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ABSTRACT

Seventy lactobécilli isolated from various kinds of ferménted
foods were characterized phenotypically. They were found to be gram-
positive rod shape bacilli, non-motile, non-spore forming, and do not
’possess catalase enzyme or iron porphyrin. All are micrcoaerophiles
which can utilize glucose fermentatively, and none can_reduce
nitrate nor hydrolyse gelatin.or starch. No slimy formed from sucrose
utilization, and no gas produced from glucose. Some isolates are able
to hydrolyse aesculin or arginine. Some can coagulate protein and/orx
reduce litmué in milk medium. Most of them can ferment glucénate with
gas production. Their biochemical reactions in many sugar media tested
are variéd in acid production. All isolates were found té grow in acid
or alkaline media pH of about 4.5 to 8.0 and in broth cuiture containing
2.0 percent of sodiuﬁ chloride. Their halotolerant properﬁies in 4.0
-8.0 percent sodium chloride media, however, are varied and seem to
be ﬁH and temperature dependent. Moreover these bacteria were found
unable to grow in biotin or pyridoxine assay medium. The ability to

grow in thiamine or folic acid or riboflavin assay medium was found

possible to certain isoclates.
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ble 1 Physiological and biochemical characteristics of the obligately
homofermentative species of the genus Lactobacillus (Group I)

Electrophoretic

Peptidoglycan Teichoic Allosteric Mol% Lactic acid Growth NH; from

Species typet acid D‘LD?hEIIL{LDH L-LOH G+¢C isomer(s}* st 15°C arpning
14, L. delbrueckii subsp. Lys-DAsp Glycerol  1.50 — - 49-51 D = d
delbrueckii i
Ib. L. delbruechii subsp. Lys-DAsp Glycerol 1.50 — - 49-51 D - d
lactis
lc. L. delbrueckii subsp. Lys-DAsp Glycerol 1,70 - = 49-51 D - -
bulgaricus
2. L. geidophilus Lvs-DAsp Glycerol 1.50° 1.30 - - 34-37 DL - -
3. L. amylophilus Lys-DAsp None 1.60 1.40 - 44-46 L + ND
4. L. amyvlovorus Lys-DAsp Glycernl 1.15 1.20 - 40-41 DL - ND
5. L. animalis Lys-DAsp None = 1.50 - 41-44 & - -
6. L. crispatus Lys-DAsp Glycerol 1.35 1.10 - 35-33 oL - -
7. L. farciminis Lys-DAsp Nene 1.15 1.20 - 34-36 Lin) + +
8. L. gasseri Lys-DAsp None 1.35° 0.95 - 33-35 DL - -
9, L. helveticus Lys-pAsp Glycerol 0.95 1.30 - 38-40 oL - -
10. L.jensenii Lys-DAsp Glycerol . 1.50 - - 35-37 n - -
11. L. ruminis mDAP-Direct None =~ ND ND - 44-47 L - -
12. L. salivarius Lys-DAsp None - 1.35 - 34-36 L - -
13. L. sharpeae mDAP-Direct  Glycerol 1.34 1.48 - 33 ¥ - - -
14. L. vitulinus mDAP-Direct  None ND ND - 34-37 D - -
15. L. yamanashiensis mDAP-Direct Nane ND ND - 32-34 L + -

2 Symbols: see Table 4 .; and ND, not determined.

2 Abbreviations used by Schleifer and Kandler (1972).

¢ Determined in polyacrylamide disk gel alectrophoresis pH 7.5; L-LDH rabbit Iso I served as reference.

41 or L, the isomer recorded makes up 90% or more of totai lactic acid; DL, 25-75% of total lactic acid are of the L-configuration: and p(L) ot L{D},
the isomer given in brackets makes up 15-20% of total lactic acid.

“ Serains of this species are known 1o give more than one band; the migration distanee recorded is that obrained with the type strain,
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Table 2 Physiological and biochemical characteristics of the facultatively

heterofermentative species of the genus Lactobacillus (Group II)

B &N, Electrophoretic . oy NH;
eptidogl Teichoic ¢ Allosteric  Mol%  Lacticacid  Growth at
Species 3 pt‘,.pi'mn ;cid D_LD;“""} “’;_LDH L-LDH  G+C  isomer(s) 15°C Bf;‘:ffm
16. L. agilis mDAP-Direct None 1.40 "1.20 - 43-44 L - -
17. L. alimentarius Lys-DAsp None 0.80 110 - 36-37 LiD) 5 -
18. L. bavaricus Lys-DAsp None -~ 1.60 + 41-43 L. - -
19a. L. caset subsp. caset Lys-DAsp None 1.22¢ 0.93 + 45-47 L ) -
19b. L. casei subsp pseudo- Lys-DAsp None 1.04 0.94 + 45-47 DL + -
plantarum N
19¢. L. casel subsp rham- Lys-DAsp None 0.75 093 + 45-47 L + =
nosus
19d. L. caosei subsp tolerans Lys-nAsp None - 0.93 + 45-47 L + =
20a. L. corvniformis subsp. Lys-DAsp None 0.38 - - 45 olL) + e
corsniformis I
20b. L. corvyniformis subsp. Lys-bAsp None 0.38 - - 45 D - =
torquens
21, L. curvatus Lys-DAsp None 1.20 1.60 -+ 42-44 DL -+ -
22. L. homohiochii Lys-pAsp Glyeerol ND ND - 35-38 DL + g
23. L. maltaromicus mDAP-Direct None ND ND - 26 Lk + ND
24, L. murinus Lys-DAsp None - 0.92 + 43-44 L - <
25. L. plantarum mDAP-Direct  Ribitol or 144 1.28 - 44-46 DL + -
glycerol 5
26. L. sake Lys-nAsp None 1,20 1.60 + 42-44 DL + -

“Symbols: see Table < ; and ND, not determined.

¥ Footnotes: see Table 1
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Table 3 Physiological and biochemical characteristics of obligately hetero-
fermentative species of the genus Lactobacillus (Group III)
Speciss Peptictogiycan Teichue Elg::}%‘:l?:;“w Allosterie I.“OI% [_..act ic ac 1:1 G:o\:v"h at NH._ flmm
type® acud pLDH  L-LDH L-LDH G+ C isomerts) 13°C arginine
27, L. bifermentans Lys-DAsp None 10 1.20 - 43 oL - -
98, L, brevis Lys-nAsp Glveeral 1.62 1.40 - Ad-4T DL + ¥
29, L, buchner: Lys-pAsp Glycerol 1.33 1.6 - J4-46 DL - +
30. L, collinoides Lys-DAsp Glveerol 130 120 - 46 oL < +
31. L. confusus Lys-Ala None 208 1.82 - 4547 DL o +
33, L. divergens mDAP-Direct None - 130 - 33-35 L + +
33. L. fermentum Orn-pAsp None 1.83 - =+ 52-54 DL - +
34. L. fructivorans Lys-pAsp None ND ND - 38-41 DL + +
35. L. fructosus Lys-Ala None 1.32 1.14 - 47 D(L) T -
36. L. halotolerans Lvs-Ala-Ser Glyeerol 1.75 1.30 - 43 DL + +
3%. L. hilgardii Lys-DAsp Glycerol L.31 0.97 - 3941 DL + &
38. L. kandleri Lys-Ala-Gly-Ala.  Nomne 2,10 - - 29 DL - +
a9, L. kefir Lys-pAsp Glycerol 123 1.07 - 41-42 oL - +
40. L. minor Lys-Ser-Ala, Glveerol 2.08 1.50 - 44 DL + +
41, L. reuteri Lys-DAsp None 1.74 0.88 - 40-42 DL S +
42, L. sanfrancisco Lvs-Ala None 118 1.05 - 36-38 DL + -
43. L. vaccinostereus mDAP-Direct ND 1.32 1.18 - 36 DL - -
44, L. viridescens Lvs-Ala-Ser Ribitol 2.03 - - 4144 DL B -

* Symbols: see Table £L:und ND, not determined.
* Faotnotes: see Tahle 1
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Table 4 Pattern of fermented carbohydrates of the obligately homofermentative species of the genus
Lactobacillus (Group I)

5 ¥ 8 g & 5 vy £ 03 & B %
T8 gt A B AT AR FE Y BRI NE T B 2 £ F -8 &2 OEB ORE 4
= = = g g A = L5 B = = £ ) = = g B 2 £ § \
chic E E 3 2 e a B F 2F S A e s . F £ 3 5 § § % £
Species - - Q I} 5 (&} © o 3 = = = = = 3 o @ A & @ = v
i L delbrieekis subsp. — - d + - + - - d - + - - = s - o - + d =
dethreckii
W L. delbrueekiy subsp. + - d + + d + - + + - + = = & . s + = + +
laetis
1. Lo delbrueckii subsp. = - = - 4 - 4 - + - = = = == Lo i = 24 @ = =
bulparieus
2. L actdaplitlus + = + + 3 + 4 - + B - + - d d > s + - + d
A Loumylophilus - =t - - + + A - —_ + = + - - = - - o " ol i
4. L amnvlovorus - = + Fe + + + - - + - + - - - - = +. = + ¥
5 L animalis d d + + e + + - o+ # = - - E + - - + - + -
G L erispetus + - + + + + + - + + - + - - - i - 4 L + =
7oL farciminis + - + i + + + = -+ + - ¥ - = = = = + - + +
R L. gasseri -+ = + + + -+ + - d il 2 + - d d - - + - + d
Y. L. helvetieus - - - - d + b = + d - d - - - - = = = - d
10, L jensendd + - + + + -+ E - - d d + - - - - - + e, + +
1 L. rununis + = + ¥ + = 4 = d + £ + = A + - - + - + -
12. L. salivarius - = o= d +: + + = + + + - = + + d - d - + +
13, L. sharpeae + - + 4 + £ S + - + + — + - - - e o o+ o - -
14 Lovitulinus + - + + + + + - + + — + - + + - - + d + d
15. Loxyamanashiensis + - il + + o + = - - - + - - - d * + wa + +

s Gunibols: 4. 90T or more strains positive; —, 80% or more strains negative; d, 11-89% strains posilive; 4, positive to weak reaction.
A ' i B



Table 5 Pattern of fermented carbohydrates of the facultatively he' ~ fermentative species of the genus
Lactobacillus (Group II) '

1
=

£ 3 § y z = % y ¥
g F 2 o a  LAMROOVE LY NG £ 4 : E oy =& JEE It Rl
E o8 2.9 & S8l 8 o S s E 4 o8 2.EF 3 % o403
Syecies g :E F A M SRS RE Esed S a2 § 3 Fog. B 8 F-8d & &
16, L oaulis + = + + + i i+ - + -+ + + + + + - + * d + + -
17. L. alimentarius o d A4 + + 4 + + =5 + = + < = — i + + i + + ¥
18, L. buvaricus - - + + + + + + + + - + - + - = + + = + = =
19a. 1. casei subisp, cased + & + + + ¥ + + 1 + + t+ + - - = ) + i + + =
10ly, L. casei subsp. psewdo- 4+ - + + + + + + + 4+ + B 1 - - “ + + + + 4 -
plusnitarum
e, L. cnser subsp, rhamnu- + Ul + + + + 4 + + 4 + . + + - - + + 4 pe + + _
sHS
10el. L. easet subzp. tolerans - - - - + + + — + - - — - = i - - - - - L 11
i, o varvniformis subsp. - ~ — o + + + < o + “+ + - d d 3 - d d + o e
caryvnifurinis
20l Locurvniformis subsp, - - - = E0 + 4 t = o 4 o - - - — - = = + = -
feariflig s
21, L ocurvatus - - + + A + e + d + - + - -~ - - + o+ s - e -
22 L homehiochit = = o o + == 4 — = + = + - - - - + d = L d -«
24, L.omaltaromicus + - + 0 + + + 0 -k e = 4 + s + - - + + + 4 + i
S1Lomurinus d + + + + + T = + i d + - + + - + d = + d -
va. L. plantarum + d + + + + + + + + + + d + + - + + e + + d
h. Losuke + + + + + + - + -+ + = + = + = = + + - s + 1]

? Symbols: see Talile & ond o, reaction not determined.,
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Table 6 Pattern of fermented carbohydrates of the obligately heterofermentative species of the genus
Lactobacillus (Group IIT)

12 - @ ] =
£ 8 & R L A e N T
Species < £ & lﬁ = & O T g = = =
27. L. bifermentans = - - - + + + - - + A +
28. L. brevis - + ~ d + d + + il + - -
29, L. buchneri - + - d + d + + d = = el
80, L. collinoides - + - + + F + + d i = -
31. L. confusus + - + 4 + 4 + £ = + — +
32, L. divergens + - - 0 ¥ d 4 + == 4 * +
33. L. fermentum = d - B 4 + + + + = i
34. L. fructivorans - - - - + - + o - d L L
35, L. fructosus o - - (0 + - + - — = = =
38, L. holotolerans - - B - + - + + - + = 4
37. L. hilgardii - - - - + t + + o - ~ -
38. L. kandleri — - — - 4 + + + - — + Ll
39. L. kefir = d - - + - + R t - =
40. L. minor - - + + + - + + = + - +
41. L. reuteri o + - o + + + + + + o -
42. L. sanfrancisco o = - 0 - + + + > 13 = L
43, L. vaccinosiercus =l Fu - - Fu + * = + — 3
44. L. viridescens - - - - - + - - +

°* Symbela: see Table 4 ; snd o, reaction not determined,

v by 0+t KIMelenmse

-

l!l+i+1ll‘1I+Ii+++:!MeIib'm&e,

% g ¥ £ g : ¥
d @ & “F % &
2 o H — - —
d - + -~ ~- o
d = + - - 1|
= ~ i 3 o rd -
- - + + - +
= - + + - +
+ - + - - +
- - +u - ~ il
— — + -— — —
= i + o = d
- 0 + = - .
— - + -— — -
- ~ + - - +
+ ~ + - - +
- —_ &+ = -~ =
- - - i e
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Table 7 Nutritional requirements of Lactobacillus species

g o=

4 o, ~ B @ M Q

U ) G > @ = 3}

. . © 5 b d g - [~ o

g =4 o (e} o . o] e w

Speciles - 0 - Q o] L % - £ N

: 4 o 9 Ex - 0 E, 5 ]

L 2 A g i S S R P

M 9 2 fa¥ A m =] B > %

L.delbrueckii - d + 4 - d - d d {5
L.acidophilus ND + + + - + = = =3 5.9
L.amylophilus ND + + + + + - _ND ND (5.

L.amylovorus ND + - + ND + - ND ND (5

L.casedl ND + + + + -+ - = - ( 4
L.helveticus i ND - + + + + - - o O -+ - T

L.plantarum ND - o+ + - d - - - ( 4,5,6)

L.brevis ND + + + - - 4 MD L SRS (-
L.vaccinostercus + - + + - ND .+ ND  ND (59

+ , essential ; -, inessential ; d, some strain required ; ND, no data
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Table 9 General characteristics of Lactobacillus species iscolated from
fermented foods. : :

Characteristics ';solates_.

) P1-3 P30-1FP51-1P16r P24—1924“3P46“1-§P6 F4-1 F4-2
Gram reaction T Tl Tl T e Setl” ey A
Motility - = = ~ = 2 = =
Spore formation - ™ - - - - i * bt £ -
Catalase . - - - ! = b . - < w
Pseudocatalase - - it % T = i et
Benzidine test = = - - - L B A s
Slime formation = = - - - - - = o
ﬁitrate reduction - = - - - ) Lt = = =
Gelatin hydrolysis = = - - - = . e ! it
Aesculin hydrolysis % H = + = + - + - +
Arginine hydrolysis = = b - - - - X = =
Starch hydrolysis - g = - - B e B - i A x
Glucose utilization < fermentative ¥
Relation to oxygen ¢ microaerophilic N

Gas from glucose - - - = =2 - . s A
Gas from gluconate + + - + + + . + + + +

Reaction in litmus milk:

Acidification - + - = + + - - - -
Coagulatior 6l - + = = - i . o o 5
Peptonization - - - = s = & A _ By
Reduction - + - - - + — - = i
Growth at 15o - + b g A i .+ + - .
Growth at 45 + = + = - ;S S 47

Growth at pH 3.5 + + o+ Y + + +

Growth at pH 4.0 A + + + + + + +

Growth at pH 4.5 + + + + + + 4 + +
Growth at pH 5.0 4 + -+ + + + { + + +
Growth at pH 6.0 + + -+ + + + + + - -+

Growth at pll 7.5 + + ek + + + + -+ +
Growth at pH 8.0 + + + + + + + + + +
. Growth at pH 8.5 G + + + - + - + + bl
Growth at pil 9.0 = B - 4+ + - + - o
Growth at pH 9.6 = = - = - + - 4- - -
Groﬁth in 2.0% NaCl + + + + e o+ + +
Growth in 4.0% NaCl + + - + - + + + +
Growth in 6.0% NaCl - -+ + + + . + + +
- - - - - + +

Growth in 8.0% NaCl & - -
Growth in 10.0% NaCl = = x - - - = o=
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Characteristics Isolates : 3
; F11-1 F11-2 Frl18-1F18-2F19-1F19-2P28-3 P’305 P319 P319-1
Gram reaction + + 2 + -+ + + o + +
Motility - - - - - & e T = .

Spore formation = = - - - - - i . [
Catalase - - - - re ) - e = - o
pseudocatalase = - - - - - - — A= i
Benzidine test = - - - - =t = i s <
5lime formation o e e - - - - il ol =

Nitrate reduction = - - - - - - s £, .

Gelatin hydrolysis = - - - - - - = - -
Aesculin hydrolysis’ Lok i + 4= i = ot g f
Arginine hydrolysis P o B - ok - o ",}
Starch hydrolysis  ° ST AL N N Ny - - - b
Glucose utilization i = fermentative >
Relation Lo oxygen o microaérophilic _ 3
Gas from glucose : -:: - - =h - -k B " o
Gas from gluconate f': + + o+ + £ % AR o
Reaction in litmus milk: | y . ;

Acidification -+ o 4V SR G 1+ +w‘ 4
Coagulaltion = : + - = =B = - = -
Pepltoniz 0¢ = - = - - - 'l S N
Reduction il i - - - — - - = B
Growth at 15n el - + ¥ - + - - = o
Growth at 45° + = 4 e = = = = ! i
Growth at pil 3.5 £H 5 + + + + + + +
Growkh at pil 4.0 k! + 23 + + + + + + +
Growth at pill 4.5 + + + + ok + + + + +
Growth at pH 5.0 + + 4 - + + + + + 4
Growih at pil 6.0 + I 4 t ! 4 -+ + + 4
Growth at pll 7.5 + + 4 + + + + + + -+
Growth at pii 8.0 + + + + + + + + +
Growth at pll 8.5 i + + + + - + + +
Growth at pil 9.0 + - + + + + - + 2 AN
Growth at pll 9.6 P - - - = e e o = o
Growth in 2.0% NaCl + + + + ¥ + + + + v
Growth in 4.0% NaCl - + -+ =y I + * 4 + |
Growth in 6.0% NaCl + + + + | + t F
Growth in 8.0% NaCl + + + - + + = + = i

Growth in 10.0% NaCl e L = - - wiimn 1 L - - oL x
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Table 9 (continued) 4 - ]
qﬁmanmnmmmﬁ%

Characteristics : Seakates
1 F21-1 FP21-2 P2f4“P3? F%—l-FS—l F5-2 F9-1 F20 Fl0-1

Gram reaction + + + + -+ g + o e

Motility - = - - - - ~ - 4 3
Spore formation e - - - - = - — = Juied

L Catalase == = < - - = = e = =
Pseudocatalase = = - - = = = = 5 =
Denzidine test m = - - - - - o - -
Slime formation ¢ = e - - - - e o = =

Nitrate reduction = = - 3 = = & 2se ) =

Gelatin hydrolysis Ehw iy = = e - - - = 22 5
Aesculin hydrolysis .q. +;i' +': Ex i %_. flb - 4~ + | 1 _Tfjf;;
Arginine hydrolysis i - + : % G e - - + '-;:
Starch hydrolysis ' aE el £ S -0 - 2 = ISP
Glucose utilization _= .ferﬁeﬁtativcf : %#
Relation to oxygen ' € microaerophilic >
Gas from glucose - - = - - I At ne s 2
Gas from gluconate ‘ fl b IR (ol +.' +'l + + + - gt
Reaction in litmus milk: .
Acidification A A TR o T = ” & ¥
Coagulation - s - sae - _ _ o
Feptonizaiion - - —— - = ~ - - =
Reduction - o o = S o - = =7
Growth at 15: +ﬁ o + i ) 13 Ly v "
srowth at 45 . - s o = = L = + o =
Growth at pll 3.5 + I AR + + . + A
Growth at pll 4.0 ) + + + 4 + 4 ¢ T
Growth at pH 4.5 ._+” + + 4 4 + 4 + 4 I+
Growth at' pH 5.0 + 4 + - + + + + + +.
Growth at pH 6.0 + + 4 + % + oF + + +
Growth at pll 7.5 + ' + 1 + + + + + +
Growth at pll 8.0 H + ; I + + + + + + +
Growth at pil 8.5 +. + .+ + + - + + + +
Growth at pil 9.0 + B + + - - - + 8
Growth at pH 9.6 - = + R - - - % =
Growth in 2.0% NaCl + 4ok + + + + + + +
Growth in 4.,0% NaCl + + 4 4 + + + + + +
Growth in 6.0% NaCl” e T et T e el T T
Growth in 8.0% NaCl vy eI S K Lo U3~ S T TR e

Growth in 10.0% NaCl = - - - - e o — o ey




Table 9 {continued)

Characteristics

]

Isolates

Gram reaction
Motility

Spore formation
Catalase
Pseudocatalase
Benzidine test
Slime formation
Nitrate reduction
Gelatin hydrolysis
Aesculin hydrolysi§
Arginine hydrolysis
Starch hydrolysis
Glucose utilization
Relation to oxygen
Gas from glucose

Gas from gluconate

F10-FP2-1FP2-5FP11-1rP14-1FP14-2FP18FP24-1FP25-1 FP34 .

Reaction in litmus milk:

hcidification
Coagulation
eptonization
Reduction

o
Growth at 15

Growth at 450
Growth at pH 3
Growth at pil 4.0
Growth at pl 4.5
Growth at pu'S 0
Growth at pH 6.0
Growth at pH 7.5
Growth at pl 8.0
Growth at pil 8.5

Growlh at pll 9.0

Growth at pil 9.6

Growth in 2.0% NaCl
Growth in 4.0% NacCl
Growth in 6.0% NaCl
Growth in 8.0% NaCl

Growth in 10.0% NaCl

g

+ + + + + + 4+ + +
]
e SRR R U + + o+ A g
< fermentative ¥
i micronerophilic e
+ + 5+ + + + - +
- + + + + +, ’
! ¥
- + - - + - + + - -
+ = = = = = s = i =
+ + + “+ + + - - + +
+ + + + + + + + +
+ - + + + - + + +
+1 0 B b 0 # o Tl S S :
35 Y 0 & + + + + + + + .
+ + + -+ - - + + * +
+ + + + + + + + + o+
= + + + “+ + + + + +
- + + + - + + + +
- + - - + - - +
+ .+ + 4 + + + o+ o+
_ + ) + + + s + + +
- + X + i + + + + +
- + - - - - + - + -




Table 9 (continued) : ' ' I23

i - Isolates
Characteristics e

£

FP34~2 FP37-4FP38-1 A330P322P325 P323 AB3 F26-1. F26-2

Gram reaction + -+ + 0+ + # 3 . S e
Motility : e - - - - e - - e
Spore formation : - - - - = = 2 = = _
Catalase = ~ - - = . o - o =
Pseudocatalase e = - - - < = - - 48
Benzidine test = - - - - = i , = =

Slime formation - - - - i 1% s - = i

Nitrate reduction . = - - - - - = 2 e il
Gelatin hydrolysis = = = = - - - - o ==
hesculin hydrolysis i = i R E = i + g e
Arginine hydrolysis & ath ol = - — Bl D= ety el
Starch hydrolysis il g o _.: ~ - as = LD
Glucose utilization | . < —fermentative— >
Relation to oxygen ey Microaerophilic— >
Gas from glucose % 7 & ik T - o -t I} -
Gas from gluconate '+._I + + i + + + ok gee

Reaction in litmus milk:.

Acidification i o + + a. + v 5 ISl )
Crmgulation‘ : - ¥ D s I, P + _ <l
Peptonization - - - - - - T - -
Reduction Lt S A = e _ - . =
Growth at lSo =5 = = + ._ + + & s
Growth at 450 - - - o & = . b B ¥
Growth at pil 3.5 . + = - I-I t + + + - }
Growth at pil 4.0 + + + + + + + + + +
Growth at plf 4.5 Poo. el £ 7 + + + +
Growth at pH 5.0 + o4 + + + + + + + t
Growth at pil 6.0 + + + +- + 4+ + Y + +"
Growth at pH 7.5 + + + + + + + + +
. Growth at pil 8.0 o + + + +- *+ 2o + + +
Growth at pll 8.5 F + # + = + + + = +
Growth at pit 2.0 + + + + - -+ -t + - B
Growth at pll 9.6 4 - + + i - g + . or
Growth in 2.0% NaCl e + + +. = O + + + +
Growth in 4.0% NaCl + 1 + - + b 5 + = +
Growth in‘{';.(_}‘t; NaCl 4 + i -+ I + + 1 - |
Growth in 8.0% NaCl - = 4 5 " + & 2 ~
Growth in 10.0% NaCl Ry et A T G he o

SRR - S5 /=S



Table 9 (continued) ) 24

Lzade o v g
Characteristics Isolates

" F27-2 F28-1 F28-2 FP49-2 A314 A27-2 FNI-3 FNI-4 FN3r FN3 |

]

Gram reaction + -+ 4 g o + + bl 4 +
Motility = o - - - - - s i -
spore formation - = - - = - = B - =
Catalase P = - - - = e = = =
Pseudocatalase = - - - - - - = e -
Benzidine test o - - - - - - . o -
Slime formation * = - - - - - - - : -
Mitrate reduction = = - - - - - 5 = =

jelatin hydrolysis = s - - - - s fa = !

Aesculin hydrolysis . = ' ¥ <h e LTI U + + cor g | e
Arginine hydrolysis | = - = 'r;?l e - - iy -

Starch hydrolysis | . v = S e - = _ o

Glucose utilization ! v < _ . —fermentative N
Relation te oxygen .4. microaerophiiic Pl
Gas from glucose - - - e _-; - » L = e o~
Gas from gluconate - + = + + + + + M _+.

Reaction in litmus milk: ‘ _ |

ncidification ' %, elal I S GV = 2. T
Coagulalbion . - + - S - m & i o =
Peptonization = - = & - - = 4 = e
Reduction : - = = s = - _ A Wi, _
Growth' at 15 et SRR ke ) g
Growth at 45n ax: NG - = = = - 2 + !
Growth at pil 3.5 ' Y + + + + + - + +
Growth at pli 4.0 i AT + + = ¥ # o e + 4
Growth at pil 4,5 T ot £ + Y
Growth at pll 5.0 +E 4 + t + { + + + +
Growth at pil 6.0 + + + Foe T g + + » +
Growth at pll 7.5 Byt T o S M. G- L
Growth at pH 8.0 e + + -+ + o+ + + & i
Growth at pil 8.5 +. % t i + + + + +
Growth at pH 9.0 + + 4 - + + + & &
Growth at pil 9.6 7: = 1 ¥ i + % L ” i
Growth in 2.0% NaCl 6 - -+ i S + + + +
Growth in 4.0% NacCl A + t + 1 + + E + &
- Growth in 6.0% NaCl + - 4 4 - gt 1 + 3 -
Growth in 8.0% NaCl & - 5 + 3 + i = B it

‘Growth in 10.0% NaCl e’ B = - - " - _ _ "




Table 9 (continued)
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Characteristics

L

FN4 FN8 F3-1

Isolates

F3-2 A85-2 A93 FP48-1 A35 F7-1 F7-2

Gram reaction + + + ik -+ + 3l 4+ i +
Motility e = - = - ; - - - =
Spore formation I = - - - - - - - - -
Catalase _ = -~ - - - =2 i “ - -
Pseudocatalase = - - - - - ~ i« - =
Benzidine test - 3 = - - - - - = =
Slime formation - = - - - - - - . .
Nitrate reduction = = = - - - - = - Ll
Gelatin hydrolysis 3 5 = = - - - = ~ _
Nesculin hydrolysis ¥ ;'Fﬁ tikiich - Sl g - R T TR
Arginine hydrolysis : = g - S - i - = — =
Starch hydrolysis ) = = o 1= - - i = e - o
Glucose utilization <= —fermentative >
Relation to oxygen . < microaerophilic >
Gas from glucose. =3 F - - - S & = = .
Gas from gluconate ' @t . 5 B + + + o+ + + o+ +
Reaction in litmus milk: - I

Acidificaticn : & iy - - A P S v
Coagulation ' ¥ - - - - + = T L PR Gy
Peptonization 3 = 5= - - - = = = -
Reduction + = - - . + = + = =
Growth at 355 o + s Lt LR - £ 4
Growth at 45 i - = + g i = o
Growth at pli- 3.5 7 S, + e + ¥ + + + +
Growth at pH 4.0 = 3 + + + it + - + g0 g
Growth at pil 4.5 T T R
Growth at pH 5.0 + + + 4 + -+ + + + +
Growth at pll 6.0 g "o + 45 + + * + P
Growth at pil 7.5 A + + + + + + + ¥ +
Growth at pH 8.0 ] +: + + - + + ¢ . +
Growth at pH 8.5 wiiliged bl | 2701 Dt Ea | g e
Growth at pll 9.0 i f;jE,+; G+ 3
Growth at pH 9.6 S b g e G e g Tl
Growth in 2.0% NaCl RPN - + + S - + + + o+
Growth in 4.0% NaCl + + + + + + + + +
Growth in 6.0% NaCl : B et oty | + + 4 e 4
Growth in 8.0% NaCl X + + = - + G - + - ~
Growth in 10.0% NaCl - - - - - - - - - -

; = /B —— P
+, positive reaction ; +w, weak reactipn ; —,negative reaction



Table 10 Pattern of fermented carbochydrates of Lactobacillus species isolated from fermented foods.

Carbohydrates Faalates
‘ P1-3 P30-1 FPS1-1 P16r P24-1 P24-3 PA6-L FP6 F4-1 F4-2 Fll-1 F1l-2 F18-1 F18-2 F19-1 F19-2 P28-3 P305.
N

L-Arabirose - + - - + 4 R " TR + + + A
D-Ribose - ax - 49 2 B 7 . S TP R ¥ R i Ly
D-Xylose - = e o i = it = - - = - £ + ~ - =
Rhamnose = - = - - - - - - - - - - - - - - -
Fructose +W + +w + + + +w + iy + + - + + + + iyl +
Galactose g - + + + - + + + . + + + + + - +
Glucode + + + + P ST W - e + + + + F 5
vznnosa s + + A ) o e R Y + + + + s W
Cellobiose 5 __'- T + ' +. + + = 4 + + + + + + + + + - o+
Lactose - + - - H TR Sl . S S . £ 5" e 1! e - LA
Mzltose + + % + =T e # = B L ¥ + + + = Ty
Melibicse + + - - + + - + + + + + = - + w +
Sucrose % + - + " + 4 + o+ + + - A LS T
Trahalcse - + - + . + + - TR ke S S + B + + + - +
Melezitose - + o - e + = + - B T - + + + + o ¥
RafZinose + - - A STEE SRR S T SO S
2esculin - T AR e o= ¥ W Y + + + + W A
sMethyl D-glucoside = = & = = = - = - - = + + + - - - +
saiicin - + o+ g B A w0 A A e ey ¥ + AN 5
:-zar.'nita_i ) - W I R B A R T O SR T g e L lgW e gl o b
Scraitol - W - 2% YL OB ad ] L0 R LA B 4T P Y - =g 4 4
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Table 10 (continued)

< Isclates
Caxbohydrates

P319 P319-1 F21-1 F21-2 P2-4 P37 F2-1 F5-1 F5-2 F9-1 F20 F10~1 73"-2 FP2-1 FP2-5 FP1l-1 FP14-1 FP14-2
5 ~ .

L-Arabincss + + + + # - 4+ - Es - + + - = + + - 2

=
-
=
>
=
=
z

D-Ribcse + + + + + -+ -

g
-+
1
I
+
-+
+
I
1

D-Xylose +

+
!
|
+
|
!
+
£
1
t
I
I
+ o
=
+2
+€

Rhamnose - -

i

I

t

]

I
4+, +
=

1
)
I
t

=

Fructecse

-+

Galactcsea

1

Glucocse

+
TR

Mannose

Cellobiose

o+ o+
e

S
F o A F
to * 1 :
£

+ o+ o+ + o+ 4+ +o !
+ o+ + +F o+ o+ 4+

+, 4+ o+
5

Sucrose

+ + + + + 4+ 4+ + + +
I
I
o}
<

+ + + + 4+ 4+ o+ + +

Trshalose

!
+ .+ + 4+ + + + + + +
+ + 4+ 4+ + 4+ 4+ + + + +
+ 4+ + + F + + F + + + o+
+ 4+ + + + + + + + F

+ 4+ +
1

+
+
1
o+ o+ + o+ 4+

!
+ 4+ o+ o+ o+ o+ F
+

1
'
1
1

2
te *g

Malezitose

1
I
I
i
I
|
I
|

Rafflncse

)
+ o+ 4 o+ + + o+ 4+ o+ o+ o+
+

=
+£
+é

£
+£
1

o+
i
-+
I
i
!
-+
.].
+

Assculin + 4+ + +

I

1

1
I

+

+

+
l
+
+

=Methyl D-gluccside

'
i
i
1

+ o+ -+
[
|

Salicin

+
“+
¥
+
+
I
3
=

Mannitol

+ O+ 4+ F +F F 4+ + 4+ + + + o+

1
1
1
1
I
]
+ 4+ o+ o+

=
+
Al
I
+, +
£
]
+ + o+
+ o+ o+
4+ o+ o+

Sorbitol - 2 L AR A R W _ L

+
1
+
I
i
-+
i
1
+
=
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Table 10 (continued)

28

Carbohydrates

Isolates

Fpl8. FP24-~1 Fp25~1 FP3<4 FP34-2 FP37-4 FP38-1 A330 P322 P325 P327 33 F26-1 F26-2 F27-2 F28-1 F28~2

L-2Zrabinose
D-Ribgse
D-Xylose
Rhamnose
Fructose
Galactose
Zlucose
Mannose
Cellobicse
Lactase
Maltose
Melibiose
Sucrose
Treha1659
Melezitose
Raffinosa

Aesculin

seMethyl D-glucoside

Salicin
Mannitol

Serbitol

+ 41 F o o+ + F FF

i

+

+ + + + +

o4+ F 4+ 4+ 4+

+

+ o+ o+

+ + + + + +

+ 4+

+,. 0+ + o+

f

+

+ ok o+ 4

o+ F

..l.

+ o+ F o+ +

+ + 4+ *

U BT ST T o D T W IR e

+ o+ o+

£

=

+

W

+
£

b SERH e e S

+, + + + o+
= =

N
£

+

W

+ g
: T ot

+ o+ o+ o+

+ o+

. T s S S S

+ o+

+
£

8

+ o+ A+ o+ F

+
£

NIpR U 1

+

£ 0+ ¥ + + o+ + F + + '+ + + 4+ + +

=

B
B

-+
=

+, 0+ + + '+ +

+ o+ 4+ o+

+
=

+

e

ES)

N R

+

oo+

+

R S S N A
£

A

-+

-+
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Table 10 (continued)

Carxbohydrates

Isolates

FP49-2 A314 A27-2 FN1-3 FN1-4 FN3rx FN3 FN4 FN8 F3-1 F3-2 F85-2 A93 FP48-1 A35 F7-1 F7~2

L-Arabinose
D~Ribose
D-Xvlose
Rhamnose
Fructose
Galactose
Glucose
Mannose
Cellobiose
Lactose
Mzltose
Melibiose
Sucrose

Trzhalcse

Malezitose

Raffinoss

Aasgculin

sMethyl D-glucoside

- + % + ¥ = = 4+ 4+ o+ O+ o+ =
- - +W + ¥ - +W B
= + L FF R ey, Y L e
. ‘ & = A T SRR W G L e e
+ # + T BT T e g
+ =T H + Cagren -l 8 WS N - (i R R
+ +v + + + + +. o+ + _+w et » .
% - + - o+ o+ o+ + + o+ + +
+ = £ ol el T s TR e
+ - + % S R B . T e Lo
+ v + + - + - + & cam +, 0+
+ - - - TANPEAL - W ST i |
+ - + + SR e i it ST i SR SR
+ - + + SR R RSt
3 - + + R
L - - = - - 3 + S i v g -
S L AR RN A AR R T B M.
N < + + - i R O T S B DR S e
+ i + + + + S + + + + +
1. B o T i 3 AW R R e T W
; W Ay . " o A S ) - i PR

o + & &
¥ PN R,
+ * + +
+ + +H +w
+ + + +

o +_. + +
+ + + +
+ ¥ SRS -
+ + + +
+ + - -
R +
+ + + +
= + - =
+ s -

+ + T
= + i .
+ + +
W R Wl W
+w +w W +w

Acidity is expressed as ml.of 0.1 N NaOH consumed to neutralize 3 ml of-culture broth.

0.4 - 0.8 ml, +¥; less than 0.4 ml, =

6¢

More than 0.8 ml, +;
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Table 11 Growth in vitamin assay medium of Lactobacillus species

isolated from fermented foods.

amsiu ey
T : &
Isolates o -3 ot _ % 5
9 .
2 & g o § 9
i - D 5 S 4
;:4 3 2 5 : y
H m, @ & o) %
P1-3 - + + + - +
P30-1 + - ~ o+ LT
FP51-1 + - - + - +
Pl6r + + - + - +
P24-]1 + + = L F b +
P24-~3 + + - + - +
P46-1 - - - - - +
FP6 + + - + - +
F4-1 & + - + - +
-2 S - - + - +
¥4 e
F1l-1 + + - + - +
F11-2 o+ + = + - +
F18-1 + + - + - +
F18-2 + + - + = +
Flo-1 + + - + - s
F19-2 + + - + - et
pP28-3 + - - + = o

£305 . + + = + - iR
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Table 11 (continued)
= - P
FIWISTNUINIAIU
Isolates it s 5 9 =
o 3} > e 13
& @ @ » 0
o = ~ g 9
% (4] - by Lo} Q
i A (o] -

= d s 4 4 2
EH = m ] jat] g
P319 + + - + - +
£319-1 + + - + - +
F21-1 + + - ¥ . +
F21-2 + + - + ~ +
P2-4 + + - + - 4
P37 + + = + - +
CF2-1 3 + % + — +
F5-1 + + - + - +
F5-2 + + = + - *
F9-1 + + - - - -
F20 + - - + - +
F10-1 + + - + - +
F10-2 - = = + = +
FpP2-1 + + - + - +
FP2-5 EE + - + - +
FP11-1 + + - + - +
FPl4-1 + + = + = +
Fp14-2 + + - + - +




Table 11 (continued) : 32

ausiunadaniu
S
Isolates & ‘g ﬁ g 5
) : o = > -
| o b Q
=i — (»] g
8 B o ' o Q
g 2 g g Jt =
. 3 R m % & 5]
FP18 _ + + = + i %
Fp24-1 + - - - ol i
FE25-1. + + - - - +
FP34 + i - + 5 +
FP34-2 + + - - - +
FP37-4 + + - + - 4
FpP38-1 + + = = L +
A330 T + - + = +
P322 + - e 8 L +
P325 + + - + - +
P323 y + + - -- - -+
A83 : + + - + - +
F26-1 * ~ . + - +
F26-2 + + - 3 = +
F27-2 + ™o 4 4 . +
F28-1 o+ + - + = +

F28-2 + + = +, - +




33

GYP  &wiSuidSeufisunsiaiy

Table 11 {continued)
-d - -
SR B Lo T L TRt als)
o] o
Isolates a o] e &
o > - i
.g o 4] L 0
2 g — e} b
£ 0 e 4 T 0
g - o 0 ke
g 3 o 2 ? 3
& B ) & & &
FP49-2 + *+ - + - +
A314 + 2 - + -
A27-2 + + e, + -
FN1-3 + - - + —
FN1-4 5 - = + &
FN3r + + - + -
< FN3 + Es = + =
FN4 -+ + - & =
FN8 + e - o+ -
€e
a + - - + -
F3-2 4 - = + s
AB5-2 + - - o =
A93 + - - + =
FP48-1 + - = + =
a35 + L i . ”
F7-1 + + - + -
F7-2 + + - + -
+, dewwnsnsSy -, Haluswasawely ; GYP broth, s wmsiwan
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wd
unn &
e, o«
FsanazggURanIsSuAaDy
nnsAnednueznIeiugudnen  n1s 193 w33%ven el usznas Lasy

ol - - J. " e o &
'lu_a“m’s*mu‘mammmuq\wﬁwuam Léﬁ]ﬂhﬂﬂﬂ‘]ﬂﬂ'}%‘iq‘iﬁwﬂﬂ'ﬂ\‘l VIUIUNVINAA o vL.l'ﬂ' 9712

L] . - " ' . - J L] & - -
WU 1T e ifidnuas tiugusaeune uarfivudasiiunv ifefigusnviu Lisuaasiu e

< 3 o =4 . )
luana Streptococcus wie Leuconostoc Aenu  gidaiiaatutfiuanfiv vo lolzian

o

avsazilufalusna Lactobacillus species insnzsaulungifeonaniliafglefissdy

pH #7m1 «.¢  HBuuansreaniPesman Leuconostoc  Asauluglisiuisatedale

(¢,¢) wusnaniisrulngiTe Leuconostoc @ewn1s Riboflavin usiFefusnle

- e

#wasaie3glu Riboflavin assay medium FefuuslunlusevnsSeniiuviioll 1Fadl

wen'laluwsividensnuastaglasaun (foswan Leuconostoc mesenteroides uaz

Leu. dextranicum ®1uAsoEsavla («, &) Nad@ndsznsniiviie (Jafiwenlasau

e, - 5 i g - o
Tuglussrvunsanuhmtanglas  waaseunsainnglawue  Fuez idunusudd ianizue

v#'a Lactobacillus %7 w3n homofermenter ﬂﬁlnumnﬂﬂﬁawnt§aﬁQﬂ Leuconostoc

#i10u heterofermenter aw viaian (c-o) ey lsAnud 1¥eshurune s luwsae

unsanng la wundeasluldie Lactobacillus Alawdesnsidu Lactobacillus

. W e g ' - F o

1wman heterofermenter nin  g3dslusuisassUasuuuaule nas@nundnuuzfu q
o« o o — o L3

VU N153 LAsaTnraUSuan Lles teuduay GHC  wevsEe DNA  nasdinsasvevAusznau

F ar o o= o . P % A &

voundvlgan  N153LASIZUNT optical form wBVNIALAATAN LToES VAN uaznns

o o - L) . . o
finvniesulon lactate dehydrogenase Q:uﬁqﬂuﬂﬁﬁmnﬂnmmnﬂsﬂﬂnquL@aLmaﬂu

s3UNaAISNARR YL LANINEIuISaLUIINgU 1Ta Lactobacillus species

A St - . o - A1 . ! L - '. > 1

fusnatnamnsninaevin iy b ngulvey #o wanilluswasasstouasanuiaang Lag
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Table 12 - Grouping of Lactobacillus species isolated from fermented foods.

Group

Isolates

I. No gas from glucose. Gas from gluconate.

a. ribose ferment?®

-

b. ribose not ferment. -

g€

IX. No gas from glucose or giuconate.

a. ribose ferment.

b. ribose not ferment.

F2-1, F3-1, F3-2, F4-1, F4-2, -
F5-2, F7-1, F7-2, F9-1, F10-1,
Fl1-1, F18-1, F18-2, F19-1, F19-2,
F21-1, F21-2, F26-1, F26-2, F27-2,
F28-2, A27-2, A35, A83, A85-2,

' A93, A314, A330, P2-4, Plér,

P24-1, P24-3, P28-3, P30-1, P46-1,
P319, P319-1, P305, P322, P323,
FN1-3, FN1-4, FN4, FN8, Fp2-1,
FP2-5, FP6, FPll-1, FP18, FP34,
FP34-2, FP38-1, EP48—1.

F5-1, F10-2, F11-2, P1-3, P37,
P325, FN3, FPl4-1, FP14-2, FP24-1,
FP25-1, FP37-4, FP49-2.

F28-1, FN3r.

F20, FP51-1.

*some isclates ferment weakly.

T{0544468 ’
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1. BAesculin broth

Aesculin
Glucose
Ferric citrate
Beef exfract
Yeast extract
Mn504.4H20

Tween 80

2. Arginine agar

Peptone

NaCl

K2HPO4

L (#) arginine HC1l
Fhenol red

Agar

pH

3. Fermentable carbohydrate broth

Carbohydrate

Yeast extract

Be5

0.5

0.0L
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Peptone 0.5 g
Salt soluticn 0.5 ml

pH 6.8

FmFunsesvunTanuaaiang B wie ng Mius (e4) 1 durham

. J - - : . |
tube usseavldluvesnemis e lnunsunufiemaslunasa

4. Gelatin broth

Gelatin .10.0 g

Glucose 1.0 g

Yeast extract B 6 1 g

Peptone 0.5 g

Sodium acet ate 0.3 g

Salt solution 0.5 ml
pPH 6.8

5. GYP-agar

Glucose 1.0 g

Yeast extract 0.5 g

Peptone 0.5 g

Agar 1;5 g
pH 6.é '

» = o »
nsuan tfenavtdu Caco, 1.0 g ilagnisssiunsa

3
6. GYP~broth

Glucose 1.0 g
Yeast extract 0.5 g

Peptone 0.5 g



Salt sclution

: MgSC

Sodium acetate

Salt solution

4.7]—120

MnSO4.4H20

FESO4.7H2O

NaCl

Distilled water

PH

100

40

ml

g

ml

= W - & &
nranaseunINsuisaLaSgeee el NaCl Inidusnsdenanilaeluesnis

F o™ b . - =al s 2 W -
Auviunafineunis  FIHATSMIATRUNNS LSgNssAY pH 1Susuane v InimSeu GYP

broth usamniffe wasufusrssnsazates NaOH w3a HCl #usweanifesulaszéu

pH aumasns - Taednane pH meter

7. Nitrate broth

8. Oxidative-Fermentative Test

Peptone
NaCl

KN
O3

Tryptone
Yeast extract
Glucose

BCP

Agar

9. BSoft agar

Glucose

Beef extract

0.004

0-2

0.5,



Yeast extract

Tween 80 0.05
BCP IO.OO4
Agar 0.15
PH 6.8~7.0
10. SYp agar
Sucrose or starch 120
Yeast extract 1.0
Peptone 1
Agar Ve S

#g1s51all uaz 38 1nTau

14 ﬂﬂﬁéﬂuﬁungﬂ (Hucker modification

1.1 Ammonium oxalate crystal viclet

0.5

)

Solution A : Crystal violet

Ethyl alcohol

Solution B : Ammonium oxalate

Distilled wat

»~ > o
HEUHISRTANY A WA B wuaeunu

1.2 Lugol's solution

Icodine
KT

Distilled water

1.3 Counterstain solution

Safranin O

er

10

2.0 (]

20 ml

0.8 g

80 ml

ml

ml
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- (2.5% soluticn in 95% ethanol)

Distilled water . - 100 ml

e - > JJ - a » - ¥ % - L -

38nqssey  whwlann smear LTeunvhlvunsuar fix uslERUAILES
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u Y e wAH  atvaasun uaaduluwuwe wea ethyl alcohol — «¢+ =avld
decolorize HINUNVURILBUAUAILFITRLRIE 9.0 ¥ s0 FWAT  ualaINED
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waznluuny  whldasqewaugnirenseyanssiu ant¥efinfuey crystal violet

B L] .- - vy ¥ » .
WEAY3IN L'E'u L%E!LLF!"S&JU’N"I wanfnEuAsYeay safranin  wamvln I.'Iju L%ﬂun‘swu

2. Benzidine hydrochloride solution

szale benzidine ¢ ndu lu gracial acetic acid wo UA.
- - - ™ oW - - g - L] - "3 Pty
Wanhnduauld wo wa.,  whldvalussuuszaulviaaiu  usavessluifiu LBy
ethyl alcohol avld ¢o wa. tuenlvinqdy lswaadwidulalugidu

3. Hydrogen peroxide solution

Hydrogen peroxide 3.0 g

Distilled water 100 ml

et Lot Leafu L v Tawaafenla Tug L

4.  Nitrate test solution
Solution A : Sulphanilic acid 0.8 g
Acetic acid (SN)I 100 ml
szane sulphanilic acid lu acetic acid  lawlnmanussu

o -
VAN Y

Soluticn B : ot Naphthylamine 0.5 g

Acetic acid (5N) 100 ml
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