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Purification of Lactulose from Mixtures with Lactose Using
Pressurized Liquid Extraction with Ethanol ~ —Water at Different
Temperatures
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The viability of the purification of lactulose from a mixture with lactose [70:30 (w/w)] using pressurized
liquid extraction (PLE) at 1500 psi for 30 min was studied. Different temperatures (from 40 to 130
°C) and proportions of ethanol:water (70:30, 80:20, 90:10, 95:5, and 100:0) as the extraction solvent
were assayed. Lactose and lactulose were measured by gas chromatographic analysis as their
trimethylsilyl derivatives. Data were fitted through multiple linear regressions to different quadratic
models to describe both the extraction yield (in terms of mg of lactulose) and the purity of the lactulose
extracted. The optimum extraction conditions provided by the model were as follows: extraction
temperature, 40 °C; and solvent composition, 70:30 ethanol:water. PLE extraction under the optimized
conditions was also applied to purify lactulose from lactose in a synthesis mixture. To our knowledge,
this is the first time that PLE has been tested for extraction and purification of lactulose from its
mixture with lactose; this technique showed several advantages over classical methods such as the
short extraction time and the low solvent consumption.
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INTRODUCTION from 20 to 80% 10). Lu is commercially available as a syrup
containing about 80% solids, which has a Lu content of 66%,

alactopyranosyb-fructose) was first reported, the use of including variable amounts of La and small contents of other
galactopy . . P ' sugars such as galactose, epilactose, tagatose, and fructose. The
this disaccharide as a food additive and for medical purposes

has received considerable research attention (2—4). Lu is usec'rO égifcr;ﬁ)engf(l;fat;]r;;héz&rgg ug:aT:);PeOt ?gsi?isbl;aéblae]zzv)vhen dietary
in medicine as a syrup to treat constipation and hepatic . y pres( 7
encephalopathy, and it has also been used in the diagnosis of Altlhqugh publlsheql data on the solubility of Lu n alcohols
gastrointestinal disorder2{4). These properties have been ﬁ;eelllrr:jlt?j' Isrt])lzlijl?i:iet)ivelguii Satllég)llq’o\l’;e;f Fg(;;‘idtg;f i'glrﬁg(e on
mainly attributed to the low absorption of Lu in the upper observing that Lu solubility was remarkably hi Fr)1er than that
digestive tract and its selective metabolism by bifidobacteria of La 9 y y g
in the colon. ’ . " .
Lu, because of its health-promoting prebiotic effects, will be Several new extraction procedures, such as supercritical fluid
. e . . . > . extraction (SFE), solid-phase extraction (SPE), and pressurized
increasingly used in the food industry as a functional ingredient ;" . - :
(5, 6). P%gbiotics are nondigestib>lle food ingrediengts that liquid extraction (PLE.)f have been developed in the past few
beneficially affect host health by selectively stimulating the ﬁig&stéoséeg;g Ezagg'r?]nf; E;?r?e?j?f?esrleﬁr riirtifeziigtf;r?or}ﬂy
growth and/or activity of a limited number of bacterial species P | 4 di E ities hiaher than 95% )
in the colon (7). A large amount of literature on this topic has W.‘”tl:]er a? cots_o vent Id® provi '3945%/”2}"_6; ('1%)8.” Sn d 0
: gy ith extraction yields aroun 0. is based on
ibnzerg dﬁg:{ftﬁg l?ggotrzg :S:uzgggfg:‘ogég?rig ?ehéc;?(tes as fOOd(gvonventional heating at elevated temperatures and at pressures
Lu is obtained from lactose (La; 4-@D-galactopyranosyl- up to 200 bar, e_nough to. kegp thg solvent in qugid sta}te.
b-glucose) by isomerization in baéic media. The c)cgnvers?/on of Therefore, dynamic extraction is run in a very short time with

X . small volumes of organic solvent.
La to Lu mainly depends on the catalytic systems and may vary In this work, new experimental data have been obtained for

extraction and selective recovery of Lu from mixtures with La
* To whom correspondence should be addressed. Tel: 34 91 562 29 00.ysing PLE. The effect of two factors, extraction temperature
Fa?',nﬁﬁtftlo%%4513,151?55@25ig'ségﬁg?;?_"g-cs'c-es- and solvent composition, in the extraction efficiency has been

*Instituto de Fermentaciones Industriales. tested.

Since the bifidogenic activity of lactulose (Lu; 4/p-
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MATERIALS AND METHODS Yi=Bo+ BT +BSTRT + 5 +61.TS (1)

Reagents and SamplesLa, Lu, phenylg-b-glucoside, andN-
trimethyl-silyl-imidazol (TMSI) were acquired to Sigma (St. Louis, wheref, was the intercepf$, andS, were the linear coefficientg; 1
MO). Sea sand was obtained from Panreac (Barcelona, Spain). Absoluteand 3., were the squared coefficients, afid, was the interaction
ethanol was from Prolabo (Fontenay-sous-Bois, France). High-purity coefficient. The parameters of the model were estimated by multiple
water was produced in-house using a Milli-Q Synthesis A10 system linear regression (MLR) using the Statgraphics Plus v.5.1 program
(Millipore, Billerica, MA) and was used throughout. A mixture of Lu  (Statistical Graphics Corp., Manugistics Inc., MD).
and La (70:30; w:w) was obtained from crystalline standards using a  The effect of each term in the model and their statistical significance,
laboratory mill. for each of the response variables, was analyzed. The terms not
Synthesis of Lu.The synthesis of Lu was carried out following the  significantly different from zeroR > 0.1) were excluded from the
method of Zokaee et al1Q), slightly modified. Four grams of Lawas  model, and the mathematical model was refitted by MLR. The goodness
dissolved in 40 mL of deionized water and mixediwi g of sodium of fit of the model was evaluated by the coefficient of determination
aluminate. The mixture was kept under stirring at@taking sample (R?) and the residual standard deviation (RSD). From the new fitted
at different times: 0, 1, 3, 5, 7, 9, 10, and 11 h. The reaction was models, response surfaces and the contour plots were obtained.
stopped using a few drops of 25% sulfuric acid until pH 7. Samples
were diluted with 10 mL of deionized water and centrifuged at 000 RESULTS AND DISCUSSION
for 5 min. The supernatant was collected and analyzed by gas

chromatography (GC) as indicated below. The selected sample was 1able 1 Sh0W§ the_ mean .Va|UeS obtained to S_e|eCtiVe|y
freeze-dried previous to the PLE extraction. recover Lu from its mixture with La (70:30, w:w) using PLE

PLE System.PLE was performed on a Dionex ASE 200 (Dionex, as indicated above. As expected, under the assayed conditions,
Sunnyvale, CA) system. Samples containing La and Lu were mixed at the total carbohydrate extracted increased with both factors: the
a proportion 1:9 with sea sand, which was selected as an inert materialwater content of the solvent and the extraction temperature; this
to hold the sample inside the extraction cell and to avoid the formation behavior has been widely reported for different sugars at
of preferent_ial flow paths. The sample was place_d in the eth’a‘.Ction atmospheric pressure_:{, 17, 18) Regarding the amounts of
cell always in excess. At _the bot_tom of the extractlo_n cell, a stalnle_ss extracted La, in general, these results are in agreement with
e it  cellose e (Dl e pace i order 2 2494 those data reported by Machado et Yabout solbily of

P P : La in water-ethanol at 40 and 6€C at atmospheric pressure.

extraction cell containing the sample was prefilled with solvent, heated, b iabl h f di
and pressurized: extraction was performed statically for 30 min, Fresh AAS €an be seen iable 1, the amount of Lu extracted increases

solvent was conducted through the cell after the static period, drawing With the temperature while the selectivity of the extraction
the extract into the collector vial. decreases. In fact, the highest Lu purity was obtained &40

The extraction conditions were 1500 psi of pressure at constant for all of the solvent compositions, if water was in the solvent
temperature ranging from 40 to 13C using different ethanol:water ~ mixture. Different behavior was observed when 100% ethanol
proportions (from 100:0 to 70:30). Different extraction times (10, 20, was used as the extraction solvent.

30, 45, and 60 min) were also assayed, and 30 min was selected to  To perform an in-depth study on the effect of the two factors
achieve a compromise between speed and equilibrium. The extractioninyolved in the PLE process, that is, extraction temperature and
pressure was ke_pt constant because its |nflu§qce on extraction efficiencygolvent composition, in the recovery and purity of Lu, statistical
is not a determinant factorlb, 17) Pressurizing the extraction cell analysis was carried out. By using a MLR, experimental data
prevented the solvent from boiling at the extraction temperature and were fitted to the quadratic model described abale Table
ensured that the solvent remained in intimate contact with the sample. ; o

All experiments were carried out in duplicate. Repeatability of the 2 Sh.OWS the summary of the reg.reslsllon results for both, % Lu
process was also evaluated submitting one sample of Lu:La (70:30 w:w) (purity) and mg of Lu. Only the Slgnlflca}n_t terms of the model
to the PLE extraction five different times. The relative standard (&t 90%) are presented, and the coefficients have been recal-
deviation was 0.9% in terms of the purity of Lu. culated after removing the nonsignificant terms. As for the

GC Analysis. Samples were diluted 1:10 (v/v) with 70% methanol: response mg of Lu, S (solvent composition accounting for the
water, and 1 mL of these solutions was added to 0.3 mL of 1 mg/mL amount of ethanol in the mixture with water), T,>SS, and S
phenyl-fo-glucoside as an internal standard. These samples were x T were the significant terms of the model. As can be observed
evaporated under vacuum at 38—40 Derivatization was carried out  (Table 2), the determination coefficient was 0.96 while the
USing lSO,uL of TMSI at 65 °C for 30 min. S|Iy|ated CarbOhydl’ateS estlmated error was 1807 In terms Of % LU,X-I_I— was the
were extracted with 100l of hexane and 20QuL of water. One gt significant term (at 95% confidence level); the rest of the
microliter of organic phase was injected onto the column. terms of the model were only significant at the 90% level.

GC was performed with a Carlo Erba HRGC 5160 Mega series gas ¢ o ranhical representation of the quadratic function along

h It h (Milan, Ital i ith a fl ionizati tector. . - ! .
Z g%mri ZgBaSS (mr:nar(’j j 36) gg/ljﬁpfiig; siﬁc; ?;l:m:zgg?e%evﬁfhor with the experimental data and the regions of maximum response

DB-17 (50% phenyl silicone fim J & W scientific, Folsom, United /€ Shown irFigure 1. For mg of Lu, it is easily seen that the
States) was used. The carrier gas (nitrogen) flow rate was 1.2 mL/min. Yi€ld increases when decreasing the percentage of ethanol in
Injector and detector temperatures were 300The oven temperature  the solvent mixture and when increasing the extraction tem-
was programmed as follows: ramp from 250 to ZTat 2°C/min perature. As for Lu purity (% Lu), the behavior is just the
and hold for 10 min. Samples were injected in split mode (split ratio opposite, maximizing the purity at low temperatures while the
33:1). Chromatographic peaks were measured using a Chrom-Card 1.2Gesponse is not being significantly affected by the percentage
acquisition system (CE Instruments, Milan, Italy). Quantitative analysis of ethanol used in the solvent mixture.
of La and Lu was carried out using the response factor relative to Figure 2 shows the graphs of observed vs predicted values
phenyl-3p-glucoside (internal standard) over the expected range. from the model for the two responses studied in the present
Statistical Analysis. Statistical analysis was used to fit the experi- work. As can be seen, the fitting is excellent, thus indicating

mental data. Two factors were considered in the study: extraction th ibility of using th th tical del t dict th
temperature (T) and solvent composition (S) considered as the % of € possibility of using the mathematical model 1o preaict the

ethanol in the solvent mixture. Different responses were selected asP€havior of the system outside the experimental domain.
follows: the amount of Lu extracted (as mg Lu) and the purity of Lu T1herefore, results were extrapolated to obtain a reasonable
(as % Lu). The quadratic polynomial model proposed for each responsecharacterization of the expected behavior in the region of lower
variable (Y) was ethanol contentTable 3 shows the predicted values of mg of
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Table 1. Mean Values (n = 2) of Experimental Data Obtained for the
Extraction of Lu from a Mixture with La (70:30 w/w) Using PLE for 30
min with Different Ethanol:Water Mixtures [from 100:0 to 70:30 (v/v)]
and Extraction Temperatures (from 40 to 130 °C)

g00?
initial amount T ethanol: Amount (mg) Purity %
of sample ()  (°C)  water (v/v) Lu La Lu La 4000
1 40 100:0 17.13 422 8023  19.77
1 60 100:0 40.17 650 86.07 13.93 a0
1 80 100:0 90.70 2484 7850 2150 49
1 90 100:0 89.34 2011 8162 1838
1 95 100:0 91.62 2265 8018 19.82 [ot 200‘3
1 100 100:0 108.27 2793 7949 2051 5
1 110 100:0 110.63 2815  79.72 2028 0
1 130 100:0 150.62 85.61 63.76 36.24
1 40 95:5 84.68 428  95.19 481 -
1 60 95:5 129.67 8.67 9373 6.27 KB 2
1 80 95:5 123.76 29.92 8053 1947
1 90 95:5 251.50 4192 8571 1429
1 95 95:5 230.85 7336 75.88 24.12
1 100 95:5 24341 9149 7268 27.32
1 110 95:5 22318 111.07 66.77 3323
1 40 90:10 145.85 6.55 9570 4.30
1 60 90:10 220.06 2110 91.25 8.75
1 80 90:10 534.48 40.99  92.88 712
1 90 90:10 597.43  133.03 8179 1821
2 40 80:20 888.44 304 96.69 331
3 60 80:20 234572 13096 9471 5.29
3 80 80:20 222894 38297 8534 14.66
6 40 70:30 354332  242.83 9359 6.41

Table 2. Regression Coefficients for Factors and Statistics for the Fit
Obtained from MLR

response variables

Lu (mg) % Lu ;
intercept 49775.21 ~46.2359 4
S —-1115.08 4.3202
T 133.77 -1.2390
SxT -1.35 0.0155
SxS 6.19 -0.0304
TxT —0.0035
R? 0.964 0.900
RSD 180.7 4.2

Lu and % Lu at different temperatures and solvent compositions. SN =

From these data, it can be inferred that by increasing the &

extraction temperature at a solvent composition equal to 70:30Figure 1. Surface and contour plots for the response variables studied

(ethanol:water), the purity of the Lu decreases while the yield (temperature and percentage of ethanol in the solvent): (top) mg of Lu

of Lu increase. As expected, a further decrease in the percentagextracted (mg Lu) and (bottom) Lu purity (% Lu).

of ethanol (to 60%) increases the amount of sugar extracted,

but an important decrease in selectivity is also observed. whole process. Galactose was observednftb h of reaction
Thus, from the data presented in this study, the optimum and increased with time, although only small amounts were

conditions to extract Lu from mixtures with La are those detected at the end of the process. Only traces of tagatose could

providing maximum yield and purity; that means working at be observed at the end of the reaction time9A of treatment,

40 °C with 70:30 (v/v ethanol:water) extraction solvent. This 75 50 of Lu was obtained whereas 18.4% of La was already

effect has not been previously observed by other authors, sincepresent (ratio Lu:La 80:20). Considering that no more Lu was

studies on comparative solubilities of La and Lu in alcohols gptained after this time and galactose continued increasing, this
are scarce and most of them are performed in ethanol containingsample was selected for further experiments.

0 )
not more than 5% water at atmospheric pressLge1s). Other PLE treatment at the selected optimum conditions (ethanol:

studies carried out in our laboratory to separate Lu from La ) . . .
using supercritical C@® extraction showed a considerably water 7(_)'30 and 46C) was applied to tr(:e mixture of Synth§5|s.o
decreased Lu purity when 92.5:7.5 ethanol:water was used asThe purity of Lu was enhanced to 86.6% after the process; 9.0%
cosolvent instead of 95:5 ethanol:water (14). of _La_and_4.4% of galactose were _also extracted. The Lu;La
To confirm the utility of the PLE method for the separation atio in this sample was 91:9, similar to data obtained with
of both carbohydrates, Lu was synthesized as indicated in theStandards inrable 1.
Materials and Methodsrigure 3 shows the evolution of Lu, The proposed extraction procedure is more rapid and involves
La, and galactose during the synthesis. The Lu concentrationless solvent consumption than other methods suggested in the
increased until 9 h ofeaction while La decreased during the literature to separate Lu from La such as the use of fractional
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