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Summary

Selenium (Se) is one of essential micronutrients for mammals and several bacteria.

toxicity depending on the type and concentration of Se species.

But selenium causes rapid
Many lactic acid bacteria are able to detoxify inor-

ganic Se to elemental selenium [Se (0)] and to organic forms like selenocysteine (SeCys), selenomethionine (SeMet),

and methylselenocysteine (MeSeCys). Se-enriched probiotics and fermented foods have some health benefits, e.g. an-

tioxidative and antimutagenic. For example, administration of sodium selenite in the dosage of 1-16 mg/L is suitable

for selenium enrichment in Lactobacillus bulgaricus and can enhance nutritive value and biological effect in the

organism by elevating the contents of essential elements including P, Mg, Mn, Ca, and total amino acids.

In this mini review, we describe the accumulation and biotransformation of Se by lactic acid bacteria and the

selenium-enriched functional fermented foods produced with lactic acid bacteria.
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CENTED, HLWBHIC X 5 Se »ER I Calomme 512
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EEPHOLNMI LT TNODOERNDS, L. bulugaricus |12
£ % Se oL, KEOBAKNOT I/ BRREIEE 2
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VL4 F (DMSe) 2K S, Mt L Y BAFAET T
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5@ DMSe & DMDSe ORI HE & L > R EEIZAKAE L
R (578 mM) Tk DMDSe %5, i (058 mM)
TIEDMSe AR EINDL E V) ZEDPHLNE LR > T
Y, F7z, THOOIME OBAKNICER SN Se 3,

Table 1 Assimilation and accumulation of selenium by lactic acid bacteria and bifidobacterial*

Microorganism 'Se ad(%ed Se produced in cell Remarks
in medium
Lactobacillus brevis Se (V) SeCys Selenium was nonspecifically incorporated
Lactobacillus caei Se (IV) SeCys into bacterial proteins in the form of
Lactobacillus delburueckii subsp. Bulgaricus Se (IV) SeCys selenocysteine.
Lactobacillus plantarum Se (V) SeCys
Lactobacillus acidophilus 1.10 Se (IV) DMSe, DMDSe, Se(0)
Lactobacillus rhamnosus 67B Se (IV) DMSe, DMDSe, Se(0)
Lactobacillus bulgaricus Se (IV) Se(0)
The administration of sodium selenite
enhanced nutritive value and biological effects
Lactobacillus fermentum LB7 Se (IV) Se(0), Se-enriched biomass in the organism by elevating the contents of
essential elements including P, Mg, Mn, Zn,
Ca, and total amino acids.
Lactobacillus rhamnosus 1L.B3 Se (IV) Se(0)
Sodium selenite supplementation increased
Lactobacillus reuteri Se (IV) Organic selenium the expression of.selenocystelne lyase in
Lactobacillus reuteri.
Most of selenium (over 77%) was incorporated
Bifidobacterium animalis 01 Se (IV) SeMet in bacterial cells into organic fraction at low
sodium selenite concentration.
Bifidobacterium lacris LAFTI B94 Se (IV) DMSe, DMDSe, Se(0)
Enteroccocus faecalis LAB14 Se (IV) Se-enriched biomass
The metabolic transformation of selenite
Youghurt bacteria Se (IV) SeCys increased with time, reaching a plateau after
24 h of fermentation.
Streptcoccus salivarius K12 Se (V) DMSe, DMDSe, Se(0)
Sauerkraut natural fermentative bacteria Se (IV) SeMeSeCys
Bifidobacterium. lacris LAFTI B94 SeMet DMSe, DMDSe
Lactobacillus. rhamnosus 67B SeMet DMSe, DMDSe
Streptococcus. salivarius K12 SeMet DMSe, DMDSe

Strepococcus thermophilus NaHSeO, Se(0)

*The data in this table were in part cited from reference 2).
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SeMet, SeCys OEFBITMHEH S, B\BENIHY ATz
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FEH D Se fCH OMIHIZIE R > TW AR\, E. coli D Se 1
TSNS FF Y ) F A= IVRIERDVEETH 5 A,
IEAEFLER I IC D W T b AR D BUS R OAFFEA S Sz
LaL, ABRWOTI VY FF v / FF — VL F A Se 1%
BB 5 T B L) WIRERFEHLEAYIR 2 £ TH 5,
T/, Mkl YBOREMANORIIE, Lactobacillus reu-
terit VLV /) Y AT5TA4 )T —%¥ (LrSCL) O3B
ZERSER LV ZERRESATVDEY, ARE#IR
PLP (¥ F¥HL5-Y V) zHilE#L L, NiFS 77
IV =8 Uy E SRS Z R, Lr-SCL 13 L-
YL/ VATAVEIREEL, -T2kl EkE
(F 721300 FK Se) (2 ES % IUG % fili#t§ % Lr-SCL
ERWETREZRL, BE7 0 ThHb L VAT
4 rvaIEE LR, LrSCLIZtL ) ¥ X7 it
LI YATA v AL EEREE 2, Se fG#IC
BOCTHLELLIBETHD, VLI TATA V0D L
SCL OEZ IS THE U2 L v bkFEix, Hitvl VEES
MUY ADOMIBBNTORICIZ & » THEKR L 728 L bk
X0y, EMCEL Yy R EPICMY AT L
BWSEHR->TWRY, MENHEkDOEL ) Y254 ¥
BV T —¥ (SCL) OFEERFWEEIIINE TE. coli
X Citrobacter B DFEZIZOWTHREDLR D 5 5%, FLEE

Table 2 Se-enriched functional foods commercially available*

WO SCL G0 iEbhbh o5 R Y BHf5Es o
HORTHEY, SHABELZILD LT HILMBE O Se
BRI D &2 D, FLRWIC L 5 Se (i
DR A Z s S,

3. Se BLILEREDHEEMRBAENDICH &
SHEROERE

Se ik, Fo pH, BERESLRENLTLI LI
D, Se #HERLAHMEAT) MK 1 74 XAWEH
W72 Se ALREEAL DR DTE S P AIATbN TV 5,
Alzate 51% 2 ng/g ® Se (V) % & Se AL REIFIL OB
FrRAAT L2L, oI, WRED Se 2 &4 I8EL
BERSe LA LE Y 7 ICE LT LI ENH L PO
BIZWEAEYTHDLEE R T, SOOI BREY 7 DOEM
LR OSEIE Se R, LMRWRE 1 7 4 X AWH IR
BRI Se & R L 7245 34 U7z e 30K Se (ISR %,
F7z, 2ug/gDSe (V) FIETTOAMIERHIZL 5T
SeCys, MeSeCys, SeMet DA Se {bA&W b AR L,
INSO—EIEEL Y F USRI AT A &
BWE SN TV, 2ok 512 Se sfbsmslize b
DEME L THHT I EFZUBORMYD 55, FLEE
TSR Se fFAE T ) LER L7729 — 27 )V b OALFHED
WML, X0 BRIFRKSEREOEGATE LI EHIHLR
LhoTnsY,

T/ AMSIEML7: Seld, b b OBUERILIRRE 2 g
FTHZERMOENTVD, 2D X 7% Se dREIX, FIC
ENDOINEFFRVFFT T, FAELFFT L
¥y —¥, a—FFu=r74+74F+—¥, L /70
FAYPY REDEXL Yy Y O RIER S

Product name Producer Country Health benefit
Kalsis Catalysis USA Reconstruction of bone mass.
Anti-aging (preserves the integrity of DNA, proteins),
. . . . improves the immune system, regulates the function of the
Lacto bio Se Bio Man Life Science Ttaly thyroid, enhances male fertility, reduces the risks in the
circulation.
_ Dr. Aliment Functional Food Increased bloavallab}hty, non toxic form, redu_ces the risk of
Lactomicrosel . Hungary cancer, reduces ageing and promotes longevity, binds and
Research Brand and Marketing . X
eliminate toxins from body
. M i h ifi h ificati
Selenium Food Complex New Chapter USA ore active than purified Se, enhanced detoxification, easy
to digest.
ProbioSe Tensall Bio-Tech Co Ltd Taiwan  Highly bioavailable selenium.
Fights fatigue, constipation and diarrhea, puffiness,
Lesik Se ferments Ferments of life Belgium 1n.t es.““?l flora b roblems and hypermeability, h.elps body in
eliminating toxins and helps body cells to function normally,
reducer and antioxidant.
Bacteriolitic and antistress effect, strengthening of immune
Combivet-Se Pharmateka Hungary system, inhibiting the proliferation of bacteria with the
purpose of prevention.
Throat Biotics™ Healthy Biotics Inc USA Bpost natural immunity and helps body to fight germs and
viruses that cause the common cold and flu.
*The data in this table were in part cited from reference 2).
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Table 3 Proposed health benefits of Se-enriched probiotics and fermented foods*

Se-enriched product or microorganism

Health benefit

Yoghurt

Sauerkraut

Lactobacillus bulgaricus
Lactobacillus buchneri Lb-26
Fermented milk
Enterococcus faecium 74
Lactobacillus
Bifidobacterium longum
Lactobacillus plantarum
Lactobacillus brevis

Improved nutritional value

Improved nutritional value

Improved nutritional value

Improved bioavailability of Se

Improved bioavailability of Se

Antipathogenic activity; Antimutagenic; Hypocholesterolemic effect

Antioxidative activity

Anticarcinogenic activity

Anticarcinogenic activity

Anticarcinogenic activity

*The data in this table were in part cited from reference 2).

HZEDNHL N E RS TWD, B. animalis 01 HLOHUEE
{BIGTEE, Se ORI THIMT 2 2 &2mbh
TWwaY, F72 BEH OV T —2 57 D Se DR
1, B Se (LB OERIER T 5 &% 2 5h A5t
WHZR L HEEmESEsY, S512, Se 2 BEHIIED
TaNAF T4 7 A, WL OhOTWE TV THIERAL K
A EAEST 2 ZEDHLNERSTEY, SFEFIFRER
REZUHETLZEMRHMONT VS, $72Se A EE LI
BWOREMIGE, TNV TFF RV FF T LRV
A==k F Y RIVALY —¥D LS %, FELVBILE
FOWMMEE BB L OHERT 22 810k 5T, EBRNISHE
RSN FBHRG 2P C 2 s SR Twa?, ol
12 b Se mALFRAEME AL, U > iR R B VRIS 1 &
oz b shtws™, ZhF claiyb et s
N7-FLEEH KON Y 7 4 X AW & H\W 72 F 7 Se b e £
% Table 212F & D72,

F7:, INHO Se AL RS 725 THENDOR)
B% Table 3ICF D7

P ED X )12, FLMEH % iz Se AL E S O BE~D
WRIFEAIRAEINTETEY, 7Y X > FRREH
Bifrdh e UCEMMEBIAHM L 22 %5, T E TICHEM
b 7z Se BRALRERRE £ 5 A5 | &k 3Rtk IR o
FE—PIO I, 5%, MW O Se BB E ORH
RHAAVE R R R B 2 BB & SRS S 22T 5 Z I &
Y, Se wLFLERIN % I\ 72 9Bl 2 B RETE £ T O BASE A AE
EBTsZ s hs,

E i
RKIZLEa—hTHIH L (£ 15) (13,
BIVE K2 FE 0 i R SRR (2018 4R 1) M OV BHVE K
eI Bl AT A PR e VE £ S BRI R 7 v — T k%
(2018 4EE) WX TEMENSZDIDTH 5,
SEE

1) ZEAW /S S Ay —B XLy ¥ N

7)

8)

9)

10)

043

DELGHEF B - L VRO L 5T
B e AT/ A AL 55 83% 4B 1%, 1003-1015,
(2011)

Sarang Dilip Pophaly, Poonam,Prashant Singh,
Hitesh Kumar, Suridhir Kumar Tomar / Selenium
enrichment of lactic acid bacteria and bifidobacte-
ria: A functional food perspective / Trend in Food
Science & Technology, 39, 135-145, (2014)

Stolz, J. F., & Oremland, R. S. (1999). Bacterial res-
piration of arsenic and selenium. FEMS Microbiolo-
gy Reviews, 23, 615e627.

Rother, M. (2012). Selenium metabolism in prokary-
otes. Selenium, 457e470.

Sarang Dilip Pophaly, Poonam,Prashant Singh,
Hitesh Kumar, Suridhir Kumar Tomar / Selenium
enrichment of lactic acid bacteria and bifidobacte-
ria: A functional food perspective / Trend in Food
Science & Technology, 39, 135-145, (2014)
Calomme, M. R, Van den Branden, K, & Vanden
Berghe, D. A. (1995). Selenium and Lactobacillus
species. Journal of Applied Microbiology, 79,
331e340

Andreoni, V., Luischi, M. M., Cavalca, L., Erba, D,
& Ciappellano, S. (2000). Selenite tolerance and ac-
cumulation in the Lactobacillus species. Annals of
Microbiology, 50, 77e88.

Pieniz, S, Andreazza, R., Anghinoni, T., Camargo, F.,
& Brandelli, A. (2014). Probiotic potential, antimi-
crobial and antioxidant activities of Ewnterococcus
durans strain LABI18s. Food Control, 37, 251e256.
Xia, S. K, Chen, L., & Liang, J. Q. (2007). Enriched
selenium and its effects on growth and biochemi-
cal composition in Lactobacillus bulgaricus. Journal
of Agricultural and Food Chemistry, 55, 2413e2417.
Srivastava, M., Mallard, C, Barke, T, Hancock, L. E.,
& Self, W. T. (2011). A selenium-dependent xan-
thine dehydrogenase triggers biofilm proliferation



11)

12)

13)

14)

15)

16)

in Enterococcus faecalis through oxidant produc-
tion. Journal of Bacteriology, 193, 1643e1652.
Turner, R. J., Weiner, J. H, & Taylor, D. E. (1998).
Selenium metabolism in Escherichia coli. Biometals,
11, 223e227.

Kullisaar, T. Songisepp, E., Aunapuu, M., Kilk, K,
Arend, A. Mikelsaar, M. et al. (2010). Complete
glutathione system in probiotic Lactobacillus fer-
mentum ME-3. Applied Biochemistry and Microbi-
ology, 46, 481e486.

Penas, E., Martinez-Villaluenga, C., Frias, ], San-
chez-Martinez, M. ]J., Perez-Corona, M. T. Madrid,
Y. et al. (2012). Se improves indole glucosinolate
hydrolysis products content, Se-methylselenocyste-
ine content, antioxidant capacity and potential an-
ti-inflammatory properties of sauerkraut. Food
Chemistry, 132, 907e914.

Lamberti, C., Mangiapane, E., Pessione, A., Mazzoli,
R., Giunta, C., & Pessione, E. (2011). Proteomic
characterization of a selenium metabolizing probi-
otic Lactobactllus reuteri Lb2 BM for nutraceutical
applications. Proteomics, 11, 2212e2221.

W i, R
Z)NJe. (2018) FLEEWE Leuconostoc mesenteroides
LK-151 & L Vit RO & L L DY 2T 1~ p-
N7 —EREU 7 ORBEMAT. 5 35 Il H AR R 5
FFRFMERHHE R E, 12

Alzate, A. Canas, B. Perez-Munguwa, S., Hernan-
dez-Mendoza, H.,, Perez-Conde, C., Gutierrez, A. M,
et al. (2007). Evaluation of the inorganic selenium

&, MESER, WL, b —1l,

17)

18)

19)

20)

22)

044

biotransformation in selenium-enriched yogurt by
HPLC-ICP-MS. Journal of Agricultural and Food
Chemistry, 55, 9776e9783.

Alzate, A, Fernandez-Fernandez, A. Perez-Conde,
M. C.Gutierrez, A. M., & Camara, C. (2008). Com-
parison of biotransformation of inorganic selenium
by Lactobacillus and Saccharomyces in lactic fer-
mentation process of yogurt and kefir. Journal of
Agricultural and Food Chemistry, 56, 8728e8736.
Chen, L., Pan, D. D, Zhou, J., & Jiang, Y. Z. (2005).
Protective effect of selenium-enriched lactobacillus
on CCH-induced liver injury in mice and its possi-
ble mechanisms. World Journal of Gastroenterolo-
gy, 11, 5795e5800.

Krittaphol, W., McDowell, A., Thomson, C. D.,
Mikov, M., & Fawecett, J. P. (2011). Biotransforma-
tion of L-selenomethionine ad selenite in rat gut
contents. Biological Trace Element Research, 139,
188e196.

Rayman, M. P. (2000). The importance of selenium
to human health. The Lancet, 356, 233e241. 21)
Shen, Q. Zhang, B.Xu, R, Wang, Y., Ding, X, &
Li, P. (2010). Antioxidant activity iz vitro of the se-
lenium-contained protein from the Se-enriched Bi-
fidobacterium animalis 01. Anaerobe, 16, 380e386.
Chen, L., Pan, D. D, Zhou, J., & Jiang, Y. Z. (2005).
Protective effect of selenium-enriched Lactobacillus
on CCH4-induced liver injury in mice and its possi-
ble mechanisms. World Journal of Gastroenterolo-
gy, 11, 5795e5800.





