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The volumetric and compressibility properties of L-serine and L-valine in the concentration range (0.0 to 0.2)
mol kg−1 inwater and various saccharides (0.1 glucose, 0.1 sucrose and 0.1 lactose)mol dm−3 have been studied
over a temperature range of (293.15 to 313.15) K. The experimental data is used to obtain the apparent molar
volume (Vϕ), limiting apparent molar volume (Voϕ), limiting apparent molar transfer volume (ΔtrV

o
ϕ), as well

as apparent molar compressibility (Ks,ϕ), limiting apparent molar compressibility (Ko
s,ϕ), limiting apparent

molar transfer compressibility (ΔtrK
o
s,ϕ), limiting partial molar expansibility (ϕo

E), coefficient of thermal expan-
sion (α), hydration number (nH) and taste behavior of amino acids. The results have been interpreted in terms of
solute-solute and solute-solvent interactions. As the taste behavior is divided into four basic taste qualities in dif-
ferent ranges, so an effort has also beenmade to compare the taste behavior of the two amino acids inwater and
in aqueous solution of saccharides.
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1. Introduction

The interactions of saccharides with proteins have been an intense
field of research as it finds applications in number of biochemical pro-
cesses like immunology, biosynthesis, medicine, pharmacology, etc.
Amino acids, being the basic structural units of proteins, make up the
major content of human body in playing a vital role. So, the thermody-
namic study of these compounds in aqueous and mixed aqueous sac-
charide solutions can provide valuable information on solute-solute
and solute-solvent interactions [1–4]. The physiological importance of
amino acids can also be gauzed from the fact that they are delicate to
the gustatory system, therefore, every amino acid makes a contribution
of varying degree towards the taste of foods [5,6]. Both L-Serine and L-
valine have commonα-amino and carboxyl groups. Apart from it, L-ser-
ine has a side chain hydroxyl group, classifying it as a polar and non-es-
sential amino acid, where as L-valine has a side chain isopropyl variable
group, making it a non-polar and essential amino acid. The later cannot
be synthesized in human body and thusmust be obtained from the diet.
Saccharide solutions are often used in various food related industries to
control thewater activity, pH and tomonitor the growth ofmicroorgan-
isms that are contaminated [7,8]. The addition of cosolute (saccharide)
to the system (amino acid + water) can drastically affect the

interactions between amino acids and water molecules and, according-
ly, the structural order of the water molecule may increase or decrease.
Further, a better understanding of themechanism of taste chemorecep-
tion can be monitored by studying the parameters on solute-water in-
teractions and particularly, the changes involved in the hydration
layer of the solute, through a number of studies on the molar volumes
of savormolecules [9–16]. Therefore, physicochemical data determining
the hydration behavior of saccharides is required for a better
understanding of protein stabilization, taste chemoreception and
antidesiccation mechanisms [17].

Although, a detailed study of thermophysical properties of amino
acids are known [18–22], however, volumetric and compressibility
studies along with taste behavior of amino acids (L-serine and L-valine)
with some saccharides (glucose, sucrose and lactose) in the aqueous
medium seem to be scarce. This led us to study the thermodynamic be-
havior of L-serine and L-valine in the concentration range (0.0 to 0.2)
mol kg−1 in water and in various aqueous solution of saccharides (0.1
glucose, 0.1 sucrose and 0.1 lactose) mol dm−3 at T = (293.15,
298.15, 303.15, 308.15 and 313.15) K, i.e., as a function of concentration
and temperature, fromdensity and speed of sound data. The derived pa-
rameters like apparent molar volume, limiting apparent molar volume,
transfer volume, as well as apparent molar compressibility, limiting ap-
parentmolar compressibility, transfer compressibility, partial molar ex-
pansibilities, thermal expansion coefficient and hydration number are
obtained from the experimental results. These evaluated parameters
are found to be helpful to understand the interactions between aqueous
saccharides and the two amino acids. Additionally, an effort is alsomade
to compare their taste behavior.
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2. Experimental

2.1. Source and purity of chemicals

The chemicals alongwith their mass fraction purity used in the pres-
ent work are: L-serine, L-valine, α-lactose monohydrate (all N99.8%), D-
(+)-glucose, sucrose (both N99.5%). All these chemicals are obtained
from Sigma Aldrich, India and used after keeping them over anhydrous
calcium chloride in a vacuum desiccator overnight at room tempera-
ture, exceptα-lactosemonohydrate whichwas used as such. All the so-
lutions are prepared in freshly prepared triple distilled water on
molality basis. Specific conductance of the triple distilled water used
for the preparation of aqueous solutions was found to be b1
× 10−6 S cm−1.

2.2. Apparatus and procedure

The stock solutions of glucose, sucrose and lactose (each being
0.1mol dm−3) were used as solvent to prepare L-serine and L-valine so-
lutions of nine different molal concentrations (ranging from 0.0 to 0.2)
mol kg−1. An electronic single pan five digit analytical balance
(Model: Mettler AE-240) with a precision of ±0.01 mg was used to
measure the mass. All the solutions were prepared with precaution
and stored in special airtight bottles to avoid their exposure to air and
evaporation. A vibrating-tube density meter (Model: DMA 5000 M,
Anton Paar, Austria) with an uncertainty of ±5 ×10−2 kg m−3 was
used to measure the density of solutions. A density calibration was per-
formed first with triply distilled water followed by dry air at 293.15 K at
atmospheric pressure before each series of measurement. The density,
being extremely sensitive to temperature, was controlled to ±1
×10−3 K by built-in Peltier system. The speed of sound of solutions
was measured using a single-crystal variable-path multi-frequency ul-
trasonic interferometer (Model: M-82S, Mittal Enterprises, India) hav-
ing stainless steel sample cell (with a digital micrometer) operating at

a fixed frequency of 2 MHz. The uncertainty in speed measurement
was found to be within ±0.5 m s−1. The temperature of solutions was
maintained to an accuracy of ±0.02 K using an electronic controlled
thermostatic water bath (Model: TIC-4000N, Thermotech, India).

3. Results and discussion

3.1. Volumetric studies

The experimental values of densities and speeds of sound of amino
acids (L-serine and L-valine) in the concentration range (0.000, 0.025,
0.050, 0.075, 0.100, 0.125, 0.150, 0.175 and 0.200) mol kg−1 in water
and aqueous solution of saccharides (0.1 glucose, 0.1 sucrose and 0.1
lactose) mol dm−3 at T = (293.15, 298.15, 303.15, 308.15 and 313.15)
K are listed in supplementary Table S1 as supporting information. The
densities of amino acids in solutions (representative 3-D plot, shown
in Fig. 1, of density versus molality of L-serine and L-valine in aqueous
solution of 0.1mol dm−3 lactose) increase with the increase in the con-
centration of respective amino acids but decreases with the rise of
temperature.

The apparentmolar volume (Vϕ) has been obtained from the density
values using Eq. (1).

Vϕ ¼ 1000 ρo–ρð Þ
mρρo

þM
ρ

ð1Þ

where M and m are the molar mass and molality of solute (amino
acids), ρ and ρo are the densities of the solution (amino acid + sac-
charide + water) and solvent (saccharide + water), respectively.
The data presented in Table 1 reveals that apparent molar volume
increases as the temperature and concentration of L-serine/L-valine
increase. However, a marginal increase in this value is noticed in
moving from aqueous solution of sucrose to lactose monohydrate
at all temperatures and concentrations. This may probably be
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Fig. 1. Plot of density (ρ) against molality (m) for (a) L-serine, (b) L-valine in aqueous solution of lactose at (293.15, 298.15, 303.15, 308.15 and 313.15) K.
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