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Table 1. Foods fermented with lactobacilli

Fermented Food Lactobacilli involved Fermented Food Lactobacilli involved
Milk products Sour dough bread L. brevis, L. plantarum
Acidophilus milk L. acidophilus ! Meat and fish products
Bulgarican milk L. bulgaricus } Sausages L. plantarum
Cheese L. brevis, L. bulgaricus, L. Oriental foods L. delbrueckii, L. plantarum
casei, L. helvetics, L. lactis Vegetable products
Kefir L. caucasicus Olives L. plantarum
Koumiss L. acidophilus, L. bulga- Pickles L. brevis, L. plantarum
ricus, L. caucasicus I Sauerkraut L. brevis, L. plantarum
Yakult L. casei Beverages
Yogurt L. bulgaricus | Sake L. homohiochi, L. heterohiochi
Cereal Products Wine L. brevis, L. casei,
1dli L. delbrueckii, L. fermenti L. plantarum
Rye bread L. brevis, L. bulgaricus, L. Soy sauce L. delbrueckii
mesenteroides, L. plantarum Silage L. plantarum
,._Gluclose\
Fru-l, 6P / Fru.6P Glc-6P
Acetyl-P + 'Erythrose—zlP 6P—G1L;conate
+——- Aldolase P——— Fru-6P
Heptose-P Xylulose-5P + CO;
+
Pentose-P
~——— Phosphoketolase ——
Triose-3P Acetyl-P + Triose-3P Triose-3P + Acetyl-P
< ADP / ADP ADP —_
' ATP ATP < ATP)
Pyruvate Pyruvate Pyruvate 1
Lactate Acetate Lactate Lactate Acetate(Ethanol)
Glycolysis Bifidus pathway 6P-Gluconate pathway
Phosphoketolase pathways
HOMOFERMENTATION | | HETEROFERMENTATION|

Fig. 1. Main pathways to hexose fermentation in lactic acid bacteria
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Table 2. Classification and Uses of Lactic Acid Bacteria

Type of fer- Aerobic

Genus Morpholo .
P 8y mentation growth

Maijor species, uses and distribution

Streptococcus Diplococci Homo -+ S. lactis, S. cremoris; Butter, cheese, yoghurt
Streptococci S. thermophilus, Yoghurt, cheese
S. faecalis; Lactic acid bacteria preparation

Pediococcus Tetracocci Homo + P. cerevisiae, Spoiled beer, processed meat
P. halophilus. Miso, soy sauce

Leuconostoc Diplococci Hetero + L. mesenteroides, L. citrovorum;
Fermented foods, dextran production(artificial
blood)

Lactobacillus Bacilli Homo -+ L. bulgaricus; Yoghurt, fermented milk-based

drinks

L. helveticus; Cheese, yoghurt, fermented milk-
based drinks

L. acidophilus, Yoghurt, fermented milk-based
drinks, lactobacillus preparation

L. casei; Cheese, cultured milk, fermented
milk-based drinks, lactobacillus preparation

L. plantarum: Fermented foods, silage

Bacilli Hetero + L. fermenti, L. brevis; Fermented products

Bifidobacterium Bacilli Hetero - B. breve, B. bifidum, B. infantis, B. longum, B.
adolescentis; Fermented milk, lactic acid bac-
teria preparation:; The intestine of infants
and adults

B. thermophilum, B. pseudolongum; The intestine
of animals

COOH COOH
| | Starter cultures
HO——C—H H— C—-0H

| |
CH:; CH'i

L(+) Lactic acid D(—) Lactic acid

Fermented foods

Food £—~~—~——\

. Dairy
Cow-—e Milk roducts Man(woman)

Selecied
Bacteria

Green plants Vagina

Fig. 2. Isomers of lactic acid o
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Table 3. Y&ERe| FRel FTE.
A F HAEA FH8 TadE
i E
Yoghurt kg o} 5, GxF, dg L. bulgaricus, Str. thermophilus,
Str. lactis, Str. cremoris
Cultured butter milk 7= e A, Ex)f Str. cremoris, Leuc. citrovorum
Acidophilus milk = i L. acidophilus
Bifidus milk ol o Bif. bifidus, L. acidophilus,
Str. thermophilus
Biogurt = o5 R Str. lactis, L. acidophilus
Bulgarian milk 271 o} AR, Fx)4F L. bulgaricus
Gioddu L= ]o} S-F, v, Aok Sac. sardous, Bacillus sardous
Taette 2zithuelel f, ER)F Str. lactis
Skyr ololEWE g8 Str. thermophilus, L. bulgaricus
Dahi el o5 Streptococcus, Lactobacillus, 8.3
Can. pseudotopicalis
Zabady o] E T, Str. thermophilus, L. bulgaricus
dASEFH
Kefir FAFIAA O, AFoES HUR Sac. kefir, Str. lactis, Str. cremoris
L. bulgaricus, L. cancasium
Kumiss ZolAalo} oG, YER, AR Sac. torula, L. bulgaricus
Leben ojgfu]o} T, T, AR &%, Bac. lebens
Mazun Lo} T, 0, e Str. lactis, Lactobacillus, EX.
Chal ZFotola|o} e AN, L. casei, Str. thermophilus
Urda Zra}a) *fr 3 a5
Scuta 28 4 ax
ENIAT F(FLE) &L S in ax
FrEe (Ut KE) A (484 ) ubfr, A i
wafet MssEA, weeE  AERER](stirred okt HERY S8 A GYH] gyl B
tpe) Bemrh oRjeh e aESik o ol S el Fuliel 910 ks
vogurt) 7} A& Reo|7] Alztele] #HIZol= R & = 29}
FUAZF EYA RS AFE 4 Wolsha oo, MEFAFE FPPI A0 5D HFOR
WERO] AHSE AR AREE chdeloidd,  wa St epEde] 971 olge 44 9 el
% F71A faktelaha] wjeko] kg vl Fria AHA Ak 2 17 T e 2 oy
#(Bifidobacteria) & Hi¥7]&2] &4ta) A ol = ol g thaibEgoe]l ) Fare] s =&
Wt EHAE Azl &85 ek 2 %lzﬂ%:tﬂ ZAL Fa gk
19928 % Al 5-Av8 (IDF ) oll A gk A 4| 2 fFAHE gafe] F8EY st dxUaz
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Table 4. HE% I WEF 4|2 (9] Mp)
b = H AP E FEutaf & Al 1213 Azt Anlgk(kg)
1978 80,014 80,014 2.2
1979 114,506 114,506 3.1
1980 98,083 98,083 2.6
1981 82,671 82,671 2.1
1982 104,386 104,386 2.7
1983 116,155 116,155 2.9
1984 126,952 126,952 3.1
1985 146,869 146,869 3.6
1986 168,068 168,068 4.1
1987 191,710 885 192,595 4.6
1988 222,785 3,441 226,226 5.4
1989 272,202 11,754 283,956 6.7
1990 317,848 35,048 352,896 8.2
1991 342,849 59,571 402,420 9.3
(AR @ 1992, g=f71Egs) 1992dx
Table 5. Al 2t39] 1915 Wizt Wa R 262 (29 © ke)
=i 1986 1987 1988 1989 1990
Austria 8.9 9.5 9.8 10.0 7.5
Australia 2.8 3.0 3.6 3.6 3.5
Belgium 7.0 7.7 7.4 8.5 7.7
Bulgaria 42.2
Canada 2.8 3.2 3.3 3.2 3.2
Chile 2.6 3.7 4.1 3.9
Czechoslovakia 5.8 6.1 6.6 6.6
Denmark 15.6 15.4 14.8 15.0 14.7
Finland 37.4 37.1 39.0 37.3 37.1
France 13.0 13.6 15.2 15.9 16.4
Germany 9.9 10.5 11.2 11.5 11.4
Hungary 2.7 2.8 3.0 2.7 2.4
Ireland 3.3 3.2 3.3 34 3.1
Israel 16.8 22.1 21.0
India 4.1 4.2 4.3 4.4 4.7
Iceland 20.5 214 23.0 23.0 24.6
Italy 3.2 3.3 3.7 3.7 4.0
Japan 7.7 7.2 8.0 8.0 7.8
Korea 4.1 4.6 5.4 6.7 8.2
Luxembourg 7.6 7.8 6.8 5.4 6.1
Netherlands 19.2 19.1 18.9 21.1 21.8
Norway 14.6 14.7 15.3 15.1 14.9
Poland 1.4 1.7 1.8
Spain 6.9 7.3 7.9 7.7 8.0
South Africa 3.1 34 3.6 3.6 3.6
Sweden 27.3 27.2 29.1 29.3 29.1
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Table 5. AlZ

1987

Rl A = 1986 1988 1989 1990
Switzerland 16.5 16.5 16.9 17.2 17.3
United Kingdom 3.5 3.6 3.9 4.2 4.4
USA 1.9 2.1 2.1
USSR 7.4 7.5 7.9 7.8
1992” A EAR (IDF) SA4E
Table 6. Possible health and/or nutritional (2) SAITe| FHASS| &t
benefits produced by yoghurt starter ) ) .
culture hacteria WES Fol fFakol 9ol Bl Abdsa g
S— = LB uR RaEeEad A0S | Az 4
(1) Improve nutritional value of milk during fer- Q= MoZA] AMFOE HE| 2% #A o] O
mentation _ o
(2) Influence intestinal flora 2 HE E55o] AAY wHAdAviss #Fske] 1ol
(3) Provide enzymes to improve digestion Lh, ool ikl A BT, 3 7leE S8
(4) Exert hypocholesterolaemic action = AL Azbe 2 9leon, el fallZ A o] Y Flof
(5) Produce antl tunlourcEeE}cia}itlgnj - ol 2% 9)o),
Table 7. Changes in milk resulting from fer- (3) AOQl= BAbRO| ALY &1}
men:ailton during manufacture of @ Gakro] Ao Fo] wurstel 1o Al
v A & Qe 5ES b farEel Aee olaEe
(1) Production of acid(primarily DL lactic) ol thate] 8AkFo] HekAE AR oz A s
(2) Partial utilization of lactose U}, as 9ash,
(3) Improvement of digestibility of milk o L o A a
E & -1 2210 2 A
(4) Increased amounts of free amino acids @ ThE atef wistel gty =S B A
(5) Alteration of vitamin content pHE AstAlezm S48 #R)sh,
@ Aol falEdg BalistAvy, L S AAS
Table 8. Growth of rats fed yoghurt or milk® al,
D 459) wlelE g ol 382 A7 4 9
Product Average weight gain(g)® @ =32 ! =2l ° iae s An
Milk 115 -
Abo| HEEIR
Yoghurt 143 3) witeel 88
- —— Abge Elots Qg Bl TaEolLt, ikl
3 From data in McDonough er al. (1982).
. ) ) /\L 21 a7 E.%E 9] M 7Fo l—%‘]%\: .
b Averages from six trials which included 12~15 Ik, 8718 g-ekel siAle] Alvtel 2 t
rats /group. 4% 19 A Fy 2o 9 g, e ¢
F2 288U (Clostridium) 5 2] B34, EEAT
2) BAE o] 83t EF4 dFE FYI, v 1g

(1)°*|'E_'L9-I Z20] 2fslod ehSoiRl REEEe| 1t
Fraktoll ofste] RS0l f4F, 31 (peptone), 3
E}O peptlde), —Q% rlgEd Bl e}, o

F47 s,
ek,

of Aslo] AW a7 oA,

& 71gel whle]

101 ~1017 ol mesie)
-F’T*WJEFT% Bifidus#& % 1~

—(o

W 23] &ﬂﬂ%@ EYA 511
Aol web i Al 2k
& 0] 8 2 F30) FHH,



Vol 6. No. 1 (1993) ARt A7 61
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Sl 43 oSk e dehs 9 (Fig. 7) shod i), HAHE sk 202 AT Ur,
311 . .
s ——— Bifidobacteria
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©
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E 8 « bacteria o
,g ‘ """" = Enterococci 5 Bacteroides, eubacteria and
3 7 Tewees Lactobacilli 0 g 12 anaerobic streptococct
26 2 0 S Bifido-
s 5 ~. S . B% /Coliform bacteria eebacteria
g w o Staphylococei E & 8t ./ and enterococci g
g 4 e (] E g PEts
3 / ostridia g g6 Lactobacilli P
txgo 3 7 S ETO ................ e
e 4 Welch’s bacilli _ -~
S 2 , gg il | ) .CETLEA
" o
6 7 S e - e
At b , At birth  ean;
irth Days after birth camng Adult Old-age
Fig. 5. Change in intestinal flora during the Fig. 6. Change in intestinal flora with age.

first 7 days after birth.

Balance of intestinal flora

= f Bacterial Bacterial group
g counts per
| gram feces {Bacteriodies
= I Eubacteria
S 1 10°-10" )
8 ’ Anaerobic streptococCt ;\\—7\7—‘
[~}
'—g Bifidobacteria
-
&
Escherichia coli
Streptococcl
105-10° prococ
Lactobacilli
Veillonella
Clostridium perfringens
=
jé 0-10* Staphylococcus aureus
& Proteus
2
= Pseudomonas aeruginosa *”
2™

,~/ Pathogenicity}-| o "
E—g—lw Pulmonary abscess, Vaginitis, Endometritis,

Function of intestinal flora Influence on the host

Beneficial effect on the host

[ Vitamin synthesis ’
Protein synthesis

Assist in digestion and absorption

Prevent colomzation of pathogens
Stimulation of immune response

F@ea th promotlon

"""" o |

Diarrhea
Constipation i
Growth inhibition
Hepatic coma
Hypercholesteraemia

Harmful effect on the host

[ Intestinal putrefaction ‘,‘

(NH3, H,S, amines, phenols, Hypertension

indole ect.) Autoimmune disease
Carcinogens /Cocarcinogens Cancer
Toxins Hepatic dysfunction J

Immune suppression

Diarrhea, Hepatic coma, Urinary tract infections,
Pernicious anemia, Meningitis, Hepatic abscess,

Secondary injury due to X-ray or other radiatioq

Stressor: Administration of antibiotcs,
steroids, immunosuppressants etc;
Rediation therapy : Aging:Operation

Fig. 7. Interrelationships between intestinal flora and the human body.
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Bifidobacteria
Coliform = BE==
pactenagiyy

Enterococci (X
Lactobacilli

Anaerobes

Bifidobacteria
Coliform =
bacteriaf
Enterococci R
Lactobacilli

Anaerobes

Breast-fed infant
(pH 4.5~5.5)

Bottle-fed infants

(pH 5.7~6.7)

Fig. 8. Comparison of the intestinal flora be-
tween breast-fed infants and bottle-fed
infants.

AN

100
Bifidobacteria

S ———
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345678910

Days after birth

Fig. 9. The proportions(in percent) of bifido-
bacteria, E. coli, and enterococci in the faecal
flora of breast-fed infants within 30 days of
birth. Clostridia were often found in the faeces
within the first 5 days, and thereafter nearly
completely disappeared. Bacteriodes were

found in each 5th sample only(Hoffmann,

1966).
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Bogdanove} 19l HE8EL L. bulgaricus7} 7y#A 3
grars 7WE}*‘ Rg dopd Hzeo] AlgEelt
2 3 Fo| 2EL Sarcoma-180% A& Ehrlich
ascites tumor®] EH?P BEEE FA e vhedel e
37HA e skt
Blastolysino|g}2 3 5= Aoy, i) &£
W Al ofste] g7t vheht L, A mE TRl
drHez HHE JIAA HERE A7 TE Bty
VER s E3bebal 22 AU

L. acidophilus, L. bulgaricus, L. casei, L. helveticus
o] 7} WolFo @ HE FZE X Sarcoma 180°]
1} Ehrlich carcinoma 57¢] 524 £ 47} 9l&o] 2

glycopeptidesZ olgfst A



Vol 6. No. 1 (1993) b

2107 Group A |
!

Control

200

190

'l . 1

Serum cholesterol {mg /100 ml)

L.
180O

Time(weeks)

A7 63

210 | Group B

Milk : Control

Yogurt

I
200 |
i

190+

!

|

|

| |

: |

|

{ !
L | N S

1800 A S

Time(weeks)

Fig. 10. Serum cholesterol of volunteers consuming regular diet(control) or milk or yogurt.

Table 9. Influence of consuming two litres of
milk or yoghurt dairy for 12 days on
serum cholesterol levels in humans

Serum cholesterol (mg /dl)

Product Before After Significant
reduction
Whole milk 196 177 No
Yoghurt made from 193 175 Yes
whole milk
Yoghurt made from 211 150 Yes

skim milk

T H R} (Table 10).

EEAFANA dojz FAk Fafel $EF 3
3t dute vi=te] Reddyst Shahanio] 735
ofzted 19730l Kt S Qe

di2-2] Kato& oA L. casei®] FAW, 57,
174 o7} Sarcoma-180, L 1210 Leukemia®} 315t
o7 28 MLA K-1 tumor®] £4-& A zI%
R ok,

S Foadele] FollA AU Lacrobacilli, L.
acidophilus, B. bifidum®] &7} 71€} A Mol ¢
g Aol WS oAAYE AE ";}OH‘}‘Z}ZG'”)
(Fig. 11).

Tl M % Kim §& 4ol Sdass dotyn
7} 918ked §AMF L.casei YIT 9018 o1 3%, Str.
themophilus, Leuconostoc mesenteroides, bifidusit, 1%
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Table 10. Anti-neoplasm effects of lactobacilli

Material administered Tumor model

L. acidophils Colon enzymes

Ehrlich ascites tumor
Chemically-induced
Sarcoma-180

L. acidophilus extract Sarcoma-180

KB-line cells

Hi-line cells

Ehrlich ascites tumor
Sarcoma-180

Sarcoma-180

Ehrlich ascites tumor
AKATOL intestinal carcinoma
Lewis-LLC lung carcinoma
Plasmacytoma MOPC-315
Melanosarcoma B-16
Leukemia P-388
Sarcoma-180

Leukemia 1.-1210
Sarcoma-180

L.helveticus ss. jugurti Ehrlich ascites

L. helveticus extract  Sarcoma-180

Yogurt Ehrlich ascites tumor
Chemically-induced
Ehrlich ascites tumor

L. bulgaricus

L. bulgaricus extract

L. casei

L. casei extract

Yogurt extract

&3ted, sarcoma 180 ¢ EE ICR mouse?] 7
of F=UAAA Hapohe] s} frikde] AuE v
aod W ok}, o1 A Bore] wako] VA Aslaid

S, 5] ARETE A4S Fohich FAHE FHE
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(Takano et al., 1985).
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