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Optimization of Culture Conditions for D-Tagatose Production from D-Galactose by Enterobac-
ter agglomerans. Oh, Deok-Kun*, Hoe-Jin Roh, Sang-Yong Kim, and Bong-Soo Noh. Depart-
ment of Food Science and Technology, Woosuk University, Cheonju 565-800, Korea, 'Tong
Yang Confectionary Co., R&D Center, Seoul 140-715, Korea, ’Department of Food and Mi-
crobial Technology, Seoul Women's University, Seoul 139-774, Korea - D-Tagatose production
from D-galactose was investigated using 35 type strains of American Culture Type Collection (ATCC)
and Korean Collection for Type Cultures (KCTC) which have potential to produce D-tagatose. Enter-
obacter agglomerans ATCC 27987 was selected as a D-tagatose producing strain due to its short fer-
mentation time and high production of D-tagatose. Optimization of the culture conditions for D-ta-
gatose production by E. agglomerans ATCC 27987 was performed. Among various carbon sources, D-
galactose was the most effective carbon source for D-tagatose production. As the D-galactose concen-
tration was increased, cell growth and D-tagatose production increased. Effect of nitrogen sources on D-
tagatose production was studied. Of inorganic nitrogen sources, ammonium sulfate was effective one
for D-tagatose production and yeast extract was the most suitable organic nitrogen nutrient. The con-
centrations of inorganic compounds such as KH,PO, K,HPO,, and MgSO, - 7TH,O were also optimized
for D-tagatose production. The optimal medium was determined to contain D-galactose of 20 g/l, yeast
extract of 5.0 g/, (NH,),SO, of 2.0 g/l, KH,PO, of 5.0 g/l, K,.HPO, of 5.0 g/l, and MgSO, - TH,0 of 5
mg/l. The optimal environmental conditions in a 250-ml flask were found to be pH of 6.0, tempera-
ture of 307, and agitation speed of 150 rpm. D-tagatose of 0.41 g/l could be obtained in 24 h from
20 g/l D-galactose at the optimal culture condition without induction and cell concentration.
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22 (KCTC)oN A -+’ Enterobacter agglomerans
(ATCC 27987, ATCC 29000, ATCC 49014, KCTC
2564, KCTC 2578), E. aerogenes(KCTC 2190), E.
cloacae( KCTC 1684, KCTC 1685, KCTC 1943, KCTC
2361, KCTC 2519), Lactobacillus acidophilus(KCTC
2182), L. amylophiluscKCTC 3160), L. agilisCtKCTC
3158), L. arabinosus(KCTC 1048), L. brevis(tKCTC
3102), L. bulgaricus(KCTC 3188), L. casei( KRCTC
3189), L. coryniformis(ATCC 3159), L. delbruekii
(KCTC 1058), L. lactistKCTC 2181), L. fermentum
(KCTC 3112), L. pentosus(KCTC 3120), Bacillus cereus
(KCTC 1013), B. megaterium(KCTC 1366), Arthro-
bacter sp.(KCTC 1781), Arthrobacter globiformis(tKCTC
9101), Actinoplanes missouriensist KCTC 1780),
Erwinia rhapontici KCTC 2567), E. carotova(KCTC
2496), Flavobacterium devorans(tKCTC 1870), Kleb-
siella pneumoniae(KCTC 1560), Streptomyces olivochyo-
mogenes (KCTC 9090) Mycobacterium sp.(KCTC 1466)
2 M. smegmatistcKCTC 1057)°1sich. AAIA] 2=
ATCC[14]¢} KCTCl[12]7} A 3t= viA]| & AR89
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HHoEx A

Lo it iy S

ZuloF2 agar WA (A3 A] +agar 15 g/} colony
£ pH/l 6.0°02 2AH AAIA] 50 mI7} 4=
250 ml EFeta=o] AER 3 AR wlekrlelA 240
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Table 1. D-Tagatose production from D-galactose by various
microorganisms

D-Tagatose  Time

Microorganism (@) (b
Arthrobacter globiformis KCTC 9101 0.05 48
Enterobacter agglomerans ATCC 27987 0.20 24
Enterobacter agglomerans ATCC 49014 0.07 24
Enterobacter agglomerans KCTC 2564 0.01 24
Lactobacillus coryniformis ATCC 3159 0.09 120
Lactobacillus brevis KCTC 3102 0.12 130
Lactobacillus delbruekii KCTC 1058 0.15 180
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Table 2. Effect of various carbon sources on D-tagatose pro-
duction

Cell mass D-Tagatose Time

Carbon source  (g/l) @) @) (h)
Galactose 5 0.72 0.00 8
10 1.08 0.11 12

20 1.32 0.21 24

30 1.57 0.32 30

50 2.16 0.54 48

Glucose 20 1.33 - 24
Fructose 20 0.45 - 24
Mannose 20 1.30 - 24
Sorbose 20 0.05 - 24
Dulcitol 20 0.08 0.03 24
Sorbitol 20 0.20 0.06 24

Foz AR},
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wA] AE HA 3t A Sl v 270 RA
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5.0 g/1, K,HPO, 5.0 /15 712wl X 2 3] of=] 71| &
o] FAAAT D-tagatosed] H7lell vlX= A8
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Table 3. Effect of various nitrogen sources on D-tagatose
production by Enterobacter agglomerans ATCC 27987

Cell mass (g/) D-tagatose (g/l)

Nitrogen source

Beef extract 1.30 0.10
Com steep liquor 0.69 0.01
Peptone 1.03 0.12
Soy bean flour 1.17 0.00
Tryptone 1.43 0.11
Polypeptone 1.12 0.10
Yeast extract 1.35 0.17
Urea 0.15 0.06
NH,Cl1 0.46 0.04
NH,HCO, 0.10 0.08
(NH,),SO, 0.32 0.13
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Fig. 1. Effect of yeast extract on D-tagatose production and
cell growth of Enterobacter agglomerans ATCC 27987.

Cell mass (@), D-tagatose production (O). Medium consisted of
galactose 20 g/l, yeast extract, KH,PO, 5.0 g/l, and K,;HPO, 5.0

g/l
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Fig. 2. Effect of (NH,),SO, on D-tagatose production and
cell growth of Enterobacter agglomerans ATCC 27987.

Cell mass (@), D-tagatose production (O). Medium consisted of
galactose 20 g/l, yeast extract 5.0 g/l, (NH,),SO,, KH,PO, 5.0 g/,
and K,HPO, 5.0 g/L.

tagatose®] F=7} S7IEIAA T 1 ol FEoME
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Fig. 3. Effect of phosphate on D-tagatose production and
cell growth of Enterobacter agglomerans ATCC 27987.

Cell mass (®), D-tagatose production (O). Medium consisted of
galactose 20 g/l, yeast extract 5.0 g/l, (NH,),SO, 2.0 g/, KH,PO,,
and K,HPO,.
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Fig. 4. Effect of MgSO, - 7H,O on D-tagatose production
and cell growth of Enterobacter agglomerans ATCC 27987.
Cell mass (@), D-tagatose production (O). Medium consisted of
galactose 20 g/l, yeast extract 5.0 g/, (NH,),SO, 2.0 g/, KH,PQ,
5.0 g/, and K,;HPO, 5.0 g/l
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A vepd AAH, #AF == KHPOS K.HPOS &
=7} S7FEeE Skskedth. D-Tagatose®] AJAbeke
KH,PO,2 K.HPO,S F57F 242 5.0 g/19d =) Az
velgle] #A KH,PO2 KHPO,2] FX% D-taga-
tose?] AAHIE 7| R 3led 5.0 g/12 AA s}

Galactose 20 g/l, yeast extract 5.0 g/, (NH,),SO,
2.0 g/1, KH,PO, 5.0 g/1, K.HPO, 5.0 g/1Z 7-4% &
H]-]Z] o]] MgSO4 ) 7Hg091 %‘E% % %7 ]’5]'04 MgSO4
- TH 098] F=7} 745522} D-tagatose Ak vl x|
= 9dgks A EgrtHFig. 4). dAlF=E MgSOo,
TH,08] s=o A Gl vld dA3kg o} D-ta-
gatose®] AJabeRE w24 A F=<l 5.0 mg/19] MgSO,
- TH0°l #HH3t& vieblle] 24 MgSO, - 7TH,09] &
E¥ 5.0 mg/l2 AAsd )

HHQF StZ0| D-TagatoseQ| AAHH OIX = W&t

ekt A3t AYEL galactose 20g/l, yeast
extract 5.0 g/1, (NH,),SO, 2.0 g/, MgSO, - 7TH,O 5.0
mg/l2 AR FHA uwix|E AMsle] ZefazelA
24717 F<b wekatdct. vleF 27 AR} F w2 2]
pH7} #4159} D-tagatosed] AAatell mlx& 33k
A2 A} Fig, 5ol Wetigdch. FA5 %9 D-taga-
tose?] YAFE 27] pHE 6.02.2 24 3leiS o %t
< vepfe] A pHE 6.028 AAsdtt. 27] pH7}
6.0 °J3lol A= FAE =R} D-tagatosed] AJAteko] of
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Fig. 5. Effect of initial pH on D-tagatose production and cell
growth of Enterobacter agglomerans ATCC 27987.

Cell mass (@), D-tagatose production (O). Culture temperature
was 30°C and agitation speed of flask was 100 rpm.
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Fig. 6. Effect of temperature on D-tagatose production and
cell growth of Enterobacter agglomerans ATCC 27987.

Cell mass (@), D-tagatose production (O). Initial pH of medium
were 6.0 and agitation speed of flask was 100 rpm.
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Fig. 7. Effect of agitation speed on D-tagatose production
and cell growth of Enterobacter agglomerans ATCC 27987.
Cell mass (@), D-tagatose production (O). Initial pH and tem-
perature of medium were 6.0 and 30C, respectively.
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ATCC 27987¢} 72 wljefz A el|A] arabinose®] induc-
tion A7 FA Y AxEe] HA 1o E. agglomerans
TY-25[81% 20 g/19] D-galactose wix]ol ujekdt Az}
0.04 g/12] D-tagatose”} A=)
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(Fig. 8). ¥i%¥ 24A17bel TFAFEE 1.50 g/I7H2] 2713}
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D-galactose ¥iA[ofiA4] induction® A% ¥ D-galac-
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Fig. 8. Conversion of D-galactose to D-tagatose by Entero-
bacter agglomerans ATCC 27987.

Cell mass (@), D-tagatose production (O). D-galactose consump-
tion (M). Initial pH and temperature of medium were 6.0 and
307, respectively, and agitation speed of flask was 150 rpm.

toseS A7}3ke] D-tagatose® X 3A| 7= vbE-LS AL
3913l D-tagatose®] AJ4tAde]l 0.001~0.002g/1 - hZ
w]$- A ebdo 2], w3, E agglomerans TY-25%
A $=Fo] F o} D-tagatoseS AAHslr] 93t
A& wk=A] 8] arabinose® inductiong A|#Hekqt 3}
3 FAE AR E FEle] 10w ol F5Ee oA
o] qlr}. ey}, B A& E. agglomerans ATCC
27987 A}-&3te] #AEE3 induction I §le] 20
g/19] D-galactoseZ5-€] wiFA|ZF 2447 el A4
0.017 g/1-hell 3§3=+= 0.41 g/19] D-tagatoses Aic}.

2 o

D-Tagatose®] A4t 7FgAdel sle ml= 433
(ATCC)o} &= FAARE(KCTO) A it o
35 £F3 AH2-3}¢] D-galactoseZ5-E] D-tagatoseZ AJ
AbS ARSI 7] @5 Fofl A A7k FH5L D-ta-
gatose2] AAleFo] =& Enterobacter agglomerans ATCC
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tose7} D-tagatose®] AAtefo] 714 =4 Jepdy 2
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