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Abstract

Lactose is disaccharide which is composed of glucose and galactose, and is the only saccharide synthesized by mammals and is
enriched in mammalian milk. Lactose plays multiple roles in the health of neonates, by stimulating the growth of selected beneficial
bacteria in the gut, and participating in the development and growth of newborns. Lactose concentrations may be indicative of
abnormalities and be used for clinical diagnosis. Thus, the establishment of a simple and rapid method for the determination of
lactose with high selectivity and sensitivity is of great significance to dairy industry and public health. In this article the studies of

detection methods for lactose in recent years are reviewed.
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1. Introduction

Lactose, a disaccharide found in milk and dairy
products, is the only source of carbohydrates in milk,
with concentrations ranging from 4.4 to 5.2%. Lactose
concentration is a basic marker for the evaluation of milk
quality and the detection of abnormalities [1-3]. Effective
control of lactose levels in dairy products is also
important for the cheese industry in order to control the
fermentation processes. In addition, lactose is a basic
parameter in wastewater control and veterinary
medicine [4-6]. The determination of lactose is also
clinically relevant. An excessive amount of lactose in
blood indicates gastrointestinal malignancy. Lactose
control in food products is, besides economic reasons,
especially important in lactose reduced or lactose-free
products for the 75% of adult worldwide suffering from
lactose intolerance [7-9]. Therefore, the quantification of
lactose is an important challenge in many areas. In this
paper, the attributes of different analytical technique for
the determination of lactose in recent years are
reviewed.
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2. Analytical Methods

2.1. HPLC method. High-performance liquid
chromatography (HPLC) is a powerful tool that enables
the separation of complex mixtures into individual
components, and is a highly sensitive and reproducible
analytical technique. In recent years, HPLC has been
combined with many sensitive detection techniques and
has experienced continuous improvement of stationary
phases, which have improved its sensitivity and
specificity. HPLC is currently widely used for the analysis
of drugs and dosage forms with respect to quality
control, quantitative determination of active ingredients
and impurities, monitoring drug blood concentration in
patients, and bioequivalence assessment [10,11].

Silveira et al. [12] adopted HPLC method for
determination of lactulose and lactose content in
commercial samples of the ultrahigh temperature and
sweetened condensed milk. The used HPLC method
showed a good resolution of the analytes evaluated. The
analyzed ultrahigh temperature milk samples presented
levels for lactulose in accordance with the limit
recommended by the International Dairy Federation.



Int. J. Curr. Res. Chem. Pharm. Sci. (2016). 3(11): 39-42

There was no significant variation in lactulose
concentration for sweetened condensed milk samples.
However, one sweetened condensed milk sample
showed lactose level lower than the established values
(10-12%).

Wang et al. [13] developed and validated a simple
method for the determination of glucosamine and
lactose in milk-based formulae by HPLC with refractive
index detector. Samples were cleaned up just by protein
precipitation before HPLC analysis. Separation was
achieved with a Shodex Asahipak NH2P-50 column.
The method showed good linearity, sensitivity, precision
and recovery, and proved very simple and rapid for
routine analysis since separation was completely
achieved at 10 min.

2.2. Electrochemical method. Electroanalytical
techniques are a promising alternative for the
determination of organic molecules in complex matrices,
because they deliver lower cost and analysis time, high
selectivity, and high sensitivity [14-16]. Enzyme-based
amperometric biosensors have been found to constitute
versatile analytical devices with high selectivity that can
be operated by unskilled personnel. Accordingly, they
can be envisaged as serious competitors for
conventional techniques, representing an attractive
alternative for small industries [17-19].

Tasca et al. [20] described a new third-generation
amperometric biosensor for lactose determination. The
biosensor was based on the highly efficient direct
electron transfer between cellobiose dehydrogenase
(CDH) from Phanerochaete sordida (PsCDH) and single
walled carbon nanotubes (SWCNT). The SWNCTs were
surface modified with aryl diazonium salts of p-
phenylenediamine (NH,-PD) and deposited on the top of
a glassy carbon (GC) electrode. The PsCDH NH,-
PD/SWCNT-GC biosensor showed very efficient DET
and exhibited an extraordinary high current density of
500 pA cm™ in a 5 mM lactose solution at pH 3.5. The
biosensor had a detection limit for lactose of 0.5 uM, a
large linear range from 1 to 150 uM lactose and a high
sensitivity. It showed also a fast response time, good
reproducibility and good stability. In addition, it was
easy, simple to manufacture, and cheap because a low
amount of enzyme was required and highly selective, as
no significant interference was observed. For these
reasons, it could represent a valid alternative to HPLC
measurements for lactose determination in milk and
dairy products.

Gursoy et al. [21] developed the lactose biosensor
based on surfactant doped polypyrrole. Galactose
oxidase and b-galactosidase was coimmobilized in
polypyrrole matrix during electropolymerization process
with the presence of sodium dodecylbenzene sulphonic
acid as surfactant. The response of the enzyme
electrode was measured by CV in the range of 20.1 to
1.0 V versus Ag/AgCl which was due to the electro-
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oxidation of enzymatically produced H,O,. The effect of
lactose concentration was investigated. Response time
of biosensor was found to be 8-10 s and the upper limit
of the linear working portions was found to be 1.22 mM
lactose concentration with a detection limit of (2.6 x 10®
M). The apparent Michaelis—Menten constant was found
to be 0.117 mM lactose. The effects of interferents were
determined.

2.3. Other methods. In addition to these main
approaches mentioned above for lactose detection, still
a few special techniques with high sensitivity have been
applied. Srivastava et al. [22] developed a novel method
for quantification of lactose in mammalian milk through
high-performance thin-layer chromatography and
determination by a mass spectrometric technique.
Weber et al. [23] proposed the detection of dissolved
lactose employing an optofluidic micro-system. Li et al.
[24] developed a raman spectroscopy-based approach
for the rapid determination of lactose in milk using crystal
violet as an internal standard. Soldatkin et al. [25]
proposed the development of conductometric biosensor
array for simultaneous determination of maltose, lactose,
sucrose and glucose.

3. Conclusion

One of the most significant needs in the dairy industry is
lactose monitoring, which is required for maintaining
specified lactose levels during the production steps and
in the final milk products. Lactose plays an important role
in the formation of the neural system and the growth of
skin (texture), bone skeleton and cartilage in infants. It
also prevents rickets and saprodontia [26,27]. Therefore,
the precise determination of lactose is important for
industry and public health. This review has highlighted
the significant developments in rapid and alternative
techniques for the detection of lactose in recent years.
We believe the direct and rapid online monitoring of
lactose in milk, dairy products and some biological
samples using simple analytical devices with a high
performance is still the future effort.

Acknowledgments

The work was supported by the Hebei Provincial Natural
Science Foundation of China (No. B2015201161),
Medical Engineering Cross Foundation of Hebei
University (No. BM201108) and Training Programs of
Innovation and Entrepreneurship for Undergraduates of
Hebei University (No. 2016061).

References

[1] Moynihan AC, Govindasamy-Lucey S, Molitor M,
Jaeggi JJ, Johnson ME, McSweeney PLH et al.
Effect of standardizing the lactose content of
cheesemilk on the properties of low-moisture, part-
skim Mozzarella cheese, J Dairy Sci 2016;
99(10):7791-7802.



Int. J. Curr. Res. Chem. Pharm. Sci. (2016). 3(11): 39-42

[2] Wijayasinghe R, Vasiljevic T, Chandrapala J. Lactose
behaviour in the presence of lactic acid and calcium,
J Dairy Res 2016; 83(3):395-401.

[3] Wang H, Liu YQ, Yang HM, Guo QL, Shi HL, Yan LB.
Determination of glucose, fructose, sucrose, maltose
and lactose in sugar-free products by liquid
chromatography-tandem mass spectrometry, Chin J
Anal Chem 2010; 38(6):873-876.

[4] Luzzana M, Agnellini D, Cremonesi P, Caramenti G,
De Vita S. Milk lactose and lactulose determination
by the differential pH technique, Lait 2003; 83(5):409-
416.

[5] Thomas NR, Shumway LS, Hansen LD. Quantitative
x-ray diffraction determination of alpha-lactose
monohydrate and beta-lactose in chocolate, J Food
Sci 2009; 74(7):C513-C518.

[6] Shapiro F, Silanikove N. Rapid and accurate
determination of D- and L-lactate, lactose and
galactose by enzymatic reactions coupled to
formation of a fluorochromophore: Applications in
food quality control, Food Chem 2010; 119(2):829-
833.

[7]1 zhang HH, Li J, Zhao S, Ding XJ, Wang Z. Rapid
determination of lactose, sucrose, glucose and
fructose in foods by capillary zone electrophoresis
with indirect ultraviolet detection, Chinese Journal of
Chromatography 2015; 33(8):816-821.

[8] Portnoi PA, MacDonald A. Determination of the
lactose and galactose content of cheese for use in
the galactosaemia diet, J Hum Nutr Diet 2009;
22(5):400-408.

[9] Marrakchi M, Dzyadevych SV, Lagarde F, Martelet C,
Jaffrezic-Renault N. Conductometric biosensor based
on glucose oxidase and beta-galactosidase for
specific lactose determination in milk, Mater Sci Eng
C-Mater Biol Appl 2008; 28(5-6):872-875.

[10] Ye NS, Gao T, Li J. Hollow fiber-supported
graphene oxide molecularly imprinted polymers for
the determination of dopamine using HPLC-PDA,
Anal Methods 2014, 6(18):7518-7524.

[11] Capone DL, Ristic R, Pardon KH, Jeffery DW.
Simple quantitative determination of potent thiols at
ultratrace levels in wine by derivatization and high-
performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS) analysis, Anal Chem
2015; 87(2):1226-1231.

[12] Silveira MF, Masson LMP, Martins JFP, Alvares TD,
Paschoalin VMF, de la Torre CL et al. Simultaneous
determination of lactulose and lactose in conserved
milk by HPLC-RID, J Chem 2015; 2015:185967.

[13] Wang XM, Zhang RL, Lv ZH, Wang YH, Jiang TF.
Determination of glucosamine and lactose in milk-
based formulae by high-performance liquid
chromatography, J Food Compos Anal 2008;
21(3):255-258.

[14] Yakovleva M, Buzas O, Matsumura H, Samejima M,
Igarashi K, Larsson PO et al. A novel combined

thermometric and amperometric biosensor for
lactose determination based on immobilised
© 2016, IJCRCPS. All Rights Reserved

41

cellobiose dehydrogenase, Biosens Bioelectron
2012; 31(1):251-256.

[15] Safina G, Ludwig R, Gorton L. A simple and
sensitive method for lactose detection based on
direct electron transfer between immobilised
cellobiose dehydrogenase and screen-printed carbon
electrodes, Electrochim Acta 2010; 55(26):7690-
7695.

[16] Campos PP, Moraes ML, Volpati D, Miranda PB,
Oliveira ON, Ferreira M. Amperometric detection of
lactose using beta-galactosidase immobilized in
layer-by-layer films, ACS Appl Mater Interfaces 2014;
6(14):11657-11664.

[17] Conzuelo F, Gamella M, Campuzano S, Ruiz MA,
Reviejo AJ, Pingarron JM. An integrated
amperometric biosensor for the determination of
lactose in milk and dairy products, J Agric Food
Chem 2010; 58(12):7141-7148

[18] Ni YN, Wang YR, Kokot S. Osteryoung square wave
voltammetric determination of lactose in food
samples by a derivative procedure, Chin Chem Lett
2008; 19(12):1491-1494.

[19] Ammam M, Fransaer J. Two-enzyme lactose
biosensor based on beta-galactosidase and glucose
oxidase deposited by AC-electrophoresis:
Characteristics and performance for lactose
determination in milk, Sens Actuator B-Chem 2010;
148(2):583-589.

[20] Tasca F, Ludwig R, Gorton L, Antiochia R.
Determination of lactose by a novel third generation
biosensor based on a cellobiose dehydrogenase and
aryl diazonium modified single wall carbon nanotubes
electrode, Sens Actuator B-Chem 2013; 177:64-69.

[21] Gursoy O, Celik G, Gursoy SS. Electrochemical
biosensor based on surfactant doped polypyrrole (
PPy) matrix for lactose determination, J Appl Polym
Sci 2014; 131(9):40200.

[22] Srivastava A, Tripathi R, Verma S, Srivastava N,
Rawat AKS, Deepak D. A novel method for
quantification of lactose in mammalian milk through
HPTLC and determination by a mass spectrometric
technique, Anal Methods 2014, 6(18):7268-7276.

[23] Weber E, Keplinger F, Vellekoop MJ._Detection of
dissolved lactose employing an optofluidic micro-
system, Diagnostics 2012; 2(4):97-106.

[24] Li MM, Chen J, Xu JJ, Fu SL, Gong H.
Determination of Lactose in Mik by raman
spectroscopy, Anal Lett 2015; 48(8):1333-1340.

[25] Soldatkin OO, Peshkova VM, Saiapina OY,
Kucherenko IS, Dudchenko OY, Melnyk VG et al.
Development of conductometric biosensor array for
simultaneous determination of maltose, lactose,
sucrose and glucose, Talanta 2013; 115:200-207.

[26] Yang CY, Zhang ZJ, Shi ZL, Xue P, Chang PP, Yan,
RF.Application of a novel co-enzyme reactor in
chemiluminescence flow-through biosensor for
determination of lactose, Talanta 2010; 82(1):319-
324.



Int. J. Curr. Res. Chem. Pharm. Sci. (2016). 3(11): 39-42

[27] Jasti LS, Dola SR, Fadnavis NW, Addepally U,

Daniels S, Ponrathnam S.Co-immobilized glucose

oxidase and beta-galactosidase on bovine serum

albumin coated allyl glycidyl ether (AGE)-ethylene

glycol dimethacrylate (EGDM) copolymer as a

biosensor for lactose determination in milk, Enzyme

Microb Technol 2014; 64-65:67-73.

Access this Article in Online

Website:
Www.ijcrcps.com

Subject:
Analytical
Chemistry

Quick Response Code
DOI: 10.22192/ijcrcps.2016.03.11.006

How to cite this article:

Siyue Jia, Xiaodong Dong. (2016). Recent advances in analytical techniques for the determination of lactose
. Int. J. Curr. Res. Chem. Pharm. Sci. 3(11): 39-42.

DOI: http://dx.doi.org/10.22192/ijcrcps.2016.03.11.006

© 2016, IJCRCPS. All Rights Reserved 42



