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SUMMARY
SURVEY of CONDITIONS for SPORE FORMATION of
Geobacillus stearothermophilus ATCC 7953

Biological indicators are considered the gold standard for sterilization process control, one of the criteria
for evaluating autoclaves, and a measure that directly reflects the effectiveness of sterilization. In Vietnam,
the use of biological indicators to proactively control the effectiveness of the sterilization process has not
received due attention and has not been implemented regularly, especially in local medical facilities.
Research on Geobacillus stearothermophilus bacteria that create biological indicators is still very limited.
This study investigated 16 conditions for the spores formation of G. stearothermophilus ATCC 7953 from 4
culture mediums NA-CaKMgMn, NA-CaMn, YMMn, PCA; 2 pH conditions of 7.0 and 8.5; 2 incubation
temperatures of 55°C and 61°C. The research results showed that at pH 8.5 and incubation temperature of
61°C, the rate and proportion of G. stearothermophilus ATCC 7953 spores formation were superior to those
at pH 7.0 and 55°C. The four spore formation conditions NA-CakMnMg/ 8.5/ 61°C, NA-CaMn/ 8.5/ 61°C,
YMMn/ 7.0/ 61°C and YMMn/ 8.5/ 61°C had a spore formation rate of over 95% and a spore yield of over
10° cfu/mL. Of which, the condition YMMn/8.5/ 61°C had the fastest rate of G. stearothermophilus ATCC
7953 spores formation, reaching 90% after 4 days. The results of the research could be the premise for
further research to create biological indicators that meet 1SO standards.
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trinh ti€t trung nhiét am 1a can thiét dé

1. DAT VAN DE . AT a1
‘ . . som loai bo nhiing dung cu, vat li¢u
Tiét trung bang nhi¢t am la mot trong khong dat v khuan truéc khi tién hanh
nhimg phuong phap tiét trung dugc su phau thuat, cdy ghép hay nuéi cay vi sinh,
dung pho bién trong cac co so' y té, céc dong thoi s& 1am giam thiét hai vé kinh té
phong thi nghiém, dé tiét tring dung cy, ciing nhu stc khoe, tinh mang cta bénh
vat liéu cay ghep, moi truong nudi cay, ... nhan. Chi thi sinh hoc duoc xem 1a tiéu
Tuy nhién, qua trinh tiét trung c6 the that chuan vang cho kiém sodt qua trinh tigt
bai do 3 y€u to chinh gom c6 5% do chat trung, 1a mot trong cac tiéu chi tham dinh
lugng hoi nu6e kem, 10% 101 thiét bi nhu ndi hép tiét trung, 1a thuéc do phan anh
loai b{) kh@l’lg khi kh@l’lg‘ dﬁy du, thay doi truc tlep hiéu qua diét khuan [2, 3]
nho vé nhiét d6 trong budng va hodc trong Nguyén 1y chung ctia chi thi sinh hoc 1a
cac goi dung cy; con lai 85% do 161 cua kiém tra xem nha bao ciia cic chung vi
nguoi st dung nhu dong goi khong ding, khuin chiu nhiét cao nhu: Geobacillus
thong s6 chu ki tiét trung khong dung, ... stearophilus, Bacillus subtillis, Bacillus

[1]. Vi vay, viéc kiém soat hi€u qua qua
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atrophaeus, ... c6 bi tiéu diét sau qua trinh
ti¢t trung hay khong. Hién nay, trén thi
truong co6 4 loai chi thi sinh hoc bao gém
thé bao tir, huyén phu bao tir, chi thi sinh
hoc ty chtra (SCBI) va SCBI doc nhanh
phat hién enzym alpha-glucosidase.

Cq). Vi¢t Nam, vi¢c str dung chi thi sinh hoc
dé chu dong kiém soat hiéu qua qua trinh
tiét trung chua duoc quan tim ding murc,
chua thyc hién thuong xuyén, dic biét ¢
cac co so y té dia phuong. Thuat ngit chi
thi sinh hoc méi duoc nhic dén trong
nhitng nim gan diy. C6 mot s nguyén
nhén ly giai cho thuc trang nay nhu viéc
cap nhat kién thirc con cham, gia thanh
chi thi sinh hoc con cao, chua c6 loai chi
thi sinh hoc nao dugc san xuét trong
nudc, phai nhdp hoan toan tr nudc ngoai
cua cac hang nhu 3M, Crosstex (M¥) nén
thiéu sy chu dong.

Nha bao cua vi khuan Geobacillus
stearothermophilus (G.
stearothermophilus) co strc dé khang cao
v6i nhiét am, chiu dugc cic diéu kién tiét
trang nhu vi song, chat hoéa hoc
formaldehyde, hydro peroxide. Chinh vi
vay, theo ISO 11138-1:2006, 11138-3:
2006 quy dinh vé yéu cau cua chat chi thi
sinh hoc cho quéa trinh tiét tring bang
nhiét 4m, vi sinh vét thir nghiém phai 1a
cac nha bao cua G. stearothermophilus [2,
3]. Stc d& khang cua nha bao G.
stearothermophilus phu thudc rit nhiéu
vao cac diéu kién hinh thanh nha bao nhu
thanh phﬁn dinh dudng, sy c6 mat cua cac
cac ion v6 co, pH va nhi¢t do u. Do vay,
nghién ctru nay tién hanh khao sat cac
diéu kién hinh thanh nha bao G.
stearothermophilus ATCC 7953. Két qua
cua nghién ctru la tién dé dé thuc hién céc
nghién ctru sau hon tién t6i tao chi thi
sinh hoc dap tmg tiéu chuan ISO.
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2. PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ciru

Vi khuan Geobacillus stearothermophilus
ATCC 7953, mua cua  hang
Microbiologic/ My.

2.2. Thoi gian va dia diém nghién ctu
- Thoi gian: tir thang 1 dén thang 6/ 2021

- Pia diém: Labo xét nghiém an toan v¢
sinh thuyc pham, Truong PH K¥ thuat Y
t¢ Hai Duong

2.3. Phuong phap nghién ctiru

2.3.1. Tao nha bao G. stearothermophilus
ATCC 7953 [4,5]

Moi truong tao nha bao thuong 1a cac moi
truong c6 thanh phan dinh dudng co ban
va bd sung mot sd ion vo co, nhiét do ¢
61°C tao nha bao c6 sirc dé khang cao hon
& 55°C [4], pH kiém 1a yéu té quan trong
nhat 1am ting kha ning chiu nhiét cia nha
bao G. stearothermophilus [6]. Nghién
ciu da Iya chon 4 moi truong NA-
CaKMgMn (Pepton 5g/ lit, Cao thit 3g/
lit, MnSO4 0,2 g/ lit, MgSO4 0,12 ¢/ lit,
CaCl2 0,2 g/ lit, KCI 0,9 g/lit, agar 15 ¢/
lit), NA-CaMn (Pepton 5g/ lit, Cao thit
3g/lit MnSO4 0,12 ¢/ lit, CaCl2 0,2 g/ lit,
agar 15 g/ lit), YMMn (Cao men 2¢g/ lit,
Cao thit 3 g/ lit, MnSO4 0,1 ¢/ lit, agar 15
g/ lit), PCA (Pepton 5 ¢/ lit, Cao men 2,5
g/ lit, Glucose 1 ¢/ lit, agar 15 g/ lit); 2
diéu kién u 55°C va 61°C; hai diéu kién
pH 7,0 va 8,5 tao ra 16 diéu kién dé khao
st  hinh thanh nha bao G.
stearothermophilus ATCC 7953 nhu &
Bang 1. Thoi gian 0 cac moi truong dén
14 ngay.

Quy trinh tao nha bao G.
stearothermophilus ATCC 7953 tham
khao theo nghién ctru ciia Wells — Bennik
va Guizelini [4,5].
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Bing 1. Cac diéu ki¢n cho thir nghi¢ém tao nha bao G. stearothermophilus ATCC 7953 [4,5,6]

Diéu kién M&di truong pH Nhiét d6 i
(1) 20 55°C
2) - ' 61°C
3) NA —-CaKMnMg ot 5590
(4) ‘ 61°C
(5) 55°C

7,0
(6) - ' 61°C
) NA —CaMn ot 5590
(8) ' 61°C
9 55°C

7,0
(10) ' 61°C
(1) YMMn ot 55°C
(12) ' 61°C
(13) 20 55°C
(14) PCA ’ bLC
(15) 85 55°C
(16) ’ 61°C

2.3.2. Xdc dinh do thuan khiét ciia nha bao
G. stearothermophilus ATCC 7953

Dénh gia do thuan khiét ciia nha bao bang
phuong phap nhudém nong véi xanh
malachite oxalate 5% va fucsin kiém. Ct
sau 4 ngay, 7 ngay, 14 ngay liy khuan lac
di nhudém kép dé quan sat ti 1& chuyén d6i
nha bao. Ti 1€ nha bao 16n hon 95% la dat

[2]
2.3.3. Xac dinh so lwong vi khudan G.

stearothermophilus ATCC 7953 ¢6 kha
nang song

Nha bao thu duge tir mdi diéu kién s&
dugc cdy dém dé xac dinh s nha bao c6
kha ning séng sét. Mdi diéu kién tién hanh
cay lap lai 4 1an va lay két qua trung binh.
Pha loang nha bao theo nguyén tic pha
lodng bac 10 bang nuGe cat vo tring, 6
noéng d. Tu 2 ndng do pha loang cao nhat,
hat 1mL/ nong do cay dem trén moi
truong NA, bang k¥ thuat cdy hop do. U
cac dia thach & 55°C/48h. Pém s luong
khuan lac trén méi dia. Tinh sO vi sinh vat
song trong m01 6ng. S6 vi sinh vat co kha
ning séng 1a sd trung binh cua 4 lan, biéu
thi dudi dang sé mii va phai > 1 OXIO5 la
dat [2].
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2.3.4. Tiéu chi lua chon diéu kién hinh
thanh nha bao [2]

- Ti 1& chuyén doi nha bao phai dat 95%
trg 1én sau 14 ngay u

- San lugng nha bao hay s6 luong vi khudn
G. stearothermophilus ATCC 7953 c6 kha
nang séng phai > 1,0x10° cfu/mL.

2.4. Cac Ki thuat sir dung trong nghién
ciru

- Nudi cdy vi khuan: Str dung cac méi
truong thach dinh dudong (NA — Nutrient
agar code 1.05450.0500, Merk), TSB
(code 1.05459.0500, Merck), NA bd sung
CaKMnMg, NA- CaMn, YMMn, PCA
(code 1.05463.0500, Merck).

- Nhuom néng, soi dém nha bao duéi kinh
hién vi
2.5. Phan tich va xir Iy so liéu

Céc yéu t6 anh huong dén toc do va ning
suat hinh thanh nha bao dugc phén tich
theo md hinh hoi quy tuyén tinh.

3. Két qua va ban luan

3.1. }(ét qui mirc do phat trién ciaa vi
khuan G. stearothermophilus ATCC
7953 trong 16 diéu kién khao sat
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Nghién ciru da tién hanh khao sat 16 diéu
kién hinh thanh nha bao G.
stearothermophilus ATCC7953 duogc td
hop tr 4 moi truong, 2 gia tri pH va 2

nhiét do u. Két qua cho thay vi khuan G.
stearothermophilus ATCC 7953 déu phat
trién t6t, moc thanh tham day trén mat
thach & tit ca 16 didu kién (Bang 2).

Bing 2. Mic d phat trién vi khuin G. stearothermophilus ATCC7953 trong 16 diéu kién khio sat

MGéi truwong NA-CaKMnMg

NA-CaMn

YMMn PCA

pH — moil 5, 85 7.0
truong

8,5

7,0 8,5 7,0 8,5

Nhigt d9 @|55° |[61° [55° [61° |55°

(C)

61°

55°

61°

55° |61° |55° |61° |55° |61° |55° |61°

Mic dd vi
khuan phat
trién

e T S S

++

= S R S I S I O (N S

Ch thich: (-) vi khuan khong phat trién; (+) vi khuan c6 phat trién; (++) vi khudn phat trién tét moc thanh

tham

3.2. Ti 1¢ hinh thanh nha bao ciia vi khuan G. stearothermophilus ATCC 7953 trong

16 diéu kién khao sat

Bang 3. Téc d9 hinh thanh nha bao ciia vi khuin G. stearothermophilus ATCC 7953 trong 16 diéu kién

khio sat
Mbi truong pH mbi Nhiét do u Ti 1€ hinh thanh nha bao
trudng 4 ngay 7 ngay 14 ngay

70 55ZC 20 % 22 % 25 %
NA- ' 61°C 10% 15% 20 %
CaKMnMg 85 55°C 10 % 15% 20 %
' 61°C 50 % 90 % 95 %
10 O e Dol
0 0 0
NA-CaMn . 55°C 20 % 20 % 20 %
' 61°C 50 % 96 % 98 %
70 55°C 10 % 10 % 10 %
YMMn ' 61°C 40 % 70 % 90 %
85 55°C 30 % 40 % 60 %
' 61°C 90 % 95 % 98 %

70 55°C 1% 1% 1%

PCA ' 61°C 1% 1% 1%

85 55°C 3% 3% 3%
' 61°C 10 % 20 % 40 %

Két qua nghién ctru cho thdy trong 4 loai
moi truong thi moéi truong PCA c6 ti 1€
hinh thanh nha bao chdm nhéit, 3 moi
truong  NA-CaKMnMg, NA-CaMn,
YMMn c6 ti 1€ hinh thanh nha bao tuong
duong nhau. Dic biét & diéu kién
YMMn/8,5/61°C ¢6 toc d¢ hinh thanh nha
bao nhanh nhét, chi sau 4 ngay 0 da c6 ti
1€ hinh thanh nha bao dat t6i 90%. Co6 su
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khac biét 1on vé diéu kién pH va nhiét do
i, o diéu kién 8,5/ 61°C vi khuan G.
stearothermophilus ATCC 7953 ¢6 toc do
va ti 1€ hinh thanh nha bao vuot trdi so
v6i diéu kién 7,0/ 55°C (Bang 3 va Hinh
1). Két qua phén tich hdi quy cho thdy R
= 0,764 tlic 76,4% tdc do hinh thanh nha
bao cua G. stearothermophilus ATCC
7953 phu thudc cac yéu t6 mdi trudng
nudi cay, pH, va nhiét d6 @ c6 ¥ nghia
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théng ké véi gia tri p = 0,006. Trong do
QH va nhi¢t d§ cé anh huodng 1o rét voi p
lan luot 12 0,014 va 0,006.

33. Sédn lwong nha Dbao G.

stearothermophilus ATCC 7953 thu
dwoc trong 16 dieu kién khao sat

Trong 16 diéu kién khao sat, 4 diéu kién
cho san lugng nha bao cao nhat trén 10°
cfu/mL la NA-CakMnMg/ 8,5/ 61°C;
NA-CaMn/ 8,5/ 61°C; YMMn/ 7,0/ 61°C;
YMMn/ 8,5/ 61°C; mdi truong PCA cho
san lugng nha bao thdp nhat. Vé thanh
phan dinh dudng, méi truong PCA (pepton
5g/lit, cao nam men 2,5 g/lit, glucose
1g/lit) co6 diém khac biét 16n nhat véi 3
moi truong con lai 1a ¢c6 dudng glucose va
khong c6 ion kim loai. Verma N va cong
su ghi nhin tac dung cia cao men,
peptone va glucose lam tang san luong nha
bao cua B. megaterium [7]. Hi€u qua tac
dung cia ba thanh phan nay khong duoc

ghi nhan trong nghién ctru nay, su c6 mat
glucose khong thuc day qua trinh hinh
thanh nha bao ctua G. stearothermophilus.
Wells-Bennik va cong su cling bao cao
khong thu duoc nha bao G.
stearothermophilus ching 4161 & moi
truong PCA [4]. Trong 3 méi truong NA-
CaKMnMg, NA-CaMn, YMMn, moi
truong YMMn c6 ham lugng dinh dudng
thdp nhat nhung lai cho tbc doc hinh thanh
nha bao nhanh nhét, chi sau 4 ngay da dat
ti 16 nha bao 90%. Piéu nay cho thidy moi
truong nhiéu dinh dudng lam cham qua
trinh  hinh  thanh nha bao G.
stearothermophilus ATCC 7953. Két qua
nay hoan toan phu hop voi kién thirc y
van, mot s vi khuan co kha nang chuyen
sang dang nha bao khi gip diéu kién bat
loi vé dinh dudng, khic nghiét cua moi
truong.

Bang 4. San lrgng nha bao G. stearothermophilus ATCC 7953 thu dwoc trong 16 diéu kién khio sat

Méi truong pH moi Nhiét do San lwgng nha bao
truong (cfu/mL)
55°C 4,8 x 10°
7,0
61°C 3,6 x 10°
NA-CaKMnMg
55°C 3,7x10°
8,5
61°C 5,3 x 10°
55°C 1,1 x 10?
7,0
61°C 2,6 x 10°
NA-CaMn 5
55°C 5,0 x 10
8,5
61°C 7,0 x 10°
55°C 1,5 x 10?
7,0
61°C 2,2 x10°
YMMn
55°C 3,9x10*
8,5
61°C 6,8 x 10°
55°C 10
7,0
61°C 15
PCA
55°C 63
8,5
61°C 5,2 x 10°
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Hinh 1. Nha bao G. stearothermophilus ATCC 7953 dwg'c nhu$¢m noéng véi malachite oxalate sau 4, 7
va 14 ngay u & mot so dieu kién
Ch thich: Nha bao G. stearothermophilus ATCC 7953 bat mau xanh cta malachite oxalate, t bao sinh
dudng bat mau hong cua fucsin kiém

Nhu viy, chi ¢6 4 didu kién hinh thann Y2 2hiét d0 0 c6 y nghia thong ké véi p =
nha bao NA-CaKMnMg/ 8,5/ 61°C, NA-  0:001. Trong do yéu to pH va nhiét do u
CaMn/ 85/61°C, YMMn/ 7,0/ e1°c,  ©0 anh hudng rd rét véi gid tri p lan luot
YMMn/ 8,5/ 61°C c6 ti I¢ hinh thanh nha 12 0:003 va 0,002. Moi trudng PCA c6 san
bao > 95% va san luong nha bao trén 10° 1uc3:ng n‘h a bao Athap.nhat, lfhong ‘phal la
cfu/mL du didu kién tién hanh thi nghiem M1 trwong thuan loi cho hinh thanh nha
tiép theo theo yéu cadu cua chat chi thi ba}g G. stearothermophilus ATCC 7953
sinh hoc. Két qua phan tich mé hinh hoi véip=0,02

quy cho thdy Hé sb xac dinh R? = 0,839, Nghién ctru nay cho thdy hiéu qua hinh

tec 83,9% san lugng nha bao G. th%mh nha bao vuot troi khi & dong thoi 2
stearothermpphjlus ATCC 7953 phu diéu kién pH kiém 8,5 va nhiét do u 61°C.
thudc cac yeu to moi treong nuodi cay, pH Theo y van, nha bao cua cac loai Bacillus
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chi dugc hinh thanh trong giéi han diéu
kién sinh truong vé khoang pH, nhiét do,
hoat d6 nuéc phu hop cua vi khuin do.
San luong nha bao cao nhat khi ¢ nhiét
do, pH, hoat d0 nudc tdi wu va co xu
hudéng kéo dai qud trinh hinh thanh nha
bao, giam san luong khi ¢ cac diéu kién
nam ngoai gia tri t6i wu [8]. Khi nghién
ctru diéu kién hinh thanh nha bao B.
subtilis ATCC 31324, Nguyen Thi Hue
Minh va cong sy nhén thiy thoi gian sinh
truong va hinh thanh nha bao 1a 3 ngay ¢
37°C, pH 8,0 va hoat do nuéc cao, ting
1én 10 ngay & 45°C va 14 ngay ¢ 19°C, 20
ngay & pH 6,0 hoac 10,0 va 17 ngay &
hoat do nudc 0,95 [9]. V&i vi khuan G.
stearothermophilus sinh truong trong
khoang nhiét d6 tir 37°C — 70°C, t6i uu tir
55°C — 65°C, pH tir 6,0 — 8,5, toi wu 14 6,2
— 7,5 [4]. Khi nghién ctru vé cac yéu td
anh huong dén strc dé khang cuia nha bao
G. stearothermophilus, Wells-Bennik va
cong su nhan théy khong c6 su khac biét
c6 ¥ nghia vé san luong nha bao khi 1
gitta hai nhiét d6 55°C va 61°C [4],
Guizelini, B. P va cong su ciing nhan thay
khong co6 sy khac biét c6 ¥ nghia vé san
luong nha bao gitta pH 7,0 va 8,5 nhung ¢
pH 8,5 nha bao c¢6 stc dé khang nhiét am
cao hon so vé6i pH 7,0 [5]. O nghién ctru
nay khong tién hanh khao sat hinh thanh
nha bao ching vi khuin G.
stearothermophilus ATCC 7953 trong
ting diéu kién riéng ré& pH va nhiét do o
ma dong thoi ca 2 didu kién, két qua cho
thidy hiéu qua hinh thanh nha bao vuot
troi & diéu kién pH 8,5/ 61°C so véi cac
diéu kién con lai pH 7,0/ 61°C; pH 7,0/
55°C; pH 8,5/ 55°C (Bang 3, 4). b6 pH
clia méi trudng nudi cdy 1a mot yéu td cuc
ky quan trong, anh huéng dang ké dén ca
su hinh thanh nha bao va kha nang chiu
nhi¢t cia nha bao. Khi nghién ctru anh
huéng cua pH dén qua trinh hinh thanh
nha bao B. stearothermophilus, S.
Yazdany nhan thay khi B.
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stearothermophilus duoc nuéi ciy trong
moi truong co pH ban dau 1a 7,0, do pH
ciia mdi trudng giam xudng khoang 5,5
va sau d6 duy tri ¢ mac do6, din dén
viéc rat it nha bao duoc tao ra. Gia thuyét
dwugc dwa ra lacac  enzyme
cua B.stearothermophilus st dung cac
axit hitu co trong qué trinh san xuit nha
bao c6 thé khong dugc cam tmg hodc bi
bat hoat & gia tri pH thdp. Do d6, qua
trinh hinh thanh nha bao khong thé dién ra
binh  thuong. Nguwoc lai, khiB.
stearothermophilus duoc nuéi ciy trong
moi trudng c6 pH ban dau diéu chinh
tr 7,7 d&n 8,7 qua trinh hinh thanh nha
bao dién ra manh mé& (dat khoang 1,9 X
10" dén 2,4 x 10" nha bao/ ml, véi ty 18
hinh thanh nha bao tdi da khoang 88%).
Diéu nay cho thiy ¢ pH 7.7 dén 8,7, cac
enzyme nay co thé dugc cam tng, hoat
hoéa hoac khong bi bat hoat, tao diéu kién
thuén 1¢i cho qua trinh hinh thanh nha bao
[10]. Guizelini, B.P va cong su khi nghién
cru cac yéu td anh hudng dén kha ning
chiu nhié¢t cua nha bao G.
sterothermophilus di nhan thdy d6 pH
kiém co thé két tua cac kim loai nhu sét
va doéng dudi dang hydroxit, lam cho
chung khong kha dung dbi vé6i vi sinh vat
trong qua trinh hinh thanh nha bao. Diéu
nay c6 thé bao vé nha bao khoi bi tén
thuong boi nhi€t, tdng cuong qué trinh
khodng hda trong qua trinh hinh thanh
nha bao, gép phan vao kha ning chiu
nhiét. Nha bao chira ham Iugng ion canxi
cao nhét c6 kha nang chiu nhi¢t tdt nhat,
tiép theo 1a mangan va magié. Khi duoc
lam néng & d6 pH kiém (khoang 8), nha
bao c¢6 kha ning hip thu cac khoang chét
nay va phét trién thanh cac dang chiu
nhiét t6t hon. Nguoc lai, nha bao tiép xtic
voi pH axitva dugc lam ndéng nhe (&
nhiét do khoang 60°C) bi mit khoang
chat (nhu canxi, mangan, magié, kali va
natri), va kha nang chiu nhiét giam [5].
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IV. KET LUAN

Nghién ctru d khao sat 16 diéu kién hinh
thanh nha bao dugc tao ra tir 4 méi truong
(NA-CaKMnMg, NA-CaMn, YMMn,
PCA), 2 gia tri pH (7,0 va 8,5) va 2 nhiét
d6 1 (55°C, 61°C). Két qua cho thiy tdc
dd hinh thanh va san lugng nha bao G.
stearothermophilus ATCC 7953 phu
thudc vao cac yéu té nhu thanh phan dinh
dudng, céc ion vO co, pH moi trudong va
nhiét 6 1. O diéu kién pH 8,5 va nhiét do
11 61°C cho thay téc do va ti 1¢ hinh thanh
nha bao G. stearothermophilus ATCC
7953 vuot trdi so véi pH 7,0 va 55°C.
Bén diéu kién hinh thanh nha bio NA-
CakMnMg/ 8,5/ 61°C, NA-CaMn/
8,5/61°C, YMMn/ 7,0/ 61°C va YMMn/
8,5/ 61°C co6 ti 1¢ hinh thanh nha bao trén
95% va san lugng nha bao trén 10°
cfu/mL. Trong d6, diéu  kién
YMMNn/8,5/61°C ¢6 tdc dd hinh thanh nha
bao G. stearothermophilus ATCC 7953
nhanh nhét, dat t6i 90% sau 4 ngay.

LOI CAM ON

Nghién ctru nay dugc thyc hién nho kinh
phi cua deé t?i co s& do Truong Pai hoc
K¥ thuat Y té Hai Duong quan ly.
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