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Abstract — Cultural conditions of Lactococcus sp. 1112-1, a bacteriocin producing strain, were
studied for enhancing its production with regard to environmental and nutritional factors. Opti-
mal compositions of culture medium for bacteriocin production were glucose 20 g/l as carbon
source, casein acid hydrolyzate 15 g/l as nitrogen source, and sodium acetate 3 g/l, ammonium
citrate 2 g/l as .norganic salt with other basal components. The optimal pH of medium and
fermentation temperature were 6.2 and 35T, respectively. This strain required exclusively
riboflavin and pantothenic acid for growth and bacteriocin production. In a 1/ batch culture,
stationary phase emerged after 8.5 hours of fermentation when 1.81 g/l of biomass was accumu-
lated. The maximum antimicrobial activity was 3,894 [U/m/ after 12 hours.
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Table 1. Effect of pH on the production of antimicrobial substance by Lactococcus sp- 1112-1 at 35°C

pH Biomass Activity ors” Y™™ Growth rate V') Qprrx*
(g/D) (IU/mi) (1U/g) (h™") (IU/l/h) (IU/g/h)
5.0 0.20 62 41,333 0.13 — 5,166 255,833
5.8 1.06 424 98,605 0.25 0.4592 35,333 33,333
6.2 3.24 1,875 99,734 0.17 0.8230 156,250 48,225
6.5 3.60 1,729 91,000 0.19 1.0000 144,083 40,023
7.0 3.52 1,380 73,797 0.19 09711 115,000 32,670
7.5 3.42 1,241 65,661 0.18 0.8712 103,417 30,239
8.0 2.80 531 26,550 0.14 0.7702 44,250 15,804
8.5 0.02 — — — — - —

Sugar source: glucose 20 g/f, *: product yield, **: growth yield, ***: volumetric productivity,

ductivity

L 21 1 0

: specific pro-
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Table 2. Effect of fermentation temperature on the production of antimicrebial substance by Lactococcus sp. 1112-1

Temp. Biomass Activity Yors Yos Growth rate VP Q,
(C) g/l (IU/mi) (IU/g) (h 9 (IU/i/h) (IU/g/h)
25 1.02 733 198,108 0.28 (.4205 61,083 08,961
30 3.31 1,790 94,860 0.18 0.6619 149,167 45,065
35 3.11 1,861 100,034 0.17 0.8237 155,083 49,867
38 3.00 1,662 90,326 0.16 (0.9387 138,500 46,167
41 0.10 — - — — — —

pH 6.2, glucose: 20 g//

Table 3. Effect of sugar sources on the production of antimicrobial substance by Lactococcus sp. 1112-1

Sugar Biomass Activity Y. Yxss Growth rate VP Q,
(g/D) (IU/ml}) (IU/g) (h™") (IU/l/h) (IU/g/h)

Glucose 3.24 1,897 100,904 0.17 0.8230 158,083 48,791
Sucrose 0.46 151 — - — — _
Mannose 2.46 1,897 101,443 0.13 ND 158,083 63,589
Xylose 0.30 156 - - - 13,000 -
Fructose 2.42 1,897 104,807 0.13 ND 158,083 65,243
Maltose 0.30 134 — — — 11,167 —
(Galactose 0.33 152 — — — — —

Sugar concentration: 20g/l, 35C, pH 6.2

Table 4. Effect of glucose concentration on the production of antimicrobial substance by Lactococcus sp. 1112-1
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Corc. Biomass Activity Yors Yis Growth rate VP Q,

/D) (g/D) (1U/m/) (IU/g) (h™') (1U/1/h) (IU/g/h)
7 1.52 619 04,839 0.25 0.8170 51,083 33,847
10 1.71 699 84,116 0.21 0.7431 58,250 34,104
20 3.11 1,861 100,034 0.17 0.8237 155,083 49,867
30 3.07 1,847 77,151 0.22 0.8347 153,917 50,201
40 2.82 1,847 78,263 0.12 0.8347 153,917 54,503
50 3.17 1,479 75,536 0.16 0.8180 123,250 38,880
60 2.82 1,455 70,154 0.14 0.8117 121,250 42,997

35¢, pH6.2
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Table 5. Effect of nitrogen sources on the production of antimicrobial substance by Lactococcus sp. 1112-1

Nitrogen Biomass Activity Yo Yxs VP Q,

source (g/]) (IU/m/) (1U/g) (IU/l/h) (IU/g/h)
Proteose peptone +
Lab lemcc powder 3.11 1,861 100,034 017 155,083 49,867
Proteose peptone 3.52 2,391 127,834 0.19 199,250 56,605
Lab lemco powder 2.18 1,532 120,535 0.17 127,667 58,563
Casein 1.70 3,782 307,480 0.14 315,167 185,939
Urea (.88 671 227,458 0.30 55,917 63,686
NH,Cl 1.24 1,432 176,246 0.15 11,933 96,392
(NH)-50, 1.50 3598 104,777 0.16 83,167 55,489
NH.NO, 1.75 2,169 195,339 0.16 180,750 103,168
NH;H,POy4 1.74 1,432 146,571 0.18 119,333 68,425
KNO, 1.77 1,950 219,348 0.20 162,500 91,653
None 1.20 1,668 204,663 0.15 139,000 115,545

Nitrogen source was added basing upon nitrogen equivalent (2.637 g/l), 35C, pH 6.2

Table 6. Effect of casein concentration on the antimic-

robial substance by Lacfococcus sp. 1112-1

Conc, Biomass Activity Y, Yxs VP Q,
(g/hy (g/y {AU/mi) dU/g) (1U/I/h)y  (1U/g/h)
3 1.92 1,625 165,816 0.20 135417 70,548
o 2.40 1,802 126,901 0.17 150,167 62545
8 2.14 2,900 246,809 0.18 241667 112,718
10 1.70 2,806 329,091 0.19 241,333 142,044
15 1.60 3550 371,728 0.17 295833 184,780
20 1.60 3,550 397,092 0.18 295833 184,780
25 1.60 3,550 302,128 0.14 295833 184,780

Glucose 20 g/l, 35C, pH6.2

Glucose®| F=7} 7%l oe} A= x{1A]3]
Z7H=e) 20g/19) F=d o 311g/E FHHE vie}
Welsr, 2 oAl A= & WHEE HeFA] oigker
A BA AR vlgr ekE el Koz-
lova 5-(12)-& Strepiococcus lactis® 7% glucose 20
g/i7} AHFeicla sled B Alglel ZHatel w)s=s}dd
2., Streptococcus thermophilus 2] 73— lactose 20

g/l7h Adsiakn R aEe] glek(7).
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teose peptone} lab lemco powderE zto] AlR&-sh=
ZA ¥} proteose peptoned WE-O T ApL3F= 7o)
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Table 7. Effect of lack of certain salt on the production
of antimicrobial substance by Lactococcus sp. 1112-1

YX;’S VP Qp
(IU/1/h) (IU/g/h)

Salt  Biomass Activity Y
omitted (g/l)y ({AU/mi} (AU/g)

K-HPO, 1.89

2,718 190,336 0.13 226,500 119,778

MgS0, 150 2,718 222,970 0.12 226,500 150,699
Sodium 1.88 1,370 97,440 0.13 114,167 60,792
acetate

Ammonium 2.07 939 63,723 0.14 78,167 37817
citrate

MnSO, 1.79 2,476 183,272 0.13 206,333 115,077

Glucose 20 g/l, casein 15 g/l, 35C, pH 6.2

71 2 Ao 4= casein acid hydrolyzate7} 7}AF
27} Fol 3,782 IU/mlE el gich oelba AL
™| casein acid hydrolyzate® ZAslgi e o], Fx
W2 Adds) B Ay AAdres 15g/8 daEg]
o]uf 2] product yield®} specific productivity+ 2}+z}
371,728 IU/g, 184,780 IU/g/helgici(Table 6). &+#H
Kozlova 5-(12)8- Streptococcus lactis2] 7% 30 g/!
X9 casein acid hydrolyzate’} H@3lcliy ¥
&led w]=gl AAYE 87sect

271950 98

7|2l 2] ol] §HR-¥]e] 9)+= potassium phosphate,
magnesium sulfate, sodium acetate, ammonium cit-
rate, manganese sulfate-d 7}7} o0 8 A AHJ F
71978 AAE 2ARE AR (Table 7), 714 B2
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Table 8. Effect of sodium acetate concentration on the

production of antimicrobial substance by Lacrecoccus

sp. 1112-1

Conc. Biomass Activity Y,  Yxs VP Q,
(g/) (g/ly (AU/m) (IU/g) (IU/1/hy  (IU/g/h)
1 1.59 3,195 252969 0.13 266,250 167,453
3 1.37 4339 379,948 0.12 361,583 263,929
5 1.73 3,725 277985 0.13 310417 179,224
7 1.24 2380 128579 0.07 198,333 159,945
9 1.34 1,981 105485 007 165,083 121,397

Glucose 20 g/l, casein 15g/l, 35C, pH 6.2

Table 9. Effect of ammonium citrate concentration on
the production of antimicrobial substance by Lactococ-

cus sp. 1112-1

Conc. Biomass Activity Y.  Yxs VP Q,
g/ (g/y AU/mf) U/ (IU/I/h)  (IU/g/h)
1 1.88 3315 247338 0.14 276,250 146,942
2 1.37 4,339 263,853 0.12 361,583 263,929
3 1.87 2,756 195323 0.13 229,667 122816
4 1.69 2,262 113,018 0.12 191,000 113,018

Glucose 20 g/, casein 15 g/l, sodium acetate 3 g/l, 35C,
pH 6.2

A2 T+ 712 sodium acetate®} ammonium cit-
rateo}] o, o] 52 HA T+ 3’—}7’] 3g/l, 2g/l=
HebdcH(Table 8 & 9). ol 9}4H-2 Z 7= magnesium
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sium phosphate®] Fx7} 7}Ah3pH o] 7hAx|o]
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b2t od3kg Fr}lglk Kozlova(13) 2 ¥
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phateel| 2]3}o]
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Table 10. Amino acid requirement of Lactococcus sp.
1112-1

Amino and Growth Activity Final pH
Glutamic acid* 0.19 + 4.1
Cysteine 0.19 + 4.1
Isoleucine 0.13 + 4.3
Glycine 0.17 + 4.2
Phenylalamne 0.17 + 4.2
Methionine 0.12 + 4.1
Cystine 0.16 + 4.3
Ornithine 0.16 + 4.2
Alanine 0.14 + 4.6
Tyrosine 0.15 + 4.2
(slutamine 0.14 + 4.1
Leucine 0.16 + 4.3
Tryptophan 0.17 +- 4.3
Lysine 0.17 + 4.2
Valine 0.08 + 4.3
Arginine 0.15 + 4.2
Asparagine 0.15 + 4.2
Serine 0.16 + 4.3
Proline 0.14 + 4.4
Threonine 0.17 + 4.5
Mix 0.18 + 4.2

*Corresponding amino acid was omitted, bacto vyeast

nitrogen base w/o amino acid, amino acid concentra-
tion: 0.1¢g/, 35¢C, pH 6.2

Table 11. Vitamin requirement of Lactococcus sp. 1112-1

ulepnle] dape Aws) 2 A3}

Vitamin Growth Activity Final pH
Vitamin B 0.18 -+ 4.3
Folic acid (.19 + 4.2
Thiamine 0.19 + 4.3
Nicotinic acid 0.09 -+ 5.1
Pyridoxine 0.20 + 4.3
Riboflavin 0.03 — 6.6
Pantothenic acid 0.05 — 6.2
Biotin 0.18 -+ 4.3
Inositol 0.19 + 4.3
Paraaminobenzoic acid 0.18 + 4.3
Mixed 0.18 + 4.3

*Corresponding vitamin was omitted, bacto vitamin
free yeast base vitamin concentration was 1 mg/{, 35C,
pH 6.2

elule] g9 +FA)S vl gici(Table 11). & Lactococ-
cus sp. 1112-195+= F4  sgAdExe] YA S
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Table 12. Fermentation profile of Lacrococcus sp. 1112-
1 for antimicrobial substance

Elapsed Biomass Activity Residual
Fermentation (g/1) (IU/mi) Glucose
Time (hour) (g/D

0 0.04 ND 20.0
4.5 0.29 228 18.7
6.5 1.16 1,697 12.8
8.5 1.81 1,980 6.9
12 1.81 3,894 4.4
14 1.83 3,864 44
18 1.83 3,894 1.7
22 1.77 3,804 0.5
24 1.76 3,894 0.1

Fermentation was carried out in NBS Multigen ferme-
ntor (working volume: 1/). Glucose 20 g//, casein 15 g/I,
sodium acetate 3 g//, ammonium citrate 2 g/l, 35C, pH
6.2

21sle] rboflavin® pantothenic acidE {+-3h= 7
o2 Jeldol Baranova £(14)& o)Zo] X3l
Streptococcus lactis7} pantothenic acid, nicotinamide,
pyridoxine, biotin, riboflavin-s 2 -/3l= Zo 2 R
3.} v} ¢le] pantothenic acid ¥ riboflavin &A1&
It glck
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[U/mi2 A Hloll =5 o] A2 5 749
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glucose 20 g/l, A 2-<1-& casein acid hydrolyzate 15
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g/l, 771995+ sodium acetate 3 g/[®} ammonium
citrate 2 g/I7} bacteriocin Aol @2 33k £
Ao & viept o, v %] pH+ 6.2, WA 25X+ 35CY
g 2 AATES Heick AddgTe 4 2 &
E321e] QAo riboflavini} pantothenic acid®] ¥|
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