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ABSTRACT

Objective: This study was conducted to evaluate the storage stability of freeze-dried
Bacillus clausii powders according to the ICH Q5C guideline.

Methods: 3 formulations were developed: formulations A (mannitol), formulations
B (maltodextrin + trehalose), and formulations C (a combination of 3 excipients).
Freeze-dried powders were packaged in two container systems (amber glass vials and
multilayer aluminum pouches) and stored under long-term conditions (25°C/60% RH) for
12 months. Key quality attributes were monitored, and data were analyzed using linear
regression and ANOVA with a significance threshold of p < 0.05.

Results: All formulations maintained viable counts above 10 log CFU/g after 12 months,
though the rates of decline varied considerably. Formulations A showed the fastest
reduction, whereas formulations B exhibited the highest stability. The aluminum pouch
demonstrated superior control of water activity (AW) and residual moisture compared
with glass vials, thereby supporting better biological stability.

Conclusion: The storage stability of freeze-dried Bacillus clausii powders was influenced
by both protective excipients and packaging. Formulations B in aluminum pouches
provided optimal performance, suggesting a practical approach for developing more
stable and sustainable probiotic formulations for industrial applications.
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ABSTRACT

Muc tiéu: Nghién clru dugc tién hanh rlhém danh gia dé 6n dinh bao quéan clia bot dong
khé chira Bacillus clausii theo huédng dan ICH Q5C.

Phuong phap: 3 cong thirc bao ché dugc thiét ké: cong thirc A (mannitol), céng thirc B
(maltodextrin + trehalose) va céng thirc C (hdn hop 3 ta dugc). Mau bot déng khd dugc
doéng goéi trong hai loai bao bi (lo thay tinh hé phéach va tii nhém phic hgp), sau dé bao
quan & diéu kién dai han (25°C/60% RH) trong 12 thang. Céac chi tiéu dugc theo doi. DI
liéu dugc phan tich bang hdi quy tuyén tinh va ANOVA, véi ngudng y nghia p < 0,05.

Két qua: Tat ca cong thirc duy tri méat dé vi sinh vat trén 10 log CFU/g sau 12 thang, song toc
do suy giam khac biét rd rét. Cong thirc A c6 murc giam nhanh nhét, trong khi cong thirc B
duy tri 6n dinh nhéat. Bao bi nhém phitc hop kiém soat AW va ham am t6t han so vdi lo thuy
tinh, gép phan duy tri dé 6n dinh sinh hoc.

Két luan: D6 6n dinh bdo quan clia bot dong khd Bacillus clausii chiu anh hudng déng thoi
b&i ta dugc bao vé va bao bi. Cong thirc B két hgp véi bao bi nhém phirc hop cho hiéu C]l:lé
t8i wu, goi y huéng phat trién ché& pham probiotic 6n dinh va bén vitng hon trong thuc tién
san xuét.

Tir khéa: Bacillus clausii, ddong kho, do 6n dinh bao quan, dong goi.

1. DAT VAN PE

Bacillus clausii la chung vi khuén sinh bao t thudc
nhom probiotic da dugc s dung réng rai véi cac
bang ching ldm sang vé hiéu qua hd trg can bang
hé vi sinh dudng rudt, giam tiéu chay va phong
ngtra rdi loan tiéu hoa [1-2]. Dac diém ndi bat clha
Bacillus clausii la kha ndng ton tai dudi dang bao

Nghién cltu nay dugc ti€n hanh véi cac muc tiéu
danh gia do 6n dinh dai han cia bét dong kho chira
Bacillus clausii theo huéng dan ICH Q5C trong hai
loai bao bi: lo thuy tinh va tdi nhém phirc hop.

t¢¢ chiu dugc nhiét do va pH khic nghiét [1-3]. Tuy
nhién, thachthirc l&n nhattrong phattrién ché phdm
probiotic & duy tri tinh én dinh vé s8 luong vi sinh
vat sdng sét trong sudt thdi han str dung san pham
[4]. Theo hudng dan ICH Q5C - Stability Testing of
Biotechnological/Biological Products, viéc nghién
cttu dé 6n dinh clia cac san pham cong nghé sinh
hoc khong chi ditng lai & danh gia cac chitidu hoa ly
thong thuong, ma con phai tap trung vao kha nang
s6ng so6t [5]. Ngoai ra, Q5C cing nhan manh yéu
cau danh gia toan bd hé bao bi-nap day (container-
closure system), bdi day la yéu té truc tiép anh
hudng dén dd am, hoat dé nudc (AW) va tir d6 quyét
dinh murc d6 6n dinh sinh hoc ctia san pham [5].

*Tac gia lién hé

2. POI TUONG VA PHUONG PHAP NGHIEN CU'U
2.1. Boi tugng nghién cliru

Doi tugng nghién clru la bot déng khé chira Bacillus
clausii (chting M31) dugc san xuét tr chang dugc
phéan lap va luu trit tai Trung tdm Nghién clu va Kinh
doanh Dugc, Trudng Cao dang Dugc Trung wong Hai
Duaong, c6 mat do ban dau dat > 102 CFU/ml trong
dich nudi cay.

Céc cong thirc bao ché dugec ma hda thanh phan:

- COng thic A (chat bao vé mannitol): cong thirc
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tham chiéu (nén don chat).

- Cong thuc B (maltodextrin + trehalose): cong thic
cai tién (da chat bao vé).

- Cong thirc C (hdn hgp 3 chat bao vé lanh thay ddi
ty l8): cong thirc bién thé bd sung.

Hai loai bao bi dugc sir dung dé so sanh:

- Lo thuay tinh trung tinh mau hé phach, déng kin
bang nut cao suva nap nhém.

- TGi nhém phirc hgp nhiéu L3p, han kin, cé déc tinh
chéng &m cao.

2.2. Chuan bj déng khé

Quy trinh san xuét bot déng kho dugc ti€n hanh nhu
sau: dich nuéi cdy Bacillus clausii dugc ly tdm dé
thu sinh khai; sinh khoi dugc phan tan trong dung
dich ta dugc bao vé theo tirng céng thirc; hdn dich
dugc lam lanh nhanh & -80°C, sau dé chuyén sang
giai doan s4y thang hoa; qué trinh déng kho dién ra
trong 48 gid, dudi ap suat < 0,1 mbar, vdi dai nhiét do
tlr -50°C dén +25°C; 3 16 doc lap dugc san xuat cho
mdbi céng thic, bdo ddm tinh dai dién va phu hop
khuyén cédo ctia ICH Q5C [5].

2.3. biéu kién th* dé 6n dinh
Nghién cttu dé 8n dinh dugc bé tri theo hudng dan
ICH Q5C va ICH Q1A(R2) [5].
2.4. Chi tiéu chéat lvgng va phuong phap phan tich

-S6 lwgng vi sinh vat sng s6t (CFU/g): xac dinh bang
phuong phap dém khuén lac trén mdi trudng LB agar
[4].

- Ham am du (%): xac dinh bang phuong phap Karl
Fischer, yéu cédu < 5% [6].

- Hoat d6 nudc (AW): do bang may do AW chuyén
dung, gigi han < 0,30 [7].

- Pac tinh cdm quan: quan sat mau séc, trang thai,
mui.

- D6 phan tan: thir nghiém hoa tan bét trong nudc,
ghi nhan thoi gian phén tan hoan toan.

2.5. Phan tich sé liéu

H®i quy tuyén tinh dugc st dung dé mé hinh héa sy
suy gidm log CFU/g theo thai gian. Phan tich phuong
sai (ANOVA) bang SPSS dé so sanh véi mic y nghia
théng ké p < 0,05.

3. KET QUA NGHIEN cUU
3.1. S6 lwgng vi sinh vat séng s6t

Bang 1. S6 lugng vi sinh vat séng sot
(log CFU/g) ctia cac cong thirc theo thoi gian

Thoi gian

Bao bi thly tinh Bao bi tii nhéom

Coéng
thic A

Coéng
thic B

Cong
thirc C

Coéng
thuc A

Coéng
thuc B

Cong
thirc C

0 thang (ngay sau dong kho)

11,10
£0,10

11,40
£0,10

11,30
£0,10

11,20
£0,10

11,50
0,08

11,50
=0,08

0,25 thang (1 tuan)

11,00
+0,08

11,35
+0,08

11,25
+0,08

11,15
+0,08

11,48
0,07

11,48
+0,07

10,90
+£0,08

11,30
0,08

11,20
0,08

11,10
+0,08

11,45
0,07

11,45
0,07

3

10,70
+0,09

11,20
+£0,08

11,10
0,08

10,95
0,08

11,40
*0,07

11,35
0,07

6

10,45
+0,10

11,05
*0,09

10,95
£0,09

10,80
0,09

11,30
+0,08

11,25
*0,08

9

10,25
£0,10

10,95
=0,09

10,80
0,09

10,70
0,09

11,25
0,08

11,15
*0,08

12

10,10
*0,12

10,90
£0,10

10,70
+0,10

10,60
£0,10

11,20
+0,09

11,10
+0,09

Ngay sau khi dong khé, sé lugng vi sinh vat song soét
clia ca 3 cong thirc déu dattrén 11 log CFU/g. Trong
quatrinh bdo quan, congthic A (mannitol don chat)
gidm nhanh nhét, dac biétkhidongtronglo thuytinh,
chiconkhoadng 10,10 £ 0,12 log CFU/g sau 12 thang.
Coéng thirc B (maltodextrin + trehalose) cho thay do
8n dinh cao nhat: & ca hai loai bao bi, mat do vi sinh
vat van duy tri gan nhu khéng déi (= 10,9 log CFU/g
vdi lo thuy tinh va 2 11,2 log CFU/g vd&i tdi nhdm sau
12 thang). Cong thitc C (hén hop 3 chat bao vé) co
muc 8n dinh trung gian, t8t han cong thic A nhung
th&p hon coéng thic B. So sanh hai loai bao bi, tui
nhém phic hgp ludn cho két qua cao hon Lo thiay
tinh, v&i murc suy giam trung binh thdp hon khoang
0,3-0,5 log CFU/g sau 12 thang.
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3.2. Ham am duv va hoat dd nuéc

Bang 2. Ham 4m du (H%) va hoat dé nudc (AW) cuia cac cdng thirc theo thai gian

. Bao bi thay tinh Bao bi tii nhém
;i%c:rlm Chitiéu Céngthic | Congthic | Congthic | Congthic | Congthic | Cong thic
A B A B C

Ban Hoat(g\?\/?”dc 0,24+0,02 | 0,20+0,02 | 0,21+0,02 | 0,12+ 0,01 | 0,09+0,01 | 0,10+ 0,01
T84 | Ham &m (H%) | 4,40+ 0,05 | 3,50+ 0,04 | 3,60 0,04 | 2,80+ 0,03 | 2,70 0,03 | 2,75+ 0,03
3 Hoat(g\?\/;‘”‘j’c 0,26 +0,02 | 0,21+0,02 | 0,22+0,02 | 0,13+0,01 | 0,10+0,01 | 0,11%0,01
AN | am m (H%) | 455 0,06 | 3,60 + 0,05 | 3,70 0,05 | 2,90+ 0,03 | 2,80 0,03 | 2,85 + 0,03
6 Hoat(g\?vg‘wc 0,27 0,02 | 0,22+0,02 | 0,23+0,02 | 0,13%0,01 [ 0,100,01 | 0,11 +0,01
AN | am &m (H%) | 4,60 0,06 | 3,70+ 0,05 | 3,75+ 0,05 | 2,950,03 | 2,85+ 0,03 | 2,90+ 0,03
12 Hoat(g\?vg‘”é’c 0,280,02 | 0,23+0,02 | 0,24+0,02 | 0,14%0,01 | 0,11+0,01 | 0,12%0,01
M€ [ am am (H9%) | 4,700,07 | 3,80 0,06 | 3,85+ 0,06 | 3,00+ 0,04 | 2,95+ 0,03 | 3,00 0,04

K&t qua cho thay tat ca cac cong thic déu duy tri
ham 4m < 5% va hoat d6 nudc < 0,30 AW trong sudt
12thangbdo quan, dap ingyéu cautheo hudng dan
ICH Q5C. Tuy nhién, c6 sy khac biét ro rét gitra hai
loai bao bi:

- Bao bi thay tinh: AW dao déng tir 0,24-0,28, ham
4m tang nhe tir 4,40 = 0,05% lén 4,70 + 0,07% sau

cuia lo thuy tinh con han ché, dan t6i sy dao dong
nhat dinh trong qua trinh bao quan.

- Bao bi tii nhém phic hgp: AW duy tri 6n dinh &
murc rat thap (0,09-0,14), ham dm chi tang nhe tir

2,70-2,80% lén khoang 3,0% sau 12 thang. Su 6n

12 thang. Diéu nay cho thay kha nang kiém soat &m

3.3. Dac tinh cam quan va do phan tan

dinh nay ching minh hiéu qua chéng 4m vuot troi
clla nhdém phire hop.

Bang 3. Pac tinh cam quan va thoi gian phan tan cuia cac cong thirc theo thai gian

Bao bi thuy tinh Bao bi tui nhém
Thoi gian

Coéngthic A | CongthircB | Congthirc C | Congthic A | Congthirc B | Congthirc C

0 théng Bv,@t min‘, BV,C)t min‘, BV,C)t min‘, Bf)t min‘, BV,C)t min‘, Bv,cf)t min‘,

(ngay trang nga, trang nga, trang nga, trang nga, trang nga, trang nga,
sau dong khéng muila | khéng muila | khéng muila | khéng muila | khéng muila | khéng muila
kho) Phantan: 3,5 | Phantan: 3,0 | Phadntan: 3,2 | Phantan: 3,3 | Phdntan: 2,8 | Phantan: 2,9

+0,2 phut +0,2 phut +0,2 phut +0,2 phut =0,1 phut =0,1 phut

Bot min, B6t min, B6t min, B6t min, B6t min, B6t min,

trang nga, trang nga, trang nga, trang nga, trang nga, trang nga,
3thang | khéng muila | khéng muila | khéng muila | khéng muila | khéng muila | khéng muila
Phantan: 3,7 | Phantan: 3,1 | Phantan: 3,3 | Phantan: 3,4 | Phantan: 2,9 | Phantan: 3,0

* 0,3 phut + 0,2 phut * 0,2 phut 0,2 phut 0,2 phut 0,2 phut

Bot min, Bot min, Bot min, Bot min, Bot min, Bot min,

trang nga, trang nga, trang nga, trang nga, trang nga, trang nga,
6thang | khéng muila | khong muila | khong muila | khdng muila | khéng muila | khéng muila
Phantan: 3,8 | Phantan: 3,2 | Phan tan: 3,4 | Phantan: 3,5 | Phantan: 3,0 | Phantan: 3,1

+0,3 phut +0,2 phut +0,2 phut £ 0,2 phut £ 0,2 phut £ 0,2 phut

B6t min, B6t min, B6t min, B6t min, B6t min, B6t min,

trdng nga, trdng nga, trdng nga, trdng nga, trdng nga, trang nga,
12thang | khéng muila | khéng muila | khéng muila | khédng muila | khong muila | khéng mui la
Phantan: 3,9 | Phantan: 3,3 | Phantan: 3,5 | Phantan: 3,6 | Phantan: 3,1 | Phantan: 3,2

+ 0,3 phut + 0,2 phut +0,2 phut +0,2 phut +0,2 phut +0,2 phut
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Tat ca cac cong thirc déu duy tri dac tinh cdm quan
on dinh trong sudt thdi gian bao quan. Thai gian
phan tén tang nhe theo thdi gian, nhung van dudi 4
phut. Congthic B va C cé kha nang phan tdn nhanh
hon céngthic A; dong thdi mau déng trong tiinhém
ludn cho thai gian phan tan ngén hon so vdi lo thay
tinh, thuan lgi hon khi str dung ldm sang.

3.4. Phan tich mé hinh héi quy tuyén tinh

Bang 4. Théng s6 mé hinh hoéi quy tuyén tinh
clla cac cong thirc (n=3)

Hé sb géc
Congthic | (slope, Intzal:)cept R2 p-
-Baobi | logCFU/ | rof \ value
thang) g
Congthuc A
Lo thuy <
tinh -0,083 11,05 | 0,921 0,05
A <
Tdi nhém -0,050 11,15 | 0,915 0,05
Coéngthuc B
Lo thuy <
tinh -0,042 11,30 | 0,902 0,05
s ~ <
Tdi nhdm -0,025 11,45 0,896 0,05
Congthuc C
Lo thay <
tinh -0,050 11,20 | 0,908 0,05
LA <
Tdinhém -0,033 11,35 | 0,901 0,05

K&t qua phén tich hoi quy tuyén tinh cho thay toc do
suy gidm vi sinh vat séng sot khac biét ré rét gitra cac
cbdng thic va loai bao bi. Cong thic A trong lo thay
tinh c6 hé s6 goc -0,083 log CFU/thang, phan anh
téc dé6 mat kha nang s6ng nhanh nhat. Ngugc lai,
cong thirc B trong tdi nhdm cé hé sé goéc thap nhat
(-0,025 log CFU/thang), 6n dinh g&p hon 3 lan so vdi
congthirc A. Congthirc C ndm & mic trung gian gitra
congthirc Ava congthire B. T4t ca mo hinh déu c6 R®
> 0,89 vay nghiathéngké (p <0,05), cho phép ngoai
suy thoi han bao quan.

11.6

-8— CTA- Lo thiy tinh
-B+- CT A - Tdi nhom
—o— CT B - Lo thay tinh
--0- CT B - Tii nhém
—a— CT C- Lo thiy tinh
=4#- CT C- Tdi nhém

S6 lugng vi sinh vét séng sét (log CFU/g)

.
53
o

0 1 3 6 9 12
Thaoi gian bao quan (thédng)

Hinh 1. Mdrc d6 suy giam sé lwong vi sinh vat séng
sot theo thai gian trong cac dang bao bi khac nhau

Dwa trén mo hinh, cong thirc B va C trong tui nhdm
c6 thé duy tri = 10 log CFU/g dén 12 thang va tiém
nang mad rong thoi han bao quan dén = 24 thang &
25°C/60% RH.

4. BAN LUAN

Nghién cliu dugc thiét k& nham danh giad do én
dinh bao quan cua b6t dong khd Bacillus clausii
theo chuén ICH Q5C [5]. Két qua dinh lugng s6
lugng vi sinh vat séng soét cho thay su khac biét rd
rét gilra cac cong thic. Céng thic A (mannitol don
chat) c6 téc dd suy gidam nhanh nhéat, phan anh
han ché& ctia mannitol vén dé két tinh va gay bat én
trong moi truong khd [6-7]. Ngugc lai, cong thi’c B
(maltodextrin + trehalose) duy tri s6 lugng bao tir 6n
dinh nhat, trén 11 log CFU/g sau 12 thang, phu hop
vGi co ché bao vé kép: maltodextrin lam giam bién
doéng cau trac, trehalose 8n dinh mang va protein.
Cong thitc C (hén hop 3 ta dugc) cho k&t qua trung
gian, cho thay sy bd sung da chét c6 lgi nhung hiéu
qua chua vuot troi so véi cong thirc B [8].

Céac chi s8 hd trg (AW, ham dm) cling c8 két qua
CFU: bao bi thuy tinh cho thdy AW cao haon va dao
déng nhiéu hon so véi tui nhém, dan téi téc dé suy
giam CFU nhanh hon. Tai nhém phirc hop gilt AW
8n dinh & muc thap (0,09-0,14) va ham dm < 3%,
g6p phan han ché bi€n déng sinh hoc. D&c tinh cam
quan va thdi gian phan tan nhin chung it thay dai,
nhung van ghi nhan su khac biét nhd: cac mau bao
quan trong tdi nhdm c6 thai gian phan tan ngan hon,
thuén lgi cho s&r dung ldm sang [9-10]. Phan tich hoi
quy tuyén tinh cho thay slope suy giam clia cong
thirc A cao nhét, trong khi cong thic B thap nhét,
dac biét khi két hgp v&i bao bi nhém (slope -0,025
log CFU/thang). Digu nay khang dinh vai tro két hgp
cla ta dugc bao vé da chat va hé bao bi chéng am
trong viéc duy tri dé 8n dinh sinh hoc.
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5. KET LUAN

Nghién clttu da ching minh rang dé én dinh bao
quan cla bot déong khoé Bacillus clausii phu thudc
déng ké vao ca cong thirc va bao bi. Céng thirc chira
maltodextrin + trehalose (cong thirc B) khi bdo quan
trong tdi nhém phirc hop duy tri dugc sé lwgng vi
sinh vat séng soét cao nhat, cung véi AW va ham &m
6n dinh, dap (ng t6t huéng dan ICH Q5C. K&t qua
nay gaiy rang viéc lua chon ta duoc bao vé thich hap
két hop véi bao bi chdng 4m c6 thé kéo dai thdi han
str dung ché& pham probiotic, ddng thdi ndng cao gia
trj 'ng dung trong thuc tién san xuat va ldm sang.
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