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MO PAU
% Ly do chon dé tai

Trong nhirng ndm gan day, nganh nudi tréng thuy san, dic biét 1a nudi tom,
da ndi 1én nhu mot linh vyc kinh té chu luyc, dem lai gia tri cao va thu nhap 6n dinh
cho nguoi dan. Tuy nhién, né ciing dang phai d6i mat véi nhiéu thach thire 16m, bao
gdm chi phi thirc an cao, dich bénh, viéc lam dung khang sinh va hoa chit, cuing véi
van dé 6 nhiém méi truong. Dé giai quyét nhitng kho khin nay, viéc bd sung céc
san pham sinh hoc ¢6 gia tri vao thic dn cho dong vat thuy san khdng nhitng gidp
cung cip day du dinh dudng, kich thich ting truéng va nang cao stc dé khang cho
vt chi ma con tiét kiém ngudn thirc an, giam thiéu 6 nhiém, an toan vé sinh thuc
pham dang trd thanh huéng di méi day trién vong, dugc nhiéu nong dan lya chon
va cling 1a tiéu chi cua Chinh phu ta.

Probiotic 12 nhom vi sinh vat c6 loi, mang dén nhiing cai thién dang ké cho
stre khoe vat nudi bang cach hd trg chuyén hoa thirc an va canh tranh hoic Gc ché vi
khuan giy bénh. Cung véi do, tao ciing duge cong nhan 1a ngudn nguyén liéu quy
nhd thanh phan dinh dudng phong pha, khong chi giup chong oxy hoa, khang viém
va khang khuan, ma con cung cip sac t ty nhién va cac axit amin thiét yéu cho ca
nguoi va vat nuoi. Pac bi¢t, mot s6 loai polysaccharides tur tdo, nhu B-glucans tir
Chlorella vulgaris va Spirulina platensis, di duoc dé xuat 1a prebiotic tiém nang.

T4o va probiotic da dugc sir dung rong réi trong nudi trong thiy san, nhung
thuong chi duoc 4p dung mot cach riéng ré. Didu nay lam han ché hiéu qua cia
ting san pham, do chwa c6 nhiéu nghién ciru dong bd. Mot sé nghién ciru da cho
thdy viéc str dung sinh khéi tao 1am moi trudng nudi probiotic co thé cai thién sy
sinh truong, tdn tai va hoat tinh sinh hoc cua cac ching vi khuan. Déng thot, san
pham tir qua trinh 18n men nay van giit dugc cac axit béo khong bio hoa da ndi déi
nhu omega-3, omega-6, omega-7... ¢ trong tdo, gitp hd tro tiéu hoa va nang cao
gia tri dinh dudng cho vat nuoi.

Tai Viét Nam, nghién ciru ting dung sinh khdi tao 1am méi trudng nudi ciy
vi khuan con trong pham vi hep, trong khi nhu cau vé cac cong nghé 1én men méi
ngay cang cao tir phia cong dong khoa hoc va doanh nghiép. Tir thuc té d6, dé tai
"Nghién ctru mdt sé dic tinh sinh hoc ciia vi khuan cé loi sinh truwéng trong
moi truwong chira tao" dugc thuc hién, vo1 muc ti€u sang loc cac chung vi khuin
va loai tdo phu hop cho 1én men, nham tao ra mot san phém két hop hoat tinh sinh
hoc quy ctia vi khuan va gi tri dinh dudng c6 trong tao, gitp cai thién strc khoe vat
nudi va cung cap thém san pham chan nudi gia tri sinh hoc, gop phan phat trién bén

viing cho nganh thuy san.



* Muc dich nghién ciru

Lwa chon duoc ching lgi khuan cé hoat tinh sinh hoc cao va c6 kha ning ton
tai trong cac diéu kién cuc tri khi sinh trudng trong moi truong chira tao kho.

s Ngi dung nghién ciru

(1) Sang loc mdt s6 chung vi khuan c6 loi c6 kha ning sinh cic enzym ngoai bao,
khang vi khuan V. parahaemolyticus giy bénh dudng rudt trén tom thé chan
tréng.

(2) Sang loc mot s loai tao kho phu hop 1am méi truong 1én men cho vi khuan
lua chon.

(3) Panh gia kha nang chiju dung cta vi khuan lya chon khi sinh trudng trén moi
truong chira tdo & mot sb diéu kién cuec tri (d0 man, nhiét do, pH...).

(4) Banh gia kha nang sinh cic enzym ngoai bao (amylase, protease, cellulase),
khang vi khuan V. parahaemolyticus cta vi khuan sau khi 1én men trong moi

trrong chira tao va kha nang str dung prebiotic tir tao Iyra chon.
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Chuong 1. TONG QUAN NGHIEN CUU
1.1. Tinh hinh nudi tréng thiy san & Viét Nam

Trong qué trinh nudi tdm, do anh huéng boi bién doi khi hau, hoic sir dung
ngudn gdc cac ché pham sinh hoc chua rd rang... d3 lam cho méi trudng nudi bi 6
nhiém va hinh thanh cdc mam bénh, dich bénh gia ting va dién bién phuc tap. Mot
s6 bénh phé bién trén tom nhu bénh dém tring, bénh Taura (Taura Syndrome Virus
- TSV), dau vang, hoai tir co quan tao mau, hoai tir co, hoi chang chét som, hoi
chang hoai tir gan tuy cp. Tét ca cac bénh nay dugc phat hién vai nguyén nhan chi
yéu déu do vi khuan gay bénh thuoc chi Vibrio, gay thiét hai nghiém trong trén
nhiéu dbi twong thuy san [1]. Trong d6, phd bién nhét la chung V. parahaemolyticus
c6 kha ning ky sinh trong duong rudt vat chu va tiét ra doc td khién gan sung hoic
teo lai, gay chét tdm/ca hang loat tir 90 — 100% ao nudi. V. parahaemolyticus dugc
xem la tac nhan chinh gay ra bénh hoai tir gan tuy cap (Acute Hepatopancreatic
Nerosis Disease - AHPND), gdy nén hoi ching chét sém (Early Mortality
Syndrome - EMS) trén tom nudi trong giai doan dudi 1 thang tudi, gay thiét hai
nghiém trong cho nghé nudi tdm & Viét Nam va trén thé gigi do bénh ly dién ra
nhanh chéng, nguyén nhan phic tap va diac diém lan rong caa bénh [2]. Bé kiém
soat cac vi khuan gay hai nay, nguoi ta thudng sir dung cac loai khang sinh nhu
Tetracycline, Oxytetracyline, Rifamycine cing véi cac héa chat nhu Iodin, KMnO4
[3]. Tuy nhién, th6i quen st dung va lam dung khang sinh trong nudi thuy san da
dan dén nhiing hé luy nhu khang thudc, ton du khang sinh trong dong vat thity san,
trong mdi truong nudi gy anh huang truc tiép dén stc khoe ngudi tiéu dung.

Bén canh van dé vé kiém soat dich bénh thi yéu té vé& dinh dudng ciing 1a
mot trong nhitng nguyén nhan quan trong giup dam bao niang suat thu hoach. Mic
di nganh cong nghiép thirc an chin nudi di dat duoc nhitng tién bo dang ké dé cung
cap san pham chét luong cao cho cac trang trai, nhung nhitng ché d6 an nay van dua
trén cac thanh phan da luong c6 sin nhu c4, dau twong, bot mi va dau thuc vat,
dugc bd sung boi hdn hop vitamin va khoang chat. Thuc té, thie dn cho tdm chaa
ham Iugng protein thd khoang tir 25% - 40% cao hon so véi thiic an duoc su dung
cho gia stc va gia cam [4]. Trudc day, bot ca 1a loai protein dugc lya chon phd bién
dé b6 sung vao thirc an nudi thuy san do chira ham luong cac chat dinh dudng cao
va gilp kich thich sy thém an cta tom, nhung ngudn cung cap bot cé trén thé gioi tir
viéc danh bat ngoai tu nhién dang bi suy giam san lugng, do vay thic day viéc tim
kiém cac nguyén liéu thay thé cho bot ca trong nudi thity san [5].
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1.2. Tong quan vé probiotic #ng dung trong nudi trong thiy san

1.2.1. Dinh nghia probiotic

Theo T chirc Y té Thé gi¢i (WHO), probiotic dugc dinh nghia 14 nhimng vi
sinh vat séng ma khi dugc cung cip vé6i luong di, ching cé thé mang lai nhiing loi
ich cho stc khoe cta nguoi hodc vat nudi, bang cach duy tri hodc cai thién sy can
bang cua hé vi sinh dudng rudt. Cac vi sinh vat nay thuong 13 vi khuan lactic,
Bacillus hay nAim men, ... Ching duoc dé xuit nhu mot liéu phap bd tro vao ché do
an gitup chéng lai cac bénh lién quan dén réi loan tiéu hoa dudng rudt dong thoi cd
thé canh tranh noi ¢ va dinh dudng véi vi khuan gdy bénh [6]. Probiotic dugc ap
dung nhu mot phuong phap phong ngira, nham giam nguy co mac bénh cta vat cha
thay vi chi diéu tri khi bénh da xay ra.

Trong nuéi trong thuy san (NTTS), viéc st dung probiotic ngay cang tré
nén phd bién boi ching déng vai tro dic biét quan trong trong viéc duy tri sirc khoe
va su phat trién cta cac loai thuy san. B6 sung probiotic vao méi truong nudi trong
thily san giup cai thién chat luong nudc, ting cuong kha ning tiéu hoéa va giam
nguy co mac bénh cho cac loai thiy san, giup tao ra mot méi trudng nudi trong hiéu
qua va bén virng. Céc vi sinh vét probiotic dugc sir dung phd bién trong nudi trong
thiy san bao gém cac chung Lactobacillus, Bifidobacterium, Bacillus va
Saccharomyces, mdi loai c6 nhirng dic diém va loi ich riéng biét [7]. Nhu vi khuan
thudc chi Lactobacillus c6 kha ning san sinh cac hop chat khang khuan tot nhu axit
lactic, hydrogen peroxide va bacteriocin, mot sé khac thuoc chi Bacillus hay nam
thi lai c6 kha ning san sinh cac enzym tiéu héa va hoat chat bacteriocin... Ching c6
thé dugc dung nhu cac khang sinh ty nhién thay thé cho khang sinh tong hop gitip
ngin ngira su bung phat cta vi khuan gdy bénh. Hon nita, ting cudng cac loi khuan
trong dudng rudt con cd tac dung cai thién qua trinh tiéu hoa, hap thu dinh dudng
va chuyén hoéa thirc an cho cac dong vat thay san.

1.2.2  Mdt s6 nhom vi sinh vét probiotic
1.2.2.1 Vi khudn lactic: Chi Lactobacillus

Vi khuan thudc chi Lactobacillus 13 vi khuan Gram dwong, khong sinh bao
tr, ¢c6 dang hinh que (rod) hoic que ngan (cocco-bacili). Vé phan loai, Chi
Lactobacillus thuoc Nganh Firmicutes, Lop Bacili, Bo Lactobacillales, Ho
Lactobacillaceae. Ho vi khuan nay ciing bao gom cac chi c6 quan hé gan giii véi
Paralactobacillus va Pediococcus. Chiing 1 vi sinh vat yém khi, can méi truong
gidu dinh dudng dé sinh truéng. Trong qua trinh 1én men, vi khuan Lactobacillus
chuyén héa mét s loai duong thanh acid lactic. Nhém vi khuan nay ndi bat voi kha

nang san xuat cac chat khang khuan va hinh thanh mang sinh hoc gitp bao v¢ niém
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mac rudt. Chiing con tao ra cac chét e ché nhu acid béo mach ngin, giup dam bao
can bang pH duodng rudt, 1am giam kha ning phat trién cta vi sinh vat giy bénh.
Ngoai ra, Lactobacillus chiu anh hudng tir cac diéu kién 1y hoa trong rudt, nhu pH
va thé oxy hoa khir, gitip han ché vi khuan c6 hai phat trién. Nhom vi khudn nay
cling tac dong dén qua trinh chuyén hoa acid mat, thuc ddy hap thu chat béo, va hd
trg biéu mé rudt dé ting cudng kha ning hap thu chat dinh dudng. Lactobacillus
thudng sinh truong trong khoang nhiét do tir 35 — 40 °C, day la diéu kién 1y tuong
dé ching tang sinh khi dugc dua vao duong rudt vat nudi. O nhiét do phong,
lactobacillus it hoat dong, chinh vi viy, cac ché pham vi sinh c6 thanh phan
lactobacillus rat d& bao quan [8].
1.2.2.2 Vi khudn Gram dwong sinh bao tir: Chi Bacillus

Chi Bacillus dugc phan vao it nhat 8 nhom loai trong cdy phat sinh loai caa
Nganh Firmicutes. Thanh vién cua chi Bacillus déu la cac vi khuan di dudng, co té
bao hinh que, hiéu khi hoidc ky khi ty y, san sinh cac san pham trao ddi chat (CO,
diacetyl, bacteriocin) va mot sé loai san sinh acid lactic. Pic diém ndi bat nhit cua
ching la kha ning sinh noi bao tir (endospore) va day ciing 1a mot loi thé quan trong
ciia mot chung Probiotic. Cac enzym ma vi khuan nhém nay sinh ra ¢6 kha ning
chdng lai cic yéu t6 bat loi bén ngoai. Chi Bacillus 1a mét trong nhiing dang
probiotic chinh dugc st dung trong NTTS. Rengpipat va cong su chi ra rang viéc
str dung cac san pham chira vi khuan Bacillus sp. s& kich hoat hé mién dich té bao
va mién dich dich thé ¢ tdm s (Penaeus monodo). Trong diéu kién moéi trudng
thich hop, vi khuan thudc chi Bacillus s& phat trién nhanh véi sd luong rat 16n, dong
thoi canh tranh voi cac vi sinh vat khac va dong vat nguyén sinh vé ngudn thirc in
nén phan nao ngin can duogc sy phat trién ciia Vibrio va cac vi sinh vat ¢6 hai, tir 46
giam duoc cac tic nhan giy bénh [9]. Bacillus subtilis c6 kha ning sinh nhiéu
enzym nhung quan trong nhét 1 sinh enzym amylase va protease 13 hai loai enzym
tiéu hoa. Vi khuan nay thuong ton tai trong san pham dudi dang bao tir, nho vy khi
dua vao da day khong bi anh hudéng béi acid cling nhu cac men tiéu hoa & dich da
day pha hay. Trong méi trudng rudt, bao tir “ndy mam” va phat trién thanh thé sinh
dudng gitip can bang hé vi sinh ¢ ich trong dudng rudt, cai thién hé tiéu hoa nhat 1a
sau khi str dung chat khang sinh kéo dai [10].
1.2.2.3 Ndam men: Chi Saccharomyces

N4am men la cac vi sinh vat don bao ¢6 nhan dién hinh. Chi Saccharomyces

dugc xép trong Linh gisi Eukaryota, Gigi Nam (fungi), Nganh Ascomycota, Phan
nganh Saccharomycotina, Lop Saccharomycetes, Bo Saccharomycetales, Ho
Saccharomycetaceae. Té bao ciia nam men S. cerevisiae sinh san vé tinh bang cach
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nay chdi da phuong va dugc chuyén truc tiép dén tai bao tir, co chaa bao tir tui.
Ngoai ra, mot dac tinh cua Chi Saccharomyces la kha nang 1én men manh mé cac
loai duong. Day ciing 1a dic tinh mong mubn cuaa cac chung nAm men S. cerevisiae
duoc sir dung trong san xuét thuc pham, tir nuéng banh my dén san xuét dé udng cé
cdn duya trén nhiéu loai thuc vat thd. Trong NTTS, S. cerevisiae giup can bang hé vi
sinh dudng rudt, bao vé niém mac, phong ngira nhiéu bénh 1y lién quan dén duong
rudt va hé tiéu hoa, ning cao kha ning hip thu chat dinh dudng tir thie an. Ngoai
ra, nhdm nay c6 thé sinh trudng tét & pH 4.5 - 5,5, nén nd chiu dugc tac dung cua
moi truong acid trong rudt, ching c6 kha niang phat trién tét trong diéu kién moi
trrong chira ri duong, amonisulfat, DAP, MgSOs, acid H.SO4 [11].

1.2.3. Cdc co ché tic dong ciia probiotic

1.2.3.1. Canh tranh voi cac vi sinh vat gay bénh

Trong mdt s6 nghién ctru trude day phat hién ra rang viéc sir dung vi khuan
c6 loi 1am giam s lwong vi khuan gdy bénh V. parahaemolyticus trong rudt tom thé
chan tring [12]. Probiotic cling dd duogc sir dung trong thir nghiém dé kiém soat
bénh do vi khuan & ca [13]. Ngoai ra, probiotic con 1a ngudn khang sinh gia ré va
phan 16n khong doc hai, tong hop nhiéu chit chuyén hoa cé chirc ning khang
khuan, do d6 c6 loi cho san xuit thuong mai. Probiotic xdm nhap vao duong tiéu
hoa cua vat nudi va dbi khang véi cac tac nhan gdy bénh thong qua viée san xuét ra
céc chat khang khuén, canh tranh chat dinh dudng va vi tri bam dinh véi cac vi sinh
vat giy bénh  [14]. Mot sé nghién ctu di cho biét Lactobacillus
rhamnosus va Lactobacillus plantarum c6 thé wc ché sy phat trién cua vi
khuan Escherichia coli giy bénh dudng rudt trong duong tiéu hoa [15].

Probiotic c¢6 thé ngin ngira nhidm tring duong tiéu hoa do san xuat cac chat
khang khuan trc ché su phat trién cta vi khuan giy bénh bing cach cai thién chirc
nang hang rao ni€ém mac rudt do tiét ra cac chit bao vé rudt chéng han nhu
bacteriocin, ethanol, axit hitu co, diacetyl, acetaldehyde, hydrogen peroxide va
peptide. Cac hop chét nay, dic biét 1a peptide va bacteriocin, 1am ting tinh thim
mang cua cac té bao dich, 1am phan cuc mang va cudi cing din dén chét t& bao
[15]. Hau hét cac bacteriocin tiéu diét cac té bao dich bang cach tao ra cac 16 hong
va xam nhap vao mang té bao chat. Mot sd it nghién ctiru da duogc tién hanh vé qué
trinh 18n men cua probiotic sir dung cac chat xo prebiotic khong hoa tan din dén sy
hinh thanh cac axit béo chudi ngan va trung binh nén ciing lam giam d6 pH trong
rudt, do d6 we ché vi khuan gay bénh [16].
1.2.3.2. Tang cuong chuyén héa thire dn

Céac chung probiotic c6 khd nang san sinh cac enzym ngoai bao nhu
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proteases, lipase, amylase, celullase... 1a cac enzym tiéu hoa ciing nhu cac yéu tb
kich thich sinh truéng, tir d6 nang cao hiéu qua chuyén hoa va hip thu thic in cia
dong vat thuy san. Nhiéu nghién ciu vé probiotic thuéc nhém Bacteroides va
Clostridium sp. sinh truéng trong dudng tiéu hoa gilp cung cdp cac vitamin, acid
béo va cac acid amin can thiét cho vat chu [17]. Theo nghién ctru ciia Zheng Vva
Wang, viéc bo sung Lactobacillus pentosus di 1am ting hiéu qua sir dung thirc an &
tom thé chan tring (Litopenaeus vannamei). B sung Lactobacillus plantarum véi
lidu lugng 50, 100, hodc 1000 mg/kg thire dn trong 12 tuan da cai thién dang ké hoat
dong ctia cac enzym amylase, lipase va protease trong hé ti€u hoa cua ca rd phi song
Nile, bén canh d6 hiéu qua sir dung thirc an ting Ién theo liéu luong probiotic [18].
Viéc bo sung Bacillus subtilis vao thirc an véi lidu lugng 107 va 10° CFU/Kg thirc an
trong vong nam tuan da lam tang dang ké su ting trudng cla tom thé chan tring
(Litopenaeus vannamei) [19]. Cua bun (Scylla paramamosain) da tang trong luong
va ¢ téc d ting truong nhanh hon nhiéu sau khi dugc bo sung ché do an voi
Enterococcus faecalis va Pediococcus acidilacti [20].
1.2.3.3. Diéu hoa hé mién dich

Probiotic c6 thé ngian ngira nhiém trung do tic nhan giy bénh bang cach
ting cudng hé thong mién dich cta vat chu va kha niang mién dich té bao khong dic
hiéu trong co thé. Nhiéu bio cdo cho thiy viéc sir dung cic nhom probiotic ¢ thé
anh hudng dén hoat dong cua cac thyc bao don nhan (bach cau don nhan, dai thuc
bao) va bach ciu da nhan trung tinh (bach cau trung tinh), té bao tiéu diét tu nhién
(NK), v.v trong hé théng mién dich khong dic hiéu: Ching Bacillus subtilis S11
anh huong tich cuc dén kha ning mién dich té bao va dich thé & tdom su Penaeus
monodon, gitp chéng lai bénh tat, bao vé stc khoe [9]. Lactobacillus rhamnosus bo
sung trong ché do an 1am ting kha ning ho hap ¢ ca hdi van [21]. Do do, probiotic
1a vi khuan c6 lgi khong chi c6 kha ning rc ché mam bénh ma con diéu chinh hé
théng mién dich ciia vat chi boi kha ning so hitu cac phan tir tao lién két nhu
peptidoglycan (PGN), axit lipoteichoic (LTA), exopolysaccharides (EPS) va cac
axit nucleic c6 thé duoc nhan biét boi cac thu thé nhat dinh tao ra mot dong tin hi¢u
c6 thé dan dén viéc san xuit cac cytokine, chemokine va cac phan tir tac dong khac
[22].
1.2.4. Tinh hinh nghién ciru vé probiotic gin ddy

O Pdng bang song Ctru Long, ngudi nudi tdm ca tham canh va ban tham
canh d3 st dung probiotic dé cai thién dudng rudt cua tom ciing nhu cai thién moi

treong nudce tir nhidu thap ki qua. Nhitng dong vi khuan duoc st dung trong NTTS
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duge biét dén nhu 1a cac dong thude Bacillus, Lactobacillus, Bifidobacterium,
Pseudomonas va Saccharomyces [7]. Tran Thi Ngoc Phuong va Ding Thi Hoang
Oanh da phan 1ap duogc loai Lactobacillus reuteri va Lactobacillus fermentum trong
rudt ca tra c6 kha ning dbi khang véi Edwardsiella ictalurid [23]. Nghién ctru cia
Nguyén Thi Tric Linh cho thiy, loai Litopenaeus vannamei duoc bd sung vao thirc
an, ti 16 sng cua tdm duoc cai thién ¢ y nghia sau khi cam nhiém véi vi khuan V.
parahaemolyticus gy bénh hoai ttr gan tuy cap tinh trén tom thé chan tring [24].

Nhom nghién ctru cua TS. Hoang Phuong Ha ¢ Vién Cong nghé sinh hoc
d3 tao ra san pham chua probiotic, bao gdom Bacillus subtilis, va Lactobacillus
acidophilus, c6 kha nang sinh cac enzym tiéu hda, khang lai V. parahaemolyticus,
tao biofilm tdt, duwoc 1én men véi kho dau nanh dé bd sung vao thirc an nudi tom
thé chén trang, tao ra san phdm c6 kha ning cin bang hé vi sinh dudong rudt, kich
thich dé lam ting cudng hé mién dich, ting cudng su chuyén héa thirc an tir d6 1am
tang san lugng tOm [25]. Ngoai ra Vién Sinh hoc Nhiét déi da thanh cong trong viée
nghién ctru va san xuat ché pham probiotic Bioll gdm hdn hop cac vi sinh vat va
enzym tiéu hoa dung trong NTTS, ché pham nay di duoc khao nghiém trén ao nudi
tém st ¢ cac tinh cho két qua kha quan va duge Cong ty thude tha y va NTTS dua
ra thi truong [26].

1.3. Téng quan veé tao
1.3.1. Giéi thiéu vé tio va tiém ning trng dung trong NTTS

Mot s6 loai tao nhu Chlorella sp., Nannochloropsis sp., Spirulina sp.... hay
rong bién chira ham lugng cao cac hoat chit sinh hoc nhu: protein, lipid,
carbonhydrate, axit amin thiét yéu, sic td, cac vitamin va khoang chit. Mot sb loai
vi tdo dang st dung hién nay c6 ham lugng protein cao hon so véi gao, dau nanh,
bot my, sita va tham chi ca thit [27]. Cac hoat chat nay 1 ngudn nguyén liéu quy, co
thé st dung trong y dugc, my pham phuc vy nhu ciu chim séc stc khoe cho con
nguoi. Trong d6, carotenoid c6 hoat tinh khang oxy héa, khang viém, chong béo
phi, chdng u va ung thu. Sinh khéi tdo cha yéu la Spirulina spp. ¢6 thé sir dung 1am
thuc pham, thuc pham chirc ning bao vé strc khoe, duoc, my pham... [28]

Trong linh vyc thiy san, viéc san xuét vi tio 12 budc quan trong dé cung cap
ngudn thirc dn so cap cho hau hét ddi twong nudi trong cac trang trai. Vi tao dong
vai tro khong thé thay thé trong co cu thirc dn ciia 4u tring nhuyén thé hai manh
v, 4u trung giap xac va mot sb loai c ¢ giai doan sdm nhd giau dinh dudng va co
kich thudc phu hop véi miéng cta du trung. Gid tri dinh dudng quan trong nhat ciia
vi tao ddi v4i dong vat thity san 13 cac axit béo, dic biét 1a Eicosapentaenoic (EPA),
Arachidonic acid (AA) va Docosahexaemoic acid (DHA). Do khong thé tu tong
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hop mot sb axit béo thiét yéu nén au tring dong vat thuy san phai ldy chung thong
qua chudi thirc dn vi tao. Ham luong protein & tao ¢ thé chiém téi 60% sinh khoi
kho (SKK), carbohydrate chiém t6i 60% SKK, lipit chiém t6i 70% SKK, phu thudc
vao timg loai tao va diéu kién nudi. Cac chat thir cip tir vi tdo nhu carotenoid gitp
thuc day ting trudng va kich thich sinh truéng, c6 kha ning chdng oxy hoéa, khang
khuén, chéng viém va dic tinh kich thich mién dich cho ca sinh vat nudc ngot va
bién. Céc axit béo khdng no da ndi déi (polyunsaturated fatty acid - PUFA) c6 trong
lipid vi tdo bao gom axit arachidonic (ARA) (C20: 4n-6) va DHA (C22: 6n —3). Cac
loai vi tao nhu Cryptothecodinium va Schizochytrium chira DHA; Phaeodactylum,
Nitzschia, Isochrysis va Diacronema chira EPA (C20: 5n-3), coOn
Cryptothecodinium va Schizochytrium chira ARA. Ham lugng EPA cua cac loai vi
tao chiém tir 7 dén 34% TFA (Total fatty acid — tong sb axit béo). Céc axit béo nay
rat hiém va kho tong hop trong phong thi nghiém, ching duoc tim thiy trong dau cé
va mot lugng nhod co trong dau thuc vat bao gém co, dau tuong, hat cai dau. Vi tao
c6 thé tich liy mot lwong 16n lipit chira thanh phan axit béo c6 loi vé mit dinh

dudng khi phat trién trong diéu kién nudi ciy toi vu [29].

Tac gia Zhang va cong su da cho thiy, b sung PUFA trong khau phén an,
dic biét 1a cac omega-3 va omega-6 c6 thé ting cuong kha ning mién dich khong
dic hiéu, giup cai thién hiéu sudt ting trudng va phat trién budng trimg khi so sanh
v6i cac ché do thirc an khac cua tom thé chan triang. Vi tao gitip cai thién thanh
phan axit béo cua ca va tom bang cach cai thién ty 1¢ omega-3 hay omega-6, ting
cuong ham lugng PUFA. Dong vat thuy san c6 gié tr1 dinh dudng cao hon khi thanh

phan axit béo ctia chung duoc cai thién, mang lai loi ich cho nguoi tiéu dang [30].

Cac nghién ctru d3 chung minh rang, sit dung két hop hai loai vi tao
Nannochloropsis oculata va Schizochytrium sp. lam thirc an nudi ca tré Nile
(Oreochromis niloticus) c6 thé cai thién chat lwong dinh dudng va chi sb ting
truong cua ching [31] Trong mot nghién ciru khac, Nannochloropsis sp. va
Isochrysis sp. da duoc s dung dé thay thé trong ché do an cua c hdi cau vong
(Oncorhynchus mykiss). So véi thic an truyén thong 13 bot c va dau ca thi sir dung
sinh khoi Isochrysis sp. 1am thtc an da gitp lam tiang dang ké hé sb tiéu héa cho
protein tho, axit amin, lipid va cac axit béo [21].

Ngoai viéc sir dung thirc an tryc tiép, vi tao con duoc sir dung gian tiép thong
qua tang cuong dinh dudng cho dong vat phu du (Copepods, luan trung, Artemia),
lam thirc 4n cho au tring tom, ca hodc bd sung vao thanh phan thirc dn dé cai thién
mau sic cua ddi twong nudi. Cac sic td vi tao rat quan trong ddi véi hidu suit dinh

dudng cua ching trong NTTS. Carotenoid, chlorophyll va phycobilin 1a ba loai sic
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t6 quang hop co ban ciia vi tao. Sic t6 vi tao c6 mau sic ty nhién bat mat bao gdm
céc thanh phan c6 gia tri cao v6i cac pham chét ting cudng sitc khoe bao gdm chat
chéng oxy hoa, tién chat vitamin, bao vé than kinh va chit ting cudng mién dich.
Nhirng sic t6 nay co thé dap tmg nhu ciu gia ting d6i v6i ty nhién mau sic do lo
ngai vé strc khoe vé tac dung phu cua chit mau tong hop. NTTS sir dung ham luong
carotenoid cao nhu carotene va astaxanthin, do tao thém sic t& d6 co tac dung
chng oxy héa va 1am ting gid tri trén thi trudng trong nude va xuit khau cta ching
[32].

1.3.2. Mt 56 logi tio cé tiém ning teng dung trong NTTS.
1.3.2.1. Isochrysis galbana

Isochrysis galbana (l. galbana) 1a loai vi tao don bao c6 mau nau vang,
kich thudc 4 — 6 um, hinh bau duc c6 hai roi bang nhau, chii yéu sdng trong moi
truong nude min, tuy nhién ciing c6 mot sé 1oai sdng trong mdi trudng nude lg hay
nude ngot. Trong nhiéu thap ky tro lai day, loai tao nay di duoc st dung lam thic
an trong NTTS va thic an gia cAm boi cic gia tri dinh dudng ma nd mang lai.
Thanh phan dinh dudng cua I. galbana chira tir 50 - 56% protein, ham lwong lipid
chiém 12 - 14% va 10- 17% carbohydrate. Pic biét, |. galbana rat giau cac acid béo

khong no da ndi doi omega 3 nhu EPA va DHA, carotenoid va cac hop chét hoat
chat sinh hoc khac [33].

Hién nay, |. galbana dang duoc ung
dung rong rai nhu mot chit bd sung vao
thire an NTTS do kich thuée té bao nho,
dé tiéu hoa, co gia tri dinh dudng cao,
chat chéng oxy héa, kich thich sy phat
trién ctia dong vat. Theo Oostlander va

cong su, vi tdo la ngudn dinh dudng

chinh ¢ giai doan 4u tring cta tém, ca

< , . va 1a ngudn thic an & tit ca cac giai

Hinh 1.1: Tao Isochrysis galbana [34] & L &
doan cua nhuyen thé hai manh vé.

N6 duogc str dung lam ngudn thirc dn duy nhét trong giai doan dau doi ctia nhim

bién [35]. Molina Grima va cong sy di phat trién nhiéu chung tir chi Isochrysis dé

tao cac axit eicosapentaenoic (EPA) [36].
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1.3.2.2. Nannochloropsis

Nannochloropsis oculata (N. oculata)
la mot thanh vién cua chi
Nannochloropsis. Pay 1a mét loai tao
don bao co thé séng duoc & ca ving
nudc ngot va nude bién. N6 co cac té

bao hinh cau hoac hoi hinh trimg véi

duong kinh 2—5 pm, chi chtra di¢p luc
A véi sic t6 violaxanthin [37]. Hinh 1.2: Tao Nannochloropsis oculata [38]

Thanh phén dinh dudng cua N. oculata chura 28,7 - 40,4% carbohydrate,
22,2 - 37,4% protein thd va 15,1 - 21,7% tong luong lipid theo trong luong kho,
cling nhu cac khoang chat, vitamin va chat chéng oxy héa nhu carotenoid.
Ching chira ham lugng axit béo khong no da ndi d6i (PUFA), chu yéu 1a axit
eicosapentaenoic (EPA) chiém 3,2% khéi luong kho, chit chéng oxy hoa (0,8%
ascorbic acid ) va ham lugng vitamin B12 c6 thé dap ing nhu cau phat trién cta céc
dong vat thiy san ¢ giai doan ddu cua qua trinh phat trién [38].

N. oculata c6 thanh té bao rat day. Loai tao nay di duoc xac dinh 13 mot
trong nhitng lodi trién vong nhat dé san xuat biodiesel do chiing phu hop véi nudi
cay tham canh, toc d6 tang truong 1y tuong, kha ning thich nghi véi moi truong tot,
kha ning chéng 6 nhiém, thanh phan axit béo 1y tudng, dé bién d6i gen va kha ning
mo rong quy mo [38].
2.3.2.3. Spirulina platensis

Spirulina  (hay  Artthrospira) thuéoc nganh vi khudn lam
(Cyanobacteriophyta) da bao, dang s¢i. Chi Spirulina véi hai loai quan trong la
Spirulina maxima va Spirulina platensis.

Spirulina platensis (S. platensis) noi bat

v6i ham lugng dinh dudng cao, chiém

60-70% protein, 15- 20% cacbohydrate,

of 4-7% lipit, 0,76% chlorophyll a, 0,23%
carotenoit theo trong lwong sinh khdi

kho. Bén canh d6, n6 con cung cip dang

ké céc axit béo thiét yéu nhu axit oleic va

- y-linolenic, cung véi lugng vitamin B12,

"

. - . -carotene, sat, i va phdt pho, di
Hinh 1.3: Téo Spirulina platensis [39] p-carotene, sat, canxi va phot pho, da

duoc xac nhan la an toan cho suc khoe
nguoi tiéu dung.
Viéc thiéu cenlulose trong thanh té bao cua S. platensis gilp tiéu hda loai thuc
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pham nay dé dang hon so vé6i vi tao hodc tao 16n. S. platensis tir 1au da duogc sir
dung lam thuc pham chirc ning cho con ngudi, ddng vat nudi trong thuy san va san
xudt cac loai thirc 3n cho gia suc, gia cdm, chung dugc trong & nhiéu nuéc nhu My,
Trung Quéc, Dai Loan, Thai lan, An D6. Dén nay dién tich nudi trong dd mé rong
hon 1én t4i hang tram hecta nhu & Sosa Texcoco (Mexico), Hawai (My), Siam (Thai
Lan), Hainan (Trung Quéc) [40].

1.3.3. Cac cong ngh¢ nudi trong tio

Theo théng ké cua Cuc Thay san vao nim 2023, Viét Nam c6 hon 827 loai
rong tu nhién, trong d6 c6 88 loai co gia tri kinh té, tong dién tich nudi tréng rong,
tao bién ctia nude ta ude dat 16.000 ha véi san lwong 150 nghin tin. Cac chuyén gia
thity san nhan dinh rang rong va tdo bién c6 tiém ning phat trién 16n, dic biét 1a ¢
cac khu vyc nhu Quang Ninh, Hai Phong, Quang Ngai, Phti Yén, Khanh Hoa, Ninh
Thuén, Binh Thuén, Ba Ria-Viing Tau, Ca Mau va Kién Giang. Do do, trong chién
lugc phat trién nganh thuy san, Viét Nam dat muc ti€u dat san lugng rong va tao
bién khoang 180 nghin tdn vao nim 2025 va 500 nghin tin vao nim 2030 [41].

Cong nghé nuoi vi tdo ¢ Viét Nam hién nay da co6 bude phat trién vuot bac
va d3 dan lam cha duoc cong nghé nudi. Cac nghién ciru nudi tao 1. galbana va N.
oculata trong cac hé thong nudi kin dang tAm da giip nang cao chat luong sinh khoi
tdo, gidm kha nang lay nhiém véi mat d6 tao N. oculata 1én téi 200-500 triéu té
bao/mL, v6i ning suat trung binh dat 0,9 g/L/ngdy. Ngoai ra, mot hé thong kin dang
dng v6i dung tich 20L da duogc sir dung dé nudi sinh khéi N. oculata véi mat do té
bao cao nhat dat 197 triéu té bao/mL [42]. Vién Nghién ctru hai san da thiét ké cac
hé nudi kin dang éng, dang tAm, dang bé kinh v&i mat do tao N. oculata on dinh tir
200-250 triéu té bao/mL [43].

Cho dén nay, nuéc ta di c6 nhiéu co so nudi trong S. platensis (tén dia
phuong 1a tao xoan) 16n nhu Cong ty CP Tao Vinh Hao ¢ Binh Thudn véi ning suét
15 -17 tan tao/nam; Cong ty tdo xoan Pai Viét c6 2 nha may nudi trong tao 10n tai
Lang Son va Thanh Hoa véi cong suét dat 66 tan tao/ naim. Tuy nhién, trong qué
trinh nuoi tao xoan trén quy mé cong nghiép va ban céng nghiép chi ¢ khoang 60 -
70% tao thu hoach dat tiéu chuan dé sir dung cho ngudi va khoang 30 - 40% sinh
khéi tao bi tap nhiém khac nhau trong qué trinh nudi [44]. Bén canh dé, cac hinh
thirc nuoi tao trong cac hé théng hd véi wu diém chi phi dau tu thap, dé ap dung véi
trai quy mé nhé nhu bé kinh, try dtng tai nilon PE trong 16ng sat, tai nilon PE treo
khung, tru polycarbonate (PC) va bé raceway hay nghién ctru st dung méi trudng

nudi ré tién nhung van dam bao chat lugng sinh khéi S. platensis nudi trong da
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dugc cong bd [45]. Vi viy, cac loai tao nay cé thé duoc dung lam ngudn cung cho
dong vat thuy san dé giam thiéu lang phi.

S¢ Khoa hoc va cong nghé tinh Nam Dinh di phdi hop véi vién Cong nghé
Moi truong (Vién Han 1am KH va CN Vi¢t Nam) thuc hién dé tai khoa hoc va cong
nghé cip tinh, thu thip va tuyén chon duwoc 2 loai chung tio 1a vi tdo
Nannochoropsis oculata va vi tao Isochrysis galbana cé su sinh truéng, phat trién
t6t trong moi trudng nude bién Nam Dinh dé sir dung cho quy trinh san xut tao
sinh khéi lam thic an cho ngao giéng [43].

Phong cong nghé Tao - Vién cong nghé sinh hoc 1 don vi di dau trong viéc
xay dung, trién khai va chuyén giao cong nghé nudi trong, ché bién va st dung mot
sO loai vi tao kinh té, gidu dinh dudng trén quy mé khac nhau (tir phong thi nghiém,
pilot, quy mo6 ban cong nghiép, cong nghiép) nhu Spirulina platensis,
Haematococus pluvialis, Nannochloropsis occulata, Chlorella sp., Isochrysis
galbana,... phuc vu cho cudc séng. Nghién ciru dic diém sinh hoc ctia mot sd loai vi
tao quang tu dudng va di dudng giau axit béo duoc dung 1am thuc pham bao vé sirc
khoe cho ngudi, cho dong vat nudi, dic biét trong nudi trong thuy san (au tring va

nudi tom thuong pham).
1.4. Lén men vi sinh vat cé lgi trong méi treong chwra tao

1.4.1. Loi thé ciia tio

Bén canh cac hop chat giau dinh dudng c6 trong tao nhu da noi & trén thi nd
con chira mot lugng chat xo thuc pham kha cao, chiém khoang 25-75% trong lugng
kho ddi véi tao bién, trong d6 c6 khoang 50-85% chat xo hoa tan [46].

Gan day, da c6 nhiéu nghién ciru chuyén siu vé sy ton tai ciia cac probiotic
khi c6 médt prebiotic (chét x0 thuc phém) dé phuc vu cho NTTS. Khi ¢c6 mét cua
prebiotic thi vai tro ctia probiotic c6 thé dugc ting 1én rd rang trong viéc cai thién
hé vi sinh dudng rudt, cai thién cac chi tiéu huyét hoc, ting trudng, mién dich va
sttc dé khang chong lai vi khuan giy bénh. Prebiotic hoat dong nhu mot cai bay ddi
v6i vi khuan giy hai. Nhiéu loai vi khuan giy hai st dung cac thu thé
oligosaccharide trong rudt dé bam vao bé mit niém mac rudt, tir do gdy ra cac bénh
ly duong rudt. Tuy nhién, cic prebiotic c6 kha ning md phong cac thu thé nay,
khién vi khuan gy hai lién két v6i prebiotic thay vi bAm vao niém mac rudt, giup
bao v¢ niém mac va ngan ngura cac bénh duong rudt [47].

Prebiotic 1a chat xo thuc pham khong tiéu héa dugc nhung cb loi cho vat
chu, c6 kha niang chiu dung mai truong axit trong da day, thic day sy phaét trién cia
hé vi khudn dudng rudt tir d6 gitp cai thién stc khoe cta vat chi. B-glucan, inulin,
arabinoxylan oligosaccharide (AXOS), mannan oligosaccharide (MOS),
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galactooligosaccharide (GOS), fructooligosaccharides (FOS) va oligosaccharides la
nhirng prebiotic thuong dugc sir dung trong NTTS véi cac tic dung thuc day hiéu
sudt ting trudng, ting hiéu qua st dung thirc dn, ting cudng hé thong mién dich va
kich thich kha nang khang bénh cua cac loai NTTS [47].

Céc thanh phan polysaccharides trong tao c6 thé bi phan huy thanh cac doan
ngan (oligosaccharide) nhd qua trinh 18n men cua vi sinh vat ¢6 loi. Qua trinh nay
tao ra cac axit béo chudi ngin va cac hop chat hitu co, kich thich sy phat trién cua
cac vi khuédn c6 loi nhu Lactobacillus va Bifidobacteria khi chung dén rudt két, hd
tro sttc khoe cua vat chu [47].

Polysaccharides tir tao, vi du nhu B-glucan caa chung Chlorella vulgaris va
sinh khéi tao xodn dd duoc cong nhdn 1a prebiotic trong ché d6 an udng. Viéc bd
sung prebiotic nhu fructan trong ché d6 an udng co thé thuc day su phat trién cua
cac Vi khuén c6 loi. Qué trinh I8n men cua vi khuan probiotic v&i su c6 mat cia chat
X0 & tao ra mot nhom axit béo chudi ngan va trung binh. Nhing axit ndy lam giam
do pH trong rudt, tu do6 ciing co thé (rc ché su phat trién cta vi khuan gay bénh
[48]. Tom lai, cac thanh phan prebiotic trong vi tao c¢6 tac dong tich cuc 1én hé vi
sinh vat cua vat chu.

Prebiotic chi tac dong tich cuc khi co thé da ¢ san cac vi sinh vat hitu ich
chtr ban than prebiotic khong tu san sinh ra cac vi sinh vat nay. Do do, viéc két hop
prebiotic va probiotic dé ting cuong chét dinh dudng va hoat dong trao dbi chat gop
phan ting trong lugng va hiéu qua str dung thirc n. Su cai thién nay dé& dang nhan
thay nhat khi dong vat thuy san dugc nudi trong diéu kién méi trudng khong tdi wu
hodac ¢6 sy hién dién cua céc vi sinh vat gay bénh [49].

1.4.2. Két hop Ién men sinh khoi vi khudn trong méi trwong tio

Thoi gian gan day, di c6 nhiéu nghién ciru vé viéc két hop vi khuan
probiotic va vi tao ca trong mdi trudng thuc té (nhu trong nudi trong thay san) va
trong phong thi nghiém. Sy két hop nay tao ra hiéu tng hiép dong, giup ting téc do
phat trién clia ca probiotic va tao, dong thoi kich thich san xut ra cic axit béo chudi
ngan va cac hop chat hiru co. Ngudi ta thay vi tao 1. galbana cé thé phat trién nhanh
hon khi dugc nudi cay ciing véi cac vi sinh vét probiotic khac [50].

Trong NTTS, viéc bo sung Vi ta0 cling véi probiotic dd ching t6 co thé cai
thién chirc nang rudt va tang san lugng san xuét, nhu trong cac thi nghi¢m vai ca,
trai va tom. Ciing da c6 nghién ctru cho thay, viéc két hgp Chlorella sorokiniana
v6i Lactobacillus plantarum va Bifidobacterium longum c6 thé kéo dai thoi gian
sdng clia cac probiotic nay trong san pham thuc pham bao quan lanh (¢ 4°C) va
tang cuong kha nang chong virut ctia chiing ddi véi rotavirus [51].
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D3 c6 bang chimg cho thiy Spirulina platensis thiuc day su phat trién cta cac
vi khuin c6 lgi Lactobacillus casei, Lactobacillus acidophilus, Streptococcus
thermophilus va Bifidobacteria trong dudng tiéu hoa. Dong thoi, vi tao con tc ché
su phét trién cia cic vi khuan gdy bénh nhu Proteus vulgaris hay Klebsiella
pneumoniae [52]. Nghién ctru cua Abuzer va cdng su vao nam 2019 da chirng minh,
tao Spirulina platensis co tac dung nhu mot chit kich thich sinh trudng khi bé sung
vao moi truong 1én men cua Streptococcus thermophilus, Lactobacillus delbrueckii
spp., Lactobacillus acidophilus va Bifidobacterium lactis lam tang sinh truéng va ty
1¢ sdng cho cac chung probiotic ndy, do tio chira nhiéu hop chat dinh dudng (nhu
protein, axit amin tu do, va peptide), khodng chat, vitamin B, EPS, adenine,
hypoxanthine va tit ca cac chat dinh dudng hitu co va vo co [53]. Ngoai ra, Vi
khuan lam S. platensis duoc coi 13 chat mang protein va chat xo dong vai trd quan
trong trong viéc duy tri d6 on dinh ctia san pham 1én men tao thanh. Mot s6 nghién
ctru khac vé qua trinh 1én men vi khuan lactic véi méi trudng chira vi tio da cho
thdy, vi khuén lactic c6 thé thuy phan cac polyme thanh té bao cua vi tao thanh cac
hop chit don gian hon thong qua cac hoat dong trao d6i chat cua chung, tao ra cac
phan tir ¢6 dic tinh dinh dudng cao hon [54]. Hon nita, sinh khéi tuoi cia tao S.
platensis dugc sinh trudng trong moi truong chira Lactobacillus plantarum da giap
taing ham luong cac hop chit phenolic, C-phycocyanin va methionine tu do, ciing
nhu cai thién kha nang thu gom gdc oxy hoa ty do va kha ning phan huy protein
giai phong cac don phan peptide tot hon so véi mau khong c6 mat vi khuan [55].
Nghién ctru cua Pereira va cong su ciing cho thay, S. platensis 1a co chit phu hop
cho ting truong cia vi khuan Lactobacillus plantarum, san pham sau 1én men da
cho thiy hoat tinh chéng oxy héa va ham lugng phenolic ting rd rét, cling nhu ham
luong acid lactic ting hon so v&i mau dbi ching din dén d6 pH trong mdi trudng
giam, tir d6 giup ngan ngira su phét trién ciia vi khudn gay bénh, san pham sau lén
men cho ham luong nito trong sinh khdi vi tao ting 1én, nén sy phan hiy va kha
dung sinh hoc cua protein cao hon va giam ham lugng chat béo so véi ddi ching
khong 18n men [56]. Vi vay tao S. platensis c6 thé dugc dua vao cic cong thirc san
xuat ché pham sinh hoc méi dé thuc day su on dinh ciia thanh phan vi sinh vat trong
san pham tao thanh. Chlorella pyrenoidosa va Chlorella ellipsoidea ciing c6 kha
nang uc ché su phat trién ciia vi khuan gy bénh Listeria monocytogenes va nam
Candida albicans nho chira polysaccharides [57].

Trong mot nghién ctru khéac, Kaga va cong su da su dung 10 loai vi tdo va vi
khuan lam (Notophryxus lobatus, Nostoc commune, Nostoc flagelliforme, Nostoc
verrucosum, Arthrospira platensis, Dunaliella tertiolecta, Chlorogonium spp.,
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Pennisetum purpureum, Pleurochrysis carterae, va Euglena spp.) dé thir nghiém
trong qua trinh Ién men cua Lactococcus lactis spp. va Lactiplantibacillus
plantarum. Két quéa thu dugc chi ra, khong phai tt ca cac loai vi tao hay vi khuan
lam déu c6 thé hd tro qua trinh 1én men cua vi khuén lactic, chi c6 dich chiét caa N.
commune va Euglena spp. cho hiéu qua tét trong viéc ting hoat tinh thu hdi chit
oxy hoa tu do va hoat dong anti-glycation cua vi khuan [58]. Do vay, viéc lya chon
loai tao thich hop 1am ngudn cung cip dinh dudng cho vi sinh vat ¢6 loi, dong thoi
khai thac cac hoat chat sinh hoc cua chiing 1a huéng di phu hop va cé tinh kha thi
cao.
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Chuong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Péi twong nghién ciu

2.1.1. Chiing giong

Bén chung vi khuén c6 loi ky hiéu: P1, P2, P3, P4 thudc b ching gidng vi
khuan c6 loi phan 1ap tir rudt tom, ching Lactobacillus acidophilus LB va chung vi
khuan gay bénh Vibrio parahaemolyticus duoc lwu giit trong bo chung gidng cia
phong CNSH tai tao méi truong — Vién Cong nghé sinh hoc.

Sinh khdi cac loai tio kho gdm: Nannochoropsis oculata, Isochrysis
galbana, Spirulina platensis st dung trong cac thi nghiém do phong Cong ngh¢ tao
- Vién Cong nghé sinh hoc cung cép.

2.1.2. Héa chit

Mot s6 hoa chat str dung trong thi nghiém: Cao thit (Trung Qudc), Cao men
(Trung Qudc), Pepton (Trung Qudc), NaCl (Trung Qudc), KH2PO4 (Trung Qudc),
K2HPO4 (Trung Qudc),... va mot sd hoa chat khac.

2.1.3. Moéi trwong va dung moi

Moi truong MPA (Meat Pepton Agar) (g/L): Cao thit (5); pepton (10); NaCl
(5); pH~7

Moi truong MRS (De Man, Rogosa, Sharpe) (g/L): Glucose (20); Cao thit
(10); Cao ndm men (5); Pepton (10); K2HPO4 (2); MgSOa. 7H,0 (0,5); CH;COONa
(5); Triamoniumcitrat (2); MnSO2. 4H20 (0,2); Tween80 (1mL); pH ~7.

Moi truong co ban: KoHPO4 (2), NH4Cl (2), MgSOs4 (0,2), Tween80 (100ul);

Moi truong thir hoat tinh enzym amylase : Tinh bot (1%), Agar (2%)

Moi truong thir hoat tinh enzym protease: Casein (0,1%), Agar (2%)

Moi truong thir hoat tinh enzym cellulase: CMC (1%), Agar (2%)

Dung dich dém PBS (Phosphate Buffered Saline) (g/L): KH2POs4 (9,3);
K2HPOs (6,3); pH~7
2.1.4. Trang thiét bi, dung cu

Céc thiét bi, dung cu duoc sir dung trong thi nghiém: Can k§y thuat (Ohaus,
M¥), may ly tdm lanh (Thermo Fisher, M), may lac (Trung Qudc), 16 vi séng
(Rolex, Trung Qudc), ti cay vo trung (Biosharp, Trung Qudc), pipet cac loai
(Effendoft, My) va mot s6 vat tu tiéu hao khac nhu dia Petri, binh tam giac, ong
Falcon, ong Effendoft...
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2.2. Phwong phap nghién ctiru

2.2.1. Sang lgc cac chang vi khudn c6 khd néng sinh enzym ngogi bao, khang vi
khudn gay bénh V. parahaemolyticus.

Tir b suu tip chung gidng cia phong Cong nghé sinh hoc tai tao moi
treong, tién hanh hoat héa cac ching vi khuan c6 loi trén dia méi trudng thach,
quan sat dic diém hinh thai. Sau 24 - 48 gid nudi cac chung vi khuan nghién ctru
trong moi trudng dich MPA dic trung cho tirng nhom vi khudn, tién hanh danh gia
hoat tinh sinh enzym ngoai bao va khang vi khuan V. Parahaemolyticus theo
phuong phap mo ta & muyc 2.2.3, 2.3.4.

* Pinh danh vi khudn nghién citu theo phirong phdp sinh hoc phan ti:

Céc ching vi khuan lira chon dugc nudi cdy qua dém trong moi truong MPA
1ong trude khi tién hanh tich ADN. ADN tong s6 duoc tach chiét theo huéng dan
ctia bo Kit Thermo Fisher (M§). Gen 16S rRNA cua vi khuan duoc khuéch dai bang
cip mdi  27F (5-AGAGTTTGATCCTGGCTCAG-3') va 1492R (5-
TACGGTTACCTTGTTACGACT-3"), v6i chu trinh nhiét cho phan tmg PCR: bién
tinh 95°C trong 5 phiit; 30 chu ki nhiét v&i mdi chu ki 1a 95°C trong 1 phut, 55°C
trong 1 phut va 72°C trong 1 phit; cudi cing 1a 72°C trong 10 phat. San pham thu
dugc sau qua trinh PCR dugc kiém tra béng viéc dién di trén gel agarose 1%, di¢n
4p 100V trong 30 phat. Sau d6 giri dén Apical Scientific (Singapore) dé tién hanh
giai trinh ty. Trinh tu gen 16S rRNA cua cac chung vi khuan dugc phén tich va so
sanh v&i cac chung twong dong trén co sé dir liéu ngan hang dit liéu gen ciia NCBI
bang cong cu BLASTN (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Cay phét sinh
chung loai dugc xdy dung dua trén mac do tuong déng cua cac trinh tu nucleotide
gilta cac loai bang phin mém MEGA 6.0 (The Molecular Evolution Genetics
Analysis), thiét 1ap trén co s khoang cach di truyén theo Kimura, sir dung thuat
toan Neighbor-Joining v&i hé s6 bootstrap 1000 lan lap lai [59].

2.2.2. Sang loc 10ai tdo khé lam méi trwong 18n men vi khudn co loi

Sinh khdi cac loai tio c6 ngudn gbc Viét Nam nhu Spirulina platensis (S.
platensis), Nannochoropsis oculata (N. oculata), Isochrysis galbana (I. galbana)
sau khi thu hoach dugc say kho va nghién thanh bot, hoa riéng ré tirng loai bot tao
trong dung dich dém PBS vai cac néng do bot tao khac nhau: 1%, 2%, 3%, 3,5%
(W/v) str dung lam moi truong nudi cac chung vi khuan da sang loc. Bo sung dich
nudi cac chung vi khuan nghién ctu véi ty 1é 1%, nudi lac 100 vong/phdt ¢ 35 °C.
L4y mau theo ngay trong 3 ngay lién tiép. Panh gia kha ning sinh truéng cua vi
khuan nghién ctru trong cac mdi truong chira tao khd va méi trudong MPA (dé so



20

sanh) bang céach trang mau trén dia thach va st dung phuong phap dém khuan lac
theo phuong phap néu ¢ muc 2.2.8. Hoat tinh sinh enzym ngoai bao va hoat tinh
khang khuan cua vi khuan nghién ctu ciing duoc kiém tra theo phuong phap mé ta
o muc 2.2.3, 2.3.4.

Chung Lactobacillus acidophilus LB ciing duoc tién hanh danh gia anh
huong cua loai tao va néng do tao bd sung dén sinh tredng va ham luong axit lactic
tao thanh, bang cach nudi ciy chung vi khuin trong méi truong dém PBS c6 b
sung 3%, 3,5%, 4%, 5% (w/v) sinh khéi cac loai tao khd. Ly mau theo ngay trong
5 ngay lién tiép va kiém tra mat d6 vi khuan theo phwong phap néu & muc 2.2.9 va
Kiém tra ham luong axit lactic theo phwong phap & muc 2.2.5.

2.2.3. Ddnh gia hoat tinh enzym ngogi bao.

Kha ning sinh enzym ngoai biao cta cic chung vi khuan thir nghiém dugc
xac dinh théng qua phuong phap khuéch tan trén dia thach [59]. Chuan bi dia méi
truong thach (1% agar) c6 bd sung co chat tinh bot (1%), casein (0,1%) va
carboxymethyl cellulose (CMC) (1%) tuong tng cho enzym amylase, protease,
cellulase. Ldy 1 mL dich vi khuan nudi dén mat ¢6 107 CFU/mL vao cac ong
Effendoft, ly tam 9000 vong/phut trong 2 phut, sau d6 duc 15 thach réi bd sung
riéng bi¢t vao tirng 16 thach cac dung dich nhu sau: 100pL dich vi khuén, 100 puL
dich méi truong dung dé nudi vi khuan (ddi chimg 4m). Cac dia duoc nudi tinh
trong t0 nudi qua dém & 35°C sau d6 nhudém mau voi thude thir Lugol 1% dé xac
dinh kha nang sinh enzym ngoai bao thong qua duong kinh vong phan giai.

Kich thudc vong phan giai (mm) =D -d
(D 1a dudng kinh vong thuy phan; d: dudng kinh 15 thach).

2.2.4. Panh gid khd nang khdng vi khuan gy bénh V. parahaemolyticus.

Hoat tinh khang khuan duoc xac dinh bang phwong phap khuéch tan trong
moi truong thach [59]. Chung nghién ctru dugc nudi & 35°C trong 24 gio, ly tam
loai té bao va thu dich nuéi cay. Ching vi khuan giy bénh V. parahaemolitycus
cling duoc nudi & 35°C trong 24 gid. Chuan bi dia thach moi trudng MPA ¢6 chira
chung gy bénh bang cach trang 100 pL dich vi khuan V. parahaemolyticus mat do
10° 1én bé mat mdi truong sau d6 duc 16 thach. Nho 100 pL dich ly tim cta ching
nghién ctru vao cac 16 thach d6. Sau 24h nuoi tinh & 35°C, quan sat su tao thanh cua
vong khang khuan. Néu trén mit thach xuat hién vong khang khuan hodc nhan thay
su sinh truéng canh tranh cua cac chung vi khuan co lgi thir nghiém, chimg to
ching c6 hoat tinh khang khuan hodc canh tranh sinh truéng véi chung vi khuan
gay bénh V. parahaemolyticus.
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Kich thudc vong khang khuan (mm)= D - d
(D 1a dudng kinh vong khang khuan; d: dudng kinh 15 thach).

2.3.5. Xdc dinh ham lwong axit lactic trong méi truwong

Thu mAu dich sinh khéi vi khuan, ly tim & 9000 vong/phdt trong 2 phdt loai
can va su dung dich thu duogc dé kiém tra ham lugng axit lactic sinh ra. Cu thé,
dung dich NaOH 0,1 N duoc sir dung dé chuan d6 dich khuan sau ly tam. B6 sung
phenolphthalein 1am chat chi thi mau trong quéd trinh chuan do. Dwa vao luong
NaOH sir dung dé xac dinh ham luong axit lactic, véi quy udc, 1 mL NaOH (0,1N)
str dung twong duong véi 9,008 mg axit lactic [60].

- Anh hwéng ciia nguon cacbon: St dung 1an lugt cac ngudn cacbon khac
nhau nhu fructose, saccharose, glucose va mat ri dudng véi ndong d6 2 g/L dé bod
sung vao moi trudng chira sinh khéi tao kho. B sung dich nudi sinh khéi vi khuan
vao cac mdi truong da chuan bi. Sau 4 ngay nudi cay, tién hanh danh gia kha ning

sinh axit lactic cua vi khuan nghién ctru.

2.3.6. Pdnh gid kha nang ton tai cia vi khudn tuyén chen trong mét sé diéu kign
cuc tri [61]

- Khdo sat kha nang chiu man

Céc chung vi khuan nghién ctru duoc nudi trong méi trudong MPA/MRS hoic
moi truong chira sinh khdi tao c6 bd sung NaCl voi néng do khac nhau (0; 1,5; 2; 3;
4%) & 35 °C. Sau 2 ngay nudi cdy, so sanh kha ning sinh truéng ciia chung khi ton
tai trong moi trudng MPA va moi trudng chira sinh khéi tao trong cac d6 man khac
nhau nay.

- Khdo sdt kha ning chiu soc nhiét

Céc chung vi khuan nghién ciru duoc nudi trong méi truong MPA/MRS hoic
mdi trudng chira sinh khi tao dén mat do vi khuan dat 102 CFU/mL. Sau d6, dich
nudi vi khuan ndy duoc chuyén sang 6ng Eppendorf va dit trong bé nudc & cac
nhiét d6 40, 45 va 50 °C trong 15 phut, ngay sau d6 duoc dua vao bé chira d4 dé soc
nhiét trong 5 phit rdi tién hanh x4c dinh mat do té bao sdng sot cua vi khuan luya

chon.
- Khdo sat kha nang chiu pH axit

Céc chung vi khuén ¢6 1oi lya chon dugc nudi trong moi truong MPA/MRS
hoic moi trudng chira sinh khdi tio dén mat do vi khuan dat 108 CFU/mL. Sau do,
dich nuéi vi khuan nay dugc chuyén sang dng Eppendorf va ly tim 9000 vong/phut
trong 2 phit dé loai bo phan dich ndi phia trén. Phan sinh khéi con lai duoc dong
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nhat ciing dich méi truong MPA hodc mdi trudng chira sinh khéi tao ¢ cac pH khéc
nhau: 1, 2 va 3 bing cach chuin d6 voi HCL IN. Phan dich nay duoc nuéi & 35 °C
trong cac khoang thoi gian 1, 2 va 3 gio. Sau do, cac mau nay duoc ly tam & 9000
vong/phiit trong 2 phut, loai dich, thu sinh khéi. Sinh khéi nay duoc hoa tan lai
trong dung dich dém photphat (pH 7) sau d6 pha lodng dé xac dinh mét do vi khuan.

2.2.7. Phwong phdp xdc dinh chi sé prebiotic

Chi sb prebiotic (Prebiotic index — lpren) dugc xac dinh dwa trén mo ta boi
Palframan va cong su [46]. Trong do, dich vi khuan probiotic nudi qua dém trong
moi truong MPA duoc ly tim dé thu sinh khdi. Sinh khéi ting chung vi khuan duoc
rira va hoa tan lai bang nudc cat khir tring trude khi duoc chuyén riéng 1& vao moi
truong MT1 (moi trudng co ban + glucose 1%) va MT2 (m6i trudng co ban + S.
platensis 1%) voi ty 18 10% va nuéi lac & 35 °C. Kha nang sinh truong cta vi khuan
sau 24 gid nudi duoc danh gia bang phuong phap xac dinh mat do té bao ¢ muc
2.3.9.

Chi sd prebiotic duge tinh toan theo cong thirc:

Gia tri mat do Crl:l—gjcﬁa probiotic trong MT?2

pren = CFU
Gia tri mat do Wcﬁa probiotic trong MT1
Chi s6 hoat dong cua prebiotic (Prebiotic activity score — Agren) duoc xac
dinh theo phuong phap dugc dé cap boi Huebner va cong sy [62]. Trong phuong
phap ndy, bén canh vi khudn probiotic, vi khuan gay bénh V.parahaemolyticus ciing
dugc nuoi trén moi truong MT1 va MT2. Gia tri mat do vi khuan probiotic va
V.parahaemolyticus tai thoi diém 0 va sau 24 gio nudi cdy duge xac dinh theo
phuong phap tai myc 2.2.9 va sir dung dé tinh toan gia tri Apreb bang phuong trinh:
. (LogPzs — LogPy ) ur _ (LogV.pza — LOogVy )ura
preb (LogPzs —LogPo)ur:  (LOgV.p2a — LogVy)mra
Trong d6: LogP 14 gia tri logarit CFU/mL cua vi khuan probiotic tai 0 gio
(Po) va sau 24 gio (P24) trén moi truong MT1 hoac MT2. Tuong tu, LogV la gié tri
logarit CFU/mL cua vi khuan V. parahaemolyticus tai 0 gio (Vo) va sau 24 gior (V2a)
trén moi truong MT1 hoac MT2.
2.2.8. Phén tich sic ky khi (GC)

Chuan bi ba mau gém: dich sinh khéi L. acidophilus LB nubi ciy trong moi
truong MRS, sinh khdi tao S. platensis va sinh khéi L. acidophilus LB nudi trong
mdi trudong S. platensis. Tién hanh giri mau phén tich cic thanh phan axit béo cia

ba miu nay tai phong thir nghiém (Cuc Tiéu chuin Po ludong Chat luong), str dung



23

may sic ky khi 7890A tir Agilent, mau dugc tiém vao cac cot mao quan SBP-2331
(Sigma-Aldrich) va sir dung heli 1am khi mang (vén tdc tuyén tinh 36,26 cm/s) [60].

2.2.9. Phwong phdp xdc dinh mat d¢ vi khudn
Pha lodng miu dén cac ndng d6 khac nhau 102, 102,10°3,... HGt 100 pL dich

vi khuén pha lodng va nhé 1én dia petri chira méi truong thach, trang déu dé dung
dich trai hét kha"lp mat thach va nuéi ¢ 35 °C trong 24 gid. Sau do, mat do duoc xac
dinh qua phuong phap dém khuan lac thong thuong

S8 khuin lac
ng X thé tich mau hut (mL)

Mat d6 vi khuan (Log CFU/mL) = Logy, essohaon

2.2.10. Phwong phdp xir ly sé liéu
St dung phuong phéap xir 1y théng ké sinh hoc bang phan mém Microsoft
Excel 2016: tinh toan két qua trung binh cta cac két qua thi nghiém. Mdi thi nghiém

duoc lap lai 3 l1an va lay sai so.
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Chuwong 3. KET QUA VA THAO LUAN

3.1. Sang loc cac chiing vi khuan cé kha niing sinh cac enzym ngoai bao, khang
vi khuan V. parahaemolyticus gay bénh dwong rudt trén tém thé chan trang.
3.1.1. Quan sdt ddc diém hinh thai

B6 ching gidng vi khuan c6 loi ciia phong Cong nghé sinh hoc tai tao moi
truong duoc phan lap tlir cac mau rudt tom, c6 kha niang sinh cac enzym ngoai bao
va khang khuén, ddc biét hitu ich trong phat trién san pham probiotic va tng dung
cho nuéi trong thily san. Trong d6 c6 4 ching vi khuan ky hiéu P1, P2, P3 va P4 ¢6
ddc diém hinh thai khuan lac hoan toan khac nhau nén nhan dinh ban dau chang la
nhitng ching khac nhau va duoc tién hanh dénh gia lai kha ning sinh enzym ngoai
bao va tre ché vi khuan gy bénh cua chiung (Bang 3.1).

Bang 3.1: Pic diém hinh thai cac chung vi khuan nghién ciru.

Chiing Hinh thai khuén lac Pic diém hinh thai
P1 Khuan lac hinh cau, vién day, mép ring
cua, mau tre“'lng duc, duong kinh 2-3 mm.
P2 Khuén lac det, khong nhan, vién mép tua
rua, mau tréng duc, duong kinh 4-5 mm.
P3 Khuan lac c6 nhan, vién mong, bong,
nhét, mau trang nga, duong kinh 4 mm.
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P4 Khuin lac det, khong nhan, hoi 10m gitra,

nhét, mau tring ngd, dudng kinh 3 mm.

3.1.2. Ddnh gid hoat tinh sinh enzym ngogi bao va rrc ché vi khudn gay bénh V.
parahaemolyticus cia c&c ching vi khuan nghién ciru.

Bén ching vi khuén P1, P2, P3 va P4 duoc nudi trong dich méi trudng MPA
& 35 °C. Sau 24 gio nudi cay, phan dich ndi thu dugc sau ly tim duge bo sung vao
cac dia thach chira cac co chat nhu tinh bot, casein, CMC hoic dia trang dich vi
khuan gay bénh V. parahaemolyticus, quan st cic vong phén giai tao thanh.

Bang 3.2: Hoat tinh sinh enzym ngoai bao va trc ché vi khuan V. parahaemolyticus

cua céc chung nghién ctru

Puwong kinh vong phan giai co chat | Puong kinh vong khing
Chiing giéng (D-d, mm) khuin (D-d, mm)
Amylase | Protease Cellulase
P1 8+1,0 16+1,0 17+1,0 71,0
P2 11+1,0 18+1,0 14+1,0 9+1,0
P3 - 13+0,8 12+1,0 -
P4 9+1,0 20+ 1,0 18+1,0 9+1,0

Két qua nhan duoc tir Bang 3.2 cho thay, 4 ching vi khuan nghién ctru déu
thé hién duoc hoat tinh sinh enzym ngoai bao hodc tuc ché vi khuan V.
parahaemolyticus. Trong d6, ching P3 cé hoat tinh sinh hoc yéu nhat, con céc
chuing P1, P2 va P4 c6 hoat tinh sinh enzym ngoai bao va khang V.
parahaemolyticus tot hon. Pudng kinh vong phan giai tinh bot cua ching P2 dat
kich thudc rong nhét 1a 11 mm. Cac chung P1, P2 va P4 c6 hoat tinh sinh enzym
protease va cellulase xap xi nhau, nam trong khoang tir 18 — 20 mm. Riéng chung
P3 khong c6 kha nang phan giai tinh bot, hoat tinh phan giai casein (protein) va
CMC (cellulase) ciing thap hon 3 chung con lai (12 - 13 mm). Khi tién hanh danh
gia kha ning @c ché vi khuan gay bénh V. parahaemolyticus, 3 trong sé 4 chung
nghién ctru ¢6 kha niang khang lai ching vi khuan gdy bénh nay, véi duong kinh
vong khang khuan cta ching P1, P2, P4 lan luot 13 7, 9 va 9 mm. Chung P3 khéng
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Hinh 3.1: Vong hoat tinh cta cac ching vi khuan nghién ctru
(@) Amylase; (b) Protease; (c) Cellulase; (d) vong khang V. parahaemolyticus

3.2. Panh gia kha niing sinh trwéng cia cac chiing vi khuan nghién ciu trong
méi troeong chia tio.

3.2.1. Anh hwong cia loai tdo va nong dp tao dén khd néing sinh trwéng cia Vi
khudn nghién cizu.

Hién nay, trong nuoi thuy san, vi khuan ¢6 loi duoc st dung phé bién dé bd
sung vao ché do an gitp vat nudi chéng lai cac bénh lién quan dén r6i loan tiéu hoa,
duong rudt boi kha nang sinh ra cac enzym va hop chat khang khuan t6t [63]. Nhu
cau str dung sinh khdi ctia nhom vi khuan nay ngay cang ting dé gop phan giam
thiéu lugng khang sinh tong hop st dung ma van giup ngin ngira sy lay lan cua vi
khuan giy bénh. Tuy nhién, chat luong va chi phi trong san xuit probiotic phu
thudc rit nhiéu vao chung gidng vi sinh vat, diéu kién nudi va thanh phan méi
truong 1€n men. Vi vay, viéc nghién ctru lya chon dugc mdt loai co chat phu hop
thay thé cho cac thanh phan dinh dudng phtrc tap van thuong duge st dung trong
moi truong 1én men, ma van gidp kich thich sinh hoat chat sinh hoc ciing nhu 1am
tdng mat dg cua vi sinh vat co loi trong qua trinh san XUt probiotic la diéu can thiét.

Trong nghién ctru ndy, sinh khéi cua cac loai tao gdm: Spirulina platensis,
Nannochloropsis oculata, Isochrysis galbana (ky hiéu trong cac hinh vé tuong ing
la Spi, Nano, Is0) sau khi thu hoach duoc siy khé va nghién thanh bot dé st dung
1am ngudn dinh dudng chinh trong cho sinh truéng cua cac ching vi khuan co loi.
Cac nong do khac nhau cua ting loai tao (1, 2, 3 va 3,5% (w/v)) duoc hoa riéng ré
trong dung dich dém PBS dé lam méi trudng nhan nudi vi khuan. Thong qua két
qua danh gia sinh truong sé sang loc duoc loai tao va ham lugng phu hop cho sinh
truong caa vi khuan nghién cu.

¢ Sinh truong cua chung P1 trong moi truong MPA va cac moi truong tao:

Két qua thu duoc tir Hinh 3.2 cho thay, sinh truéng ciia ching P1 khi duoc

nudi cay trong moi trudng chira tio dat mat do twong duong so véi mdi truong
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MPA. Vi khuin c6 mat d6 cao nhit sau 2 ngdy nudi cay, dat trén 102 CFU/mL & cac
mdi trudng chira tao thir nghiém. Cu thé, méi trudng chira 1% tao N. oculata hoic
. galbana dat mat d6 vi khuéan lan luot 13 8,57 va 8,43 Log CFU/mL, cao hon so
v6i moi truong chira S. platensis. Tuy nhién, khi ting ndng do tao bd sung tir 1 dén

3,5% khong lam thay d6i dang ké s6 luong vi khuan trong mai truong.

12
= 1% ®m2% m3% 3,5%
E
i | |
o 8 T T T -|- T TT-.- -
3 B ol
S
Ng 6 T T TT-[ TTT
=
< 4
E
s 2
o
=
@3‘? ‘\,bo° & R ég‘?’ ‘\,§° & R ég‘?’ ‘\,bo° & R ég‘?’ ‘\,bo° &
Ban dau Sau 1 ngay Sau 2 ngay Sau 3 ngay
Théi gian

Hinh 3.2: Mat d6 vi khuan ctia chung P1 sinh truéng trong cic méi trudng tio
¢ Sinh truong cua chung P2 trong méi truong MPA va cac moéi truong tdo:

Moi truong tao N. oculata va S. platensis c6 anh huang tich cuc dén sinh
tredng cua chung P2 véi mat do vi khuan dat lan luot 12 8,29 va 8,5 Log CFU/mL &
ngay thtr 2, cao hon so véi khi dugc sinh truong trong moi truong MPA. Nghién
ctru ciing cho thay 1. galbana khdng phai 1a méi trudng thich hop dé nudi ciy ching
P2, gia tri mat d6 vi khuan thu duoc chi dat 7,4 Log CFU/mL (Hinh 3.3).
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Hinh 3.3: Mat d6 vi khuan ctia chung P2 sinh truéng trong cic moi trudng tao

¢ Sinh truong cua chung P3 trong maoi truong MPA va cac moi truong tdo:
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Hinh 3.4: Mat d6 vi khuan ctia chang P3 sinh trudng trong cac méi trudng tao

Hinh 3.4 cho thay, 3 loai sinh khéi tao nghién ctru khong phai 1a ngudn dinh
dudng phu hop sir dung lam mai trudng d&é nhan nudi chung P3, vi kha ning sinh
truong cua chung trong méi truong chira tao nay ludn thiap hon so véi khi sinh
truong trong mdi truong MPA. Cu thé, mat do vi khuan thu duoc sau 2 ngay lén
men dat cao nhat & méi trudng tao |. galbana dat 6,9 Log CFU/mL trong khi & moi
truong MPA tai cung thoi diém dat 8,07 Log CFU/mL. Piéu nay ching to, khong
phai tao 1a méi truong phu hop cho tit ca cac ching vi khuan sinh truéng. Nghién
ctru cua Kaga va cong su ciing chi ra diéu nay [58].
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% Sinh truong cua chung P4 trong méi truong MPA va cdc méi truwong tdo:

Sb liéu trong Hinh 3.5 cho thdy, két qua sinh truéng cua ching P4 moi
truong chira tdo tuwong tu véi chung P2. Mat d6 vi khuan ting dan theo thoi gian
nudi cdy va dat cao nhit ¢ ngay thtr 2 khi duoc nuéi trong méi trudng chia 1%
(w/v) tao I. galbana hay S. platensis véi gid tri mat do la 10,15 va 10,41 Log
CFU/mL cao hon so v6i mdi trudong MPA. Khi thay thé 2 loai tao ndy bang N.
oculata thi mat do vi khudn thu dugc giam xudng 8,86 Log CFU/mL & ngay nudi

ciy thtr 2.
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Hinh 3.5: Mat d6 vi khuan ciia chung P4 sinh truong trong cic méi trudng tao

Nhiéu nghién ctru cho thiy, trong sinh khdi tao khd c6 chira nhiéu thanh
phan dinh dudng nhu protein , axit amin ty do, cac vitamin va khoang chat ciing
nhu thanh phan prebiotic c6 tac dung kich thich sinh truéng cho vi khuan probiotic
[64]. Trong nghién ctru ciia chung t6i két qua thi nghiém ciing chi ra rang viéc st
dung sinh khéi tao kho 1% (w/v) thay thé cho méi truong MPA khéng 1am anh
huong dén sinh trudng cua cac chung vi khuan c6 loi thir nghiém. Pong thoi viéc
ting ndng do tao sir dung khong lam thay ddi dang ké sb luong vi khuan thu duoc
trong dich nuédi. Bén canh d6, mdi ching vi khuén lai sinh truéng tbt trong cac moi
truong tao khic nhau. Vi vdy, cac moi truong tao 1% sé tiép tuc dugc thir nghiém
dé danh gia anh hudng cia chung dén hoat tinh probiotic ctia vi khudn, tir d6 co thé
Iira chon duoc loai tao phil hop str dung trong nhin nudi cac chung vi khuén, cé tac

dung kich thich sinh truéng va hoat tinh c6 loi cta vi khuan.


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/amino-acid
https://www.sciencedirect.com/topics/food-science/probiotic-bacteria
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3.2.2. Anh hwéng ciia méi trwong chira téo dén hogt tinh sinh enzym ngoai bao
va ikc ché vi khudn V. parahaemolyticus ciia cac chaiing vi khudn nghién cru

Bén canh kha nang sinh trudng, trong nghién clru nay, hoat tinh sinh enzym
ngoai bao (amylase, protease, cellulase) va kha nang khang V. parahaemolyticus
cta cac ching vi khudn c6 loi khi dugc nudi ciy riéng ré trong ba méi truong 1%
sinh khéi tao I. galbana, S. platensis hay N. oculata da duoc danh gia.

¢ Hoat tinh sinh hoc cua ching Pl trong moéi truong MPA va cdc méi truong tdo:

Bang 3.3: Hoat tinh sinh hoc cua chung P1 trong cdc moi truong

Méi truomg Pwong kinh vong hoat tinh (D-d, mm)

Amylase | Protease | Cellulase | Khang khuén
MPA 8x1,0 16+1,0 17+1,0 710
I. galbana + PBS 71,0 19+1,0 19+1,0 710
N. oculata + PBS 13+10 | 12£1,0 20+1,0 -
S. platensis+ PBS 9+1,0 13+1,0 20£ 1,0 6+1,0

Hinh 3.6: Hoat tinh sinh hoc cta chfm\gPl rong cac moi trudng
(@) Amylase; (b) Protease; (c) Cellulase; (d) vong khang V. parahaemolyticus

Két qua tir Bang 3.3 va Hinh 3.6 cho thay, chiing P1 khi sinh truéng trong
moi truong tao N. oculata cho hoat tinh sinh enzym amylase tot nhat voi dudng
kinh vong phan giai tinh bot dat 13 mm, cao hon ca khi dugc nuéi ciy trong moi
trrong MPA (8 mm) hodc cac moi truong tao S. platensis (9 mm) va I. galbana (7
mm). Két qua nay cho thdy moi trudng tao N. oculata c6 thé da kich thich kha ning
sinh enzym amylase cta chung P1. Trong khi d6, mdi truong tao I. galbana c6 anh
hudng tich cuc dén hoat tinh sinh protease ctia chiing P1, véi duong kinh vong phan
giai casein thu dugc dat 19 mm, cao hon so véi khi nudi trong mdi truong MPA (16
mm). Bén canh d6, hoat tinh sinh cellulase cia ching P1 cling cho théy su khac biét
dang ké giita cac mdi trudng. Mai truong N. oculata va S. platensis c6 vong phan
giai enzym cellulase cao nhat, véi duong kinh thu duge déu dat 20 mm, trong khi |.
galbana dat 19 mm. T4t ca cic moi truong tio ndy déu vuot troi hon so véi MPA
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(17 mm), cho thiy sy gia ting hoat tinh cellulase khi vi khuan dwgc nuéi trong céac
moi trudng tao.

V& kha ning khang khuan, ching P1 khi nuéi trong méi trudng 1. galbana c6
kha ning khang V. parahaemolyticus t6t nht, v6i duong kinh vong khang khudn
dat 7 mm, twong duong véi moi truong MPA (7 mm). Méi truong S. platensis cling
c6 kha ning khang khuan, nhung & mirc d6 thip hon (6 mm). Pang cha ¥, vi khuin
nudi trong moi trudong N. oculata khdng thé hién kha ning khang khuén.

Dua trén két qua di duoc trinh bay, moi truong tao N. oculata 13 méi truong
thich hop nhit cho sy phét trién cta ching P1 trong viéc kich thich hoat tinh
amylase va cellulase - hai loai enzym quan trong trong qua trinh tiéu hoa, trong khi
I. galbana lai hiéu qua hon trong viéc thic day hoat tinh Protease va kha ning
khéang V. parahaemolyticus.

¢ Hoat tinh sinh hoc cua chiing P2 trong moi truong MPA va cac méi truong tdo:

Anh hudng ciia méi truong MPA va cac mdi trudng tao gom: I. galbana, S.
platensis, N. oculata dén hoat tinh enzym ngoai bao (amylase, protease, cellulase)
va kha nang tc ché vi khuan V. parahaemolyticus ctia ching P2 duoc trinh bay
trong Bang 3.4 va Hinh 3.7.

Bang 3.4: Hoat tinh sinh hoc ctia chung P2 trong cdc moi truong

Mbi truong Puong kinh vong hoat tinh (D-d, mm)
Amylase |Protease | Cellulase | Khang khuin
MPA 11+10 | 18+10 14+1,0 9+1,0
I. galbana + PBS 71,0 9+1,0 11+1,0 -
N. oculata + PBS - 19+1,0 10+1,0 11+1,0
S. platensis + PBS 9+1,0 20+1,0 16+£1,0 16+£1,0

Hinh 3.7: Hoat tinh sinh hoc cta chiing P2 trong cac moi truong
(@) Amylase; (b) Protease; (c) Cellulase; (d) vong khang V. parahaemolyticus
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Két qua cho thiy, doi voi hoat tinh amylase, vi khuadn P2 nudi trong méi
truong S. platensis cho hoat tinh cao nhét, voi duong kinh vong phan giai tinh bot
dat 9 mm, cao hon so vdi |. galbana (7 mm) va gan bang véi méi truong MPA (11
mm). Ngoai ra, chiung P2 khi nudi trong moi truong tao N. oculata khdng c6 hoat
tinh sinh enzym amylase. V& hoat tinh protease, chung P2 nudi trong méi trudng S.
platensis tiép tuc cho két qua cao nhit v6i duong kinh vong phan giai casein dat 20
mm, vuot qua ca MPA (18 mm) va cac moi trudng khac. N. oculata ciing cho thiy
hoat tinh protease cao (19 mm), trong khi I. galbana c6 hoat tinh protease thip nhat
(9 mm). Hoat tinh enzym cellulase ctia chung P2 trong moi truong . galbana va N.
oculata trong dwong nhau, dat lan luot 11 mm va 10 mm, thip hon so v6i MPA (14
mm).

Chung P2 c6 kha ning e ché vi khuan gay bénh V. parahaemolyticus mot
cach vuot troi khi duge nudi trong moi treong S. platensis vai duong kinh vong
khang khuan dat 16 mm, cao hon dang ké so v&i moi truong MPA (9 mm) va N.
oculata (11 mm). Trong khi do, I. galbana khéng thé hién hoat tinh khang khuan.

Tir két qua nghién ctru, c6 thé két luan rang moi trudng chira S. platensis 1a
thich hop nhat dé tang cuong hoat tinh enzym ngoai bao (amylase, protease,
cellulase) va wrc ché V. parahaemolyticus cua vi khuan. Pay 1 méi truong duy nht
thé hién su vuot trdi ¢ cac chi tiéu so voi moi truong MPA va cac moi truong tao
khac. N. oculata ciing cho thay hiéu qua trong viéc cai thién hoat tinh protease tic
ché vi khuan gay bénh V. parahaemolyticus. I. galbana thé hién hoat tinh enzym
ngoai bao & murc trung binh va khong co hoat tinh khang khuan, cho thiy day khong
phai 13 loai tao pht hop dé nudi cay ching P2.

s Hoat tinh sinh hoc cua chung P3 trong moi truong MPA va cac moi truong tdao:

Nghién ctru vé hoat tinh sinh hoc cua chung P3 khi dugc nudi trong moi
truong MPA va cic moi truong tao khac nhau, két qua cho thidy méi truong S.
platensis 13 moi truong duy nhat kich thich su san sinh amylase, voi dudng kinh
vong phan giai tinh bt dat 5 mm. |. galbana va MPA c¢6 hoat tinh sinh enzym
protease xdp xi nhau (13 mm), cao hon so véi N. oculata va S. platensis c6 vong
phan giai dat 1an luot 13 7 mm va 9 mm. V& hoat tinh cellulase, N. oculata vuot troi
hon ca v6i dudng kinh vong hoat tinh dat 16 mm, cao hon dang ké so v&i cac moi
truong khac va MPA. Diéu nay cho thay N. oculata c6 tiém ning hd trg manh mé&
cho sy san sinh enzym nay. Kha ning khang khuan ciia vi khuan chi thé hién trong
hai méi truong MPA va S. platensis véi dudng kinh vong khang khuan thu duoc lan
luot 14 7 mm va 5 mm. Mai truong |. galbana va N. oculata khong thé hién kha
nang khang khuan. (Bang 3.5 va Hinh 3.8).
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Béang 3.5: Hoat tinh sinh hoc ctia chung P3 trong cdc moi truong

M0oi trwong Pwong kinh vong hoat tinh (D-d, mm)
Amylase |Protease | Cellulase | Khang khuén
MPA - 13+£1,0 12+1,0 7+10
I. galbana + PBS - 13+1,0 13+1,0 -
N. oculata + PBS - 7+10 16£1,0 -
S. platensis+ PBS 5+10 9+1,0 11+1,0 5+1,0

/,.. N .

Hinh 3.: Hoat tinh sinh h(_) cua chung P3 trong cac moi truong to
(a) Amylase; (b) Protease; (c) Cellulase; (d) vong khang V. parahaemolyticus

s Hoat tinh sinh hoc cua chung P4 trong moi truong MPA va cac maéi truong tdo:

Tir két qua thu duoc ¢ Bang 3.6 va Hinh 3.9 cho thay, S. platensis la moi
truong thich hop nhat voi hoat tinh sinh amylase va protease ctia vi khuan P4, dong
thoi cling c6 kha nang hd trg khang khuan. Cu thé, kich thudc vong phéan giai co
chat tinh bot, casein va CMC lan lugt 1 10, 21, 18 mm, cao hon so v&i khi chiing
sinh trudng trong moi truong MPA. Bén canh d6, moéi truong tao . galbana cling
cho thay hoat tinh sinh enzym ngoai bao tét twong dwong v6i méi truong tao S.
platensis va moi truong MPA, nhung kha ning (rc ché vi khuan gdy bénh V.
parahaemolyticus lai thip hon (7 mm). Khi nudi chung P4 trong tiao N. oculata,
khong thé hién kha nang khang khuan, dong thoi hoat tinh sinh cac enzym amylase

va cellulase kém hon cac moi truong con lai.

Bang 3.6: Hoat tinh sinh hoc ctia chung P4 trong cdc moi truong

Mbi trudng Puong kinh vong hoat tinh (D-d, mm)
Amylase | Protease | Cellulase | Khang khuin
MPA 9+1,0 20£1,0 18+1,0 9+1,0
I. galbana + PBS 9+1,0 20£1,0 19+1,0 71,0
N. oculata + PBS 5210 18+1,0 16+1,0 -
S. platensis+ PBS 10+£10 | 21+1,0 18+1,0 8+1,0




Hinh 3.9: Hoat tinh sinh hoc ctia ching P4 trong cac moi truong
(@) Amylase; (b) Protease; (c) Cellulase; (d) vong khang V. parahaemolyticus

Nhu vay, trong bén chiing vi khuan probiotic thir nghiém chi ¢6 ba chung P1,
P2 va P4 phu hop dé nhan nudi trong méi truong chira tao. Cac mdi trudng nay co
anh hudng tich cuc hay tiéu cuc dén kha ning sinh truong va hoat tinh sinh hoc cia
vi khudn nghién ctru con tiy thudc vao loai mdi trudng va chung vi sinh vat nudi
ciy. Cu thé:

- Ching P1 cho thiy tiém ning st dung tao I. galbana va N. occulata lam
moi truong dinh dudng;

- Chung P2 va P4 c6 hoat tinh sinh hoc tdt hon so véi ching P1 khi dugc
nudi ciy trong moi trudng chira tao. Trong do, ching P4 c6 kha ning str dung ca 3
loai moi1 truong tao thr nghiém, nhung ching P2 chi phu hgp nhén nudi trong mo1
trrong chira S. platensis hoac N. oculata.

Tao S. platensis thudng c6 gia thanh ré va dé thu hi sinh khdi hon so véi vi
tao |. galbana/ N. oculata — loai tio c6 kich thudc nho, san luong thap. Do vay khi
xét dén kha ning kich thich sinh trudng va chi phi st dung trong qua trinh san xuat,
chung t6i lwa chon tao S. platensis 1a phu hop dé thay thé moi truong MPA trong
nhan nudi 2 ching vi khuan P2 va P4 dé gitip tiét kiém chi phi va nang cao tinh kha
thi clia dé tai.

3.3. Pinh danh c4c chiing vi khuan lwa chen

Hai chung vi khuan ky hiéu P2 va P4 da dugc lya chon dé xac dinh vi tri
phan loai cua né bang gen 16S rRNA. DNA tong sé dugc tach tir chung P2 va P4 dé
nhan doan gen 16S rRNA bang cip mdi 27F/1492R, két qua 1a di khuéch dai duoc
doan gen 16S rRNA dac hiéu co kich thudc khoang 1500 bp. Trinh ty gen cta hai
chung P2 va P4 sau khi giai trinh ty dugc so sanh d6i chiéu véi dir liéu nguon gen
va phan tich bang BLAST trén GeneBank (NCBI), tir 46 xay dung cdy phat sinh
chung loai bang phan mém MEGAG6 (Hinh 3.10).
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P2 (PQ282535.1)

97

L Bacillus subtilis BSRNA5T (MZ_798377.1)

98

—— P4 (PQ057067.1)

99

98

— Bacillus sp. HX 0037 (OP 268575.1)

i ———————— Bacillus licheniformis ATCC 145807 (NR 074923.1)

—— Bacillus anthracis ATCC 145787 (NR 041248.1)

58

91

—— Bacillus cereus ATCC 145797 (NR 114582.1)

Panenibacilius abysssi SCSIO N0305T (NR 134782.1)

Citrobacter amalonaticus LMG 78737 (NR 118106.1)

Pseudomonas amygdali ATCC 336147 (NR 115609.1)

0.050

Hinh 3.10: Cay phat sinh loai cua chiing P2 va P4

Két qua phan tich va so sanh trinh tu 16S rRNA véi cic trinh ty gen cong bd
trén GenBank cho thiy, hai chung vi khuan P2 va P4 déu thudc chi Bacillus, chung
P2 ¢6 d6 twong dong 99,09% vai chung Bacillus subtilis BSRNAS (MZ_798377.1),
dit tén 1a Bacillus subtilis P2 va duoc dang ky trén ngin hang gen voi mi sb
PQ282535.1. Chung P4 twong dong 98,89% vai ching Bacillus sp. (OP_268575.1),
tam goi tén 1a Bacillus sp. P4 va duoc ding ky trén ngan hang gen véi ma sd
PQO057067.1.

Nhu vay, cic nghién ctru trén day di cho thidy mét sé chung vi khuan thudc
chi Bacillus c¢6 kha ning st dung tao 1am méi truong nudi cdy. Ca Bacillus va
Lactobacillus déu 1a nhitng probiotic dugc tmg dung rong rii trong NTTS gitup hd
tro tiéu hoa, ting cudng hé mién dich va ngin chin su phat trién cua cac vi khuan
¢6 hai cho vat nudi. Trong nghién ciru tiép theo, chiing toi s& tiép tuc danh gia dic
tinh sinh truong cua Lactobacillus khi dugc nudi cay trong cung diéu kién, nham
huéng dén ing dung da ching trong ché tao cac san pham sinh hoc phuc vu cho qua
trinh NTTS sau nay.

3.4. Panh gia dic tinh sinh hec caa chiing vi khuan L. acidophilus LB trong
moi treong MRS va méi trwong chira tao.

Hién nay, cac ché pham probiotic don chung hay da chung déu duoc nghién
ctru va sir dung rong rai, nhung cac ché pham da chung c6 thé hitu ich hon boi duoc
két hop gitta déc tinh sinh hoc cua cac chung riéng 1¢. Cac nghién ciru in vitro cho



36

thdy mot s6 ché pham probiotic da ching thé hién tac dung wrc ché cac mam bénh
dudng rudt tot hon so véi cac ché pham don chung. Nudi cdy da chung ché phim
sinh hoc Lactobacillus pentosus BD6, Lactobacillus fermentum LW2 va Bacillus
subtilis E20 ciing da cai thién strc khoe va san luong tang truong cua tom thé chan
tring (Litopenaeus vannamei) cao hon khi so voi ché phim sinh hoc don chung
[65]. Vi viy, trong nghién ctru ndy chung t6i cling ddng thoi tién hanh danh gia tac
dung c6 loi ciia moi trudong chura tao dén sinh trudng va hoat tinh sinh hoc cua
chung Lactobacillus acidophilus LB (sau day goi tat 1a ching LB). Thong qua day
c6 thé co thém dan liéu vé sy da dang cua cac chung vi khuan co loi khi duoc sinh
trudng trong moi trudng chira tao, dong thoi co thé dinh hudng tao ra ché pham
sinh hoc probiotic da chung dwoc 1én men trén nén sinh khéi tio. Néu nhu thanh
cong sé& tao ra duoc ché pham sinh hoc da ching bd sung vao thirc dn cho vat nudi,
vura phat huy dugc hoat tinh sinh enzym ngoai bao, cai thi¢n kha ndng st dung thuc
an tr cac chung B. subtilis P2 va Bacillus sp. P4, lai tao ra axit lactic giup tang
cudng su tc ché vi khuan gay bénh nhd ching L. acidophilus LB va san pham thu

dugc c6 chira thém ham luong axit béo PUFA can thiét cho vat nudi thuy san.

Vi khuan lactic thudng dugc nhan nudi trong méi trudng MRS ¢6 chira nhiéu
thanh phan dinh dudng. Trong mot s6 nghién ctru tham do, khi nudi LB trong moi
truong chira sinh khdi tao 1 va 2% khong lam kich thich sinh truong caa vi khuan,
diéu nay c6 thé duoc giai thich boi ham luong tao nay khong cung cip du cac chét
dinh dudng can thiét cho sy phét trién cua vi khudn (két qua khong thé hién & day).
Viy nén, ching toi tién hanh nhin nudi ching LB trong cic mdi truong chira tao S.
platensis, N. oculata hay I. galbana & cac nong do tir 3% dén 5% va so sanh véi
moi truong MRS. Tién hanh ldy mau dé kiém tra kha ning sinh truéng va sinh axit
lactic theo ngay bang phuong phap néu ¢ muc 2.3.5 va 2.3.9. Két qua thu duoc sau
5 ngay theo ddi dugce chi ra trong Bang 3.7.

Bang 3.7: Mat d6 vi khuan L. acidophilus trong méi trudng nudi cay bo sung céc
loai va nong d¢ sinh khdi tao kho khac nhau (Log CFU/mL)

Nong df \ \ \ \ \ \
) Ngay 0 Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5
tao (%)
Mat d9 vi khuan L. acidophilus LB trén MRS (Log CFU/mL)
0 509+023 |632+044 | 8,73+0,17 [10,26+0,41 | 10,57 +£1,16 | 8,39 £ 0,65
Mat dd vi khuén L. acidophilus LB trén I. galbana + PBS (Log CFU/mL)
3% 512+051 | 582+01 | 7,62+0,2 | 888+0,11 | 9,73+0.41 | 8,03+0,58
3.5% 534+087 | 645+01 | 794+06 | 9554+0,83 | 9,99+0,55 | 8,45+ 1,66
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4% 584+098 |669+050 | 813+154 | 925+0,71 | 9,93+0,37 | 7,99 +0,64
5% 592+0,29 | 6,15+0,72 | 835+0,04 | 993+09 |10,13+£0,73 | 8,98+0,40
Mat d6 vi khuan L. acidophilus LB trén N. oculata + PBS (Log CFU/mL)
3% 516+064 | 656+1,1 | 7,92+0,46 | 8,05+0,23 | 8,76+0,1 | 7,39+0,08
3.5% 522+0,63 |681+090 | 7,03+0,89 | 893+1,11 | 8,68+0,02 | 8,90+ 1,53
4% 556+0,39 |645+098 | 6,78+153 | 856+0,72 | 9,64+0,03 | 9,02+0,75
5% 575+0,09 |689+055 | 7,77+094 | 920+0,84 | 9,37+0,09 | 8,72+0,14
Mat dé vi khuén L. acidophilus LB trén S. platensis + PBS (Log CFU/mL)
3% 569+049 |702+0,01 | 917+0,45 |10,42+0,39 |10,82+0,38 | 9,01 +0,68
3.5% 538+054 |7,05+0,09 | 967+0,12 |10,45+0,11 | 10,49 +0,37 10,13 £ 0,49
4% 588+0,62 |873+1,12 | 940+0,69 | 9,66+0,78 | 11,16 £0,28 | 10,21 + 0,44
5% 559+043 |9,00+£0,45 | 958+0,42 |10,26 +0,49 | 11,00 £0,73 | 10,78 £ 0,46

Trong méi trudong MRS, mat do vi khuan ting déu dan va dat cao nhat vao
ngay tha 4 (10,57 Log CFU/mL), sau d6 giam dan vao ngay thi 5 (8,39 Log
CFU/mL). Trong cac mdi trudong chira tdo, vi khuan LB c6 xu hudng phét trién
manh mé& hon. Pic biét, méi trudng chira S. platensis cho thiy anh hudng tich cuc
dén sy phat trién cta L. acidophilus cao hon so véi cac méi truong bd sung tao |.
galbana va N. oculata. Khi S. platensis dugc bo sung ¢ néng d6 3% cho mat do vi
khuan LB dat 10,82 Log CFU/mL tuong duong véi khi dugc nuéi trong méi trudng
MRS vao ngay thir 4. Gia tri mat do nay 1én dén 11 Log CFU/mL khi ting nong do
tao 1én 5%.

Rezvani va cong sy luu y rang cac giai doan ting trudng ciia Lactobacillus
c6 thé khac nhau tuy thudc vao mdi ching [66]. Thong thuong, cac chung
Lactobacillus thuong dugc nudi cay trong 2 ngay, tuy nhién trong nghién ctru cia
chung t6i nong d6 vi khuan LB ban dau dua vao & muc thap (~5 Log CFU/mL) do
vay thoi gian nudi vi khuan can kéo dai 1én 4 ngay dé dat duoc mat do 10,82 Log
CFU/mL.

% Hoat tinh sinh axit lactic ciia chiing L. acidophilus LB trong méi truwong MRS
va cdc moi truwong chira tao.

Bén canh gia tri mat do té bao, su thay ddi ham lugng axit lactic sinh ra trong
moi truong theo thoi gian thi nghiém cling dugc kiém tra. Két qua thu duoc cho
thay khi nudi cdy trong méi truong |. galbana + PBS, vi khuan L. acidophilus LB
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khong c6 kha ning sinh axit lactic. Trong khi, ndng d¢ axit lactic do duoc & moi
treong N. oculata va S. platensis dat cao nhat lan luot 13 2,91 va 6,85 mg/mL sau 4

ngay. Két qua nay thap hon so v6i khi nudi trong moéi trudng MRS (17,5 mg/mL).

Ngoai ra, khong c6 thay ddi dang ké nao vé& ndng do axit lactic dugc quan sat thiy

khi ting nong do sinh khéi tao (Bang 3.8). Di véi vi khuén lactic, can c6 thanh

phan duong trong moi truong dé vi khuan c6 thé chuyén héa tao thanh axit lactic.

Vi vay khi 1én men vi khuén L. acidophilus LB trong mdi truong tao khong bd sung

bat ky ngudn dudng nao cé thé 1a nguyén nhan lam giam ham lugng axit lactic tao
thanh so v&i moi truong MRS (chira 20 g/L glucose).

Béng 3.8: Ham lugng axit lactic tao thanh cua L. acidophilus LB trong moi trudong

nudi ciy bd sung cac loai va ndng do sinh khdi tao kho khac nhau (mg/mL)

Nong dé tao

(%) Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5
Ham lwong axit lactic trén méi treong MRS (mg/mL)
0 12,60+ 0,47 | 14,40+ 0,94 | 14,81 +0,84 | 17,53 + 0,13 | 12,60 + 0,60
Ham lwong axit lactic trén méi trwong |. galbana + PBS (mg/mL)
Ham lwgng axit lactic trén moi trweong N. oculata + PBS (mg/mL)
3% - - 1,02+0,24 | 254+0,51 | 2,32+0,02
3.5% - - 0,98+0,83 | 291+0,59 | 2,88+0,33
4% - - 0,75+0,26 2910 2,45+0,2
5% - - 1,22 + 0,61 2910 2,72+0,84
Ham lwgng axit lactic trén méi trwong S. platensis + PBS (mg/mL)
3% 296+1,05 | 332+0,40 | 3,86+0,63 | 426+0,19 | 3,78+ 1,46
3.5% 254+096 | 287+065 | 3,05+0,85 | 3,48+1,89 | 3,38+1,16
4% 260+0,34 | 303+135 | 3,62+0,64 | 420+1,36 | 3,86+0,95
5% 295+0,89 | 3,79+0,17 | 513+1,36 | 685+0,20 | 6,06 + 1,23

% Anh hwéng cia viéc bé sung nguén cachon vao méi trwong chiva sinh khéi tio

Trong thi nghiém tiép theo, 4 loai duong gém fructose, glucose, saccharose

va mat ri duong (2 g/L) da duoc thir nghiém bd sung vao méi truong chira 3% céc

loai tao thir nghiém dé danh gia anh huong cta chiing dén ham luong axit lactic tao
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thanh boi chung L. acidophilus LB. Két qua tai Hinh 3.11. cho thdy cac ngudn
duong thir nghiém khi két hop cing sinh khéi tao S. platensis 3% cho két qua kha
quan vé& ham lugng axit lactic tao thanh. Cu thé, khi bd sung 2 g/L glucose, luong
axit lactic tao thanh ¢ méi trudng tao nay di ting cao dang ké, dat dén 18,24
mg/mL. Gia tri ndy khong khac biét nhidu so voi ham luwong axit tao thanh trong
moéi truong MRS, dat 19,13 mg/mL. Trong khi dé, viéc bd sung ngudn cacbon 1a
mat ri dudng va saccharose khong 1am ting kha ning sinh téng hop axit lactic, ham
luong axit lactic thu duoc dat 1an luot 13 13,52 mg/mL va 16,45 mg/mL. Bon loai
duong thir nghiém khi két hop vai cac loai tao khac nhu I. galbana hay N. oculata
khong phai 1a méi trudng phii hop dé chung L. acidophilus LB sinh ra axit lactic.

Ham lugng axit lactic tao thanh chi dao dong tur 2,5 dén 10 mg/mL.

25
O Khéng Cacbon
O Fructose

20 1 m Glucose
0O Saccharose

mMat ri dwdng

=
o

Ham lwong axit lactic (mg/mL)
|_\
(&) (6]

0 ]

MRS S.platensis N.oculata l.galbana
Moi trwéng tao

Hinh 3. 11: Anh hudng ctia ngudn dudng bd sung dén ham luong axit lactic tao

thanh trong cac méi trudng chira sinh khdi tao

Tom lai, qua qua trinh khao sat chiing t6i da lya chon dugc 3 chung vi khuan
gom Bacillus subtilis P2, Bacillus sp. P4 va Lactobacillus acidophilus LB c6 kha
nang si dung sinh khéi tao S. platensis dé hd trg sinh truong dong thoi van giir
dugc hoat tinh probiotic vén c6 ciia ching khi nudi ciy trong mdi truong truyén
thong nhu MPA hay MRS. Qua c4c nghién ciru nay, da chimg minh duoc kha ning
s dung nguon tiao nhu mot mdi trudng nudi vi khuan dé thay thé cho cac moi
truong co ban dién hinh trong phong thi nghiém. Tuy nhién, nhu cau dinh dudng
ctia mdi loai vi khuan c6 thé din dén su khac biét vé nong do tio can bd sung cho
moi trudng. Dbi véi 2 chiing vi khuan thudce chi Bacillus 1a Bacillus subtilis P2 va
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Bacillus sp. P4, ndng do sinh khéi tao S. platensis bo sung trong mdi trudng 1a 1%
trong khi d6, ching vi khuan thudc chi Lactobacillus can sir dung moi trudng chira
3% sinh khdi tao S. platensis + 2% glucose. T cac két qua thu duoc néu trén, dé
tiép tuc tién hanh sir dung da chung vi khuan c6 loi cho dinh huéng nghién ctu tao
ché pham sinh hoc s& can phai c6 cac nghién ctru chuyén sau hon vé kha ning song
sot trong diéu kién cuc tri dé co thé sir dung san phiam tao thanh trong cac diéu kién
thue té. Vi vy nghién ctru vé kha ning ton tai cta 3 chung vi khudn liwa chon trong

c4c diéu kién nhiét 4, pH va nong do mudi khac nhau di duoc tién hanh.

3.5. Panh gia kha ning chiu dwng caa vi khuan c6 lgi lwa chon khi sinh truéng
trong méi truwong chira tao & mot so diéu kién cwc tri (@ man, nhiét do, pH)

3.5.1. Anh hwéng ciia néng dé mugi

Cac néng dd mudi khac nhau (0; 1,5; 2; 3 va 4%) da duoc bd sung vao moi
truong tao S. platensis 1% va moi truong MPA dé danh gia kha ning chiu min cua
2 ching P2 va P4. Két qua cho thay, tir ndng d6 0 — 1,5%, mat do vi khuan & ca 2
moi truong thi nghiém xdp xi nhau, trong khoang 10,2 dén 10,4 Log CFU/mL,
nhung khi ndng d6 mudi ting 1én 4% NaCl da lam giam kha ning sdng sot cia hai
chung P2 va P4 nubi trong méi truong MPA. Mat do vi khuan & diéu kién nay chi
dat 8,5 Log CFU/mL & chung P2 va 8,2 Log CFU/mL & ching P4, thip hon so véi
khi vi khuan dugc nudi trong moi trudng chira tao dat ~10 Log CFU/mL. Theo
nghién ctu cuia M. Ghoul va cong sy vé tao bién cho thdy cac polysaccharides c6
trong tao nhu alginate, carrageenan, agar... vira ¢6 tac dung lam ngudn dinh dudng
cho Escherichia coli ciing nhu bao vé vi khuan trong mét s6 didu kién khac nghiét [67].
Do vay, ddy cling co thé 13 nguyén nhan khién cho cac ching vi khuan P2 va P4 c6 kha

nang sinh truéng tot hon trong didu kién d6 man cao khi nudi trong méi truong chira

tao.
- 14
TEllz BMPA ES.platensis - EMPA ®ES.platensis
5 5 12
w10 5
Q 2 10
S8 3 g
c [ =
S 6 S 6
K- £
4 -
.; 4 .; 4
:g. :-g.
= 2 = 2
= =
0 0
0% 1% 1,5% 2% 3% 4% % 1.5% 204 % 4%
P2 Néng dé NaCl (%) pa 0% 5% O NS 46 NaCl (%)

Hinh 3.12: Anh huong ciia nong d6 NaCl dén céac ching thudc chi Bacillus
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Anh huong coa cac ndng d6 NaCl khac nhau (0; 1,5; 2; 3 va 4%) dén sinh
truong cua chung L. acidophilus LB trong moi truong tao cling dugc so sanh vai khi
nudi trong mdi truong MRS duge bo sung cac ndng dé mudi nhu trén. Két qua trinh bay
trong Hinh 3.13 chi ra, trong méi trudng nudi cdy c6 bd sung S. platensis 3% va NaCl
1,5%, mat do vi khuan dat cao nhit 12,31 Log CFU/mL, cao hon khoang 1,5 14n so véi
moi truong MRS chira NaCl 1,5%. S. platensis con ¢6 kha nang bao vé L. acidophilus
LB ngay ca khi ¢ ndng d6 mudi ting 1én 4%, tai diéu kién nay chung LB van dat mat do
twrong dwong voi moi truong khong bd sung mudi.

[y
=

BMRS mS.platensis

T

0% 1,5% 2% 3% 4%
Néng dd NaCl (%)

= =
o N

Mat d6 vi khuan (logCFU/mL)
-]

Hinh 3.13: Anh huong cta cic nong d6 NaCl dén sinh trudng cia chung
L. acidophilus LB

3.5.2. Anh hwéng ciia séc nhigt

Mat d vi khuan cta 2 chung thudc chi Bacillus ¢ nhiét d6 ban dau (35 °C)
va khi tién hanh séc nhiét & 40 °C & mdi trudng tio va mdi truong MPA c6 kha
nang sinh truéng gan nhu twong dwong, mat d6 vi khuan nam trong khoang 10 Log
CFU/mL. Khi nghién ctru dén anh huong cua nhiét do thi nhin chung, cac thang
nhiét do cao c6 thé gdy anh huéng dén kha ning sinh truong ciia vi khuan nhung
khong giy chét hoan toan do Bacillus 1a mot loai vi khuan Gram duong c6 kha ning
song sot trong moi truong bat loi thong qua qua trinh hinh thanh bao tr [68].
Nhung khi nhiét do ting 1én dén 45°C, mat d6 vi khuan ¢ giam nhe, tuy nhién méi
truong tao van ¢ sd lugng vi khuan séng sot cao hon so v6i méi truong MPA
(duoc coi la moi trudng DC). Bén 50 °C, vi khuan nudi trong mdi truong BC da bi
trc ché sinh truong, mat do vi khuan giam xudng chi con 6,75 Log CFU/mL, nhung
& moi trudng tao chung P2 van duy tri mat d6 1a 7,69 Log CFU/mL. Tuong tu,
chung P4 khi séc nhiét & 50 °C, mat do vi khuan ciing dat 7,93 Log CFU/mL khi
nudi trong moi truong tao, con moi trudng MPA mét do di giam xudng con 5,72
Log CFU/mL (Hinh 3.14).
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Hinh 3.14: Anh huong cua sc nhiét dén sinh trudng cia cac ching
thudc chi Bacillus
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Hinh 3.15: Anh hudng cua sbc nhiét dén sinh truong cua vi khuan
L.acidophilus LB

Két qua tir Hinh 3.15 cho thiy L. acidophilus LB c¢6 kha ning séng sot tot
sau khi chju sbc nhiét & 40 °C, ty 1€ séng cta vi khuan van dat trén 99% trong ca
moi trudng MRS va mdi trudng cé bd sung 3% S. platensis. Nhung khi sdc nhiét ¢
45 °C da c6 su thay d6i, mat do vi khuan sdng sot cua L. acidophilus LB trong moi
truong MRS giam xudng con 8,93 Log CFU/mL, trong khi & méi trudng c6 bd sung
S. platensis, s6 luong té bao van 6n dinh & mac 9,68 Log CFU/mL. Bén khi tién
hanh sbc nhiét & nhiét do 50 °C, mat d6 vi khuan trong moi truong MRS gidm manh
con 1,26 Log CFU/mL, con trong mdi trudng chira S. platensis, mic du ty 1& song
s6t cua LB giam xudng nhung sb lugng té bao song van dat 5,72 Log CFU/mL.

Nhu vy, cic chung vi khuan B. subtilis P2, Bacillus sp. P4 va L.
acidophilus LB c¢6 kha nang chiu séc¢ nhiét tét & cac nhiét do thir nghiém khi dugc
nudi trong mdi truong chira sinh khéi tao S. platensis. Khi soc nhiét & 50 °C, co thé
chung L. acidophilus LB khong c6 kha ning sinh bao tir nén mat do vi khuan cia

giam manh hon so v6i 2 chung Bacillus - 1a cac chung c6 kha nang sinh bao tur.



43

3.5.3. Anh hwoéng ciia pH

Céac ching vi khudn nghién ctru chi thé hién dugc hoat tinh probiotic cua
ching néu co thé chiu dugc pH axit trong dudng tiéu hoa vat nudi. Trude khi dén
duong rudt, vi khuan phai ton tai trong moi truong axit cua da day khoang 3 gid,
thong thuong pH trong da day khac nhau & mdi loai vat nudi va dao dong trong
khoang tir 2,0 - 4,0 [69]. Dé danh gia anh hudng cua pH 1én kha ning ton tai cua 3
chung vi khuan lua chon, dich nudi 3 chung vi khuan B. subtilis P2, Bacillus sp. P4
va L. acidophilus LB trong moéi truong tao va moi truong MPA hay MRS duoc ly
tam thu sinh khéi, sau d6 bd sung vao méi truong cd cac gia tri pH khac nhau (1, 2
hoic 3) va duogc theo ddi su thay ddi mat d6 vi khuén trong 3 gio. Két qua duogc chi
ra & Bang 3.9; 3.10 va 3.11 cho théy lg1 ich cua viéc st dung moi truong tao dugc
biéu hién 16 rét, vi khuan khi duoc nuéi trong moi truong chtra sinh khdi tao duoc
bao vé & cac moi trudng pH axit rat thip. Sau 3 gio thir nghiém, mat do vi khuan
chung P2 & pH=2 va pH=1 van dat lan luot 12 6,58 va 4,92 Log CFU/mL, trong khi
& moi trudng MPA cua cac pH twong tmg vi khuan gan nhu bi tc ché hoan toan,

Két qua twong tu ciing thu dugce ¢ chung Bacillus sp. P4, khi pH méi truong
giam xudng pH1 - pH2 va thoi gian tiép xuc kéo dai da lam giam kha ning song sot
ctia vi khudn, tai cac diéu kién pH nay vi khuan nudi trong moi truong MPA khong
c6 kha nang song sot, trong khi d6 vi khuan khi duoc nudi trong moi trudng tao mat
d6 vi khuan dat 1an luot 14 4,96 va 6,58 Log CFU/mL.

Bang 3.9: Anh hudng ciia pH dén sinh truong ciia B. subtilis P2

B. subtilis P2 trong mdi truong MPA B. subtilis P2 trong méi ct)rlr(‘)’ng chira S. platensis
pH7 pH 3 pH 2 pH1 pH7 pH 3(1/0) pH 2 pH1
Oh 9,78 £0,35 9,13 £ 0,27
1h | 10,02+156 | 801+0,1 |419+132 | 1,34+0,2 | 9,86+0,64 |887+1,22|8,05+0,11 | 7,01+1,09
2h | 10,49+1,11 | 756 +0,21 | 3,84+ 1,17 - 955+1,43 |862+0,43 |7,76+0,43 | 568+ 1,28
3h | 10,77 +1,09 | 6,85+ 0,46 | 2,52 + 0,65 - 10,81+ 1,78 | 7,95+0,28 | 6,58+ 0,25 | 4,92 + 0,67
Bang 3. 10: Anh hudng cta pH dén sinh trudng cua Bacillus sp. P4
Bacillus sp. P4 trong mdi trweong MPA Bacillus sp. P4 trong méi trwong chira S. platensis
[0)
pH7 pH 3 pH 2 pH 1 pH 7 pH3(1A)) pH 2 pH 1
Oh 10,04 + 0,52 9,88+0,32
1h {10,25+1,72 | 9,61+0,15 | 459+0,37 | 1,15+0,5 | 9,97+043 | 9,17+0,31 | 7,07+0,63 | 6,56 + 0,11
2h | 10,43+1,03 | 8,82+0,45 | 3,36 £0,29 - 10,19+1,02 | 892+1,45 | 6,90+0,51 | 5,52+ 0,21
3h | 10,67+1,85 | 7,71+0,52 | 2,22+ 0,16 - 10,54 +0,78 | 8,93+0,26 | 6,58+ 0,29 | 4,96 + 0,09




Bang 3.11. Anh hudng ctia pH dén kha ning ton tai cua L. acidophilus LB
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L. acidophilus LB trong méi trwrong MRS L. acidophilus LB trong mdi truong chira S.
platensis (3%0)
pH7 pH3 pH 2 pH 1 pH7 pH 3 pH 2 pH1
Oh 8,20+0,5 8,00+ 0,32
1h | 820+149 |810+0,11|238+058 | 1,34+1,28 | 837+045 | 7,80+1,38 | 3,50+0,72 | 3,26 + 0,35
2h | 829+216 |2,30+3,99 | 1,60+ 1,40 - 835+1,02 |849+151|441+£0,28 | 2,72+1,05
3h | 8,42+£230 |223+1,07|0,83+143 - 8,24+158 | 7,13+1,84 | 3,85+0,65 | 2,45+0,32

Doi véi chang L. acidophilus LB, két qua khao sat anh huong cua pH dén
kha ning sdng cta chiing duogc trinh bay trong Bang 3.11. O mac pH thip nhét 13
pH 1, LB khong thé song sot trong méi truong MRS sau 2 gio xir 1y. Nguoc lai, khi
vi khuan dugc nudi trong méi trudng tao S. platensis, mat do vi khuan van duy tri &
mirc 2,45 Log CFU/mL ngay ca sau 3 gio xu 1y. O pH 2, kha niang song cao hon
cling dugc quan sat thay trong méi trudng tao, dat 3,85 Log CFU/mL sau 3 gid.
Mic du s6 luong vi khuan trong hai méi truong & pH 3 1a twong tu nhau sau 1 gid
xur Iy, nhung mat do vi khuan trong méi truong MRS di giam dang ké khi thoi gian
thir nghiém tang 1én 2 va 3 gid. Trong khi d6, kha ning song sot cua L. acidophilus
LB trong mdi truong S. platensis van 6n dinh & 7,13 Log CFU/mL ngay ca sau 3
gio xur ly.

Céc két qua nay cho thdy, viéc sir dung S. platensis 1am nguén dinh dudng
chinh trong méi trudng nudi cay cua cac chang vi khuan nghién ctu B. subtilis P2,
Bacillus sp. P4 va L. acidophilus LB c6 tac dung bao vé chung trong cac diéu kién
khic nghiét nhu ndng d6 mudi cao 4%, pH thap tir 1 -2 trong 3 gid hay sdc nhiét &
50 °C. Trong khi & nhiing diéu kién nay kha niang séng sot cua vi khuan di bi anh
huong nhiéu néu nudi trong moi truong MPA hay MRS. Két qua tuong tu ciing
dugc thiy & nghién ctru ciia Sylwia va cong su khi st dung tao Chlorella vulgaris
gitip tang kha ning sdng sot ciia cac chung Lactobacillus spp. & pH 2.5 [61].

3.6. Panh gia kha niang st dung prebiotic tir tao S. platensis

Prebiotic 13 chit xo sinh hoc duoc 1én men béi hé vi sinh vat duong rudt cua
vat chu, giup kich thich su phat trién, cai thién hoat dong va sy khoe manh cta vat
chu. Sinh khdi tdo ciing duge chimg minh c6 chira thanh phan prebiotic, vi vy né
c6 thé déng vai tro kich thich sinh truong cta vi khuan khi bo sung vao méi truong
[47].
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3.6.1. Xdc dinh chi sé prebiotic

Trong nghién ctru ndy, chi sd prebiotic cua tao S. platensis dwgc xac dinh
bang cach nudi 3 ching vi khuan lya chon gdm P2, P4 va LB, thu sinh khéi rira va
hoa tan lai bang nudc cat khir tring trude khi duge chuyén riéng & vao moéi trudng
MT1 (mdi truong co ban + Glucose 1%) va MT2 (moi truong co ban + S. platensis
1%) voi ty 18 10% va nudi lic & 35°C. Kha ning sinh trudng cua cac vi khuan lya
chon sau 24 gid nudi duoc xac dinh théng qua mat do té bao va dugc sir dung dé
tinh toan chi sb prebiotic.

Theo Palframan va cong su, chi s6 prebiotic 16n hon 1 tic la ngudn prebiotic
st dung c6 tdc dung kich thich sy sinh truéng cua probiotic. Trai lai, chi sb
prebiotic ¢ gia tri nho hon 1 thé hién ngudn prebiotic nghién ctru khong cé tac
dong 1 rét dén sinh trudng cua probiotic [46]. Két qua thé hién ¢ Hinh 3.16. cho
biét, tao S. platensis dat gia tri Ipren 12 3,15 d6i voi chung P2; 3,57 d6i vé6i chung P4
va 3,68 d6i voi ching LB. Két qua nghién ciru ciia Pang Thu Huong va cong su khi
danh gia hoat tinh prebiotic chiét xuat tir cac loai hat trai cay ciing cho thay chat xo
trong hat nhan cé chi sb prebiotic dat 3,38 ddi véi ching Lactobacillus casei PK2
[70]. Nhu vay, dua trén két qua thi nghiém c6 thé két luan rang chat xo ¢ trong tao
S. platensis co tac dung kich thich dén su sinh trudng cua cac chung vi khuan P2,
P4 va LB nghién ctru. Hay noi cach khac, cac chung vi khuan nghién ctu co thé da
st dung prebiotic c6 trong tao cho su sinh truedng cua chang.

biotic (1)

X

i SO pre

>

Ch

P2 P4 LB

Hinh 3.16: Chi s6 prebiotic ctia vi khuan nghién ciru sinh trudng trong moi trudng
tao S. platensis
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3.6.2. Xdc dinh chi sé hoat déng prebiotic

Bén canh chi s prebiotic, diém hoat dong prebiotic (Apreb) ctia cac vi khuan
nghién ctru ciing duge tinh toan dé khang dinh thém kha ning st dung prebiotic
trong tao S. platensis. Chi s6 hoat dong prebiotic (Apreb) cua tao S. platensis dugc
xac dinh va thé hién thong qua két qua & Hinh 3.17. Cac gid tri Apren dat dugc 12
0,37; 0,42 va 0,56 tuong rng vai chung P2; P4 va LB.

Huebner va cong sy nhan dinh riang, néu chi sb Apren ctia mot prebiotic c6 gia
tr1 am thi sy sinh trudng ctia probiotic thir nghiém trén moi truong chira prebiotic 1a
thap hon so véi ddi chimg (glucose) va dong thoi voi do, sy phat trién cta probiotic
kém hon so véi vi khuan gay bénh thir nghiém (vi du nhu V. parahaemolyticus)
[62]. Vi vay, trong nghién ciru hién tai, két qua Apreb thu nhan dugc déu cé gia tri
duong, diéu nay da chimg minh ring prebiotic tir tao S. platensis c6 tac dung tich

cuc dén sinh truong ciia 3 chung probiotic nghién cuu.
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Chi sé hoat dong Prebitoic (Apreb)

P2 P4 LB

Hinh 3.17: Chi s6 hoat dong prebiotic cua vi khuan nghién ciru sinh truéng trong
moi truong chira tao S. platensis

3.7. Ham lwong axit béo cia sinh khai tdo sau khi 1én men véi L. acidophilus LB

Trong nghién ciru nay viéc sir dung sinh khdi tao thay cho cac thanh phan
moi trudng truyén thong dé nhan nudi vi khuan probiotic khong chi nham myc dich
tao ra dugc san phém c6 mat do cac chung vi khuén c6 loi cung cac hoat chét sinh
hoc ciia chiing ma con chira cac hgp chat axit béo khong no da ndi doi c6 trong sinh
khéi tao, cac axit béo nay rat hiém va kho tong hop trong phong thi nghiém. Téc gia
Hoseinifar va cong su cho thay c6 mot ti 1¢ phu hop ctia PUFA trong khau phan an,
dic biét 1a cic omega-3 va omga-6 c6 thé ting cuong kha niang mién dich khong

dac hiéu, giup cai thién hi¢u suat tang truong khi so sanh véi cac ché do thiic an
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khac cua tom thé chan tring [71]. Tuy nhién ham luong axit béo chira trong sinh
khéi tdo ndy c6 bi anh huéng trong qua trinh 1én men véi vi khuan hay khong la
mot van dé can tim hiéu. Do viy, trong nghién ctru nay budc dau tién hanh khao sat
thanh phan axit béo trong hdn hop 1én men giita vi khuan L. acidophilus LB va sinh
khéi tao dé so sanh voi ham luong axit béo ¢ sn trong méi trudng tao ban dau.

Phén tich sic ky khi (GC) da dugc thuc hién dé so sanh ham lugng axit béo
ctia ba mau, bao gdm sinh khdi L. acidophilus LB nuéi cdy trong méi truong MRS,
sinh khéi S. platensis va hon hop 1én men cua L. acidophilus LB véi sinh khéi S.
platensis. Két qua trinh bay trong Bang 3.12. cho thay su khac biét dang ké vé thanh
phan axit béo gitta hdn hop 1én men cua L. acidophilus LB trong méi truong MRS
va trong méi trudng chira tdo. Mau nudi cdy trong moi truong MRS chu yéu chira
cac axit béo bao hoa, nhu axit decanoic (C10:0), hexadecanoic (C16:0) va
eicosanoic (C20:0), chiém 97,48% tong ham lugng axit béo. Tuy nhién, khi 1én men
trong mdi truong chira tao, ham luong axit decanoic giam dang ké tir 83,93% xudng
con 40,71%. Trong khi d6, axit hexadecenoic (C16:1n-7) khong c6 mit trong mau
MRS hay sinh khéi tao, nhung lai dugc phat hién véi luong déang ké, chiém 12,53%
TFA trong hdn hop 1én men vi khuan va tao. Piéu nay cho thay vi khuan nay c6 thé
kich hoat qué trinh chuyén hoa hop chéat no C16:0 thanh dang khéng no (khdng b&o
hoa) trong qué trinh 1én men véi sinh khéi téo.

Ngoai ra, viéc nudi cdy L. acidophilus LB trong méi truong chira S. platensis
cling lam ting dang ké luong axit linoleic (C18:2n-6, omega-6) trong sinh khéi tao
lén 1,62 lan, tir 22,76 % dén 36,29 % TFA. Hon nita, cac axit béo khac bao gom
axit pentadecanoic (C15:2n-6), axit heptadecadiene (C17:2n-6), axit octadecenoic
(C18:1n-9) va axit eicosanoic (C20:0) c6 thé da trai qua qué trinh chuyén d6i sang
cac dang khéac, dan dén su giam hodc khong con trong mau 1én men vi khuin/tao.
Nhiing thay doi nay di lam ting dang ké ham lugng axit béo khong no da néi doi
(PUFAS) 1én 48,82 % TFA, cao hon lan lugt 1,39 va 22.5 1an so v&i mau nudi cay
trong moi truong MRS va sinh khéi tio ban dau.

Bang 3. 12: Thanh phan axit béo (% trén TFA) trong hdn hop 1én men cua L.

acidophilus LB va S. platensis

L. Hon hop 1én men ciia
acidophilus | Sinh khéi S. | L. acidophilus LB trong
Loai axit béo Tén thwong goi . ) . . )
) sinh truéng platensis mdi trudong tdo S.
trong MRS platensis
PUFASs (% TFA) 2,16 £052 | 3514+1.31 48,82+ 0,72
C15:2n-6 Pentadecanoic acid - 10,86 + 0,19 -
C16:1n-7 Hexadecenoic acid Omega-7 - - 12,53 £ 0,69
C17:2n-6 Heptadecadiene acid - 1,52 +£0,46
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C18:1n-9 Octadecenoic acid Omega-9 2,16 £ 0,52 - -
C18:2n-6 All cis-9, 12-

octadecadienoic acid Omega-6 - 22,76 £ 0,67 36,29 + 0,03
SFAs (% TFA) 97,48+0,34 | 64,84+ 1,86 51,16 + 3,47
C10:0 Decanoic acid Capric acid 83,93+0,22 | 58,33+0,48 40,71+ 0,21
C15:0 Pentadecanoic acid Pentadecylic acid - - 6,46 + 1,35
C16:0 Hexadecanoic acid 9,63+0,25 - -

C18: 0 Octadecanoic acid Steatic acid - 2,78 +0,78 2,06 £ 0,69
C20:0 Eicosanoic acid 3,92+0,15 - -
C24:0 Tetracosanoic acid Lignoceric acid - 3,73+0,60 1,93+1,50



https://en.wikipedia.org/wiki/Pentadecylic_acid
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KET LUAN VA KIEN NGHI
< KET LUAN

1. Sang loc dwgc 03 ching vi khuén tir bd ching gidng ciia phong CNSH Tai tao
moi trudng: B. subtilis P2 va Bacillus sp. P4 c¢6 hoat tinh enzyme tiéu hoa va e ché
V. parahaemolyticus; L. acidophilus LB sinh axit lactic.

2. B chon duoc tao S. platensis 1am moéi trudng thich hop thay thé cho MPA/MRS,
giup B. subtilis P2 va Bacillus sp. P4 dat mat do > 9,2 Log CFU/mL, duong kinh
phan giai amylase (8—10 mm), protease, cellulase (18-21 mm) va wc ché V.
parahaemolyticus (~ 9mm); L. acidophilus LB dat 10,57 Log CFU/mL va tao 18,24
mg/mL axit lactic khi bé sung 2 g/L glucose.

3. Ba chung vi khuan lya chon khi nudi trong S. platensis gitp ting kha ning song
s6t trong diéu kién cyec tri: nhiét do 50°C, pH (1 - 3), NaCl 4% so v&i khi nudi trong
moi trudng truyén théng MPA/MRS.

4. S. platensis con 1a ngudn prebiotic cho sinh trudong cua vi khuan duoc thé hién
thong qua chi s6 prebiotic (Ipreb) cua B. subtilis P2, Bacillus sp. P4, va L.
acidophilus LB 1an luot dat 3,15; 3,57; 3,68 va chi s6 hoat dong prebiotic (Apreb)
dat 0,37; 0,42; 0,56 tuwong rng.

5. L&n men L. acidophilus LB trong 3% S. platensis tang ham lugng axit béo khong

no da ndi do6i (PUFAs) 1én 48,82% TFA, cao hon so voi khi nuéi trong méi trudng
MRS va v6i sinh khéi tdo ban dau, dong thoi van gitt duoc hop chit @ 6, @ 7.

< KIEN NGHI
Tiép tuc nghién ctru t6i wu cac moi trudng ciing nhu diéu kién phu hop cho

su két hop da chung gitra Bacillus va Lactobacillus cho dinh huéng tao ché pham
sinh hoc b6 sung vao thire an cho vat nuoi.
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PHU LUC
Trinh ty 16S rRNA cua ching vi khuan P2:

TGCTATACATGCAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTT
AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGG
GATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTGAACCGCA
TGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCG
CGGCGCATTAGCTAGGTGGTGAGGAAACGGCTCACCAAGGAAAAGATG
CGTAGCCGACCTGAGAAGGGTGATCGGCCACCACTGG
GACTGAGAAACCGGCCCAGACTCCTTACGGGAGGCAGCAGTAGGGAAT
CTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATG
AAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGT
TCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGA
ATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAA
AGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTGAGT
GCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAG
ATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGAC
GCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTA
GTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCT
TAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGC
AAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAG
CATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACA
TCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGAC
AGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAG
TCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGG
CACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGAC
GTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATG
GACAGAACAAAGGGCACCGAAACCGCGAGGTTAAGCCAATCCCACAAA
TCTGTTCTCNAGTTCGGAACCCAGTCTGCAACTCGACTGCGTGAAGCTG
GAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAG
TCGGTGAGGTAACCTTTAGGAGCCAGCCGCCGAANNNNCCAGA

Trinh ty 16S rRNA cuia ching vi khuan P4:



GCTATACATGCAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTA
GCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGG
ATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCAT
GGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGC
GGCGCATTTAGCTAGTGGGTGAGGTAACGGCTCACCAAGGCGACGATN
GCGTAGCCGACCTGAGAGGCGTGATCGGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGA
CGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATC
GTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGC
ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAA
AGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAA
CCGGGGAGGGTCATTGGAAACTGGGGAACTTAGTGCAGAAGAGGAGAG
TGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACAC
CAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAA
GCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTA
ACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCA
AAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTC
GAAGCAACGCGAAGAACCTTACNNCAGGTCTTGACATCCTCTGACAATC
CTAGAGATAGGACGTCCCCTTCGGGGGCAGAATGACAGGTGGTGCATG
GTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAG
CGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTG
ACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCA
TGCCCCTTATGACCTGGGCTACACACGTGCTTACAATGGACAGAACAAA
GGGCACCGAAACCGCGCAGGTTAACCCAATCCCACAAATCNTGTTCTCA
TGTTCGGAACGCAATCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAG
TAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACA
CACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGT
AACCTTTATGAGCCAGCCGCCGAAGGTGGAC
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Abstract

Lactobacillus acidophilus is a probiotic commonly used in aquaculture to enhance the growth and immune system of aquatic
species through the synthesis of various enzymes, and antimicrobial compounds like lactic acid. Traditional method of
growing L. acidophilus involes using the De Man—Rogosa—Sharpe (MRS) medium. However, L. acidophilus belongs to a
non-spore forming group, which make it vulnerable to stress conditions, especially during the usage process. Therefore, the
present study aimed to improve the survival rate, antibacterial activity, and enrich the polyunsaturated fatty acids (PUFAs)
content of L. acidophilus LB when cultured in an algae-supplemented medium, thus increasing its benefits in aquaculture
applications. Using different algae biomass species as an alternative to MRS medium for the growth of L. acidophilus LB,
the results showed that Spirulina platensis promoted the highest density of L. acidophilus LB. When grown in (S. platen-
sis + glucose) medium, L. acidophilus LB produced the highest lactic acid concentration of 18.24 +2.43 mg/mL and survived
in extreme conditions such as 4% NaCl, pH 1.0-2.0, and 50 °C, and inhibited 99.82 +0.24% of Vibrio parahaemolyticus
population after 2 days of treatment. Additionally, it was observed that the PUFAs content, specifically omega-6, and -7,
also increased in the fermentation mixture as compared to the control sample. These findings highlighted the potential of
utilizing the cyanobacteria S. platensis as an alternative, eco-friendly growth substance for L. acidophilus LB to enhance its
bioactivity and viability under extreme conditions.
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Introduction

Lactobacillus, a probiotic genus, secretes organic acids
like lactic acid, acetic acid, and hydrogen peroxide under
certain fermentation conditions, showing strong antimi-
crobial effects against various pathogens [1]. Therefore,
it serves as an environmentally friendly substitute for
antibiotics in preventing the spread of pathogen in shrimp
farming [2]. Moreover, Lactobacillus strains can produce
a range of enzymes, including proteases, fructanases,
and amylases. These enzymes play crucial roles in the
digestion of complex food substances into bioactive com-
pounds. Specifically, they break down proteins into amino
acids [3] and fermentable carbohydrates like fructans and
starch into short-chain fatty acids (SCFAs) [4], which are
readily absorbed by the host animal, thereby enhancing
health [5, 6]. A study by Chiu et al. demonstrated that
adding Lactobacillus pentosus BD6 at a concentration of
10° CFU/kg to the diet significantly enhanced growth, feed
efficiency, and disease resistance in Pacific white shrimp
(Litopenaeus vannamei) compared to a control group
without probiotics [7]. Another study found that feeding
shrimp with Lactobacillus at 107 CFU/g diet increased
their weight significantly after 27 days [8]. Therefore,
there is an increasing demand for the production of the
Lactobacillus biomass. The MRS medium is favored for
cultivating Lactobacillus strains at a lab scale due to its
nutrient-rich composition, including yeast extract, pep-
tone, meat extract, and various inorganic salts. However,
its high cost hinders its use in large-scale production [9].
The price and quality of probiotic products depend on the
microbial strains, culture conditions, and the composition
of the fermentation environment. In some studies, agricul-
tural by-products such as cheese whey, corn steep liquor,
and cabbage liquor have been experimentally used to pre-
pare Lactobacillus culture medium on an industrial scale
[10, 11]. However, the addition of yeast extract, peptone,
or meat extract is still necessary to maintain the growth of
bacteria in these medium comparable to that in the MRS
medium [12, 13]. Thus, despite these alternatives, the cost
of the biomass production of Lactobacillus may not be
significantly reduced. Lactobacillus, being non-endospore
forming, is known to be particularly vulnerable to harsh
environments, affecting their viability during production
and application [14]. For instance, exposing L. plantarum
KLDS 1.0628 to 55 °C for an hour can decrease its sur-
vival by over 95% [15]. Additionally, high salt conditions
led to the disappearance of nine out of ten Lactobacillus
species in mice guts [16]. Thus, identifying cost-effective
substrates that enhance growth, activity, and survival of
Lactobacillus during fermentation is essential to explore
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practical and industrial-scale applications of the probiotic
in aquaculture.

Algae are traditionally considered a rich nutritional
source of protein, essential amino acids, vitamins, miner-
als, and trace elements to supplement the aqua feed[17].
Many species of algae can synthesize essential polyun-
saturated fatty acids (PUFAs), especially y-linoleic acid
(GLA, C18: 3n-6), linoleic acid (C18: 2n-6), eicosapentae-
noic acid (EPA, C20: 5n-3), docosahexaenoic acid (DHA,
C22: 6n-3) and arachidonic acid (AA, C20: 4n-6) which
mostly are incapably produced by aquatic animals [18].
Research indicates algae as a potential prebiotic source that
can enhance probiotic growth [19]. Sylwia et al. found that
incorporating algae biomass into Lactobacillus cultures
increases bacterial viability, acid resistance, and preserves
omega-3 content after fermentation [20].

Therefore, in this study, the dried algae powder was tested
as the sole nutrient source for culturing L. acidophilus LB
to potentially lower the cost of the bacterial biomass pro-
duction and initially develop a bioproduct with improved
probiotic activity and essential polyunsaturated fatty acids
from algae biomass that could benefits shrimp farming activ-
ity. Specificaly, the effectiveness of algae supplementation
in increasing lactic acid production, enhancing anti-Vibrio
parahaemolyticus activity, and providing the L. acidophi-
lus LB with resilience ability against harsh conditions such
as high temperatures, low pH, or salinity will be assessed.
MRS medium serves as the standard, demonstrating that L.
acidophilus LB cultured in algae-supplemented medium can
achieve growth and probiotic qualities comparable to those
cultivated in the nutrient-rich MRS medium, traditionally
regarded as optimal for lactobacilli cultivation. Moreover,
this study will evaluate the variations in concentrations
of critical polyunsaturated fatty acids (PUFAs), such as
omega-6 and omega-7, within the fermentation mixture, as
these are valuable nutrients for the growth of aquatic animal.

Material and Methods
Bacteria and Algae Strains

The strain Lactobacillus acidophilus LB (GenBank acces-
sion nos. OK398226.1) was obtained from the Environmen-
tal Bioremediation Lab., Institute of Biotechnology, VAST.
L. acidophilus LB was cultured in the Rogosa and Sharpe
(MRS) medium (CAS no. 69966, Sigma-Aldrich). The
pathogen Vibrio parahaemolyticus VTCC 910192, provided
by the Vietnam Type Culture Collection, was activated in
the Thiosulfate—citrate—bile salts—sucrose (TCBS, Sigma-
Aldrich, UK), then subcultured in Luria—Bertani broth
(Sigma-Aldrich, UK) for further use in the experiments [21].
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The marine microalgae Isochrysis galbana (Genbank
accession no. FI536744), Nannochhoropsis oculata (Gen-
bank accession no. GU220364), and cyanobacteria Spirulina
platensis BM belongs to a collection of Algal Biotechnology
Department, Institute of Biotechnology, VAST. The marine
microalgae were cultivated in Erdcheiber medium [22], and
Spirulina plaensis BM was cultivated in SOT medium [23], in
a semi-batch regime. The biomass was harvested by centrifu-
gation and washed with tap water to remove salt, dried at 40 °C
for 48 h, and then stored at— 20 °C until use. Throughout this
study, the algae—containing medium was prepared by suspend-
ing the algae biomass in a phosphate buffer solution (PBS, pH
7), and autoclaving the medium at 121 °C, 15 psi for 30 min to
prevent the bacteria contamination in the medium. The con-
centration of algae in the medium was changed depending on
the purpose of the experiments.

During the fermentation of L. acidophilus LB, bacterial
purity was ensured by regularly plating samples of the fer-
mentation liquid on MRS agar and incubating at 35 °C for
48 h. Purity was confirmed if colonies on the agar resembled
those of a pure L. acidophilus LB culture, with no foreign
colonies present.

L. acidophilus LB Culture in the Algae—Containing
Medium

The marine microalgae powder, including I. galbana, N.
oculata, and cyanobacteria S. platensis was dispersed sepa-
rately in PBS at different concentrations of: 3.0; 3.5; 4.0, and
5.0% (w/v). The newly activated L. acidophilus LB with a
density of about 10% CFU/mL was inoculated in either MRS
or each of the above-prepared algae-containing medium at
a ratio of 5% (v/v). L. acidophilus LB was isolated by the
author from shrimp farming and showed an optimal growth
temperature of 35 °C. Therefore, 35 °C was the temperature
applied for the growth of L. acidophilus LB in this study.
The prepared cultures were grown anaerobically for 5 days.
The negative control was mediums without bacteria. Sam-
ples were withdrawn daily to assess the bacterial density
and secreted lactic acid concentration. The cell density was
calculated based on the plate count method and expressed
as a logCFU/mL. The lactic acid content in bacterial culture
was measured by a high-performance liquid chromatography
system equipped with a UV detector at 210 nm. During the
analysis process, the 5 mM H,SO, was used as the mobile
phase in a Rezex ROA (300 7.8 mm, Phenomenex) column
at a flow rate of 0.4 mL/min and temperature of 60 °C.

Effect of Carbon Sources on Lactic Acid Production
by L. Acidophilus LB

To determine the effect of carbon sources on the production
of lactic acid by L. acidophilus LB, different carbon sources

(glucose, saccharose, fructose, and molasses) were added at
a concentration of 2% (w/v) to the algae—containing medium
(3%, wiv). A 5% (vIv) L. acidophilus LB culture (with a den-
sity of about 108 CFU/mL) was inoculated in the prepared
medium and incubated at 35 °C for 4 days. The samples
were collected daily to check for lactic acid concentration.
The control samples were L. acidophilus LB culture in MRS
broth and algae—containing medium without the addition of
external carbon sources.

Salinity Tolerance

Lactobacillus acidophilus LB suspension, with a concen-
tration of about 108 CFU/mL, was cultured in S. platen-
sis (3% w/v)+ Glucose (2%, w/v) (AG) medium and MRS
medium with varying NaCl concentrations (0, 1.5, 2.0, 3.0,
4.0% w/v) to assess the protective effect of S. platensis on
L. acidophilus LB under high salinity conditions. The cul-
tures were incubated statically at 35 °C. The growth of L.
acidophilus LB in these salt-supplemented AG and MRS
media was determined by measuring the bacterial density
after 4 days of culture. In the control experiment, L. acido-
philus LB was cultured in corresponding media without the
addition of NaCl.

Acid Tolerance

L. acidophilus LB was grown in an MRS medium to a den-
sity of 108 CFU/mL, and then centrifuged at 8000 rpm for
2 min to remove the supernatant. The pH of MRS and AG
media was adjusted to 1, 2, 3, or 4 using 1N HCI and inocu-
lated with the prepared bacteria. The MRS and AG media
with pH 7 served as controls. Cultures were incubated at
35 °C then samples were taken at 1, 2, and 3 h. After centrif-
ugation, the bacterial pellets were resuspended in phosphate
buffer (pH 7) and diluted to check viability.

Heat Shock Tolerance

L. acidophilus LB was cultured in MRS or AG medium to
reach the density of approximately 108 CFU/mL. Then each
of these bacterial suspensions was transferred to different
Eppendorf tubes and placed in a water bath at three different
temperatures of 40, 45, and 50 °C. After 15 min, treatment
was stopped immediately by placing the tubes on ice for
5 min. The culture maintained at 35 °C served as control.
The survival rate of L. acidophilus LB in each treatment was
estimated according to the following equation [24]:

logCFU/mL after treatment

X 100%
logCFU/mL before treatment ’

Survivalrate(%) =
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Antimicrobial Activity

The effect of S. platensis addition on the antimicrobial
activity of L. acidophilus LB was determined by the
broth dilution method [25]. Briefly, L. acidophilus LB
was inoculated concurrently in MRS and algae-added
medium (8. platensis (3% w/v)+ glucose (2%, w/v)) and
grown at 35 °C for 4 days. Next, the cell-free suspension
(CES) of these two cultures, named CFS-M and CFS-S,
respectively, was prepared by centrifuging these cultures
at 10,000 rpm for 5 min and filtered through a 0.22 pm
syringe filter (Milex-GV filter, Millipore). In the present
study, pathogenic Vibrio parahaemolyticus was used to
test the antimicrobial activity of L. acidophilus LB. Over-
night pathogenic bacteria was inoculated (2% v/v) in fresh
LB broth and seeded in multiple eppendorf tubes (100 pL
per tube). The collected CFS was then diluted with LB
broth and pipetted into these prepared tubes (100 pL per
tube) to obtain different CFS concentrations of 0, 1, 5,
7.5, 10, 15, or 20% (v/v). In the positive control, oxytet-
racycline antibiotics at a stock concentration of 10 mg/L
were added to the V. parahaemolyticus cultures instead of
the CFS solution. In contrast, in the negative control, the
bacteria were grown in the LB medium without antibiotics
and CFS supplements. The tubes were incubated at 35 °C
for 48 h. Pathogen growth was monitored by measuring
the optical density at 600 nm (UV-1601 Spectrophotom-
eter, Shimadzu, Japan). Additionally, a similar experiment
procedure was also carried out with the filtered S. platen-
sis supernatant to evaluate the anti- V. parahaemolyticus
activity of the S. platensis. The antimicrobial activity was
expressed as inhibition (%) of V. parahaemolyticus growth
in CFS-added samples compared to the control via the
equation:

Inhibition (%) = x 100%

Ac—At
Ac

where Ac is the average of bacteria turbidity of the negative
controls, and At is the average of bacteria turbidity of the
treatment sample.

Gas Chromatography Analysis (GS)

The fatty acid profiles of three samples were analyzed:
L. acidophilus LB biomass cultured in MRS medium,
S. platensis biomass, and the fermentation mixture of L.
acidophilus LB and S. platensis biomass. The analysis
was conducted using a 7890A gas chromatograph from
Agilent, with the conditions specified by Colantoni et al.
[26]. Briefly, the sample was injected into the SBP-2331
capillary columns (Sigma-Aldrich) and used helium as the
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carrier gas (linear velocity of 36.26 cm/s). A 5975C mass
spectrometer (Agilent) was used to record the generated
mass spectra from 45 to 450 m/z and 240 °C. Each peak
generated was compared to the NIST 17.L mass spectral
library to identify the corresponding compound.

Statistical Analysis

All experiments were done in three biological replicates
(n=3). The result was expressed as mean =+ standard devia-
tion (SD). The statistical significance was determined by a
two-tailed Student’s #-test that was performed in SigmaPlot
version 12.0, P <0.05 was considered an indicator of statisti-
cal significance. Additionally, the statistical significance of
differences among more than three groups was determined
using a one-way analysis of variance (ANOVA) test.

Results

Growth and Lactic Acid Production of L. acidophilus
LB in Different Algae Inclusion

Table 1 shows the density of L. acidophilus LB during a
5-day incubation period. Regardless of the type of algae
used, the growth of L. acidophilus LB increased with time,
reaching its maximum density on the 4th day, followed by a
decrease on the 5th day. The PBS medium with 3% S. plat-
ensis showed the highest bacteria density of 10.82 +0.38 log
(CFU/mL) on the 4th day. This value was almost the same
as the cell density of 9.57 +1.16 log(CFU/mL) in the MRS
medium (P> 0.05). When the S. platensis concentration was
increased to 3.5%, the density of L. acidophilus LB was not
different from the medium containing 3% of S. platensis.
However, when the S. platensis concentration was increased
4% and 5%, the density of L. acidophilus LB increased to
over 11 log(CFU/mL), which was significantly higher than
in other tested mediums. On the other hand, L. acidophilus
LB was able to grow in a medium containing /. galbana and
N. oculata, but the bacterial density was lower compared to
the MRS culture at the same incubation time.

The study also assessed L. acidophilus LB's lactic acid
production. Results indicated the absence of lactic acid in
the I. galbana +PBS medium, whereas N. oculata and S.
platensis mediums saw lactic acid concentrations peak at
2.91 and 6.85 +0.20 mg/mL, respectively, after 4 days.
These figures were markedly lower than the 17.5 +1.03 mg/
mL achieved in MRS medium. Additionally, no significant
change in lactic acid levels was observed with increased
algae biomass concentration. Thus, a 3% S. platensis bio-
mass concentration (Table 2) was identified as optimal for
enhancing L. acidophilus LB's lactic acid production.
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Tablei1 Ba.cterial de“SitY of Algae content Day 0 Day 1st Day 2nd Day 3rd Day 4th Day 5th

L. acidophilus LB grew in the

culture medium supplemented Control—L. acidophilus LB cultured in MRS medium (Log(CFU/mL))

with different types and 0% 5094023 6324044 8734017 10264041 1057+1.16  8.39+0.65

concentrations of dried algae

biomass (Log(CFU/mL)) L. acidophilus LB cultured in (I. galbana + PBS) medium (Log(CFU/mL))
3% 5.12+0.51 582+0.06 7.62+0.27*  8.88+0.11* 9.73+0.41*  8.03+0.58
3.5% 534+0.87 645+0.03 7.94+0.65% 9.54+0.83*% 9.99+0.55*% 8.45+1.66
4% 5.84+098 6.69+0.50 8.13+1.54* 9.25+0.71*% 9.93+0.37*  7.99+0.64
5% 592+029 6.15+0.72  8.35+0.04 9.93+0.90 10.13+0.73 8.98+0.40
L. acidophilus LB cultured in (N. oculata+ PBS) medium (Log(CFU/mL))
3% 5.16+0.64 656+1.19 7.92+0.46% 8.05+0.23*% 8.76+0.04*  7.39+0.08*
3.5% 522+0.63 6.81+090 7.03+0.89* 893+1.11* 8.68+0.02*  8.90+1.53
4% 556+0.39 645+098 6.78+1.53* 8.56+0.72*% 9.64+0.03*  9.02+0.75*
5% 575+0.09 6.89+0.55 7.77+0.94*  9.20+0.84* 9.37+0.09*  8.72+0.14
L. acidophilus LB cultured in (S. platensis + PBS) medium (Log(CFU/mL))
3% 5.69+049 7.02+0.01* 9.17+0.45*% 1042+0.39 10.82+0.38 9.01+0.68*
3.5% 5.38+0.54 7.05+0.09% 9.67+0.12* 1045+0.11 10.49+0.37 10.13+£0.49*
4% 5.88+0.62 8.73+1.12* 9.40+0.69*  9.66+0.78* 11.16+0.28* 10.21+0.44*
5% 559+0.43 9.00+0.45* 9.58+0.42* 10.26+0.49 11.00+0.73* 10.78+0.46*

Values are expressed as mean =+ SD (
versus the control sample

n=3). Within a column, the asterisks (*) symbol represents P <0.05

Table 2 Lactic acid production

. . Algae content Day 1st Day 2nd Day 3rd Day 4th Day 5th

of L. acidophilus LB grew

in the culture medium Control—L. acidophilus LB cultured in MRS medium (mg/mL)

supplemented with different 0% 12.60£047  1440+094 14814084 17534013  12.60+0.60

types and concentrations of

dried algae biomass (mg/mL) L. acidophilus LB cultured in (1. galbana+ PBS) medium (mg/mL)
3%, 3.5%, 4% or 5% -
L. acidophilus LB cultured in (N. oculata+ PBS) medium (mg/mL)
3% - - 1.02+0.24%* 2.54+0.51% 2.32+0.02%
3.5% - - 0.98+0.83* 2.91+0.59* 2.88+0.33*
4% - - 0.75+0.26%* 291 +0* 2.45+20%
5% - - 1.22+0.61%* 291 +0%* 2.72+£0.84%
L. acidophilus LB cultured in (S. platensis + PBS) medium (mg/mL)
3% 296 +1.05% 3.32+0.40% 3.86+0.63* 4.26+0.19% 3.78 +1.46*
3.5% 2.54+0.96%* 2.87+0.65% 3.05+0.85% 3.48 +1.89% 3.38+1.16%
4% 2.60+0.34% 3.03+1.35% 3.62+0.64* 4.20+1.36%* 3.86+0.95%
5% 2.95+0.89* 3.79+0.17* 5.13+1.36* 6.85+0.20* 6.06+1.23%

Values are expressed as mean + SD (n=23). Within a column, the asterisk (*) represents P <0.05 versus the
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control sample.

Effect of External Carbon Sources Addition
on the Lactic Acid Production of L. acidophilus LB

Figure 1 depicted an improvement in lactic acid production
in algae—containing medium when an external carbon was
added. The amount of lactic acid produced depends on
the types of algae used. The highest lactic acid concentra-
tion of 18.24 +2.43 mg/mL was observed in the medium

means not detected

containing 3% S. platensis and 2% glucose. This value
was found to be similar to the value of 19.13 +4.46 mg/
mL obtained in MRS culture (P> 0.05). However, the
lactic acid concentration in the medium containing /.
galbana and N. oculata remained low at 3.01 +0.70 and
9.92 +1.20 mg/mL, respectively. Thus, further investiga-
tion was carried out to study the effect of S. platensis on
the probiotic characteristic of L. acidophilus LB.
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Fig. 1 Increase in lactic acid production due to the addition of an
external C-source in the algae-containing medium after 4 days of
incubation. Values are expressed as mean+SD (n=3). The asterisk
symbol (¥) represents P <0.05 versus in MRS culture, which deter-
mined with the two-tailed Student’s t-test. Within a type of algae-
added medium, statistical significance was determined by the one-
way ANOVA test, values with different letters indicate significant
differences among samples

Salinity Tolerance of L. acidophilus LB
in the Presence of S. platensis

Different concentrations of NaCl (0, 1.5, 2.0, 3.0, and 4%)
was used to evaluate the effect on the growth of L. acido-
philus LB. As presented in Fig. 2, at O h, the initial bacte-
rial density was around 6.07 +0.42 to 6.87 +0.24 logCFU/

16

MRS culture at: —O— 0h—@— 9%h
14 |(S. platensis + PBS) culture at:—— O h —— 96 h

*

12 4

10 4

Log (CFU/mL)

0% 15% 2.0% 3.0% 4.0%
NaCl (%)

Fig.2 The impact of S. platensis supplement on L. acidophilus LB in
high salinity conditions. Values are expressed as mean=+SD (n=3).
Within a type culture medium, the two-tailed Student’s #-test was
used to verify the significant difference in the bacteria density under
salt-added conditions versus freshwater conditions, (*) indicated
P<0.05
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mL in each treatment, without significantly different. After
4 days of incubation in MRS culture, the bacteria density
increased to 8.92 +0.20 logCFU/mL. However, the addi-
tion of salt partially inhibited bacterial growth, resulting in
a cell population reduction to 8.04 +£0.27 logCFU/mL in
(MRS +1.5% NaCl) medium. Interestingly, the presence of
S. platensis biomass shifted the optimal salinity condition
for L. acidophilus LB growth to 1.5% NaCl. The highest bac-
terial density of 12.31+0.01 logCFU/mL was measured in
the (S. platensis 3% +NaCl 1.5%) culture, which was about
1.5 times higher than that of (MRS + NaCl 1.5%) culture.
Moreover, the S. platensis were able to protect L. acidophi-
lus LB at an extreme salinity concentration of 4%. Bacterial
growth in (S. platensis 3% + NaCl 4%) was similar to that of
no salt-added medium (P > 0.05).

Survival Rate of L. acidophilus LB Cultured in S.
platensis—Containing Medium Under Heat-Shock
Condition

Figure 3 indicates that L. acidophilus LB was able to survive
without significant cell loss after being heat shock at 40 °C,
compared to the bacterial survival rate of the untreated
sample which remained above 99% for both MRS and S.
platensis-added cultures. Exposure to 45 °C significantly
reduced L. acidophilus LB's survival rate in MRS medium
to 89.30 +£3.12%, whereas in the medium supplemented
with S. platensis biomass, the bacterial cell count remained
stable. Heat-shocked MRS culture at 50 °C resulted in the
complete death of all bacterial cells. Although the sur-
viving percentage decreased to 54.12+0.71%, a viable
cell count of 5.72 +0.07 logCFU/mL was measured in S.

120
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& 80 &
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2 20
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45
Temperature (°C)

Fig. 3 Bacterial density (bar) and survival rate (line) of L. acidophi-
lus LB heat-shocked to 35, 40, 45, and 50 °C in S. platensis — con-
taining culture (SPI) and MRS culture (MRS). Values are expressed
as mean=+SD (n=3). Statistical significance was determined with
Student’s t-test, the asterisk symbol (*) represents P <0.05 versus the
survival rate at 35 °C
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platensis—added medium after being heat-shocked at 50 °C
(Table 2).

Effect of S. platensis Biomass Addition
on the Survival Rate of L. acidophilus LB
in Extremely Acidic Condition

The acid tolerance capability of L. acidophilus LB was
tested in MRS and S. platensis—containing medium at dif-
ferent pH levels. The experimental results showed that the
pH value of each treatment did not significantly change dur-
ing the experiment (Table S1). At the lowest pH level of 1,
L. acidophilus LB was not viable in MRS culture after 2 h
of treatment (Table 3). On the contrary, in S. platensis—
containing medium, the bacterial density was remained at
2.45+0.32 log(CFU/mL) even after 3 h of treatment. At pH
2, higher viability was also observed in medium with algae,
achieving 3.85 +0.65 log(CFU/mL) after 3 h. Although the
number of bacteria in the two mediums at pH 3 was similar
in the first hour, the bacterial density in the MRS medium
was considerably reduced with an increase in incubation
time to 2 and 3 h. On the other hand, the survival of L.
acidophilus LB in the S. platensis medium was stable even
after 3 h of treatment.

Enhanced Anti-V. parahaemolyticus Activity of L.
acidophilus LB Cultured in S. platensis - Containing
Medium

Table 4 demonstrates that the cell-free solution derived
from (S. platensis 3% + glucose 2%) culture (CFS-S)
has strong antimicrobial activity against pathogenic V.
parahaemolyticus. Different concentrations (1-20%) of
CFS-S were added to the culture of V. parahaemolyticus,
and the results revealed that the higher the CFS-S con-
centration the more pathogenic bacteria were inhibited
(Table 4). At a concentration of 7.5% CFS-S, there was a
significant reduction of 79.17 +13.62% in the growth of
V. parahaemolyticus. The inhibition percentage increased
to 97.84 + 1.08% for the 10% CFS-S treatment. At a con-
centration of 15% and above, CFS-S inhibited over 99%
of pathogenic growth. The antibacterial potency of CFS-S
(7.5% v/v) was found to be comparable to that of oxytet-
racycline at a concentration of 0.75 mg/L in this experi-
ment. On the other hand, treatment with a CFS-M con-
centration of 7.5% only inhibited pathogenic growth by
15.44 +3.11%. The inhibitory effect of S. platensis super-
natant against V. parahaemolyticus was below 15% at all
tested concentrations.

Table 3 Viability of L. acidophilus LB at different pH when grew in MRS or the S. platensis (3%) — containing medium

L. acidophilus LB in MRS medium

L. acidophilus LB in S. platensis (3%)-containing medium

pH7 pH3 pH2 pH 1 pH7 pH3 pH2 pH 1
0 8.20+0.5 8.00+0.32
lh 8.20+1.49° 8.10+0.11* 2.38+0.58* 1.34+1.28% 8.37+£0.45" 7.80+1.38° 3.50+0.72+%° 3.26+0.35%°
2h 8.29+2.16 2.30+£3.99%¢ 1.60 +1.40%? - 8.35+1.02° 8.49+1.51° 4.41+£0.28% 2.72+1.05*
3h 8.42+2.30° 2.23+1.07% 0.83+1.43%2 - 8.24+1.58° 7.13+1.84° 3.85+0.65*° 2.45+0.32%

Values are expressed as mean=+ SD (n=3). Within a column, the asterisks symbol (*) represents P <0.05 versus the sample at O h. Additionally,
under a specific pH condition, values with different letters indicate significant differences in the density of bacteria that grew in S. platensis-

“

containing medium compared to MRS medium.

means not detected

Table 4 Inhibition effect of the cell-free suspension of L. acidophilus LB cultured in MRS (CFS-M) or the S. platensis—containing medium

(CFS-S) against the V. parahaemolyticus pathogen

Growth inhibition (%) Concentration of antibacterial agent in V. parahaemolyticus culture (% v/v)
1% 5% 7.5% 10% 15% 20%
Oxytetracycline (10 mg/L) 19.51+6.91* 96.36+0.93* 97.60+0.74% 97.79+0.15* 97.70+0.45* 98.22+0.44%
Supernatant of . platensis (without ~ 4.61+3.60° 5.74+2.04° 5.88+1.25° 7.94+159°  10.25+0.83° 11.52+2.23°
L. acidophilus fermentation)
CFS-M 8.62+4.0° 21.32+5.58¢ 1544 +£3.11° 99.82+0.24° 100* 100?
CFS-S 4.34+1.99° 7.58 +2.88° 79.17+13.62% 97.84 +1.08* 99.27 +1.04* 99.82+0.24*

Values are expressed as mean=+SD (n=3). Within a column, statistical significance was determined by the one-way ANOVA test, values with

different letters indicate significant differences among samples
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Fatty Acid Profile of Algae Biomass After L.
acidophilus LB Fermentation

A GC analysis was conducted to compare the fatty acid
profiles of three samples, including the L. acidophilus LB
biomass cultured in MRS medium, S. platensis biomass, and
the fermentation mixture of L. acidophilus LB and S. plat-
ensis biomass. The results presented in Table 5 demonstrate
a significant variation in the abundance of fatty acid compo-
sitions between the fermentation mixture of L. acidophilus
LB in the MRS medium and the algae-containing medium.
The MRS culture predominantly contained saturated fatty
acids, such as decanoic (C10:0), hexadecanoic (C16:0), and
eicosanoic acids (C20:0), constituting 97.48 +0.34% of the
total fatty acids content. However, a notable decrease in the
content of decanoic acid from 83.93 +0.22 t0 40.71 +0.21%
TFA was observed when the bacteria were fermented in the
algae-containing medium. Surprisingly, the hexadecenoic
acid (C16:1n-7) was absent in the MRS culture or algae bio-
mass, but a notable quantity of 12.53% TFA was detected in
the bacteria/algae fermented mixture. This suggests that the
bacteria may induce the desaturation process of the C16:0
compound to its unsaturated form during fermentation with
algae biomass.

Additionally, the cultivation of L. acidophilus LB in
the S. platensis-containing medium also significantly
enriched the amount of linoleic acid (C18:2n-6, omega-6)
in the algae biomass by 1.62 times, from 22.76 +0.67 to

36.29 +0.03%TFA. Furthermore, other fatty acids includ-
ing pentadecanoic acids (C15:2n-6), heptadecadiene acid
(C17:2n-6), octadecenoic acid (C18:1n-9), and eicosanoic
acid (C20:0) may have undergone conversions to different
forms, leading to a decrease or absence of their content in
the bacteria/algae fermented sample. These alterations sig-
nificantly increased the unsaturated fatty acids (PUFAs)
content to the value of 48.82+0.72% TFA, which was 1.39
and 22.5 times higher compared to the MRS culture and the
original algae biomass.

Discussion

This study revealed that S. platensis biomasss enhance the
growth of L. acidophilus LB, likely due to its rich polysac-
charide and vitamin content, which bacteria easily access
[27]. This supports previous findings on S. platensis's role in
promoting lactic acid bacteria proliferation [28]. Algae have
complex cell wall structures that are difficult for bacteria
to digest directly during fermentation [29]. Hydrothermal
hydrolysis of algae biomass at medium-low temperatures,
such as in autoclaving, increases the solubilization of algae
organic matter by 8—13% and eliminates contamination from
foreign bacteria [30, 31]. This pretreatment also enhances
the hydrolysis of macromolecules like starch and protein into
smaller molecules that bacteria can utilize [32]. Yingda et al.
reported that over 85% of fatty acids and 75% of omega-3

Table 5 Fatty acid composition (% per TFA) in the fermentation mixture of L. acidophilus LB and S. platensis after 96 h

Specifications Common name

L. adicophilus biomass
grew in MRS medium

Fermentation mixture of
L. acidophilus LB and S.

S. platensis biomass

platensis
PUFAs (Polyunsaturated fatty acids, 2.16+0.52% 35.14+1.31° 48.82+0.72¢
% TFA)
C15:2n-6 Pentadecanoic acid - 10.86+0.19 -
C16:1n-7 Hexadecenoic acid Palmitoleic acid, omega-7 - - 12.53 +£0.69
C17:2n-6 Heptadecadiene acid - 1.52+0.46 -
C18:1n-9 Octadecenoic acid Oleic acid, omega-9 2.16+0.52 - -
C18:2n-6 All cis-9, 12- octadeca-  Linoleic acid (LA), omega-6 - 22.76 +0.67 36.29+0.03*
dienoic acid
SFAs (Saturated fatty acid, % TFA) 97.48 +£0.34* 64.84 +1.86° 51.16£3.47¢
C10:0 Decanoic acid Capric acid 83.93+0.22% 58.33+0.48" 40.71+£0.21¢
C15:0 Pentadecanoic acid Pentadecylic acid - - 6.46+1.35
C16:0 Hexadecanoic acid 9.63+0.25 - -
C18: 0 Octadecanoic acid Steatic acid - 2.78+0.78 2.06+0.69
C20:0 Eicosanoic acid 3.92+0.15 - -
C24:0 Tetracosanoic acid Lignoceric acid - 3.73+0.60 1.93+1.50

IR

Values are expressed as mean+SD (n=3).

means not detected. Within a row, in cases where there was a not detected value, the asterisk

symbol (*) denotes P <0.05 in comparison to the L. adicophilus biomass grew in MRS medium or the S. platensis biomass samples. For rows
containing three values, statistical significance was determined through the one-way ANOVA test. Distinct letters in this context signify notable

differences among the samples
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content are retained in algae biomass after hydrothermal
treatment [33]. Algae are also a potential source of prebiotics
that promote probiotic growth [19]. In this study, the algae
slurry produced from hydrothermal treatment is directly
used in the fermentation of Lactobacillus acidophilus LB,
creating an L. acidophilus LB/algae blend with enhanced
probiotic activity and essential polyunsaturated fatty acids.
After 4 days, the density of L. acidophilus LB in the S. plat-
ensis-enriched medium reached its peaked at 10.82+0.38
log (CFU/mL). The unusually long fermentation time was
primarily due to a low level of L. acidophilus LB inoculum,
which was close to 5 log CFU/mL. This amount was lower
compared to other studies, where the inoculum ranged from
7 to 9 log (CFU/mL) [34, 35]. Additionally, Rezvani et al.
also noted that Lactobacillus growth phases might differ by
strain [36], explaining the longer culture time needed for L.
acidophilus LB here. Future experiments could adjust starter
culture densities to align with specific goals and scales of
production. Additionally, previous studies mainly focused on
examining the effect of algae addition on probiotic growth,
while the information on bacterial lactic acid production
is still limited. Here, it is worth noting that when glucose
is added as an external carbon source to the medium con-
taining S. platensis, it can produce a maximum lactic acid
content of 18.24 +2.43 mg/mL, which was comparable to
the lactic acid concentration in the MRS culture (P> 0.05).

Besides the improvement in the growth of L. acidophilus
LB, the addition of S. platensis to the culture medium also
enhances the bacterial survival rate in different adverse envi-
ronments. A previous study by Zamfir et al. suggested that L.
acidophilus prefers to grow in low salt conditions [37]. How-
ever, with the presence of S. platensis, the density of L. aci-
dophilus LB at salinity of 4% was not significantly different
from that of the control culture (no salt added). The enhance-
ment in salt tolerance of L. acidophilus LB could broaden
its application in both freshwater and seawater. Addition-
ally, L. acidophilus LB was also able to survive in extreme
environmental conditions of heat shock at 50 °C and low
pH of 1-2 for 3 h when grown in the S. platensis-containing
medium, whereas these conditions recorded the death of all
L. acidophilus LB cells cultured in MRS medium. A study
by Sylwia et al. reported that the microalgae Chlorella vul-
garis could protect Lactobacillus spp. strains at pH 2.5, but
a pH condition of 1.5 was the threshold for the survival of
those bacteria, as no viable bacterial cells were detected in
the culture medium after 1 h of treatment [20]. Thus, the
present study further supports the use of S. platensis as an
excellent growth substance for improving the survival of L.
acidophilus LB.

Aquatic animals are vulnerable to serious diseases caused
by pathogens such as V. parahaemolyticus [38]. This study
found that L. acidophilus LB grown in a medium containing
S. platensis showed a five-fold enhancement in inhibiting V.

parahaemolyticus compared to cultures in MRS medium,
using a treatment dose of 7.5% (v/v, CFS: pathogen growth
medium). Lactobacillus strains are known for their anti-
bacterial effects, attributed to lactic acid production which
acidifies the environment, and the release of other com-
pounds like hydrogen peroxide and short-chain fatty acids
[39]. Lactic acid production by L. acidophilus LB in algae-
enriched medium was similar to its production in MRS
medium. However, algal polysaccharides are water-soluble
compounds with antibacterial, antiviral, and immune-stim-
ulating activities[40, 41]. Polyunsaturated fatty acids such
as omega-6, -7, -9 also exhibited significant antimicrobial
activity [42]. Thus, the coexisting of polysaccharides and
PUFAs content in S. platensis and the antimicrobial com-
pounds from Lactobacillus LB might have a synergetic effect
that increase the anti-V. parahaemolyticus activity of the (L.
acidophilus LB + S. platensis) culture.

Using an S. platensis-enriched medium for L. acidophi-
lus LB growth increased organic material utilization from
22 g/L to 30 g/L compared to the MRS medium. This modi-
fication enhanced bacterial survival, anti-pathogen activity,
and provided essential nutrients, such as polyunsaturated
fatty acids from the algae biomass, retained in the final
product. Despite higher raw material use, this adjustment
is a beneficial trade-off for producing more valuable feed
supplements. Indeed, the majority of fatty acids in the MRS
culture were saturated, including decanoic (C10:0), hexa-
decanoic (C16:0), and eicosanoic (C20:0) acids, making up
97.48 +£0.34% of the total fatty acids content. The findings
align with prior research, demonstrating that the predomi-
nant fatty acid components present in Lactobacillus strains
consist of the standard C14, C16, and C18 saturated fatty
acids [43, 44]. The branched C,4, Ci¢, C;5, Ci5, Cy9, and
C,, acids were detected at concentrations of less than 0.5%
of the total fatty acid content in most Lactobacillus strains
[43]. However, the gas chromatography analysis showed
that culturing L. acidophilus LB in S. platensis-containing
medium significantly increased PUFAs content compared
to MRS culture and algae biomass without fermentation.
A higher amount of linoleic acid (omega-6) and palmioleic
acid (omega-7) was measured in the bateria/algae fermented
sample. Previous research has suggested that the pathway of
fatty acids desaturation can be activated in stressful condi-
tions to protect bacterial cells from damage [45]. During a
long fermentation process of 4 days, the stationary phase of
L. acidophilus LB might induce the biosynthesis of linoleic
acid (18:2n-6) as reported in Escherichia coli [46], which
provides bacteria with survival advantages. Lactic acid bac-
teria can utilize an oxygen-consuming desaturase system to
raise the levels of unsaturated fatty acids. In aquaculture,
supplementing diets with PUFAs can improve larvae sur-
vival rates, reduce the transition period, and increase disease
resistance [47]. Omega-6, a notable PUFAs, offers several

@ Springer



380 Page 10 of 12

P.H. Hoang et al.

health benefits for both humans and aquatic animals. The
addition of 2.4 g of omega-6 per kg of diet has been shown
to enhance the growth and immune response of P. vannamei
against the Enterocytozoon hepatopenaei pathogen [48].
Additionally, Dai et al. observed improved hepatopancreatic
development in Chinese mitten crabs (Eriocheir sinensis)
fed a diet supplemented with omega-6 [49]. Omega-7 has
been noted to improve digestive health and reduce inflam-
mation [50]. Therefore, increasing these PUFAs levels in the
fermentation mixture of L. acidophilus LB and S. platensis
may offer various advantages in aquaculture.

Conclusion

The fermentation of L. acidophilus LB in S. platensis—
containing medium significantly enhanced survival rate,
anti-V. parahaemolyticus pathogen activity of the bacteria.
Lactic acid produced by LB strain reached a maximum value
of 18.24+2.43 mg/mL in (S. platensis + glucose) culture.
Moreover, at the inclusion level of 3% w/v, S. platensis was
able to protect L. acidophilus LB against extreme environ-
mental conditions such as high salt concentration of 4%,
exposure to heat at 50 °C, and acidic pH of 1-2. It also
increases the antibacterial activity of L. acidophilus LB
against the V. parahaemolyticus pathogen to 99.82 +0.24%.
Moreover, the fermentation of L. acidophilus LB signifi-
cantly increased the content of polyunsaturated fatty acids
like omega-6 and -7 which are essential compounds for the
growth of aquatic animals. These findings provide solid evi-
dence for further investigation of the positive effect of apply-
ing this fermented bioproduct in aquaculture.
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