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Abstract

Lactobacillus brevis 

(HY1). For a fermentation time of 120h in a 7.5-L bioreactor, the LA 

and 38ºC. 

used. First of all, a LA isothermal adsorption on Amberlite IRA-400, Cl-, OH-

and HSO4
2- - activated resin 

-

-
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Resumen 

En el presente trabajo se evalúo la producción de ácido láctico (AL) vía 
fermentativa, y su posterior separación mediante un sistema de resinas de 
intercambio iónico. Para la biosíntesis de AL se usó la cepa Lactobacillus 
brevis la cual fue cultivada bajo condiciones anaeróbicas usando un medio de 
bajo contenido nutricional a base de hidrolizado de yuca, denominado HY1. 
Para una cinética de cultivo de 120 h, en un biorreactor de 7,5 L, la más alta 

de 0,20 g/L/h, a pH 6,5 y 38ºC.

Para la recuperación del AL se usaron las resinas de intercambio iónico 
Amberlite IRA-400 e IR-120. Inicialmente se determinó la isoterma de 
adsorción de AL (25°C) sobre la resina Amberlite IRA-400 activada en su 
forma Cl-, OH- y HSO4

2-. La forma Cl- de la resina activada fue evaluada a 
pH 5, mientras que la forma OH fue evaluada a pH 3,5 y 6,3. El más alto 

resina esta activada en su forma OH-. Seguidamente, se desarrollaron las 
curvas de ruptura en la resina Amberlite IRA-400 a pH 3 y 5, y 0,5 y 1mL/

de AL se evaluó en un sistema de columnas en serie empacadas con las resinas 
Amberlite IRA-400 e IR-120; La recuperación de AL fue 77% y 73%, cuando 
el sistema se ajustó en 0,5mL/min, 25°C, pH 3 y 5, respectivamente.

---------- Palabras clave: Ácido láctico, Lactobacillus brevis, resinas de 

Introduction
Lactic acid (LA) production has been a topic 

variety of applications, not only the acid itself 
but its derivatives. Among others, LA has 
been extensively used in food, textile, and 
pharmaceutical industry [1] and more recently, 
its demand has dramatically increased for poly-

demand ranges from 130000 to 150000 ton/year 
(approx. U$ 68 million per year) [4].

Even though LA production started 100 years 

indeed high at large scale. 
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Regarding LA production, 90% comes from 
microbial fermentation, in contrast to chemical 
synthesis. The organisms traditionally used 
in fermentation processes are gram-negative 
bacteria belonging to the species Lactobacillus, 
Carnobacterium, Leuconostc, Tetragenococus, 
Pediococcus, Streptococcus, Lactococcus, 
Vagococcus, Esterococcus, Aerococcus y
Weissellas [5, 6]. 

Biotechnological production of LA employs 
mainly saccharose and glucose as carbon source; 

different studies, aim at evaluating cheaper 
sources such as cassava syrup, are carried out. 

Bioprocess studies for higher LA production are 
commonly performed in erlenmeyer or lab scale 
batch bioreactors. Environmental conditions 
are usually set at 30-42ºC, 120-200 rpm, and 
pH ranging from 5 to 6.8 [7]. In the search of 
obtaining a high purity product, many studies 
have been conducted to assess diverse separation 
techniques, such as reactive extraction [8], 
membrane separation [9], ionic exchange [10, 
11], electrodialysis [12], and reactive distillation 
[13]. 

resins since the required equipment is relatively 
simple and inexpensive [14]; its use is specially 

concentration [15]. The process involves cationic 
exchange resins for Na+, Ca2+, Mg2+ removal, 
and the anionic type for eliminating chlorine and 
sulfate. Commercial resins such as Amberlite 

[13] and PVP [18] are currently available. The 

ion exchange resins can be described in three 
different steps: lactate ion adsorption, elution, 
and lactate conversion to its acid form [11].

is required to perform optimization and scaling 

studies that eventually involve research at lab and 
pilot plant scale, to observe the effect of diverse 
environmental conditions on LA yield and 

exchange resins as a promising alternative for 

using Lactobacillus brevis
syrup as the unique carbon source.

Materials and methods

Microorganism, culture medium and 
lactic acid production

A Lactobacillus brevis

(MRS) [g/L]: glucose: 100, peptone: 10, yeast 
extract: 10, meat extract: 10, K2HPO4: 2, sodium 
acetate: 5, ammonium citrate: 2, MgSO4.7H2O: 
0.2, MnSO4.H2
used for strain conservation at -4°C. The strain 

and 1% agar at 4°C, and subcultured every other 
month. 

30, yeast extract: 15, KH2PO4: 5.6, K2HPO4: 
4.16; initial pH set at 5.5. Operating conditions 

24h. The culture medium used for LA production 

includes [g/L]: reducing sugars from enzymatic 

15, KH2PO4: 5.6, K2HPO4

a 7.5-L bioreactor, containing 5-L of culture 

for 120h. Inoculum preparation consisted of 
490mL of medium HY. For pH control, NaOH 2N 
y H3PO4
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techniques 

For resin activation Anionic Amberlite IRA-
-, Cl-

and HSO4
2-

exposed to dryness (60°C, 12h). Cationic resin 
+

form as described by Vaccari et al. [19]. Once 

Each ionic Amberlite IRA-400 resin form (1g), 

calculated by mass balances. Assays for this and 

triplicate.

Isothermal adsorption for the ionic resin 

For the Cl-

different LA concentration ranging, from 15 to 

up based on previous experimental results (data 

measured by HPLC; the amount of LA adsorbed 

its OH- 

380g/L, based on previous experimental results 

For analyzing the adsorption process behavior in 
a continuous system, a glass column (1cmx40cm) 

- form. 

corresponding to that of the fermentation process 

concentration by a colorimetric enzymatic assay 

factorial experimental design 2x2. In an attempt 
for evaluating the adverse consequence of the 
remaining culture media components, assays 

using a commercial 88% LA (Carlo Erba)

ions coming from a concentrated LA solution, 
during 12h at 150rpm and 25°C. Next, 10mL 
solutions of eluents (HCl 0.1N, CH3OH 10%, 
H2SO4

colorimetric enzymatic assay (Roche). 

resins, arranged in series
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of ion lactate recovery. In order to recover the 
lactate ion as lactic acid, the eluent coming out 

addition of a 50mL solution of HCl 1N. Samples 

and after resin exposure. The feeding process 

resin activity lost. 

Analytical methods

3PO4 

at 0.1% and 0.5ml/min as the mobile phase, UV 

determined by a colorimetric enzymatic assay 

a turbidimetric method 4500 SO4 E [2].

Results and discussion

Lactic acid production
The genus Lactobacillus
as the major LA producer strain. For the purpose 

Lactobacillus brevis

main component for the HY1 medium, is an 
appropriate substrate for LA biosynthesis. In 

salts, aminoacids and proteins that might favor 

over a 120h of cultivation. 

Figure 1 Lactobacillus brevis 

The largest LA accumulation, reached at 120h, 

most literature reports. For substrates such as 

among others, LA production ranges from 1 

to 100 g/L, using commercial strains such as 
Lb. plantarum, Lb. casei, Lb. delbrueckii, Lb. 
helveticus, etc [1]. Siebold et al. [21] and Kious 
et al. [22] did report LA production close to 26.8-
27.8 g/L and 13.3-19.6 g/L, respectively, using 
glucose as the only substrate. 
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resins

Evaluation of the ionic form of the resin 
Amberlite IRA-400

-

higher LA adsorption capacity rather than the Cl-

and HSO4
2- forms (table 1), perhaps due to the fact 

that the adsorption process in ionic exchange resins 

Table 1
activated in different ionic forms

Resin 
Form 

g LA 
adsorbed /g resin

LA adsorbed 
(%)

OH

Cl

4

Since the OH- -, it 

sites, thus propitiating its displacement by 
lactate ion, during adsorption. Moldes et al. [11] 
found adsorption capacities of 0.10 and 0.13g 
LA adsorbed/g resin, for the Cl- and OH- form, 
respectively. These results are comparable to 

On the other hand, the high HSO4
2- ion MW, 

4
2- 

resin. 

Adsorption isotherms for the anionic 
Amberlite IRA-400 resin in its Cl- and 

OH- forms

Ion exchange resin adsorption capacity is usually 
favored by the ion-of-interest valency number, 

[24].

isotherms for the Amberlite IRA–400 resin in its 
Cl- y OH- forms. 
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Figure 2
Cl form at pH 5

the lactic acid pKa value (3.86) has a manifest 
incidence on lactate adsorption. Larger pH values 

thus affecting the adsorption process.

As it is observed, by comparing the results, at pH 
5, the resin in its OH- activated form has larger 

adsorbed/g resin) than that of the Cl- form at the 

-

compared to that of the Cl- ion; this facilitates ion 
transport from the resin active site. The strength 

active site and the exchange ions, depends on 
electronegative differences. Due to its smaller 
atomic ratio, Cl- ions have higher ionization 

On the other hand, the experimental data for 
the resin Cl-

the Langmuir model, R2=0.5894, R2=0.7393 

Boltzmann model, R2=0.5894, R2=0.998 

ø ÷
ã ÑÚ
Ú

¨ ¯¯
¯¯   (1)

Where, 

q*: Adsorbate per gram of resin in equilibrium 

qF and qO: Final and initial loading of adsorbate 
per gram of resin [g LA/g resin].

CO: LA concentration in the middle point [g/L].

C: Increment value for LA.
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Table 2 
 at different pH values and Cl  form at pH: 5

OH- form Cl- form

pH=3 pH=5 pH=6.3 pH=5

qF 0,3475

qo 0,0242

Co 134,254

C 20,896
2 0,9926

Variance

Figure 3
resin, in its OH

Langmuir model gives insights about the resin 

present in the fermentative solution, are not just 
simple-site type, but acid-base, hydrogen bonds, 
and/or hydrophobic interactions [13]. Based on 

created for the lactate adsorption in the Amberlite 

not suitable for the lactate ion loading, but good 

Yield and breakthrough curves in an 
Amberlite IRA-400 resin

adsorption on Amberlite IRA-400 in its OH-
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reduction, did favor adsorption of lactate ion 
on the Amberlite resin. This is in agreement 1 and 0.5mL/min respectively), thus improving 

ion exchanging and reducing mass transport 
problems such as channeling and/or dead volume. 

Table 3 

Experiment Q (mL/min) pH g LA adsorbed /g resin

1 0.5 3 0.109±0.005

1 3 0.088±0.011

3 0.5 5 0.095±0.004

4 1 5 0.084±0.003

Standard solution 0.5 3

maximum adsorption rate until the resin saturation 
is reached; after that, the concentration of the target 

a progressive increase of LA concentration in the 

LA aqueous solution, 18.35% higher than that of 

p

p value of 
0.0021. 

Figure 4 



148

Rev. Fac. Ing. Univ. Antioquia N.° 65. Diciembre 2012

For all glass columns, resin loading reached 95% 

concentration equal to the fermentation media; 

achieved 18.31% of the batch system maximum 
capacity, being necessary to concentrate the LA 
solution before it is fed to the ion exchange columns. 

Eluent selection for lactate ions recovery 

in the anionic resin IRA-400. Though there is 
p

2SO4

1M, it is recommended to use NaOH in order 
to attend regulatory commission rules such as 
that of the Food Chemical Codex (FCC), aim at 

[19]. In addition, due to the sulfate ion bivalence 

active sites limiting future resin applications. 

the limitations of ion transport in solution. In a 
further process for LA recovery using a system 

Table 4

Eluent Extracted LA (g) Extraction (%)

CH3

H2 4 1M

NaCl 1 M

NaOH 1M

LA recovery in a series of resin - Amberlite 

system

exchange resins IRA-400 and IR-120, connected 
in series. Amberlite IRA-400 did not reach 

0.0160g LA/g resin, for a process at pH 3 and 

steps did yield LA losses close to 5 and 8%, 

regeneration capacity at pH 3. LA losses changed 

respectively; this can be explained considering 
-

accumulated favoring the equilibrium reaction 

of lactate ion L-Na+ formation.
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Table 5
connected in series

LA loaded or adsorbed (g) LA recovered or not adsorbed (%)

pH 3 pH 5 pH 3 pH 5

Load

Elution

Load

Elution

                 * Cumulative values

that the reduction in the Amberlite IRA-400 resin 

cycle, could be the result of a normal active site 

degradation occurrence, as it has been reported 
by Avila et al. [27], for these types of resin. 

The acquired results endorse the better performance 

higher capacity, approximately 50% higher than 

Figure 5
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since up to 77% of the LA in the fermentation 

attained from the salt precipitation treatment. 

remove macromolecules such as reducing sugars 

fermentation broth to 1 g/L in the eluent solution. 
After resin treatment, a sulfate reduction close 

the importance of using ion exchange resins 
for sulfate removal (sulfate content prior to 

Conclusions

as calcium and aminoacids, all of them available 
for the fermentative process.

On the other hand, LA recovery by means of a 

mL/min), perhaps because of the higher residence 

resin and LA solution phases. 

one to remove macromolecules and possibly 
ions formed during fermentation; the obtained 

The reusing of the Amberlite IRA-400 resin 

Concentrating the acid before it is actually fed to 

desorbing the acid from the resin at temperature 

In spite of the good results for LA recovery using 
ion exchange resins, it is necessary to implement 
further separation and concentration steps in 

such as polymerization processes. 

A
Comité para 

el desarrollo de la Investigacion- Universidad de 
Antioquia,
MC-07-1-13.
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