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TOM TAT

Nghién cvu nhdm danh gia anh hwéng cla cac khodng chat nhw canxi (Ca®*), kali (K*), mangan (Mn?*),
magie (Mg®") va sét (Fe?*) 1én kha nang hinh thanh bao tr va chiu nhiét ctia Bacillus subtilis CM3.1 trong diéu kién in
vitro. Bao tlr ctia Bacillus dwoc nudi trong méi trweng dinh duéng sinh bao t&r bd sung cac ndng dd khoang chét
khac nhau. Sau 7 ngay nudi, bd sung riéng biét cac khoang chat Ca®* (1mm), Mg* (3mm), Mn®* (1mm) va Fe?
(Imm) vao méi trwdng Nutrient Broth (NB) gia tang dang k& mat d6 bao t& Bacillus subtilis CM3.1, ngoai trir K
(10mm). Hon niva, mat d6 va ti 1& séng clia bao t& vi khuan nuéi trong cac mai trudng bd sung khoang chat nhw m-
NB, SSM va m-SM cao hon c¢6 y nghia (P <0,05) so vé&i mdi trwdng NB sau thdi gian x& ly nhiét, dac biét la & thoi
diém 30 va 40 phut. Két qua cho thay cac khoang chét khi bd sung vao méi trwong gilp da nang cao mat do, kha
nang chiu nhiét cta bao t& Bacillus, qua d6 tang d6 6n dinh cla loai Bacillus subtilis CM3.1 trong qua trinh bao quan
va san xuét probiotic.

T khéa: Bacillus, hinh thanh bao t&, khoang chat, kha nang chiu nhiét, mat do.

In Vitro Effects of Minerals on Sporulation and Heat Resistance of Bacillus subtilis CM3.1

ABSTRACT

This study sought to evaluate the in vitro effects of minerals, including calcium (Ca®"), potassium (K*),
manganese (Mn®"), magnesium (Mg®*) and iron (Fe*") on sporulation efficiency and heat resistance of Bacillus
subtilis CM3.1. Sporulation of Bacillus cells was induced in sporulation medium supplemented with various
concentrations of the minerals. 7 days after inoculation, Ca** (1mm), Mg®* (3mm), Mn** (1mm) and Fe®* (Imm) as
single supplements into Nutrient Broth (NB) significantly increased spore cell density of Bacillus subtilis CM3.1,
except for K* (10mm). Furthermore, the spore cell density and viability of Bacillus were detectable in sporulation
media such as m-NB, SSM and m-SM, significantly higher compared to those in NB (P <0.05) after heating periods,
especially from 30 to 40 minutes of exposure. Our results could provide better understanding of the importance of
minerals supplemented into culture medium in improving the density, heat resistance of Bacillus spore, and thus
enhancing the stability of probiotic Bacillus subtilis CM3.1 during manufacturing process and storage time.

Keywords: Bacillus, sporulation, heat resistance, minerals, spore cell density.

héa, chét lugng nude va kiém soat dich bénh

1. DAT VAN DE

Nhiing nim gan day, probiotic dugdc tng
dung rong rai trong nudi trong thiy san do cac
tac dong c6 10i dén stc khoe ctia vat chu thong
qua kha nang nang cao toc d6 tang trudng, ngudn
dudng chit, thay déi cdu tric quan thé vi sinh
vat, cai thién hé mién dich, kha ning st dung
thtic 4n, ting hoat tinh enzyme, kh& ning tiéu

(Selim & Reda, 2015). HAau hét, cac probiotic dudc
thuong mai héa & dang nudc hoic bot va nhiéu
cong nghé da duge ap dung trong qua trinh 1én
men nhim gia ting ti 1é séng va cac dic tinh cua
probiotic, nang cao chét lugng san phdm (Cruz &
cs., 2012; Lacroix & Yildirim, 2007).

Trong s6 cac loai 1¢i khuadn dude thuong mai
héa, loai vi khuén sinh bao ti nhu Bacillus
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subtilis, B. clausii, B. cereus, B. coagulans va
B. licheniformis c6 tinh phé bién hon so véi cac
loai 1gi khudn khac thudc giéng Lactobacillus
spp. (Kuebutornye & cs., 2019). Khac véi t& bao
sinh dudng, bao ti cua giéng Bacillus c6 kha
ning sdng sé6t khi siy 6 nhiét d6 cao, dong kho
lanh & nhiét d@ thap, bén véi doc tinh, ap suit,
do btic xa va do Am thép, gidp ting tinh 6n dinh
cua cac san pham thuong mai (Nayak, 2020).
Hau hét cac nghién ciu lién quan dén bao tu
Bacillus tap trung chu yéu vé mait di truyén,
nhung cac diéu kién méi trudng nhu thanh
phan khoang ch4t ciing anh hudéng dang ké dén
qua trinh hinh thanh bao ti (Sinneli & cs.,
2019). Sy hién dién cta cac khoang chat chiia
cac cation Ca?', Mn?", Mg?" va Fe? trong méi
trudng nudi cdy cé tac dong dang ké trong qua
hinh thanh bao ti va dic tinh bén véi nhiét ctia
bao ti Bacillus (Cazemier & cs., 2001; Ren &
cs., 2018), nguyén nhan 14 do anh hudéng dén
khoang héa, cau tric cuaa 1ép
peptidoglycan va miic d6 khti nuéc trong 161 bao
ti (Sella & cs., 2014). Nhu cau khoang chat ctua
modi loai Bacillus 12 hoan toan khac nhau, dic

muic do

biét 14 thanh phan va ham lugng khoang trong
modi truong (Kolodziej & Slepecky, 1964). Chuing
vi khuén Bacillus subtilis CM3.1 phan lap ti
buin ao nudi tdm quang canh & Ca Mau cé tiém
ning phat trién san pham probiotic véi cac dic
tinh ndi troi nhu sinh enzyme ngoai bao
(protease, amylase va cellulase), kha ning
khang Vibrio parahaemolyticus manh (Pham
Thi Tuyét Ngan & cs., 2021), ciing nhu kha
ning cai thién chat lugng nudéc, nang cao ting
trudng va ti 1é séng cta tom thé chan tring
Litopenaeus vannamei (Pham Thi Tuyét Ngan
& cs., 2022). Do d6, t6i vu thanh phan khoang
chat trong moéi trudng nudi cdy loai Bacillus
subtilis CM3.1 1a can thiét nham cai thién mat
d6 va kha n#ng chiu nhiét ctia bao ti, 1am co s6
cho viéc phat trién san pham probiotic véi dé 6n
dinh va hiéu qua cao.

2. PHUONG PHAP NGHIEN CUU
2.1. Poi tugng

Chung Bacillus subtilis CM3.1 dugc phan
lap ti bun ao nudi tom (Pham Thi Tuyét Ngan
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& cs., 2021) va bao quan tai Phong thi nghiém
Ché& phém sinh hoc thiy san, Trudng Thiy san,
Truong Dai hoc Can Tho. Chung CM3.1 dugc
phuc hdi trén moi truosng Nutrient Agar (NA
Himedia, An D6) va nuodi tdng sinh trong binh
tam giac 250ml chta 100ml canh trucng
Nutrient Broth (NB, Himedia, An Do) trén may
lac (t6c dd 150 vong/phtt) & 30°C trong 24 gid.
T& bao vi khudn duge thu bing cach ly tim &
4°C v6i van téc 3.000 vong/phiut trong 10 pht,
sau d6 sinh khoi t& bao dudc rua 2 1an véi dung
dich dém phosphate (PBS; pH 7,2) va pha loang
dé dat d6 duc x&p xi 1 6 bude séng 600nm (tuong
Ging v6i mat d6 5 x 10®8 CFU/ml) (Kewcharoen &
Srisapoome, 2019). Mat d6 Bacillus téng s6 dudc
kiém tra lai bing phuong phép c4y trai (APHA,
2017) trén moi truong Nutrient Agar.

2.2. Anh huéng ctia cac néng do cation 1én
kha nang sinh bao t& cua ching Bacillus
subtilis CM3.1

Nghién ctu dugc tién hanh véi 5 loai mudi
khoang bao gém CaCl,.2H,0, KCI, MnSO,.H,0,
MgS0,.7H,0 va FeS0,.H,0 dugc st dung dé b
sung riéng biét cac gbc cation Ca® (0; 1; 2; 3;
4mm), K* (0; 10; 13; 17; 20mm), Mn?" (0; 0,5; 1;
2; 3mm) Mg?* (0; 1; 2; 3; 4mm) va Fe®" (0; 1; 2; 3;
4mm) vao moi trusng NB & cac nong d6 khac
nhau. Cac néng db trong nghién citu duge tham
khéo trong cac nghién ctu truéc day trén loai
Bacillus (Ren & cs., 2018) va néng d6 khuyén
c4o trong cidc modi trudng nudi cdy sinh bao tu
(Cazemier & cs., 2001). Huyén phu té bao
CM3.1 dugc cdy chuyén vao méi truong NB da
chuén bi sin vé6i ti 1é 1% (ndéng d6 Bacillus dat
10° CFU/ml) va u 6 30°C trén may lic (t6c do
150 vong/phit). Hon 95% t& bao vi khudn sé
chuyén sang dang bao ti trong 5-10 ngay nudi
trong moi truong dinh dudng (Cazemier & cs.,
2001). Do dé sau 7 ngay nudi, tién hanh xu ly
nhiét § 80°C trong 20 phut (Martin & Chuang,
1971) dé loai bo t& bao sinh dudng va kiém tra
lai mat d6 bao té trén moi truong NA bing
phuong phap cay trai (APHA, 2017). Méi truong
NB tiét trung dudc st dung lam d6i ching va
thi nghiém dudc danh gia 3 1an lap lai.



2.3. Kha nang chiu nhiét cua bao tw
Bacillus subtilis CM3.1

Bao ti chung CM3.1 dudc chudn bi theo
phuong phap moé td 6 muc 2.1. Cac mdi truong
st dung bao gdbm méi truong NB; moi trusng NB
b6 sung cac mudi khoang (m-NB) 6 néng d6 tot
nhat ti thi nghiém anh hudng ctia cac nong d6
cation; moéi truong sinh bao ti m-SM trong
nghién ctéu cua Faille & cs. (1997) gbm NB
(13 g/l) b sung 2mm Mg*; 13mm K*; 1,4mm
Ca?; 15um Mn?*; 2um Fe*, pH 7,0) va méi
truong SSM theo md td bdi Schaeffer & cs.
(1965) gbm NB (8 g/l) bé sung lmm Mg
13,4mm K*; 0,5mm Na*; 0,1pm Mn*; Imm Ca?"
va 5,4pum Fe?'. Kha nang chiu nhiét ctia bao ti
dugc danh gia theo phuong phép truéc day cua
Cazemier & cs. (2001) v6i mét vai thay d6i nhu
sau: 100ul huyén phu bao ti tit méi canh trudng
tron déu véi 9,9ml moi trudng Trypticase Soy
Broth (TSB) tiét trung. Sau d6, tién hanh xi ly
nhiét 6 95°C trong bé diéu nhiét (GP2S, Thermo
Scientific, M§) 6 cac mdc thdi gian khac nhau (0,
5, 10, 20, 30 va 40 phut). Sau thoi gian xu ly,
cac 6ng nghiém dugdc lam lanh va bao quan &
4°C cho dén khi phan tich. Kha ning chiu nhiét
clia bao ti khi nudi trong cic méi truong dinh
dudng khéac nhau dudec danh gia théng qua sé
lugng khuén lac phat trién trén mai trudng TSA
bing phuong phap cay trai (APHA, 2017). Mat
do bao t vi khudn giam sau khi xt 1y nhiét
dugc tinh toan théng qua chi s6 gidm logarit: log
(N/N,). Trong dé6, N, 1a mat do bao ti cia mau
trude xt 1y (CFU/ml) va N, 12 mat d6 cia miu
sau xt Iy (CFU/ml) & thoi diém thu mau t (Igura
& cs., 2003).

2.4.Xac dinh mat d6 bao t& vi khuan

Mat d6 bao ti chung CM3.1 duge danh gia
thong qua mat do t& bao phat trién trén moi
truong dinh dudéng nhu sau: hdt 100pl dung
dich vi khuén & cac néng d6 pha lodng thich hgp
(10, 10, 10 va 107) cho vao dia thach NA
hosc TSA dé xac dinh mat do Bacillus tong sd,
trai déu cho dén khi kho va méi do pha loang
lap lai 3 lan. Cac dia thach vita cdy vi khuén
dude U 6 28 + 1°C sau 48 gio. Kiém tra cac dia
hinh thanh khuén lac, dm va chon s§ khuin
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lac & cac dia dao dong trong khoang 30-300
khuén lac dé dam bao dé tin cay cua phuong
phap (APHA, 2017). Mat d¢ vi khudn dude xac
dinh theo don vi hinh thanh khuén lac trong
mdi 1ml dung dich bing cong thic: Mat do bao
tt vi khuén (CFU/ml) = s6 khuén lac trung binh
x d6 pha loang x 10.

2.5. X1t 1y s6 lidu

D liéu duge thu thap va trinh bay dudi
dang trung binh + SE (standard error) ctia ba lan
lap lai va phan tich ANOVA mét nhéan t6 bang
phan mém Statistical Product and Services
Solutions (SPSS, phién ban 20.0) so sanh théng
ké cac gia tri trung binh gifia cac nghiém thiic &
miic P <0,05 bang phép thi Duncan.

3. KET QUA VA THAO LUAN

3.1. Anh huéng ctia cic néng dé cation
trong canh truong Nutrient Broth nubi cay
Bacillus subtilis CM3.1

3.1.1. Anh hudng cia Ca**

Két qua cho thdy bd sung Ca®** vao méi
truong gidp gia tang mat doé bao ti sau 7 ngay
nudéi (Hinh 1A). Theo d6, mat d6 bao ti &
nghiém thtic d61 chting dat gia tri trung binh
7,789 + 0,063 Log CFU/ml, trong khi cac nghiém
thitc b6 sung 1, 2, 3 va 4mm Ca?" dat gia tri 1an
lugt 1a 8,789 + 0,144; 8,75 + 0,096; 8,518 + 0,064
va 8,554 + 0,115 Log CFU/ml. K&t qua théng ké
cho thdy mat do bao ti & cac nghiém thic bd
sung cation Ca®" cao hon c6 y nghia so véi doi
ching (P <0,05), tuy nhién khéng tim thiy su
khac biét gitia cac néng d6 bé sung (P >0,05).

3.1.2. Anh hudng ctia K*

Mat dd bao ti chung CM3.1 nudi trong moi
truong NB dat trung binh la 7,752 + 0,197
Log CFU/ml va c6 xu huéng ting khi c6 su hién
dién cta cation K* trong méi trudng (Hinh 1B).
Cu thé 14, khi b8 sung K* & néng d6 10, 13, 17 va
20mm, mat d6 bao ti dat gia tri lan lugt la
8,074 + 0,061; 8,056 + 0,138; 7,899 = 0,31 va
7,996 0,209 Log CFU/ml, tuy nhién khac
biét khoéng c6 ¥ nghia so v6i méi truong doi
chiing (P >0,05).

+
+
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3.1.3. Anh huéng ctia Mn*

Tuong tuy, cation Mn?*" c6 anh hudng tich cuc
dén qua trinh hinh thanh bao ti cta chung
CM3.1 (Hinh 1C). Trong d6, mat d6 dat cao nhat
d nong do 1mm (8,371 + 0,072 Log CFU/m]), ké&
tiép 1a 0,Amm (8,328 + 0,097 Log CFU/ml), 2mm
(8,208 = 0,134 Log CFU/ml) va thdp nhat la
3mm (8,145 + 0,165 Log CFU/ml). Két qua cho
thay gifia cAc nong d6 khong tim thay su khac
biét ¢6 ¥y nghia (P >0,05), nhung khac biét c6 ¥
nghia (P <0,05) so v6i méi trudng khong b6 sung
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(7,53 £ 0,245 Log CFU/ml).

3.1.4. Anh huéng ciia Mg

Khi b8 sung Mg® vao méi trudng ¢ néng do
1, 2, 3 va 4mm thi mat do bao ti dat 1an lugt 1a
8,027 + 0,194; 8,13 + 0,056; 8,177 £ 0,071 va
7,976 £ 0,273 Log CFU/ml, nhung khac biét khéng
dang ké (P >0,05) gitia cac nong d6 (Hinh 1D).
Trong khi, mat d6 bao ti 6 mdi trusng déi chiing
dat trung binh 7,281 + 0,169 Log CFU/ml va
thap hon ¢6 y nghia (P <0,05) so v6i méi trudng
bé sung cation Mg,

(B)
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bc [
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2 3 4
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Ghi chi: Céc gia tri 6 cac nghiém thiic c6 ky tu (a, b) khac nhau thi khéac biét c6 ¥ nghia théng ké (P <0,05).

Hinh 1. Mat dé bao tit chung CM3.1 nudi trong méi truéng NB
b6 sung Ca* (A), K* (B), Mg? (C), Mn* (D) va Fe* (E) & cac nong do khac nhau
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Thei gian x ly nhiét (phat)
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Hinh 2. Kha nang chiu nhiét ciia bao t& Bacillus CM3.1
nudi trong cac méi trudng bd sung khoang chit khac nhau

3.1.5. Anh hudng cia Fe**

Tuong tu nhu cac cation trén, d méi trudng
d6i chiing dat mat dd bao ti thap nhat
(7,357 £ 0,075 Log CFU/ml), khac biét khong cé
¥ nghia (P >0,05) so v6i mdi trudng b6 sung Fe?
d néng d6 3mm (7,562 = 0,079 Log CFU/ml) va
4mm (7,486 + 0,102 Log CFU/ml). Tuy nhién,
khi b6 sung Fe?" & néng d6 1mm (7,85 + 0,051
Log CFU/ml) va 2mm (7,797 + 0,081 Log
CFU/ml) vao méi truong dat mat d6 bao ti cao
hon va khac biét ¢6 y nghia (P <0,05) so véi dbi
ching (Hinh 1E).

3.2. Kha nang chiu nhiét cua bao tw

Kha n#ng chiu nhiét cta bao ti Bacillus
subtilis CM3.1 dugc danh gia théng qua chi s6
giam logarit sau thoi gian xt ly nhiét (Hinh 2).
Sau 30 phut xt 1y nhiét 6 95°C, bao ti Bacillus
nudi trong cac méi trudng cé ti 1& song gidm xap
xi to 1,577-2,116 Log va khong tim thay su
khéc biét c6 ¥ nghia (P >0,05) gifia bon loai canh
truong nudi cdy. Tuy nhién, ¢ méc thoi diém 40
phit thi bao ti chung CM3.1 nudi trong méi
truong NB c¢6 chi s6 gidm cao nhat véi
2,941 % 0,065 Log va khac biét c6 §¥ nghia so véi
cac mdi truong con lai (P <0,05). Cu thé 1a § cac
mdi trudng bé sung khoang cation c6 ti 1é bao ti
giam tu 1,941-2,436 Log va khac biét khong cé ¥
nghia gitia cac loai moi trusng (P >0,05). Nhin
chung, bao ti ching CM3.1 nudi trong mdi
trudng khong b6 sung khoang NB c¢6 kha ning
chiu nhiét kém hon so véi cdec méi trudng bo
sung khoang chit nhu m-NB, SSM va m-SM.

4. THAO LUAN

HAu hét cac loai truc khuén Bacillus
subtilis c6 kha ning sinh bao ti khi méi trudng
can kiét cac yéu toc dinh dudng. Bao ti duy tri 6
trang thai nghi trong thoi gian dai va c6é kha
ning chiu duge nhiéu yéu té bat lgi bén ngoai
nhu nhiét dd cao, phéng xa, héa chat va pH cao
(Cho & Chung, 2020). Trong giai doan nay, cac
khoang cation dugc tich lity trong 16i bao ti (chu
yéu la Ca?*, Mg? va Mn?'), néng d6 cac khoang
chit sé thay d6i va phu thudc vao thanh phan
dinh dudng ctia moéi truong nudi cdy (Bassi &
cs., 2012). Atrih & Foster (2001) nhan dinh réng
su hién dién cua cac cation Mn*", Mg**, Zn*" va
Ca?" gitp tdng s6 lugng bao tu Bacillus, dong
thdi duy tri su 6n dinh cta bao ti, khong trai
qua qué trinh ty ndy mAm. Thoi gian dé t&€ bao
Bacillus chuyén sang trang thai bao ti 1au hon
gép 5 14n so véi khi bs sung Ca®* vao méi trudng
(Hue & cs., 2011). Diéu nay c6 thé 1a do cation
Ca? tic ché& qua trinh sinh san cta t& bao sinh
dudng va kich thich kha ning sinh bao ti. Bén
canh d6, Mn*" va Fe® 12 hai thanh phan khong
thé thi€u cho qua trinh hinh thanh bao t& va
qué trinh sinh téng hop cac chat chuyén hoéa thi
cdp cua loai Bacillus nhu cac hgp chat khang
sinh va cac peptit (Ren & cs., 2018). Cac cation
khac nhu Mg?* va K* ciing tham gia vao qua
trinh chuyén d6i tit trang thai hoat déng sang
trang thai nghi caua vi khudn Bacillus
(Eisenstadt, 1972; Wakisaka & cs., 1982; Mah &
cs., 2008), tuy nhién 6 néng dd cao sé tic ché qua
trinh phat trién va hinh thanh bao ti caa truc
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khuén. Hon niia, cdc mudi khoang st dung chia
goc sulfate (SO,*) 14 mot trong cac tac nhan lam
giam kha ning sinh bao ti cua giéng Bacillus
khi hién dién 6 néng d6 cao (Yuniarti & cs.,
2019). Trong nghién ctu hién tai, khi b8 sung
cac khoang cation Ca* (1mm), Mg (3mm), Mn*
(Imm) va Fe* (Imm) vao mdi trudng dinh
dudng NB thi mat do bao tl ctua loai Bacillus
subtilis CM3.1 ting dang ké, ngoai tri cation K*
(10mm). Theo dé xuit cia Zhang & cs. (2018)
thi ham ludng cac cation Ca*", Mg?* va Mn*" nén
thap hon 100 pg/l d6i véi loai Bacillus sp. L15
khi nuéi trong méi truong nuée ngot. Tuong tu,
trong nghién ciiu cia Ren & cs. (2018), loai
Bacillus amyloliquefaciens BS-20 khi nuéi trong
mdi trudng Luria Bertani (LB) b6 sung Fe?
(3mm), Mn?* (1mm), Mg* (3mm) va Ca?" (2mm)
dat mat do bao ti cao hon dang ké so v6i moi
truong do1 chting LB. Hon niia, nhém tac gia
ciing nhan dinh rang bé sung két hgp cac cation
Mn?*, Fe?* va Ca® & nong d6 tdi uu sé gitip nang
cao méat dd bao ti chiing BS-20 nudi trong moi
truong LB 1én gdp 3,4 lan. Viéc két hop cac
khoang cation ciing gitp cai thién tinh 6n dinh
cia bao ti trong nghién ctiu hién tai, sau 40
phit xt 1y nhiét, bao ti 6 méi truosng NB (khong
b6 sung mudi khoang) c6 mat d6 giam dang ké
so v6i cac méi trusng b sung mudi khoang.
Theo Cazemier & cs. (2001) thi bao ti Bacillus
thu tit méi truong Nutrient agar b6 sung Ca*',
Mg?*, Mn*", Fe?" va K' bén véi nhiét hon so véi
bao t thu dudc tit moi truosng NA chi b6 sung
Mn?*". Kha néng bén véi nhiét ctia bao ti phu
thudc vao ba yéu t6: miic 6 khii nuéc, khoang
héa va kha ning diéu hoa nhiét do ctia t& bao
(Beaman & Gerhardt, 1986). Trong d6, su
khoang héa dugc cho 1a yé&u t6 chinh quyét dinh
dén tinh bén nhiét cao ciia bao ti (Palop & cs.,
1999). Qua trinh khoang hoéa cta bao ti vi
khuén v6i Ca** va cdc mudi khoang cation khac
nang cao kha ning bén véi nhiét, diéu nay dudc
1y gidi 1a do su gia téng miic d6 khi nuéc trong
nguyén sinh chit hoic 161 bao ti (Marquis &
Shin, 1994). Mic di1, két qua khong cé su khac
biét khi nuéi chung Bacillus subtilis CM3.1
trong moi truéng m-NB so véi cac moi trucng
tham khao khac nhu m-SM va SSM, nhung
nghién ctu cho thdy dudc tAm quan trong ctua
cac khoang chat trong cai thién mat dd va kha
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nang bén véi nhiét ciia bao ti vi khudn. Do do6,
cin cac nghién ctiu danh gia tac dong vé phuong
thiic b sung riéng 16 va két hop cac loai mudi
khoang Ca?, K+, Mn?', Mg?" va Fe?, cting nhu
t61 uu noéng do cac khoang chit khi bé sung két
hop bing phuong phap bé mat dap tng (RSM)
dé thay ré hon vé tac dong hiép dong cta céc
khoang chat 1én ning sudt va dic tinh ctia bao
tl truc khuén Bacillus.

5. KET LUAN

B6 sung riéng biét 4 loai khoang chét chiia
cac cation Ca* (Imm), Mg®" (3mm), Mn*" (1mm)
va Fe?" (1mm) vao moéi trusng nudi ciy gia ting
dang ké mat d6 bao ti Bacillus subtilis CM3.1,
ngoai trit cation K* (10mm). Khi nuéi trong cac
mbi trusng b6 sung khoang nhu m-NB, SSM va
m-SM thi mat d6 va kha ning chiu nhiét ctaa
bao ti cai thién rd rét sau 30 va 40 phut xu ly
nhiét so v6i moéi trusng NB khong b6 sung
khoang chat.
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