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Tom tit

Bao tir Bacillus bén véi nhiét do 1én toi 100°C, séng sot qua dudng tiéu héa va on dinh khi
bao quan 1au dai nén duoc dung rong rii 1am probiotic. Vi san phdm phuc vu ngudi va vat nudi,
mdi ching can duge ching minh an toan trude khi san xuét. Trong nghién ciru ndy, chung toi danh
gia Bacillus subtilis HT1 va Bacillus clausii HT2 theo huéng dan cia FAO/WHO, Co quan An
toan Thuc pham chau Au (EFSA) va tiéu chi GRAS cua FDA Hoa Ky. Cac tiéu chi gdm tan mau
trén thach mau ctru; nhay cam véi 14 khang sinh; d6i khang v6i nam chung kiém dinh (Escherichia
coli, Salmonella typhimurium, Klebsiella pneumoniae khadng carbapenem, Staphylococcus aureus
khéng methicillin va Bacillus cereus); phan tich gen doc luc/khang khéng sinh trén hé gen; kha
nang san xuat duoc danh gia qua hiéu suat thu hoi bao tir. Két qua cho thay hai ching déu khong
tan méau, nhay cam véi 5/14 khang sinh va trc ché 3/5 ching gy bénh. Phan tich di truyén khong
phat hién gen doc t& thuong gip & chi Bacillus, phit hop vai kiéu hinh khong tan mau. HT1 mang
chin gen khang khang sinh nhu tet(L), satA, fosB va HT2 s4du gen nhu blaBCL-1, erm(34), tetO.
Céc gen nay déu nam trén nhiém sic thé, khong gin yéu t6 di dong. Mdi hé gen con chira gen ma
hoa bacteriocin (subtilosin A, bacilysin & HT1; clausin & HT2) gitip tang kha ndng canh tranh sinh
hoc. Hiéu suét bao tir dat 94,4% (HT1) va 92,6% (HT2), mé ra trién vong san xuit quy mo 16n.
Nhin chung, HT1 va HT?2 d4p tng tiéu chi an toan va c6 tiém nang san xuit probiotic.
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Abstract

Bacillus spores tolerate temperatures up to 100°C, survive gastrointestinal transit, and remain
stable during long-term storage, so they are widely used as probiotics. Since these products serve
humans and livestock, each strain must be proven safe before production. In this study, we
evaluated Bacillus subtilis HT1 and Bacillus clausii HT2 according to FAO/WHO guidelines,
European Food Safety Authority (EFSA) recommendations, and FDA GRAS criteria.
Assessments included haemolysis on sheep blood agar; susceptibility to 14 antibiotics; antagonism
against five indicator strains (Escherichia coli, Salmonella typhimurium, carbapenem-resistant
Klebsiella pneumoniae, methicillin-resistant Staphylococcus aureus, and Bacillus cereus); and
genomic analysis of virulence and antibiotic resistance genes. Production potential was assessed
by spore recovery. Both strains were non-haemolytic, susceptible to 5 of 14 antibiotics, and
inhibited 3 of 5 pathogenic indicator strains. Genetic analysis detected no toxin genes commonly
found in the genus Bacillus, consistent with the non-haemolytic phenotype. HT1 harboured nine
antibiotic resistance genes, such as tet(L), satA, and fosB, whereas HT2 carried six, such as
blaBCL-1, erm(34), and tetO. All were located on the chromosome and were not associated with
mobile genetic elements. Each genome also contained bacteriocin-encoding genes (subtilosin A
and bacilysin in HT1; clausin in HT2), which enhance competitive fitness. Spore recovery reached
94.4% for HT1 and 92.6% for HT2, indicating potential for large-scale production. Overall, HT1

and HT2 meet safety criteria and show promise for probiotic production.

Keywords: Bacillus clausii, Bacillus subtilis, antibiotic resistance genes, toxin genes, whole-

genome sequencing.



