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REBE RAGm MikEH B Y545 TBR

RSV E BB iR

W B

FLER¥E (Lactulose) 4 v F FUAE BORAE VAB-1, 448 40 i 2 B 48 » % AR RS R
5 RARME AR S P o T L AR AT W (Bifidobacterium spp.) A SLER AR M (Lactobacillus
Spp.)F T AL X G AT AT EAE R o M AR AN 107 A 1S BB R T e
T SLERNE T RANREERSRAAFERAREZ A - L4 A LEEL R
METFHAI0 g MAERSITHEE  FHEI RS PILENEZIRE Tk« KR
HE 3 E M BE VA50% & BRI R VAR F R Ik B IR 0 Imcarrez |~ IER A CIE RS
B IEHE R PR D 0 MR VA 5 BUR AR B AT AR5 BT AT F AR 1 35 (UPLC-RID) #4745 4F © %
JAACQUITY BEH Amide (1.7 pm * 2.1 mm % 10 cm)# 4 #H04-0.2%TEA % 80% & I
BORAS AR 0 AMAR0.25 mL/miniEAT IR 0 TR0 4E N AR o AMFRR S R A
b B g A AR AR Y P 55 i m FUERAE0.25 & 1.25 g/100 git ATAE KA » 4 RIAT
A 23 & 51485894 - 100% 296 - 106% » 4 B AR 5 7] 42.5 - 5.3%%0.9 -
1.1% » % 8 B T34 =% 5 3] 74092 - 102% %95 - 107% » 4 S A2 845 5] 43.3 - 5.0%
B1.6% * 54 T A SAL S ER E Z B | TR o R RATSE T E AN
SLEARE 2 A B AR HOREA380.48 - 102 g/100 g b 14 8E RAZ A B HRA
AL T HERAE ST 0 AR KAME FEZ80% 4 T AR RS S R TRY
ATER ) RT 0 LA R ILERE S A RN EY AR B ERITEZFA LA
F& o
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7+ WML R (L (Isomerization) /i3 1 il AR (Lachilose)
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FIZ 3R - DU EE R - R AR oo R
HRERAGREASHAMIREZ AR E  pmpn -
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ATE, ZHED .

BEANFTiE LA R IR B AL & & AL R T
i - g e DBV R R R - i —
Bk - BREGEE/IME L BRI - BT S
IRERGE N ETTIRAME R - T FLan P FLBE 2L
PRERRS - BRI R EELEAEREY 0 H
G EMEEGRERERIEL - — RS - B8
ZFAMLAEIR(62 - 75°C)  #E &R (UHT, 120
- 130°C)FH B R (135 - 150°C)EEE - 23 Bl
AT R FLERE0.6 ~ 62.052114.7 mg® » [Altt -
FLEABE AT MR ALt B 2 FEAE -

ERAFLEARE < 53 MT T - mEEANR T 0 X
AR 2 FINH, B Amide’E 1T @ e EE SN
T BT FRFE BT ST R A H 85 (Refractive index
detector, RID)Y2% 2% B figr Hi 25 (Evaporative
light scattering detector, ELSD)ZETT 4347 » i FH
ZZEUATILA50% JBRE T f T - B EE A
AN LB & ZHE 7KV TATT DL S5 6 B 2 47 AT
LY/RER) IRy ARk Y (E U i Ve SR A
e A I AHTFE DL FINH, 2 Amide &
FEBCHT B ==t SR TF o B 7 I B 3 2 LR
B EaEeaT A 88 G/E
EREEK -

MFERTTE

— » B

FREBEREMT « SRR 11 Rk
AR RIER 3 - HSPERM - 10955
ELEESE AN AT LGNt R

— - AEE - EER KA

Z & (Acetonitrile) PR FIVEAEE ik ~ ZE%
(Ethanol) & fifi % #¥ (Zinc sulfate heptahydrate)
PR S - 18 H S Merck 2\ 7] (Darmstadt,
Germany) ; — ZJ#(Triethylamine)$x F 5l 4
W B E AREEE T 26 RR = & it (Osaka, Japan) ;
oo # & {L 3 (potassium hexacyanoferrate(11)

trihydrate) B A 3R 255 - FLEAHE (lactulose) ¥ 1
FAREHE S, » #1/899.7% » ¥ #% H Sigma-Aldrich
JNF(St. Louis, MO, USA) °

=~ fHERENTE
()i B & %% (Vortex Genie-2, Scientific
Industries, USA)
(OB EF IR % e (Elmasonic P JJBAESH
[RAF] - 21
(E) Bl Tk BLE HE(Millipore milli-Q 1Q7005,
Millipore, USA)
(o) % (Allegra 25R Centrifuge, Beckman
Coulter, USA)
(B) =A@ AT #(ACQUITY UPLC H-class,
Waters, USA)
1. HT8 Rk H 282414, Waters, USA)
2. JEH1%& (ACQUITY UPLC BEH Amide,
1.7 um * Nf&2.1 mm x 10 cm, Waters,
USA)

VB SR

()50% LR
I ZBE500 mL » ANZEBET /KR 1000
mL °

(Ccarrez [ 7
FEE AR R & (L570.72 g » DLEEETF /KA R
B 10 mL °

(Hcarrez IEH
TEURREE$71.44 g - DLEBET- /K VA fR R Ak
10 mL -

f -~ BEIRA R AR
(50.2% = Ll Z 80% LABTA TR
HYZ.fiE800 mL » fn A Z BT 7K B 1000
mL * fi80% ZIEVETR » HEE I =202
mL  f180% ZHEVA R 51000 mL » PAJE
BEE - BRI ERR EIFEA TR -
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7N BREEATR 2 BL S

YL I 0 S AR E L 0.5 ¢ - A TiERE
JE * LA50% ZEEE TRVA I E A 210 mL - {F
T IERR » 2 BT o BRI U S A [
T+ LA50% Z B TRREE 0.1 - 5 mg/mL - fit
TEREHEVATR -
€~ R R

BHRERIE S - 1 g FEREREE - A
50%LEEVA RS mL - HEE R IRE25 78 - 1
Acarrez IE0F10.125 mL » FEME & 15088 » H
i Acarrez 1IEVE]0.125 mL » FEEE & 15708 -
IMAZRE2.5 mL > fEliEE 1538 » DL5S000 xg
BEC S8 - R LB TR - TRIEMAS0% 1S
RS mL > BEE LEETUPERIR - S0F L
& » DL50% LB E A 225 mL » A8 JE A
I HEIERE -

N\~ SRR ERIEE G
AR © PTERE A
[EHTE : Waters ACQUITY BEH Amide
column * 1.7 um » AL2.1 mm x
10 cm
JERTE R : 50°C
R HERIRE : 40°C
EAE 3ul
B EFETEE ¢ 0.25 mL/min
T EAEARR © 5 AR B 2 VAW
h RGBS ENE
FeTife B ARG R AT HE VAR A3 ul - 3 BINE
AT ET - RSB Z R EETT 00T
TR T AL Y8 VA W T 145 D8 M o VP R P e
Az WA T AR E AR RS TR LI &
F(g/100 g) :
BRI L 2 £ (/100 8) ~ 1 ey To

C : FHARHE R RIS fe i T AL R

(Mg/mL)
V i R e A R (mL)
M = BUR At ds 2 & (g)
+ ~ F3IERERN
WEHEERMNTS L EYEHE LM
<z TERMEERE TR EEOA&E ) i
TG B - VAL AR e b B 7 vk 2 HE T
FE(Accuracy) {5 (Precision) f & SR
(Limit of quantitation, LOQ) °
(IR HEAR R
RUER AR B OSSR FRRE » 47
P[RR AH R SR (K 20.99 -
(C)UEE R R e
TRIETH BN R HAE T asinmEIcatEs - R
IR AR AR IR N2 T
FREBRnL I ERDZEAmET - IR
HIERE F50.25521.25 g/100 g » SiERE
TSEERE - IR R B R - It
TR AR R R AR - DEHE R G R
aam{tE T 5 SR EEDK -
E)E EMmIREH
T R FLI AT E LA T 43 B
EHERAER RS AR 22 DR
HR o AREE AR R R - WA E R
o EHE M RO B/ AR L - DAE]
W - EEERFEHEIRS/NIL = 102 5%
RIS IR fy e AR -

FEREAETER

— B2 &L

okt e LIRS A7 - 2Dl T B
K MR TR ) GAL B N L R B AL
SEEER - R  E A R  E
FLVE R ALTNE - RE2E UREERE D)
PASUPELCOSIL™ LC-NH,}, LiChrospher 100
NH,E AR 75 K 82% LGS TR EIAE - FATR
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1 mL/min ~ FFERE30°CTT - DT H
gy 0 BT B R B L R R AR L BEE T
i TR BEUTR A G 5 4 A TR R B A RS B A L
Bl - ZE50E AR AN =SS REER
TFIETE e o7 B RUR: » HE— 2 22 Benvenuti®h
NUOFE o FRHAmide B - DLE0.2% = Z1
(Trimethylamine, TEA).Z75 ~ 77 5 80% Z il V&

W& fATE0.25 mL/min ~ EFEEE60CT
BT AL B R B P R BT E L S BB T - AR
& —Fr o ZHSHpIEE - TR o B
R DA80% B 1A W % Bl AH 47 e B e 2 R SR ik
& A - BPEREIRETREEZES0C - DA
tEa T EE s, - B AR - ke
FLEARE R I N2 BB 18 - B R AE e L

J g A
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=) o 8
2 ] g 83 g9
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000 100 200 300 400 500 6.00 7.00 '8.00
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’ T T T T I T T ( l T T T | T T T T | T T T T I T T T I T T T l T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
Time (min)
B — - TRIFZENELL 52 B S hE R 2 BRAEAE 2E R Z UPLCBIFE (75% ZFE(A) ~ 77%ZfE(B) K80%ZF5(C))
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B - FLEIHEZ UPLCERE(IREAMR(A) - MEEXRRI B)RMEGERAI (C)
B iR R R 6.2 53 8 FCFLEARE » A 95227 Chavez-Servin$ A
— NI ST K Benvenuti® A" 5% 5EE25 K% 60°C
" | 2 e o g — pos 2
RUBREERFFSY RS © TR A T
HZERORE 8 GRINEKS > WEZEDRET » &

TRy O T FEE R ZE NG FE (s B o AL PR R H LIS 5 5(0.78 ¢/100 g) Ul AR A
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B - AR o AR EEFRYRTN1.25 ¢/100 g2 FL 3037.2 » HRE150.9999 » B/ E% 5 T & & N
FiRpE > BRSSP F89.2 K 88.9% » 15 & HARMERARRLF
Bt g g A R E e . e
(ETE R + AR 25 C AT - - AR
(CZEEL R EL EEEE A B ERREEREMm A ER
SRR BT AL NS < o M 28 DAL B Ry ¥y 2 MERERE SRS R - [A] H R ZLEBE PR (0.25
FOS0 o FRE R IR IUECEII T /100 @) FAIEIER S HIE 100K 106% » 1
BT » & BIE(E - MR EERED)  SIEEE1.25 2/100 @) FHIEBEES F 94 R
Wk - SEENEIIS R - R 96% ; EH IR 2 FEUR S B
ZEEUATER » AiF9E22% Chavez-Servin®s 10252107% » fA SR 2 SEE3 B 3R 43 Bl Ry
IO Benvenuti® A0S - IS TUETEE  92595% » T 5 HEERE R AT A HEROH (S
T ERAERR - [FAEEIS0% LA R T e
RV RTINS 508 e
Mearrez 1+ R Z V0BG - Mgy 1 AR
0.6 gf2ft sl g @ DA & L2200 2 EEEABTERREERLERE
T RN EARIE - BLBRAE A 2] R 25 B2 B R ERE R - [B H R 2L R bE AR
RZEZR - FERWFENY - ZEEU R 2R 2 (0.25 g/100 g).2 & FARE 53 A F55.3520.9% °
ZERYER » 3 PE95.2 K 100% » BE/RZERY2 AEIEE(1.25 g/100 g)2 B AR E 55 B R2.5
R BRER SE B A By i e T AL B A M1.1% 5 52 H B R RIRE 2 8RR R
. N 5.051.6% * TR iRE 23RS 533
= BRRERZENL Ro1.6% » S5 ok o R T e (2
ARG EE0.1 - 5 mg/mLIAFT  F) -
o B e R A B G AR Ry = 126.01 x -

K= TEZEEUREY S IERE SR E B R A8 P ILEINE 2 ZZER

HERLRE(C) e Pl E(g/100 g) spike-PItg I {E" (/100 g) [EICE (%)
25 0.78 1.89 89.2
60 0.78 1.88 88.9

RRBERINL.25 ¢/100 gFLEIHE » n=2

=M ~ ARIZZEUR B I6RE R FLERNE < ZXEUUR

FEBI ZEHR 8, MASO%ZEE JilAcarrez IAZAE EREN fflE" IRflEE 2EHGR
Wi(mL) 1-II(mL) (mL) (mL) (g/100g) (g/100g) (%)
(—) FERUR(ESTE ) 10 0.25 5 25 10.18 10.69 95.2
EER R/ 5 0.1 2 10 0.51 100.0
EEZENR2X 25 0.05 1 5 - -
(&) ZEHRR(EESURTTE) 8 0.125 25 25 11.02 11.02 100.0
HEZEIOX 5 0.1 2 10

“E LR iR R



48

ERRE /LG B R S g ]

RO IEESNNEHREERARBERMRERAET 277 AHR

s ST [A H H(n=5) HHE(n=10) ON
B (@1009)  SEHEUEE%)  BEEE%) SEHEE %)  BERE(%)
FkEBEaE 0.25 100 5.3 102 5.0 16.0
1.25 94 2.5 92 33 -
AR 0.25 106 0.9 107 1.6 23.5
1.25 96 1.1 95 1.6 -
TN MEERPIEESEWARER
E o (iﬁoﬁg) (ﬁ‘i”gﬁg) mramenn SR @jgﬁﬁ
S1  YISEREEI 0.1 0.48 - 14 g/£& -
S22 FIREERML iR AN 0.85 BFH1-248 20 g/4% 0.17-0.34
S3 AR IR TN 10.2 HFHI12KXEFX1H ) 0.20-0.41
S4 AR IR TN 6.39 H1-241, 3 g/t 0.19-0.38
S5 WAEREK TR 9.02 H2 R R 1A, 2 g/t 0.18-0.36

MRAE R AETR A AT BT 5106130363058 /A2

7N~ EEHREFG

e SR GBS REERMK
AR 2 EEMmRAGE - FLERER € EMB0R
(0.25 g/100 g):Z FEIETHEF510052106% » &
PR 5.35.0.9% » SINHLR16.05223.5 » &5
FFETESOREIS/NIL = 102 BR (R H) »

t - MEERAE

AT ERE 2 - RUUE MR
SRS AL AR o LR SHRE S,
BB ERREERNMS - MR BRI &3
i BRI R - SRR S  SHEnhE
Z AT E B T120.48 - 10.2 g/100 g2 - H
G R R R A AL = & - B
TN E AR B2 80% » B TSt fr il &
TR ESTTEIE ) REMRT ; BebmEs
FHEFRERESREN " 'Y 6 &
B R EHSTE | FTEZEHERAERL g

PrEEBHERRECRL  SHEME - HANERSETSERI0 g

ZHUE -
&

AW G Z T ITER - RS R AT &
EE T RS C MERORE o SE
REbhrh LR 2tk - FIER BRI E &
Bk RERREAZEE AT EEC2
e

ZER
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Development of an Analytical Method for Lactulose in
Foods

YING-JIE TSAIL PAI-WEN WU, NU-CHEIN LIN, YA-MIN KAO,
SU-HSIANG TSENG AND DE-YUAN WANG

Division of Research and Analysis, TFDA

ABSTRACT

Lactulose, a disaccharide composed of B-1,4-linked galactose and fructose, is commonly used in
special dietary food and functional foods. It’s prebiotic property can stimulate bacteria growth in the
gastrointestinal tract, such as Bifidobacterium spp. and Lactobacillus spp., and thus improves the host
health. There is a daily consumption limit of 10 g for lactulose in special dietary foods and products
labeled with daily limit of lactulose, regulated by Ministry of Health and Welfare. In this study, we
coordinated the implementation of administrative management to establish the analytical method for
lactulose in foods. The sample was extracted with 50% ethanol in an ultrasonic bath and precipitated by
Carrez reagent and acetonitrile. After filtering, the filtrate was analyzed by the ultra-high performance
liquid chromatographic system with an ACQUITY BEH Amide (1.7 um, 2.1 x 10 cm) column and
refractive index detector at 0.25 mL/min isocratic elution with acetonitrile and water (80:20, v/v) solution
containing 0.2% TEA. The method was validated by spiking lactulose at the levels of 0.25 and 1.25 g/100
g into infant formula and probiotics powder, respectively. The average recoveries of lactulose in intra-day
were in the range of 94-100% and 96-106%, and their coefficients of variation were 2.5-5.3% and 0.9-
1.1%, respectively. The average recoveries of lactulose in inter-day were in the range of 92-102% and 95-
107%, and their coefficients of variation were 3.3-5.0% and 1.6%, respectively. All results showed that
the method offered good precision and accuracy. The market survey results of five commercial products
were as follows: The detected values of lactulose ranged between 0.48 and 10.2 g/100 g. One of 5 samples
contained more than 80% of the labeled value of lactulose, but the labeling of daily recommended
consumption value was missed. The recommended daily consumption values of lactulose in other 4

samples were found not exceed the daily consumption limit of lactulose set by the regulation.

Key words: lactulose, HPLC, refractive index detector, nutrient additives



