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Toém tht

Bifidobacterium bifidum (B. Bifidum) 1a vi khuan ky khi nghiém ngit, c6 tiém ning cao Nhan 30/12/2025
duoc str dung lam loi khuén trong hd tro stc khoe dudng rudt. Tuy nhién, nudi céy B. Puogc duyét 15/01/2026
bifidum & mét d6 cao gip nhiéu khé khin do kha ning sinh acid hitu co lam déi pH moi Cong bd 28/02/2026
truong, gdy giam hiéu suét sinh khdi thu dugc. Do d6, nghién ciru danh gia kha ning

dém pH cua vat li€u sinh hoc nhu hat gel calcium carbonate-alginate trong nuoi céy B.

bifidum mat d6 cao 1a can thiét. S6 luong té bao duoc xac dinh bang phuong phap dém

khuén lac. Két qua cho thiy sau 48 gi¢ 1én men, pH ctia mau thir c6 chira hat gel CaCOs- Tur khoa

alginate c6 pH on dinh hon, giam tur 5,87 £ 0,14 con 4,48 + 0,18, con mau ching gidam
tir 5,87 + 0,14 xudng 4,05 + 0,03. Va sau 24 gid 1én men, mat do té bao cia mau thir

Hat calci carbonat-

> i ’ alginate,

tang vuot troi hon mau chung, véi muc ting vuot troi hon khoang 2,36 lan. Két qua cta Bifidobacterium bifidum,
nghién ctru chimg minh hiu qua cua viée sir dung hat gel CaCOs-alginate nhu mot hé 151 men mat d6 cao
dém pH ho tro tang trudng ¢ mat do cao cia B. bifidum.
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1 Gidi thiéu Trong sd cac loai probiotic di dugc nghién ctru va ing
dung, chiung Bifidobacterium bifidum (B. bifidum)
duoc dac biét chi y nho vao nhiéu tac ddng tich cuc
dén strc khoe vat chu [6]. Nhing tac dong nay dugc thé
hién thong qua cac co ché sinh hoc da dang va phuc tap

Hé khuén dudng rudt dong vai tro quan trong ddi véi
strc khoé con ngudi. Cac nghién ctru cho thy rang bénh
vé dudng tiéu hoa thuong do rdi loan hé khuan duong
rugt gy ra. V%éc~mﬁt’cﬁn szlng h¢ sinh thai trong dudng nhu canh tranh vi tri gan v&i cac vi sinh vat giy bénh
tiéu hoa co thé dan dén nhiéu can bénh nguy hiém khac
nhu viém loét da day-ta trang, dai thao dudng, béo phi
[1], ung thu [2] hay thdm chi rbi loan than kinh [3].
Béng cach bo sung probiotic vao duong tiéu hoa cé thé
gilip ngin ngira cac vin dé do rdi loan hé khudn duong

nhu Escherichia coli, Salmonella spp.,
hay Clostridium difficile, tir 6 rc ché sy xAm nhap va
phat trién cua vi sinh vat gy bénh trong niém mac rudt
[7]; tham gia vao qué trinh didu hoa mién dich thong
qua viéc kich hoat cac té bao mién dich nhu dai thyc
bao, t& bao T va té bao trinh dién khang nguyén [8]; trc
ché sy phét trién ciia nhiéu vi sinh vét gy bénh khac
thong qua kha nang tao ra cac acid hitu co nhu acid

rudt giy nén. Probiotic néi chung cé kha ning diéu
chinh phan mg mién dich [4], dong thoi lam giam pH
cta da day va rudt, tir d6 ngin ngira su phat trién cta
cac vi sinh vt gay hai [5].
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acetic va acid lactic, gdy trc ché su phat trién ctia nhidu
vi sinh vat gay bénh c6 diéu kién [9]; hd trg duy tri va
phuc hoi tinh toan ven ciia hang rao niém mac bang
cach diéu hoa biéu hién cua cac protein lién két chat
nhu occludin, claudin va zonula occludens-1 (ZO-1),
gilip ting cudng tinh toan ven ciia biéu md rudt va han
ché hién twong “ro ri rudt” (leaky gut) [10].

Tuy nhién, B. bifidum 14 ching vi khuan song ky khi bat
budc, c6 ngudng pH sinh truong trong khoang 4,5-9
[11]. Khi nudi ciy & mét do cao, chiing san sinh cac acid
hitru co nhu acid acetic va acid lactic lam giam pH moi
truong dan dén trc ché nguoc lai qué trinh sinh truong,
gy giam hi¢u suat 1én men thu sinh khéi. Trong quéa
trinh 1én men, pH méi truong thuong dwoc diéu chinh
bang cach b sung cic bazo v6 co nhu NaOH, KOH
hodc NH4+OH nham duy tri diéu kién t&i wu cho sy phat
trién ctia vi sinh vét. Thong thuong, c6 hai phuong phap
duogc 4p dung: (1) bd sung mot luong bazo ¢ dinh theo
khoang thoi gian dinh sin va (2) diéu chinh pH dya trén
tin hiéu tir ddu do cam bién pH trong hé théng [12]. Tuy
nhién, phuwong phép thir nhat tiém an nguy co du thira
luong bazo, 1am pH moi trudng vugt qua ngudng phat
trién sinh 1y ciia vi sinh vat, tir 6 trc ché sinh truong va
giam hiéu suat 1én men. Trong khi d6, phuong phap thir
hai tuy chinh xac hon nhung doi hoi hé théng 1én men
tich hgp cam bién va diéu khién tu dong phirc tap, kéo
theo chi phi dau tu va van hanh cao. Vi vay, viéc tim
kiém cac giai phap thay thé don gian, hiéu qua va tiét
kiém hon dugc chu trong trong nghién ctru va tng dung
cong nghé 1én men vi sinh vét.

Mot trong nhitng hudng tiép can dugc quan tim hién
nay la ung dung h¢ dém hat gel CaCOs-alginate vao
qua trinh 1én men. Phuong phap nay dugc danh gia 1a
don gian, tiét kiém chi phi va dé trién khai & ca quy mo
phong thi nghiém 13n cong nghiép. Viéc sir dung hat
gel CaCO:s-alginate trong nudi cdy vi sinh vét cho phép
duy tri moi truong on dinh thong qua kha ning diéu
chinh pH ddng thoi tao didu kién ky khi — yéu té dic
biét quan trong ddi véi cac chung vi sinh vat ky khi bat
budc. Bén canh d0o, hinh thuc gel hoa con co tac dung
nhu mot gia thé cho vi sinh vat, tao diéu kién thuan loi
cho vi sinh vat phat trién [13]. Ngoai ra, tao hat gel s&
¢d dinh CaCOs, tir d6 hd tro viée loai bo lugng bot
CaCO:s du thira sau khi qué trinh 16n men két thuc, tranh
anh huong dén sai so lién quan dén khdi lugng sinh
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khéi thu duoc. Phuong phap nay hién dang thu hit
nhiéu sy quan tim trong nghién ctru san xuat probiotic
nho vao hiéu suét, chét luong 6n dinh va dé dang thuc
hién.

2 Vat li€u va phuong phap nghién ctru

2.1 Chung vi khuan B. bifidum
Chung B. bifidum THT0101 tir nha cung cap THT
probiotics (Bi) dugc ciy trén moi truong thach MRS
(De Man, Rogosa and Sharpe) sau d6 cac dia duoc u
trong diéu kién ky khi (10 % CO2, 5 % 02, 85 % N»)
trong hop u ky khi AnaeroPack-MicroAero
(Mitsubishi, Japan). Khom vi khuan dugc nhén dinh
bﬁng cach nhudm Gram, khom cho két qua Gram
duong cung voi hinh thai chtt “Y” ddc trung cuia
Bifidobacterium sp. s& duoc tiép tuc sir dung. Phan tan
vi khuan vao mdi truong MRS va ting sinh ¢ 37 °C
trong diéu kién ky khi cho dat dén mat do quang
ODsoonm dat 1.0 tuong tmg véi 1 x 10° CFU/mL. Dich
chtra khuén sau d6 duoc st dung dé thir nghiém lén
men mat do cao.
2.2 Tao hat gel CaCOs-alginate
Hat gel CaCOs-alginate dugc tao thanh theo phuong phap
nhod giot. Hoa tan natri alginate vao nudc voi ty 1€ 2 %
(W/v), sau d6 dem di hép tiét tring (121 °C, 1 atm, 30 phut)
va dé ngudi. Thém vao luong CaCOj; tuong tmg vai 20 %
(w/v) thé tich natri alginate va phan tin déu. Hon dich
CaCO;-natri alginate dugc bom vao 6ng tiém 10 mL, dau
kim 24G (Vinahankook, Viét Nam), sau d6 dugc nhd giot
vao becher chira dung dich CaCl, 0,2 M duoc khudy nhe
bang may khudy tir. Sau khi qua trinh tao hat két thuc, hat
gel CaCO;s-alginate dugc thu bang phuong phap loc qua
riy va rira lai bang nudc cat. Hat gel thu dwoc phai duoc
khir tring bang cach chiéu UV trong thoi gian 30 phut.
2.3 Panh gia kha nang dém pH cua hat gel CaCOs-
alginate
Kha nang dém pH ctia hat gel CaCOs-alginat dugc danh
gia thong qua phuong phap chuan d¢ acid-bazo, st
dung dung dich H,SO4 0,5 M lam chét chuan do. Trong
qué trinh chuan do s& xay ra phan tng sau:

CaCOs + H,SO4 — CaS0O4 + CO, +HO
Dung dich thir chtra hat gel s& duoc chuan d6 cho dén
khi dat pH muc tiéu, dong thoi tién hanh mau dbi ching
(méu tring) khong chira hat gel dé loai trir anh hudng
clia mdi truong nén. Luong H* thuc sy phan tmg véi
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hat gel s€ dugc tinh béng hiéu sb thé tich H,SO4 0,5 M
tiéu thy gifta mau c6 hat va miu tring, tir d6 phan
anh kha nang dém pH cua hé gel.

Lugng HSO4 ma hat CaCOs-alginate c6 thé trung hoa
dugc bing cong thirc sau:

n H,SO4=Cu xV

n CaCO; phéan tmg = n H>SO4 thir - n H>SO4 tring
Trong d6: Cv HaSO4=0,5M
V: thé tich H»SO4 0,5 M d st dung (mL)
n: S6 mol ciia cac chit phan tmg (mmol)
Tinh hiéu suat phan mg theo cong thirc sau:
Hoj = M.Caco3 x M cacos 4 0

mcan X 20 %

2.4 Lén men thu sinh khdi B. bifidum & mat do cao
2.4.1 Méi trudong nudi cy

Moi trudng nudi cdy duoc sir dung la Lactobacillus
MRS broth (Himedia, India), b6 sung 0,5 % (w/v) L-
cystein. pH mai truong duge hiéu chinh bang NaOH 1
M vé mire 7,0 trude khi hép tiét trung (121 °C, 1 atm,
30 phut). Sau khi hip xong, 1am ngudi va do pH, ghi
nhan gié tri pH moi trudng lac ban dau.

2.4.2. Tién hanh qua trinh 1én men B. bifidum

Thém lugng lugng hat gel CaCOs-alginate véi ty 1€
30 % (w/v), sau d6 thém sinh khdi B. bifidum chuan bi &
budc 2.1 vao mdi truong nudi cly voi ty 18 10 % (v/v).
Qué trinh 1én men duoc tién hanh trong méi trudng ky
khi, & 37 °C va lic nhe & 50 rpm. Thoi gian 1én men duoc

khéo sat theo cac mbc thoi gian 24 gioy va 48 gid. Cac mau
dbi chimg khong st dung hat gel duoc thuc hién song
song voi diéu kién nudi cdy turong duong.

2.5 Phan tich kha nang 1én men thu sinh khéi B. bifidum
& mat do cao

2.5.1 Phan tich pH méi trudng theo thoi gian nudi cay.
M&i 24 gio, 1dy 2 mL huyén pht nudi cay, ly tdm &
4 000 rpm sau d6 thu dich va do pH bang may do pH
(Istek, Korea) da dugc hiéu chinh trudce.

2.5.2 Kiém tra mat d6 vi khuan.

Mat d6 vi khuan sau mdi thoi gian nudi ca‘iy duoc kiém
tra phuong phap pha loang trai dia dém séng: 1iy phan
sinh khdi té bao con lai trong budc phén tich pH moéi
truong tai muc 2.5.1 va phan tan vao 2 mL dung dich
PBS. Hat 100 uL huyén phui vi khuan nay cho vao 900
pL dung dich PBS 1x, ta thu dugc ndng do pha lodng
thir nhat hay d6 pha loang 10~". Lap lai thao tac nay dén

khi dat duoc ndng d6 pha lodng 107'°. Trai 100 pL dich
vi khuén pha loang ¢ 3 ndng do cudi 1én dia thach MRS
va U trong ti 4m 37 °C & méi truong ky khi trong 48
gi0. Sau thoi gian U 4m, kiém tra va dém s6 lugng
khuén lac cua dia co khoang 30-300, sau d6 tinh mat do
vi khuan theo cong thirc sau:

Mat d6 té bao (CFU/mL) = s6 khuén lac x 1% pha loang 1

3 Két qua va thao luan

3.1 banh gia kha nang dém pH cua hat gel CaCO:s-
alginate bang phuong phap chuin do

5
5 v\

0 5 10 15 20 25 30 35 40
Thé tich H,SO, 0,5M

Hinh 1 D6 thi twong quan giita thé tich H,SO04 0,5 M
va pH moi truong chira hat gel CaCOs-alginate

Két qua chuan do méi truong co chira hat gel CaCOs-
alginate cho thdy kha nang dém pH cua hat gel giup moi
truong ludn duy tri pH & khodng 5,5-6. Day 1a pH phu
hop hé tro gitp vi khuan B. bifidum c6 thé phat trién tot
du Ién men ¢ méat do cao, giam t6i thiéu tac dong do viéc
san sinh céac acid hitu co lam giam pH méi truong tr do
trc ché kha nang sinh truéng cta B. bifidum va 1am giam
hiéu sut 1én men chiing vi khuan nay [11].

Két qua cho thay, khi sir dung 10 gram hat CaCOs-
alginate co thé trung hoa dén 34 mL H,SO4 0,5M tuong
rmg v&i 34 mmol H* (Hinh 1). Hiéu suit phan tng cta
CaCO:; khi két hop véi alginate s& co hiéu suét phan
ung voi H' 1a 85,17 %, twong tmg vai ty 1¢ phan tng
vai H' 1:1,7 tinh trén lugng mol CaCOj; c6 trong hat
CaCOs-alginate. V&i cac hé dém st dung béng NaOH
hay KOH, ty 1& phan Gmg véi H 1a 1:1 con CaO, K,
HPO,, Na,CO; 13 2:1 [14]. Tuy nhién, dé dam bao pH
khong nhay vot 1én qua khoang pH sinh trudng, can
phai theo ddi pH dinh ky va thém diéu chinh pH. Diéu
nay cho thay kha ning dém ciia CaCOs-alginate vuot
troi hon cac hé dém thong thuong, dong thoi ciing
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khong anh huéng dé thanh phan hoéa hoc cua moi
truong nudi ciy qua nhidu khi sau phan tng chi c6 thém

ion Ca?" duoc thém vao moi truong nudi cay.

Hinh 2 Anh chup & vi truong 4x cia hat gel CaCOs-
alginate trudc khi phan tng v6i acid (Hinh a) va sau

khi phan tng véi acid (Hinh b)

Phan tich hinh anh hat gel CaCOs-alginate dudi kinh
hién vi quang hoc & vi trudng 4x cho thay sau khi phan
ung voi acid, CaCOs trong hat gel da phan ting voi acid
c6 trong mdi trudng nudi cay. Di v6i hat gel da phan
g cho thay khong con CaCO; duge ¢ dinh trong hat
gel, hat gel tr& nén trong hon khi chi con lai cau tric
khung cua alginate. Diéu nay cho thdy duoc viée tao
thanh hat gel CaCOs-alginate khong lam anh hudng
dén kha nang trung hoa acid c6 trong méi truong. Pong
thoi, véi kich thudce hat gel CaCOs-alginate dao dong
tir (0,5-1) mm gitip viéc loai bo sau bang cach sir dung
ray c6 kich thudc < 0,5 mm khi qua trinh 1én men két
thac, giam thiéu sai sd 1én khdi lwong sinh khdi do

CaCO; du néu st dung ¢ dang bot.

3.2 Panh gia kha nang dém pH cua hat gel CaCOs-

alginate trong qua trinh 1én men

Hinh 3 Anh chup 6 vi truong 100x cua B. bifidum khi 1én
men sau 48 gio & mau thir c6 hat gel CaCOs-alginate (a)
va mau chirg khong c6 hat gel CaCO;-alginate (b)

Quan sat dudi kinh hién vi quang hoc & d6 phéong dai
100X cho thay khi c6 mat ciia hat gel CaCOs-alginate,
vi khuén B. bifidum phat trién manh m& hon khi trén
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cung kich thudc vi truong, kich thude cua vi khuén B.
bifidum c6 xu hudng phat trién dai hon. Ngoai ra, co
thé thay c6 nhiéu cum té bao hinh chit Y hon, diéu nay
cling cho thdy vi khuan con c6 kha nang sinh san thém
so v6i mau chung khong co hat gel CaCOs-alginate.
Diéu nay c6 thé giai thich do sau qua trinh 1én men 48
gio, pH ctia mdi truong van nam trong khoang thich
hop cho B. bifidum phat trién. Dong thoi vide c6 gia thé
cling gop phan hd tro ting truong cho B. bifidum khi B.
bifidum 13 1 vi khuan khong di dong va c6 tinh bam
dinh bé mat gia thé tdt.

Bang 1 Két qua danh gia tac dong cua hat gel CaCO:s-
alginate trong qua trinh 1én men

« Thoi N Mat do té bao
Mau . pH moi S 10
m=3) gian truom dém song (10
(gi0) & CFU/mL)
) 24 4,59 +0,14 1,95 + 0,03
Thu
48 448 +0,18 5,36 + 0,69
bPéi 24 428 +0,23 0,67 + 0,22
ching 48 4,05 +0,03 <107

Trong thir nghiém, két qua cho thiy sau 24 gi¢ 1én men,
mat do té bao séng ciia mau thir véi méi trusng MRS
bd sung hat gel CaCOs-alginate déu ting déang ké so véi
mau chig chi sir dung méi trudng MRS. Sau khi tiép
tuc nudi cy trong 48 gi, mau thir véi moi truong MRS
b sung hat gel CaCOs-alginate van cho thiy kha ning
tang truong trong khi v6i mau ching, khi kiém tra tai
cip pha loang thir 7 dd khong con thay sy hién dién cua
khom té bao B. bifidum. Piéu nay chirng minh ring hat
gel CaCOs-alginate c6 tdc dong rod rét trong vice thic
ddy qua trinh ting truong sinh khdi cia ching
B. bifidum, tir 6 t6i wu duoc kha ning 1én men & méat
dd cao cua chung probiotic nay.

Bén canh d¢, su khac biét vé pH moéi trudng gitta hai
mau cang khang dinh vai trd cia hat gel trong viéc 6n
dinh hé pH. Trong khi pH ctia mau chimng giam lién tuc
va vuot qua ngudng sinh trudng ctia B. bifidum. Trong
khi d6, pH ctia mau thir chi giam nhe va duy tri pH nim
gan gidi han dudi cua khoang pH can cho su phat trién
cia B. bifidum. Piéu nay cho thiy hat gel CaCOs-
alginat da dong vai tro nhu mdt hé dém pH hic¢u qua,
giup ngan chan tinh trang pH méi trudng vuot ngoai
pH sinh trudng, tranh gay trc ché B. bifidum trong qua
trinh nuéi ciy kéo dai.
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Ngoai ra, viéc cung cap CO, nhd vao phan tng gitta H
va CaCOs ciling 1a tac nhén dam bao cho mai truong 1én
men ky khi, gitip nang cao kha ning sinh ton va giam
céc yéu to nguy co do méi trudng hiéu khi gay ra.

B. bifidum, ma con tao diéu kién thuén loi cho su phat
trién va nhan d6i t& bao, nho vao kha ning tao moi
truong vi mo ky khi. Tir nhimg két qua trén, co thé két
luan rang hat gel CaCOs-alginat 14 mot giai phap hiéu

qua, don gian va tiém ning trong viéc cai thién hiéu
suat nudi cdy probiotic ky khi nhu B. bifidum, va c6 thé
mo rong ung dung trong cong nghé 1én men vi sinh vat
quy mo lon.

4 Két luan va dé xuat

Nghién ctru d chimg minh rang, viéc st dung hat gel
CaCOs-alginat trong 1én men mat do cao ching
B. bifidum c6 hi¢u qua rd rét trong viéc cai thién diéu
kién méi truong va thiic diy ting sinh vi khuan. Hat gel
khong chi dong vai trd nhu mét hé dém pH, giup duy
tri pH 6n dinh trong qué trinh 1én men, 1a 1 yéu té dic

Loi cdm on
Nghién ctru nay dugc tai trg kinh phi bdi Dai hoc Y
Dugc Thanh phé H6 Chi Minh theo hop dong sb

. X . 239/2025/HD-DHYD, ngay 28/4/2025.
biét quan trong d6i véi vi khuan ky khi bat budc nhu > Bgay
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Enhancing high-density cultivation of Bifidobacterium bifidum with calcium carbonate-alginate
immobilized beads
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Abstract Bifidobacterium bifidum is a strictly anaerobic bacterium with high potential in supporting host health.
However, high cell-density cultivation of B. bifidum remains challenging due to the accumulation of organic
acids, leading to decreasing medium pH and negatively affecting cell growth performance. This study evaluated
the pH-buffering capacity of calcium carbonate—alginate gel beads in high-density cultivation of B. bifidum. Cell
numbers were determined using the colony-forming unit (CFU) counting method. Results showed that after 48
hours of fermentation, the pH of the treatment containing CaCOs—alginate gel beads was more stably decreased
(from 5.87 £ 0.14 to 4.48 £ 0.18) than the control sample. After 24 hours of fermentation, the cell density in the
treatment group increased significantly compared to the control. These findings demonstrate the effectiveness of
CaCOs—alginate gel beads as a pH-buffering system to support high-cell-density growth of B. bifidum.
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