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Lactulose (4-O-B-D-galactopyranosyl-D-fructose) is a non-digestible synthetic ketose disaccharide which
can used in food and pharmaceutical fields due to its useful functions for encephalopathy, chronic
constipation, hyperammonemia, etc. Therefore, the lactulose is regarded as one of the most important
disaccharides and have been concentrated much interesting as an attractive functional material in the
current industry. From this reason, the research related on the production of lactulose has been car-
ried out various academic and industrial research groups. To produce lactulose, two main methods,
chemical production and enzymatic production have been used. Commercially lactulose produced by
alkaline isomerization of lactose as chemical production method but it has many disadvantages such
as rapid lactulose degradation, purification, and waste management. From these reasons, lactulose
produced by enzymatic method which solves these problems has been suggested as a proper method
for lactulose production. Two different enzymatic methods have been reported as methods for lactu-
lose production. Lactulose can be obtained through hydrolysis and transfer reaction catalyzed by a
B-galactosidase which requires fructose as co-substrate and exhibits a low conversion. Alternatively,
lactulose can be produced by direct isomerization of lactose to lactulose catalyzed by cellobiose 2-epi-
merase which requires lactose as a single substrate and achieves a high lactulose yield. This review
summarizes the current state of lactulose production by chemical and biological methods.
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Lactulose (4-O-B-d-galactopyranosyl-d-fructose)= #%
(lactose)e] ©] 4 AAZ ZeE Q ~(galactose)t Z(fruc-
tose)®] B-14-glycosidic 2H 0.2 FAH A Ao A3}
A e Hladd 7154 oldFolt(Fig. 1) [2, 20]. Lactulose
© 2%l A B-galactosidased] &l &3l = A ¥ Al =
goto] Al frabol os) o] &5 el pHE At A
o2 fellde F4e AA A7 A FFe FIT
Fo g MAANIE 7158 e 7ML e ol FFolthes]. =
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Fig. 1. Chemical structure of lactulose.
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& lactulose= T84 Ao AFE ZEate] W9 k9 E
& 59 A5 o]&H Jlon HAY] o|F 49 L
F4E SAANE 7150l due AT 235 LEEo
[9, 14, 26, 47, 57, 78].

Lactulose®= A&9] 60-80% AT 7 EE AU 9o
W, E3) 3o v Az 2 $)57t et gy
g A A s, 55, FAF, A, AW S g AF

Aol 1 o] &40 A ZIthE L T8, 55, 57].

A HdA e AHEEH I & lactuloses FE lactosell
dze AE ZujE o] &3 o wh&o 93 et w
ol ofs) ke 3 QlTh[4, 51). SHAI R, 3484 Wy e 12,
Al A FAGER, FAS g, SR E 5 AL
SEEE UM w3 2AAA AP HH, 58], 3 FA
ZAakol o] &AL AUl HALHY EAY A HHES
HEHE A & Ast 2 whg T I FAE MR
A lactulose FA HAH 9| B4 & g TAH S HEst

[4, 90]. =3 aluminate®} borateE AF&3}4] lactulose
AAbete T E wol o] &5 YA, lactulose B4 F
aluminate$} borateE $73] A A3}7] -r1ffL o 1do] =9
A0l 8757 A4YgH SHAAE 2L HEEES W2
st e FAolga[90]. ol 2@ TeFd &4 A ah
lactulose A4kl o] &5 1 9l 31547 FA WY
A A&H A0 BESE lactulose A4 W ol
ol S7kstar lvh4, 90].

AESAQ lactulose YAHFH O Z & B-galactosidased]
trans- galactosylatlon b&& o] &3t lactoseE GFHE A
3 A F fructoseE A AATFE S-S 53819 lactulose
EAETH PHOE Yiete A7 FE £ HAA
TH30, 36, 56, 71, 86]. ol el g M ETA W U H Ho|1
FAREo] Yo A ¢fot A FA o] estthE A JHA
AAR e F&7} G4 S Al THARZA FEE of
fructoseS A LEZAA §HEE dof st7] ol HAA
Holghe ¢S AYL Ut} oo HZF £2F
'?r% 9 71 AdHS A5k
A+ cellobiose 2-epimer-
3} lactulose "3"}011 g A7 EaE A QlTh42,
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B 2| A& lactulose?] THEE o] & Fofo} tjEo] A&
3tz WS o] 83819 lactuloseS AAHeHE WOl tid &7
2 B9 lactulosed] BELEE =o]7] Y3 WH S 2 st
cla=y

o

Lactulose2| 2|9 MU A2 S&
Lactulose= ™4 Wl M Bifidobacterium®] 4735 5o] 3
© 7 %7l 3¢ prebiotics2A bifidogenic £3& 7FA 1 9]
B T ¢F9 S7H AW, 999 F7HE
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A, g, Hul o g 948}, w3bo] dHE G o
5ol Eﬁsﬂﬁi F5e ML e AoE 48A 9o, 4
F AA % A8 FAHAA HEL FECY T 9
A 3lE nitrosamine, 4 T EF, dRYo}, o} R,
phenol, indol, skatole 53 22 3l g G¢EH ] AHGA

o A=
[68].
Lactulose?| ¢]F8}# ALg
AZ AEEI e, 59
2 A A9 oF 20%0 g | A
YubA 0 Z wWH] X EAZE HAA T} Bo] AH4E
2 A A &4, 2044 dE2HES, daA ¢
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289 Htﬂ 2 7}11 Aol B7] E&
76]. 3FA T, lactulose A A= AALA 2 913
of 9ol Aof Qtrsta A Q W]
°fO Z A HElEo] AHE ¥l 9lTH[64,

Lactulose= £3], 2% 4 AU =2 S‘T‘QZ] il ’\‘:L-IT:‘%L
S/t AFROEA FEE T FAE ST AA 2BLEF
708ty AR HE o] Hof T %“H Aol &g
HAE 5ol GAE Ak A&t A &5 A
o3 & A 9Ith45]. LactuloseZ} thate] =2abA W A
28] F7tel o TR FhHT FYFE R W W&
£ olFE £ A & A3 tiF ol A Zl Al A
of o 24, A ]*, 24 5O tiAEH Y pHE W3
I olu) BT Fi&, o4t E A, WE Tt Fo] AR AF
+5& 2A5HA Ho A 5o 9lo] $+3tA] (laxative) = Al
lactulose”} o] Ab& A= Aolt[8, 20, 47, 50, 57].
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12, 19, 62, 84].

18 1 lactulose= anti-endotoxin®ll ¢ EA T Y1
A W =48 H (endotoxemia) A B9 A L AHA
o] o o] ek A5 Ao teE A7 &
Pl A 718 =3 9).2.m[46], bifidogenic £} 9 DNA 235
2R P A= EHE B8 o g 18 2 B
st 53, Arde g4, g9 9 ded FF 74 § O
Hoko] gt lactulose 44 977 XY=L 9l th(Table
) [16, 18, 46, 49, 67, 80].

Aol 7o} s Aoz GEA AL,
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Lactulose?| AlF AtA0AMS SE

Lactuloset= fructose$} galactoseZ TAHE o|gHE A
Fod 2 BAFS 7 AR F3o] H 7\}”]57}
=1 B 3 &=t £ A0 E ¢¥A Slth(Table 1).
Ho BRI Y& lactulosed] i3 prebioticsZAM 9] 7%
2 lactulose®] 17 7154 Fo2M 9| &84T & = A
AR 1A= Biﬁdobactermmt AU Y7o vEy 34,
23 F5 53 5 B4 75 e AU =, lactulose7}
o] 2 g Bzﬁdobacterzum4 FHAEZA aRAo g S HA
o A 13, 22, 59, 60, 65, 69]. A lactulose: “Fr
g 54, freld dAd Ew< & F ds@dE847]s
257) Y VB8R AFGFLAA N NEUAY 5=
A 5=l Q‘H e Aelolth. Lactulose®] ¥ AH &2 8t
00 mgo. 2 A3 A o, lactulose 45 o 23]

ko4

Table 1. Comparison of properties of some disaccharides
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2 9 %— Pﬂi B o] s 2oy A
Aol &FE 47be o] AHH T Q7= ook g
&3} ] a8 60-80%4 A sg A !
1 Keal/go & A7 1/4°] £33}
BRT FolA AT AW AF, 5 gL
Soll teFatA AEE T QTH61]. E=3F lactuloses 7&”]5
AA T Foll e FFE HAA 7] Gl & =3
A g A Zu g2 Abgo] 7Fesith :LE]J_ lactulose%
dol T3k kg0l =& EA 02 Q8] Maillard reaction®ll
o AF A AYE HAA ot FE A, AW T 12
Aol Bag AF FokdlA AF5HQ o] &o] 7ltf AT,
55, 57). ©] & ¢ lactulosed] -3 0|34 EA 9 &2}t
A EA 293, BE A" AHE 7HsE EHCE 3
lactulose«] SEHNF A, 55, B, FAF, Au s, 74
AFES 433 FHAT WA Aol 7ts & Ao i o
4 At

o>‘

3F
sl

nNt

stat B0l QI8 lactulose?l At
Lactuloset lactose®] glucose#°] fructose® ©]4 4 3}
HuA AR, 53 Sz 23 el A o2 #E9
TE o] Fof A1 Yot dubA <l 318k AW Y7 lactu-
lose 2t e Suj S AHER WL b AlZdo] wE
FAE PR
< Ak st 3'-1_3'-%“0}91 ey
= &7l o

Sugars Molecular weight (g/mol) Melting point (C)  Solubility in water at 25C (g/l)  Relative sweetness (%)
Sucrose 342.30 186 2,100 100
Maltose 342.30 160 1,080 50
Lactose 342.30 203 216 16
Lactulose 342.30 169 764 62
Table 2. Biological activities of lactulose
Fields Application Ref.

Treatment of constipation

[8, 20, 50, 57]

Therapy of portal systemic encephalopathy [62, 84]
Salmonella carriers [67]
Inflammatory bowel disease [75]
Medical and Anti-endotoxin [46]
pharmaceutical Reducing blood ammonia level [84]
Colon carcinogenesis [80]
Tumor prevention and immunology [67]
Enhancement of mineral absorption [10, 32]
Inhibition of secondary bile acid formation [54]
Health-promoting food [44]
Food and feed Prebiotic effect [47]

Animal feed

[15]
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gl gher Zojo] th3t g3}
o wA It A3 A

Lactulose®| 3}8F2 A4tk o 2 A 60%2] lactose} 0.1%
o] FABVEF, 484 E Y G714 FuE 6ty
2 Al 93| lactulosed A4t & = A=dl, B lactu-
loses A7] &8 2 o] 2u3FA F& o] &3] TE] gtk
[90]. 2¥ 2 = T E WHOZA 60- 65%4 lactose s 4+
EE AAEE ol gste] 1oAY HhES Tt lactosei
R lactuloseE B4 F Sled S & 28 ZAAH S
AA lactuloseE A4+ ¢}, Lactulose?] 8184 AW <
gk A kel Qloj A ¥E M A<l aluminate®} borate% /\}
£39 lactuloseE A4 é 7% lactose 2 5-E| 70-80% 2
ASES Hol A4t 780 =2 Aol AT ‘?l%‘i‘ %
aluminate$} borateE $A3] A A7 9 1o =9 Ee
AA Aol BrHo g FutEy] o ¥4 H &9 SR
A3 A4dHoE FE sr|de Be TARE xS 9
81, 89, 90]. 33k Wl oz Fzhe] Ayl o3t o] 43t
S0 2 JactoseZH-E lactuloseE A4t 3t HHS dA|
lactuloseE AHGH S 2 At T4 PO R o] 851 ¢
At g2 Aoy, S 2 F7180W AA, o] LusgA
g o] &3 28, T3 ¥4 T 1Hl& T4 2 $E

of gt ¢8 wZo hAFPAI A= Aol A
xﬂ ) 0] lactulose /\g/\]- 7] E-/] 7}]%0] @EHZ4 og ,ég_ Al &
olt}.

HIXI= Mol 2§t lactulose At

HZ AZAHR] ATl o o] 4gt WO R HHsta AA
A0 2 lactoseZH-F lactulosed A4t 3t A7/ HisD
ATHL, 6] ©] A712 < WL electroisomerization reactors
A3t Fdstet 7129 lactoseZ A YR &5 F&, A
FAor A Y FEI ¥F FEIFEE FHH A

Sy

Anion exchange cation exchange
membrane membrane

Electrolyte Electrolyte Lactose

Fig. 2. Schematic representation of the electro-activation reactor.

i 7} 9 E & jon exchange membrane. & & Tk 553
d= FEe AFe #1 14712 527 3 1F =9 OH 9
H7F b7y §5 3 45 B84 24 "thFg 2) [7]. ©l
T% 4 FE9 ion exchange membraneE %3 AAE9] o]
&0l o]Fo] A1 lactose EHOE ALY 55 FE2 lac-

tose7} lactulose® isomerization® & pH 9 ©]/49 S E
&dZe] 37t ¥ol OH ©]2°] protone acceptor® 2t-&3}7
Aok d2olA B o R 5% &S B 85 §4
W v £33 HEES Hol oF 1.5%9 galactose ot
0.3%°] fructose7t FAHEE A Hha Bl Fo] YTh[5]
S AGES °1%°P°1 Ll -?‘ ol lactulose *3/“ Fe =l

A7 AR o] A

=

1o

o
b v
o
ofy
>
m{n
H.Ilﬂ
°
O;‘;,‘
o,
i,
:L
g
o
i
;2
0
:E
ad r‘!“

LY
[e}
e b
e BAHE 141&8}1 At =& Zd.%‘ z71 3t

£ o] 4

A S 8 BHEEE W Al R AV AS
S o kS 2 LR 2 30TOlER fA AAFE FAE
3k 3] 0-10C A A HEGo] o] FOIAEE 3] == oF 95%
9] lactulose A AFo] o] Fo] H A qt, 7‘1?4]*4 ol A3&2 25-30%
ZA N G AL BAUT1] oldd PHe £
7} & lactulose® A4 & 4 dthe AH S AU YA
A8E0] 30% ool 2x7] WEo AgAoZ o] & 3}y
Aaire 1 ASES £Y 7 v WHY 1] & st

3T g 9tk

B-Galactosidase0i| 2/3t lactulose2| At

R ETA lactulose®] A4 AT & B-galactosidase® trans-
galactosylation 24-& o] &3 A o] F2 AT Hol
SkTh(Table 3) [30, 36, 48, 56, 71, 86]. B-Galactosidase+ lac-
tose & O|FFE 7k dto BYFE S AT 24
o] 9ol & trans-galactosylationt--] ]38} galacto-oligosac-
charide 9 lactose fr=d &4 &4< 7HAL Sle 4%
44 . B-Galactosidase?| trans-galactosylatione % &
lactulose A AHE -4 7142 ALE-E & lactose’} B-galactosi-
dasell 93 glucosed} galactose® 7Fri3) & & 7|4=E F
7}8l 2 fructose<}] trans-galactosylation &< %3l lactu-
loseE A st= WH&oltH(Fig. 3). Aspergillus oryzae$t Pyr-
ococcus furiosus 28 ¢] B-galactosidase®] 9| ¢ lactulose A 4+
2 lactose 7| Z O 2 oF 4% A#EE YEY o] B-galactosi-
daseE ©] &3 lactulose A4tel oAM= /M & FF
Aghgs Kol Fo52]. AT A oryzae B P. furiosus el
B-galactosidase 217 @502 AHE-3 A 9o & lactose 7] &
o7 oF 33%% 29% ° MeE&-S ek Wi Yo 3, 53] akAI T
71 A Z lactose® olY e} fructose’} 712 ALEE 7] w £
AA 714 7129 A8EE A oryzaes} P. furiosus 29| B-
galactosidase®l 9|3 lactulose A4+ 20%, A. oryzae 3 P.
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Table 3. Biological and chemical synthesis of lactulose from lactose

Substrate (g/1) Yield (%)

Methods Catalyst Source Lactulose (lactulose/ Reference
Lactose Fructose  (8/1) Substrates)
B-Galactosidase Aspergillus oryzae 200 150 65 19 [3]
Bacillus circulans 56 444 16 3 [31]
Pyrococcus furiosus 34 270 15 5 [53]
Saccharomyces fragilis 120 200 9 3 [77]
Sulfolobus salfataricus 400 200 50 8 [86]
Permeabilized cells with Kluveromyces lactis 400 200 20 3 [48]
B-galactosidase
Biological Immobilized B-galactosidase K. lactis Streptomyces 800 100 151 17 [35]
synthesis and glucose isomerase murinus
Cellobiose 2-epimerase Caldicellulosiruptor 700 - 408 58 [36]
saccharolyticus
Cellobiose 2-epimerase with C. saccharolyticus 700 - 614 88 [42]
boric acid
Permeabilized cells with cellobiose  C. saccharolyticus 600 - 391 65 [82]
2-epimerase
Immobilized cellobiose 2-epimerase  C. saccharolyticus 700 - 395 56 [29]
Chemical Triethylamine and boric acid N.R. - N.R. 87 [33]
synthesis  Sodium hydroxide and boric acid 100 - 80 80 [90]
Ho o Lm
G/Iuc\/cEH Fructose
Ho OH
OH OH OH OH OH 0

0 HO OH q
HO o a HO- OH > e OH
oH » oH v HO. 0

Galactose

B-Galactosidase
Lactose

B-Galactosidase oH

Lactulose

Fig. 3. Enzymatic conversion of lactulose by B-galactosidase.

furiosus f+2f B-galactosidase 77} T Abg-o 93t lactulose
o AL ok 19%¢k 5%k & o vk, =7 Bacullus circu-
lans, Saccharomyces fragillis, Sulfolobus solfataricus fref ] B-
galactosidase®] ©] & lactulose A4Fe A 7|4 & 7|E o=
S W 27k 3,3 8%E K HolA SITH31, 77, 86].
olg g o] &R <3t B-Galactosidase €] lactulose
Aol BEAE w0l e AT E BYsHA 2d HolA
$t=Hl, Kluveromyces lactis 2] B-galactosidase + 325
cloningd Az WA+ #+FE AxT ¥, A 77
tjate] 714 <] permeabilizationAl 7] cell& ©] &3] lactose
400 g/1, fructose 200 g/19] 71 =55 20 g/19 lactulose=
A A3 B FJol A 9l om[48], K. Lactis 29 lac-
tase® 1A A7 183} 49 NovozymeAt?] glucose
isomerase® ©| &3¢ lactose 800 g/1, fructose 100 g/1& 7|
AR ALt 76 g/19 lactuloses A AT A3 5ol

B oA QltH35].

o] 2 g B-galactosidasedl] 9] & lactulose] AJ4H2 3}
Zul & o] &3 W Hlussl s o ALY F 5
mj o] Abgo] gl 8 A S AAA ol Ho| I
oj1 FAbEe] Aol glol AA FAo| st
AAT 1559 lactose’} 7| A Z AL&EojoF &t F7}
Z fructoseE 7| A E Hof Hof dohe 3 A
gHo® AAHI 9T

i

of

A
o O 1 fh

ok
o i -

to X o onl

[e)

&

Cellobiose 2-epimerase0il 28t lactulose?| At

Cellobiose 2-epimerase (CE)+ cellobioseE d-glucosyl-d-
mannose® HEFA|AFE |G 2-epimerase= A, T2 F
¢} F& CEx cellobioseE d-glucosyl-d-mannose, lactose
£ epilactose (4-O-B-d-glucopyranosyl-d-mannose) 2 2 %
NAZG SHA Y37, 66, 70, 74]. 3HA T Park ol w2
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H 125 Caldicellulosiruptor saccharolyticus 2§ ¢ iL-&78
CE®| 7% cellobioseE 4-O-B-d-glucopyranosyl-d-mannose

7} 4-0-B-d-glucopyranosyl-d-fructose 2 &3 72 glucosed
mannose$t fructose® A3 AZth= A 23S BF 59
058, ol 124 CEx= o3 Tl’-/] glucose Z+7]E isomer-
ization A 71& €45 7HA L SlaL o] H 3 F4d & o] &3t
lactose (4—O—B—d-ga1actopyranosyl—d-glucose)«] glucose -
< isomerization Al A lactulose (4-O-B-d-galactopyranosyl-
d-fructose)Z A% A  Ythe Aol AAtE o, dA =
C. saccharolyticus 2] CEE ©]-& ¢ lactulose®] A 4+A T 0]
AolA 700 g/19] lactuloses 7] A E AR&-3Fe] 80T L9
24 sl A a4 A dEm, C saccharolyticus el
CEE 408 g/19] lactulose® AJ4Fste] 58%9) & A&&<
Ul WAt (Fig. 4) [36]. C. saccharolyticus 2] CEE o] &%
lactulose®] AJAHERE ofy 2} &3 Dictyoglomus turgidum
Telo CEE o] &3tAe A= 70T 12 273t A 54%
9] lactulose % g&o] &5 ATH40]. o] FH A C. saccha-
rolyticus 2 D. turgidum # 2 ¢ CEZ 247 15.2%9F 12.8% 9
A&EE epi-lactoseE A4t S=RACE ﬁolﬂ%hrﬂm
43], epilactoset= lactulose A4kl §lof FAHE2 A H7&
O}X] ks epllactose A A prebiotic¥] %/‘j—% A=

T HAA e & EaneE
*3 Q = epllactose«l g8 tg A= F
102 Flg AT,

N E 2 CEE o &3 lactulosed] A4
lose®] Tz Aitel] Qlo] Wl a&doz 284 5
o g A FH glo] A2 CEE o] 83 T4 T lactulose
A AF7F 2astA 28 E L Yok ¢4 lactulose A &S
%0]7] Y3 N EE boric acid?] F £Ho] WE 3% 2o

€ 0] £3}9 boric acid-lactulose complex& ©]-8-3 lactulose

A Aol g A7 ARE 2 I TH42]. Boric acid7}
glucose 2t} fructoseol] ™dt X3} =7} Fob CES ©] &3t
lactose 2 #H lactulose7} A 4= W, AAHE lactulosedl] tf st
o] boric acid®] ZEo] ©]F0]A lactulose-boric acid complex
£ 45t Aot o2 d AL WA WA &5 &
At lactulosed] ¥ £dF< EFE o] A lactosedt

[e] | 3¢l
S e A

o] =
M

A

7

88%°] AgHEolete ¥ lactulose YA S Hol
AHE S epilactose 12 g/1Z 2% PO 2 A A
A TH42].

C. saccharolyticus fr&il CE®] 4ol = CE
d A x3 AT BtOHE ©] 839 permeabilization %1
TFAE o] &3t 600 g/19] lactoseZH-El 390.6 g/19] lactu-
loseE AY4kske] 651%9 M 8-E& 3 2% 1] epolactose A
4RI g AT ARE HE Hol 9o, C saccha-
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