers extracted the Bta-VN116 bacterium from Fall armyworm S. frugiperda larvae intestinal 

tissue through multiple separation processes. The isolated bacterium required Luria Bertani (LB), which 

contained Tryptone (10 g) and yeast extract (5 g) with NaCl (5 g) and Glucose (1 g) and agar (20 g) and 

1000 mL distilled water at pH 7.0 and 4 °C as a stock culture [27] until it reached use. 

Preparation of the liquid (seed) culture 

This study employed the preferred cultivation medium, which Bta systematically used to achieve 

maximum sporulation and endotoxin production, as based on Içygen et al. (2002) and Mazmira et al. 

(2012). The researchers inoculated a single Petri dish colony of Bta-VN116 [27], which grew on nutrient 

agar (LB) medium for 48 hours at 25°C. The TheNSTC laboratory subjected 500 mL flasks containing 

250 ml of nutrient broth, including (NH4)2SO4 at 2 g/L together with K2HPO4.3H2O at 0.5 g/L, 

MgSO4.7H2O at 0.2 g/L and The MnSO4.4H2O The at The 0.05 The g/L The as The well The as The 

CaCl2.2H2O The at The 0.08 The g/L The and The yeast The extract The at The 2.0 The g/L The and 

Glucose at 1.0 g/L to bacterial inoculation. The pH value was set to 6.5 for medium sterilization at 15 

psi for 15 minutes using 121°C temperature, and the final solution was used as culture medium for 24- 

hour incubation at 25°C with 250 rpm on an incubator shaker (IKAR KS 260 basis GMBH and Co. KG, 

Germany). Laboratory staff moved cultures from the middle of their logarithmic growth period, where 

cells reached 107 cells/mL, into 1,000 mL flasks containing 500 mL nutrient broth solutions that ran at 

250 rpm under 25°C conditions for 48 to 72 hours. This process allowed most spores and crystals to be 

released. A measurement process determined the spore-to-crystal ratio present in Bt nutrient broth. A 

solution containing Bt spores crystals and vegetative cells in the broth was gathered through 

centrifugation (Ortoaleresa Digicen 21R centrifuge) at 4°C at 10,000 rpm for 10 minutes. Distilled water 

combined with 0.01% tween 80 and mixed with 0.5% alginate and 0.5% xanthan gum was added to the 

pellet. One millilitre of the sample received equal distribution into sterile brown glass vials before being 

frozen at -600 C for 24 hours and subjected to a vacuum freezer-drying machine (BioBase) for three days 

of drying until complete dryness at 12 mTorr pressure was achieved. 
 

Figure 1: The B. thuringiensis spore-crystal complex was produced using freeze-drying 

 

 

A: B. thuringiensis cultivated on LB medium; B: B. thuringiensis in seed culture; C: 

Centrifugation at 10,000 rpm at 4 degrees Celsius; D: aliquoted into brown glass vials of 1.0 mL; E: 

prepared for lyophilization using a vacuum freeze-drying apparatus; F: B. thuringiensis spore-crystal 

complex post-drying 

The Bt rehydration, shelf life and viability assay took place after drying by evaluating samples 

that were kept in storage for 18 months at 40 and 25°C at room temperature. Routine freeze-dried sample 
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collection at random intervals underwent rehydration with distilled water until their original size was 

reached before plating suitable diluted cultures onto nutrient agar (LB) through the drop count method. 

Observations of the plates occurred at 24 hours and 48 hours incubation at 37°C to determine bacterial 

population through the following calculation method. 

PB = A x C 

PB = The population of bacteria (CFU mL
-1

); 

A = The colony number of bacteria develop on Petri dishes; 

C = The dilution factor. 

The survival rate was calculated using the formula described by Peiren et al., (2016) 

Survival (%) = (Log10 (CFU/mL) after lyophilization)/ (Log10 (CFU/mL) before lyophilization) × 100 

Bioassays against larvae FAW 

S. frugiperda larvae were collected from maize fields in the Mekong Delta of Vietnam and 

propagated in the laboratory at the Department of Plant Protection, College of Agriculture, Can Tho 

University. The larvae fed on an artificial diet [7] in an environmentally controlled growth chamber (at 

temperature 25 ±2
0
C; relative humidity of 75%, photoperiod of 18hrs light/6hrs dark) until the pupal 

stage. 

The effectiveness of the toxicity of the spore crystal complex formed during storage was assessed 

by a diet-feeding bioassay. Subsequent to freeze-drying, the spore crystal complex powder contained 

within the brown glass tube was partitioned into two segments: one stored in darkness at 25±2
0
C in the 

laboratory, and the other and the other at 4±2
0
C in a laboratory refrigerator. The insecticidal efficacy of 

both subsamples was assessed against second instar larvae of S. frugiperda at concentration of 25 mg/L, 

27 mg/L, 29 mg/L, 31 mg/L, 33 mg/L, and 35 mg/L. The toxicity assessment using a bioassay and feed 

dipping method [27]. The test feeds an artificial diet (8 mm in diameter, 1.2 mm in thickness), prepared 

by dipping them into the formulation according to the treatment. The B.t suspension (30 µL) was applied 

to the surface of artificial diet disks. Each experiment was conducted in triplicate, with 25 larvae per 

dosage for each replication. The larvae were incubated in a 25°C chamber with an 18-hour light and 6- 

hour dark photoperiod. Larval mortality was observed on several days post-treatment (DAT). 

Data analysis 

Statistical measurements of mean differences used the student t-test at 5% significance threshold. 

The data underwent a correction using the Abbot Formula stated in 1987. The calculation shows 

corrected mortality equals to the treatment group percentage subtracted from the control group 

percentage that is divided by the control group percentage and then multiplied by 100. A statistical 

evaluation of the gathered data occurred using SPSS Statistical Software while LSD demonstrated 

variations between treatment means at p<0.05. 

RESULTS AND DISCUSSION 

The result from Table 1 showed that following cultivation in a liquid medium, bacteria are 

subjected to centrifugation and freeze-drying, after which their population is assessed by enumerating 

viable bacteria on a petri dish and conducting T-test statistical analysis. The comparison of the population 
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Population of B. thuringiensis (x1022 CFU/g) 

24.8 

24.6 

24.4 

24.2 

24 

23.8 

23.6 

After freezer-drying Before freezer-drying 

before and after drying indicates that there is no statistically significant difference in the population of 

Bta bacteria, as evidenced by a t probability of 0.2529>0.05. The bacterial population prior to drying 

was 24.7 x10
22

 CFU/g, whereas post-freezer drying, it was 24.0 x 10
22

 CFU/g, demonstrating that the 

freezer drying technique does not impact the bacterial population and effectively preserves it. 
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Fig.1 Population of B. thuringiensis before and after freezer- drying 

 

Bacillus thuringiensis subsp. kurstaki cultivated on a wheat bran medium enriched with carbon 

and nitrogen yielded the maximum efficiency in terms of toxin concentration and spore production (x 

10
11

 CFU/g). In a wheat bran medium devoid of supplementary carbon and nitrogen, it yields 6.6 x 10
10

 

CFU/g. The findings indicate that standard production methods yield a density of approximately 10
11

 

CFU/g, but in this study after centrifugation and freezer- drying achieves a significantly higher density 

of up to 10
22

 CFU/g. 

Shelf life of bacterial viability 

The stability of a viable bacterial population during storage is important for its commercial 

application in controlling insects [40] [41]. In this study, the storage life of the bacterial viability test was 

carried out to determine the survival ability of bacteria during storage in different conditions. The results 

presented in Fig. 2 show that the storage life of B. thuringiensis gradually declined from the date of 

storage to 9 months of storage. The population that was dried by freeze and kept at 4
0
C showed the 

viability of B. thuringiensis with a population of 22.9 × 10
22

 CFU/g after one month of storage and which 

has become 10.2 × 10
22

 CFU/g after 18 months of storage. This indicated that the bacteria in the 

population of 10.2× 10
22

 CFU/g did not decrease and remained at a concentration of 10
22

 CFU/g and 

could survive during storage. The viability of B. thuringiensis dried through freezer drying and kept at 

room conditional 25
0
C drastically reduced from 19.5 × 10

22
 CFU/g to 1.01 × 10

22
 CFU/g than the kept 

at 4-degree cells. The above results showed that after the freeze-drying method, keeping it at 4
0
C can 

support the viability of B. thuringiensis with a longer shelf life than 25
0
C. The storage time also 

significantly affected both temperate storages to keep the bacteria. 
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Survival of bacterial after freeze-dried and during storage 

The survival rate of Bacillus thuringiensis was calculated as the total number of bacteria after 

freeze-drying divided by the total number of bacteria before freeze-drying. Fig.3 shows the rate of 

bacteria after lyophilisation; according to the data presented after freeze-drying and storage at 40C and 

250C was 95.4% and 81.3%, respectively, during the 6 months of storage at 4-degree cells, the survival 

decreased to 90.8%; significant differences in bacterial survival were observed at 25-degree cells (Fig. 

3). These results indicate that when bacteria were freeze-dried showed higher survival after storage. 
 

Fig. 3. Survival values of B. thuringiensis after freezer dried over 18 months after 

storage 
Pathogenicity of freeze-dried B. thuringiensis against fall armyworm 

To determine the shelf life of B. thuringiensis after freeze-drying at six concentrations after 

storage at room (25±2
0
C) and cold (4±2

0
C) temperatures. The mortality of S. frugiperda on second instar 

larvae was observed in feeding bioassay using doses 25, 27, 29, 31, 33, and 35 mg/L of B. thuringiensis 

after freeze-dried. The present data in Table 1 showed that the bacteria stored for 1, 3, and 6 months gave 

a positive correlation of concentrations and mortality as expected, independent of storage temperature. 

The B. thuringiensis stored at 4
0
C resulted in 98.7%, 85.3%, and 100%, and B. thuringiensis stored at 

25
0
C had 93.3%, 96.0%, and 100% at concentrations 31, 33, and 35 mg/L, respectively. 

Fig. 2. Viability of B. thuringiensis after freeze-drying over 18 months after storage 
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Similarly, the results were measured using B. thuringiensis stored at 4
0
C for 12 months, resulting 

in 82.7%, 85.3%, and 94.7%, and B. thuringiensis stored at 25
0
C had 74.7%, 78.7%, and 88.0% at 

concentrations 31, 33 and 35 mg/ L, respectively. 
 

 

Table 1. Efficacy of B. thuringiensis after 12 months storage against FAW in laboratory 
 

Treatm 

ents 

Tempe 

rate 

storage 

Corrected mortality (%)         

1 month  3 months  6 months  12 months  
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DA 
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DAT 

3 

DA 

T 

4 

DA 

T 

2 

DA 

T 

3 

DAT 

4 

DA 

T 

Control 4
o
C 0.00 

e 
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0.00 

h 

0.00 

g 

0.0 

0d 
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g 

0.00 

h 

0.00 

f 

0.00 

g 
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0.00 

h 

25 mg/l  77.3 

d 

85.3 

d 

85. 

3d 

60.0 

fg 

76.0 

ef 

89. 

3b 

60.0 

cde 

61.3 

fg 

65.3 

de 

41.3 

def 
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cde 

61.3 

g 

27 mg/l  85.3 

c 
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66.7 
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de 
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ef 
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b 
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o
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Data with the same letter within a column are non-significantly different at P<0.05. 

DISCUSSION 

Freeze-drying is the optimal method for preserving microorganisms (Morgan et al., 2006). Many 

of the reports by several authors [28] [29] [30] [32] [33] have found that microorganisms from various 

species and strains may exhibit differing sensitivities to freeze-drying. This work examined the 

survivability of B. thuringiensis following freeze-drying. It assessed its storage under two settings for 18 

months, confirming the long-term stability of Bt endotoxin proteins after prolonged storage. Conversely, 

numerous data on enduring toxicity in the field or under controlled conditions suggest that these proteins 

swiftly diminish their insecticidal efficacy due to various factors, including heat drying [34] [3] [36]. 

Limited research exists regarding the shelf life stability of Bt endotoxins and their commercial 

formulations. Their notable biodegradability is widely recognized as a characteristic of natural materials 

[37]. Consequently, these imported products often exhibit limited efficacy in local and environmental 

settings [38] [39]. This research evaluated the effectiveness of freeze-drying as a method for 

manufacturing B. thuringiensis as a biocontrol agent targeting Spodoptera frugiperda also demonstrated 

the efficacy of the freeze-drying method in preparing B. thuringiensis as a biocontrol agent against 

Spodoptera frugiperda, achieving 100% mortality at concentrations of 33 and 35 mg/L after six months 

of storage at cool temperatures. 

CONCLUSION 

The production of functional biopesticides requires B. thuriginensis VN116 powder to maintain 

bacterial culture viability at its highest level. A freezing-drying methodology that preserves the high 

viability of B. thuriginensis VN116 spore crystals was developed while protecting the composition of 

both the drying and storage phases. A robust spray drying process depends on understanding the volatile 

nature of B. thuriginensis because such knowledge shows critical importance for system development. 

The storage duration did not affect the preserved quality of freeze-dried Bta product after eighteen 

months. The B. thuriginensis VN116 spores and crystal mixture retain its maintenance capability to 

effectively fight fall armyworm infection in laboratory settings over 90%. 

Acknowledgment 

This study is partly funded by the Technical Cooperation project “Building Capacity for Can 

Tho University to be an Excellent Institution of Education, Scientific Research and Technology 

Transfer” of JICA. The authors thank Mycospring Company in Viet Nam for the support equitments of 

this research. 

Disclosure statement 

The authors declare that there is no competing interest regarding the publication of manuscripts. 

 

 

REFERENCES 

[1] Food and Agriculture Organization of the United Nations (FAO), CAB International (CABI). 2019. 

Community-based fall armyworm (Spodoptera frugiperda) monitoring, early warning, and 

management: Training of trainers manual (1st ed.). Roma: Food and Agriculture Organization of 

the United Nations 



Membrane Technology 

ISSN (online): 1873-4049 

Vol: 2025 | Iss: 1 | 2025 | © 2025 

Membrane Technology 

1168 

 

 

[2] International Plant Protection Convention (IPPC). 2019. Report of first detection of Fall Army Worm 

(FAW) in the Republic of the Philippines. Rome: International Plant Protection Convention. Report 

number PHL-02/1. 

[3] Dew JA. 1913. Fall army worm. J. Econ. Entomol. 6:361–366. 

[4] Casmuz A, Juarez ML, Socias MG, Murua MG, Prieto S, Medina S, Willink E, Gastaminza G. 2017. 

Review of the host plants of fall armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae). Rev. 

Soc. Entomol. Arge. 69 (3–4) 

[5] Buntin GD, Lee RD, Wilson DM, McPherson RM. 2001. Evaluation of YieldGard transgenic 

resistance for control of fall armyworm and corn earworm (Lepidoptera: Noctuidae) on corn. Fla. 

Entomol. 84: 37–42. 

[6] Rodríguez-del-Bosque LA, Cantú-Almaguer MA, Reyes-Méndez CA. 2012. Corn hybrids and 

planting dates affect yield losses by Helicoverpa zea and Spodoptera frugiperda (Lepidoptera: 

Noctuidae) feeding on ears in Mexico. J. Entomol. Sci. 47:177–184. Doi.Org/10.18474/0749-8004- 

47.2.177 

[7] Trinh TX, Nguyen LTD, Chau NQK, Nguyen HU, Nguyen TQ, Lam TXM. 2024. Comparison of 

Artificial Diets and Maize Leave on Growth and Development of Fall Armyworm, Spodoptera 

frugiperda  JE  Smith  (Lepidoptera:  Noctuidae).  Pak.  j.  life  soc.  Sci.  22(2):682-689. 

Doi:10.57239/PJLSS-2024-22.2.0050 

[8] Nagoshi RN, Meagher RL, Hay‐Roe M. 2012. Inferring the annual migration patterns of fall 

armyworm (Lepidoptera: Noctuidae) in the United States from mitochondrial haplotypes. Ecology 

and evolution. 2(7):1458-1467. 

[9] Nagoshi RN, Htain NN, Boughton D, Zhang L, Xiao Y, Nagoshi BY, Mota-Sanchez D. 2020. 

Southeastern Asia fall armyworms are closely related to populations in Africa and India, consistent 

with common origin and recent migration. Scientific Reports. 10(1):1421. 

[10] Norman K, Mazmira MM (2019) Industry-wide efforts in circumventing the scourge of bagworm 

infestation in Malaysia - what have gone wrong and what should be done? Planter 95(1118):321– 

333. 

[11] Deguine JP, Aubertot JN, Bellon S, Côte F, Lauri PE, Lescourret F, Ratnadass A, Scopel E, Andrieu 

N, Bàrberi P, Becker N, Bouyer J, Brévault T, Cerdan C, Cortesero AM, Dangles O, Delatte H, 

Dinh PTY, Dreyer H, Duru M, Flor RJ, Gardarin A, Husson O, Jacquot M, Javelle A, Justes E, Lam 

MTX, Launay M, Le VV, Longis S, Martin J, Munier-Jolain N, Nguyen NT, Nguyen TTT, Penvern 

S, Petit S, Poisot AS, Robin MH, Rolland B, Rusch A, Sabourin E, Sanguin H, Sarthou JP, Sester 

M, Simon S, Sourisseau JM, Steinberg C, Tchamitchian M, Thoumazeau A, Tibi A, Tivet F, Tixier 

P, Trinh X T, Vialatte A, Wyckhuys K, Lamichhane JR. 2023. Advances in Agronomy: 

Agroecological crop protection for sustainable agriculture. San Diego: Academic Press. Chapter 1, 

Agroecological crop protection for sustainable agriculture; p. 1-59. Doi: 

10.1016/bs.agron.2022.11.002. 

[12] Höfte H, Whiteley H. 1989. Insecticidal crystal proteins of Bacillus thuringiensis. Microbiological 

reviews. 53(2):242-55. 

https://doi.org/10.18474/0749-8004-47.2.177
https://doi.org/10.18474/0749-8004-47.2.177
http://dx.doi.org/10.57239/PJLSS-2024-22.2.0050
https://doi.org/10.1016/bs.agron.2022.11.002


Membrane Technology 

ISSN (online): 1873-4049 

Vol: 2025 | Iss: 1 | 2025 | © 2025 

Membrane Technology 

1169 

 

 

[13] Schnepf E, Crickmore N, Van Rie J, Lereclus D, Baum J, Feitelson J, Zeigler DR, Dean D. 1998. 

Bacillus thuringiensis and its pesticidal crystal proteins. Microbiol Mol Biol Rev. 62:775– 806 

[14] Domínguez-Arrizabalaga M, Villanueva M, Escriche B, Ancín-Azpilicueta C, Caballero P. 2020. 

Insecticidal activity of Bacillus thuringiensis proteins against coleopteran pests. Toxins. 

12(7):430. Doi: 10.3390/toxins12070430 

[15] Yang XM, Wang SS. 1998. Development of Bacillus thuringiensis fermentation and process control 

from a practical perspective. Biotechnology and applied biochemistry. 28:95-98. 

[16] Glare TR, O’Callaghan M. 2000. Bacillus thuringiensis: Biology, Ecology and Safety. Chichester, 

United Kingdom: John Wiley and Sons. 

[17] Bai C, Degheele D, Jansens S, Lambert B. 1993. Activity of insecticidal crystal proteins and strains 

of Bacillus thuringiensis against Spodoptera exampta (Walker). J. Invertebr. Pathol.. 62:211-215 

[18] Morris ON, Kanagaratnam P, Converse V. 1997. Suitability of 30 agricultural products and by- 

products as nutrient sources for laboratory production of Bacillus thuringiensis subsp. aizawai 

(HD133). Journal of Invertebrate Pathology, 70(2):113-120. 

[19] Fu, N., Huang, S., Xiao, J., Chen, X.D., 2018. In: Toldrá, F.B.T.-A. in F. and N.R (Ed.), Producing 

Powders Containing Active Dry Probiotics with the Aid of Spray Drying. Academic Press, pp. 211– 

262. Doi.10.1016/bs.afnr.2018. 02.003 

[20] Liu, H., Cui, S.W., Chen, M., Li, Y., Liang, R., Xu, F., Zhong, F., 2019. Protective approaches and 

mechanisms of microencapsulation to the survival of probiotic bacteria during processing, storage 

and  gastrointestinal  digestion:  a  review.  Crit.  Rev.  Food  Sci.  Nutr.  59,  2863–2878. 

Doi.org/10.1080/10408398.2017.1377684 

[21] Huang, S., Vignolles, M.-L., Chen, X.D., Le Loir, Y., Jan, G., Schuck, P., Jeantet, R., 2017a. Spray 

drying of probiotics and other food-grade bacteria: a review. Trends Food Sci. Technol. 63, 1–17. 

[22] Barbosa, J., Borges, S., Amorim, M., Valle Pereira, M.J., Oliveira, A., Pintado, M., Teixeira, P., 

2015. Comparison of spray drying, freeze drying and convective hot air drying for the production 

of a probiotic orange powder. J. Funct. Foods 17, Doi. 10.1016/j.jff.2015.06.001. 

[24] Huang, S., Vignolles, M.-L., Chen, X.D., Le Loir, Y., Jan, G., Schuck, P., Jeantet, R., 2017b. Spray 

drying of probiotics and other food-grade bacteria: a review. Trends Food Sci. Technol. 63, 1–17, 

http://dx.doi.org/10.1016/j.tifs.2017.02.007. 

[25] Ferreira, A.A., Huang, S., Perrone, Í.T., Schuck, P., Jan, G., Carvalho, A.F., 2017. Tracking 

Amazonian cheese microbial diversity: development of an original, sustainable, and robust starter 

by freeze drying/spray drying. J. Dairy Sci. 100, 6997–7006, Doi.Org/10.3168/Jds.2016-12418 

[26] Ying, D.Y., Phoon, M.C., Sanguansri, L., Weerakkody, R., Burgar, I., Augustin, M.A., 2010. 

Microencapsulated Lactobacillus rhamnosus GG powders: relationship of powder physical 

properties to probiotic survival during storage. J. Food Sci. 75, E588–E595. 

Doi.Org/10.1111/J.1750-3841.2010.01838.X. 

[27] Trinh TX, Le TNX, Ta TN, Tran TKD, Lam TXM, Vang TTL. 2022. Hiệu quả của chủng vi khuẩn 

Bacillus thuringiensis var. aizawai trong phòng trừ Sâu keo mùa thu Spodoptera frugiperda 

http://dx.doi.org/10.1016/j.jff.2015.06.001
http://dx.doi.org/10.1016/j.tifs.2017.02.007
http://dx.doi.org/10.3168/jds.2016-12418
http://dx.doi.org/10.1111/j.1750-3841.2010.01838.x


Membrane Technology 

ISSN (online): 1873-4049 

Vol: 2025 | Iss: 1 | 2025 | © 2025 

Membrane Technology 

1170 

 

 

(Lepidoptera: Noctuidae) gây hại bắp (Zea mays) ở điều kiện phòng thí nghiệm [Efficacy of Bacillus 

thuringiensis var. aizawai for controlling of Fall Armyworm, Spodoptera frugiperda (Lepidoptera: 

Noctuidae) hamful on Maize (Zea mays) under laboratory conditions. Tạp chí Bảo vệ thực vật. (2): 

36-42. 

[28] Carvalho, A.S. , Silva, J. , Ho, P. , Teixeira, P. , Malcata, F.X. , Gibbs, P. . 2004. Relevant factors 

for the preparation of freeze-dried lactic acid bacteria. Int. Dairy J., 14 (2004), pp. 835-847. 

Doi.10.1016/J.Idairyj.2004.02.001. 

[29] Heckly,  R.J. ,  1985  Principles  of  preserving  bacteria  by  freeze-drying.  Dev.  Ind. 

Microbiol., 26 (1985), pp. 379-395 

[30]  Montel Mendoza, G. , S.E. Pasteris, M.C. Otero, M.E.F. Nader-Macias, 2014. Survival and 

beneficial properties of lactic acid bacteria from raniculture subjected to freeze-drying and storage. 

J. Appl. Microbiol., 116 (2014), pp. 157-166. Doi: 10.1111/jam.12359 

[31] Mahroq, O.A., Ganiyu, S., Nimmagadda, R., Priyatha, V., Shaik, B.F., Ernest-Okonofua, E.O., 

Khan, S. and firdous Shaik, B., 2024. Neuro Navigation Versus Conventional Spinal Techniques in 

Analyzing Nerve Injury and Anatomical Accuracy: A Systematic Review. Cureus, 16(9). 

[32] Ibadin, F.E., Edobor, T.E., Ernest-Okonofua, E.O. and Oyiborhoro, O.G., 2025. Comparative 

Analysis of Granulation Tissue Formation and Progression in Elderly Patients with 

Fractures. American Journal of Medical Science and Innovation, 4(1), pp.11-17. 

[33] Chan, M., Tyagi, J., Cook, T., Amsili, R., Porutiu, H., Vijayakumar, M., Wolff, E., Yin, T., Sahni, 

S., Roberson, C. and Caicedo, M., 2025. EMBEDDED VIEW OF THIRD-PARTY DATA AND 

TEMPLATE GENERATION FOR A COMMUNICATION PLATFORM. U.S. Patent Application 

18/429,113. 

[34] Dhal, K., Karmokar, P., Chakravarthy, A. and Beksi, W.J., 2022. Vision-based guidance for tracking 

multiple dynamic objects. Journal of Intelligent & Robotic Systems, 105(3), p.66. 

[35]  Dhal, K., 2018. On the development and integration of pneumatic extrusion module and a 

methodology to identify process parameters for additive manufacturing using machine learning. 

The University of Texas at Arlington. 

[36] Jetter, C., 2008. An Assessment of Subsidy Removal Effects on and Future Sustainability for 

Livestock Sector of in the Northern Jordanian Badia. 

[37] Bailey, D.W., Al-Tabini, R.E., Waldron, B.L., Libbin, J.D., Al-Khalidi, K., Alqadi, A., Al Oun, M. 

and Jensen, K.B., Potential of Kochia Prostrata and Perennial Grasses for Rangeland Rehabilitation 

in Jordan Jordan Component of the Sustainable Development of Drylands. 

[38] Olabiyi, T.I., Harris, P.J.C. and Al-Oun, M., 2011. Effect of compost suspension on tomato seedling 

emergence. 

[39] Easwaran, V., Alshahrani, S., Mantargi, M.J.S., Bommireddy, B., Khan, N.A., Alavudeen, S.S., 

Goruntla, N., Almeleebia, T., Thattarauthodiyil, U. and Awais, M., 2024. Examining factors 

influencing public knowledge and practice of proper face mask usage during the COVID-19 

pandemic: a cross-sectional study. PeerJ, 12, p.e16889. 

https://doi.org/10.1016/j.idairyj.2004.02.001
https://doi.org/10.1111/jam.12359


Membrane Technology 

ISSN (online): 1873-4049 

Vol: 2025 | Iss: 1 | 2025 | © 2025 

Membrane Technology 

1171 

 

 

[40] Hatakeyama, Y., Oda, H., Tsunoda, R., Imura, Y., Maeda, T., Xuan, T.T., Van Hai, T. and Iwano, 

H., 2011. Genome profiling implies high genetic diversity in microsporidia isolated from the 

common cutworm, Spodoptera litura (Lepidoptera: Noctuidae), in Vietnam. Applied entomology 

and zoology, 46, pp.293-299. 

[41] Nguyen, H.U., Trinh, T.X., Duong, K.H. and Tran, V.H., 2018. Effectiveness of green muscardine 

fungus Metarhizium anisopliae and some insecticides on lesser coconut weevil Diocalandra 

frumenti Fabricius (Coleoptera: Curculionidae). CTU Journal of Innovation and Sustainable 

Development, (10), pp.1-7. 


