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Abstrac~The solubility of lactate salts, L(+) and DL(+) fonns of calcium and zinc lactate in water at temperature 
between 5 and 80 ~ was measured and empirical equations were obtained by regression of solubility-tempemtta-e 
data. The equations can be used to calculate the solubility of calcium and zinc lactate at a given temperature. The 
change in solubility of L(+) and DL(• calcimn and zinc lactate in water-ethanol mixture at 20 ~ was also in- 
vestigated. The solubilities of calcium and zinc lactate were lowered by the addition of ethanol to the solution. 

Key words: Solubility, Calcium Lactate, Zinc Lactate 

INTRODUCTION 

Calcium and ~nc lactates are inlportm~t chemicals in the lactic 
acid industry, and calcium lactate crystallization is a popular com- 
inercial separation method of lactic acid. Calcitun and zinc salts of 
lactic acid are widely used as nutrients in food and medicine for 
lack of calcmm and zinc [Chen et al., 1995; Xue et al., 1993; Yang 
et al., 1998; Zhang et al., 1994]. Zinc lactate is also used for the 
mantffactt~-e of toothpaste, cosmetics, oral composition, sex drugs 
[Keooy et al., 1997; Shah et al., 1984; Vlock, 1992] and polsnner- 
ization of polylactide [Yaicheldorf et al., 1997, 1998; Schwach et 
al., 1998]. It is a potential chemical in &ugs, food, health and chem- 
ical industry. 

Recently L(+) lactic acid tas &-awn attention as it can be utilized 
by the ht~nan b @  and the polymer of L(+) lactic acid is biode- 
gradable. However, little solubility data of calcium and zinc lactate 
have been reported in literature. In t t~ study, the solubilities of cap 
cium and zinc lactate in water and water-ethanol mixture were ob- 
tared expermlentally. The solubility data can be used not only in 
the preparation of calcium and zinc lactate, but also in the recovery 
process of L(+) lactic acid in the femlentafion industry. 

EXPERIMENTAL 

1. Materials 
L(+) calcium lactate (Ca(CH3CHOHCY)O)2.2H20), DL(+) cal- 

citrn lactate (Ca(CH3CHOHCOO)a-5HaO), L(+) ~nc lactate (Zn- 
CH3CHOHCOO)2-H20), and DL(• zinc lactate (ZnCH3CHOH- 
COO)2"3H20) were of analytical grade and purchased fi-om Sigma 
Chemical Co. Tempem~re was controlled by digital temperature 
conlxoller (PolyScience, USA) and conductivity was measured by 
microcomputer conductivity meter (HI 9032 Hanna, Singapore). 
2. Solubilities of Calcium and Zinc Lactate in Water 

Various concentratioils of calcium lactate and ~1c lactate sus- 
peilsions were prepared and sthxed for 2 to 4 hours until they 

tTo whom conespondence should be addiessed 
E-mail: yn~koo@inha.ac.la 

133 

reached an equilibrium at a given temp~-ature. The attair~ent of 
equilibfitan was checked by measuring the concentration of sam- 
ples every 30rain Salts were added until they formed precipitates. 
Tested temperature range was between 5 and 80 ~ with 5 ~ in- 
tervals. If  necessary, a short tempera~re fllterval was applied. One 
gram of supematant was taken out fi-om the suspension after equi- 
librium had been rcached and was diluted 10 or 20 t~nes with di- 
stilled water. Conductivity of each sample was measured and sol- 
ubility was detennmed by con&lctivity-solubility calibration curve. 
The conductivity of the lactate solutions ranged fiorn 5 to 4,000 ItS 
as the concentration of lactate solution changed fi-om 0.1 to 1.0% 
(w/w). Solubility was expressed by the anlount of anhyckous salt 
dissolved in 100 g solution. 
3. Solubilities of CaMmn and Zinc Lactate in Water-Etha- 
nol Mixtm~e 

Six aliquots of 0.5 g of L(+) calcium lactate, L(+) zinc lactate, 
DL(• calcitml lactate, and DL(• zinc lactate were dissolved in 
10g water-ethanol solution (0, 10, 20, 30, 40 and 50~ (w/w)), re- 
spectively. They were shaken for 48 hours at 20 ~ and ceimifuged 
at 8,000 lpm for 5 mitt The supematauts were removed and undis- 
solved solids were dried for 24 hours at 60 ~ to evaporate efllanol. 
The &ied solids were redissolved in watel: Each sample solution 
was prepared at 10g and its conductivity was measured The sol- 
ubility was calculated flora the total amount of solid added by sub- 
~aacfing the amount of undissolved solid. 

RESULTS AND DISCUSSION 

1. Solubilities of Calcium and Zinc Lactate in Water 
The solubilities of L(+) and DL(:k) calciurn lactate at tempera- 

tt~:es between 5 and 80 ~ are shown in Fig. 1. The solubilities of 
both salts increased gin&ally with tempemtt~:e below 50 ~ but 
increased rapidly with temperature above 50 ~ L(+) calciurn lac- 
tate showed higher solubility than DL(+) calciu~n lactate in ware1: 
At 80 ~ the solubility of L(+) calcium lactate was 45.88% (w/w, 
g anhydrous salt in 100g solution), while the solubility of DL(• 
calcium lactate was 36.48% (w/w). 

The solubilities of L(+) and DL(+) ~1c lactates in water at a tern- 
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Fig. 1. Effect of temperatm'e on solubility of L(+) and DL(• cal- 
cium lactates. 

Fig. 2. Effect of tempel~ture on solubility of L(+) and DL(• zinc 
lactates. 

tate solution. The D(-)-L(+) interaction is probably different fi'om 
D(-)-D(-) or L(§ interactions; moreover, different hydration 
degree of  lactates in L(+), D(-) and DL(+) zinc lactate solution 
could result m the difference in tile solubility. It has been reported 
that DL(+) calcium lactate crystallized below 41 ~ contains five 
molecular hydrates while DL(+) calcium lactate crystallized above 
41 ~ contains three molecular hydrates in therm-weight analysis 
[Xie et al., 1991]. This mclicates tint the change in the degree of 
hydsation could result in the change in solubility. L(+) and DL(+) 
zinc lactates showed lower solubility than calcium lactates. This 
may due to the higher molecular weight of zinc ion, which is ex- 
pected to bind lactates more easily to be precipitated fiorn the sol- 
u[iol]_ 

The rela6on of solubility to tempelamre shown in Fig. 1 and Fig. 
2 was regressed. The regression equations, which were obtained 
for four lactate salts and are shown in Table 1, are expressed by 4th 
order polynomial equa6ons and can fit the axpehmental data well. 
They can be used to calculate the solubility of calcium and zinc lac- 
tate at a given tempera~xe. 
2. Solubilities of CaMum and Zinc Lactate in Water-Ethanol 
Mixtm-e 

Calcitan and zinc lactate are highly soluble in water; consequent- 
ly, it is necessary to reduce their solubility to selzarate them from 
the solution. The change in solubility of L(+) calcium lactate and 
DL(• calckwn lactate with ethanol concentration at 20 ~ is shown 
in Fig. 3. The solubility of L(+) calcium lactate decreased more ra- 
pidly with ethanol concent,atiorz At 50% (wAy) ethanol concentra- 
tion, the solubility of L(+) calcium lactate was 1.03%, while that of 
DL(• calcium lactate was 1.49~ The two curves cross at approx- 
imately 43% ethanol concentration, which means that L(+) and 

peratt~-e 1~nge between 5 and 80 ~ are shown in Fig. 2. L(+) zinc 
lactate showed higher solubility than DL(• zinc lactate. At 10 ~ 
the solubility of L(+) ziac lactate was 4.22% while it was 12.16% 
at 80 ~ VVllen the temperature increased fiom 5 to 65 ~ the sol- 
ubility increased slowly with temperature. However, it increased 
rapidly at a temperature between 65 and 80 ~ DL (+) zinc lactate 
showed lower solubility than L(+) zinc lactate. At 10 ~ the sol- 
ubility of DL (+) zinc lactate was only 1.21% and itwas 6.62% at 
80 ~ 

L(+) and D(-) zinc lactates have almost same the solubility; how- 
ever, D(-) and L(+) zinc lactates have higher solubilities ti~n DL(+) 
zinc lactate [Pecle1~on et al., 1926]. This is probably due to the dif- 
ferent interaction among zinc lactates in mcemic DL(:t/) zinc lac- 

Fig. 3. Effect of ethanol concenlration of L(+) and DL(• calcium 
lactates (temperature: 20 ~ 

Table 1. Regression equations for the solubilities of calcium and zinc lactate 

Chemicals Equations 

DL(• calcium lactate S=4.53- 0.37T+0.02T2-4.24 • 10 -4 T3+3.31 • 10 -6 T 4 
L(+) calcium lactate S = 1.93+0.45T-0.019T2+3.51 x 10 -4 T 3-1.28• 10 -6 T 4 
DL(• zinc lactate S = 1.15- 0.012T+0.00168T2-2.3x 10 -s T3+ 1.83x 10 -7 T 4 
L(+) zinc lactate S=3.7+0.0412T+0.0013T2-3.56• 10 -5 T3 +3.78x 10 -7 T 4 

S: solubility (g anhydrate/100 g solution). 
T: temperatm-e (5-80 ~ 
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Fig. 4. Effect of efltanol concentlation of L(+) aml DL(• zinc lac- 
tates (temperature: 20 ~ 

DL(• have the same solubility at the ethanol concentration. 
The solubilities of L(+) and DL(• zinc lactates in relation to eth- 

anol concentration are shown ha Fig. 4. They decreased with etha- 
nol concentration at 20 ~ while they decreased more rapidly at 
ethanol concenlration between 30 and 50%. L(+) zinc lactate 
showed higher solubility than DL(• zinc lactate. The solubility of 
L(+) zinc lactate was 3.57% at 10%0 ethanol and 0.82% at 50% eth- 
anol concentration, while the solubility of DL(+) zinc lactate was 
1.1% at 10~ ethanol concentration and O. 15% at 50% ethanol con- 
cent~-ation. 

The solubility of four lactate salts decreased with efl3anol con- 
centratiorz L(+) calcium lactate showed the highest solubility among 
them, secondly L(+) zinc lactate, and followed by DL(+) calcitma 
lactate and DL(• zinc lactate. L(+) salt showed higher solubility 
than its DL(• mixture. When lactate salts are dissolved in watel; it 
is necessary to add efl~arlol to the water solution to decrease the sol- 
ubility. The liquid-liquid equilibria for alcohol-water-lactates sys- 
tems will be studied by refening to some publications [Joung et al., 
1998; Muntht&umamn et al., 1999]. 

CONCLUSIONS 

Calcium and zinc lactates are inlportant products of the lactic 
acid in&Jstry and the solubility is one of their hnportant physical 
properties. Solubilities of L(+) and DL(• fonns of calcium and 
zinc lactate in water at temperature between 5 and 80 ~ and their 
solubility in water-ethanol mgxture (up to 50~ (w/w) ethanol) at 
20 ~ were obtained. Empirical eqtkations that correlate the solubil- 
ity of lactate salts in water were also presented_ The results provide 
a useful reference for the recovery of lactic acid in the lactic acid 
fermentation industry. 
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