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Resumen 
Esta investigación tuvo como objetivo obtener un bioplástico a escala de laboratorio a partir de 
sustratos generados mediante fermentación sumergida, mediante un proceso dividido en dos 
fases: fermentación y polimerización. Primero, se seleccionó el microorganismo y se formularon 
medios de cultivo convencionales y alternativos para la fermentación. En estos medios se produjo 
ácido láctico, materia prima para la polimerización. La fermentación se ejecutó a nivel laboratorio 
con la cepa seleccionada, y el ácido láctico generado se purificó y caracterizó mediante análisis 
fisicoquímicos. El experimento se realizó por triplicado en dos medios: PDA y residuos vegetales 
como sustrato alternativo. Se obtuvo ácido láctico en ambos casos, con concentración máxima de 
9.34 g/L y pH promedio de 2.46 en el medio de residuos vegetales. La producción se confirmó 
mediante espectroscopía UV-Vis e infrarroja. En la segunda fase, se ajustó y llevó a cabo la 
polimerización, consistiendo en las etapas de preconcentración, oligomerización y polimerización, 
adaptadas a las condiciones y equipamiento del laboratorio. El bioplástico se caracterizó 
fisicoquímicamente. Las pruebas infrarrojas identificaron grupos funcionales específicos, mientras 
que el análisis reológico evidenció un comportamiento pseudoplástico. El peso molecular promedio 
del polímero fue 16,327.43 g/mol. Además, se realizaron ensayos de biodegradabilidad que 
resultaron positivos. Finalmente, un análisis económico evidenció la alta viabilidad del proceso para 
su aplicación en laboratorio. 
 
Palabras Claves: Fermentación, Residuos Vegetales, Bioplástico, Polimerización, 
Biodegradabilidad. 
 

Abstract 
The objective of this research was to obtain a laboratory scale bioplastic from substrates obtained 
by submerged fermentation; a process, which consisted of two parts: a fermentation process and 
polymerization. First, the microorganism used was selected and the means of conventional and 
alternative crops for fermentation were formulated, where the material (lactic acid) was obtained 
that it will be used to get the polymerization; The fermentation process was performed at the 
laboratory level, in order to produce lactic acid from the microorganism strain, which was purified 
and characterized by physicochemical form. This was carried out in triplicate for two different culture 
media PDA and vegetable wastes as alternative substrate, obtaining lactic acid in both media, with 
a maximum concentration of 9.34 g / L and a pH of 2.46 for the average vegetable waste. To verify 
the production of lactic acid tests Ultraviolet visible and infrared spectrums were used. In the 
second step the process suitable polymerization to laboratory conditions as equipment, reagents 
and time was set; the process contained three steps pre-concentration, oligomerization and 
polymerization completed bioplastic production stages was characterized by physicochemical form. 
Infrared tests were performed to identify the functional groups, and observing rheological tests that 
it has a pseudoplastic behavior, and the calculation of the average molecular weight was 16327.43 
g / mol. Besides, biodegradability tests that tested positive were performed. Finally, the economic 
analysis was obtained feasibility high of application to laboratory level.  
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Introduction 
The accumulation of substantial quantities of 
plastic waste represents a critical 
environmental challenge, primarily due to the 
recalcitrant nature of conventional plastics 
stemming from their non-biodegradable 
chemical architecture (Elnashar, 2011). 
Transitioning from petrochemical-derived 
plastics to biodegradable alternatives offers a 
viable strategy to mitigate the environmental 
burden imposed by persistent plastic 
residues. Biodegradable plastics can be 
managed as organic waste streams, enabling 
their disposal in sanitary landfills or controlled 
composting facilities where microbial-
mediated degradation occurs over 
significantly reduced timeframes. Such 
bioplastics are typically synthesized from 
renewable biomass resources of both animal 
and plant origin (IBAW, 2005). 
 
Polylactic acid (PLA) constitutes one of the 
most extensively investigated biodegradable 
polymers, synthesized via the polymerization 
of lactic acid monomers (García et al., 2004). 
Lactic acid (2-hydroxypropanoic acid), a 
chiral alpha-hydroxy acid, serves diverse 
industrial sectors including chemical 
synthesis, pharmaceuticals, food technology, 
and bioplastic manufacture, with production 
routes encompassing both chemical and 
biotechnological processes. Chemical 
synthesis methods often yield a racemic 
mixture containing equimolar amounts of the 
D- and L- stereoisomers, resulting in optical 
inactivity—a significant drawback for certain 
applications (Serna, 2005). Conversely, 
biotechnological production employs 
microbial fermentation, enabling the 
generation of optically pure enantiomers, 
either D(-) or L(+) forms, depending on the 
microorganism and fermentation conditions 
utilized (Hofvendahl & Hägerdal, 2000). 
 
Among lactic acid-producing microorganisms, 
Rhizopus oryzae, a filamentous fungus 
classified within the Zygomycetes, is 
prominent for its capacity to biosynthesize 
optically pure L(+)-lactic acid with high yield 
efficiency. This strain displays metabolic 
versatility by fermenting diverse 
lignocellulosic agro-industrial residues, 
thereby valorizing waste streams while 
concomitantly producing lactic acid along with 
ancillary metabolites such as ethanol (Feng-

Wei, 2023). Solid waste accumulation 
represents an additional anthropogenic 
environmental concern, where plant-derived 
biomass residues constitute a significant 
proportion. These plant wastes infiltrate 
subsurface lithospheric strata, potentially 
compromising water quality through leachate 
generation and pollutant dispersion (Eswaran 
et al., 2001). 
 
Plant biomass is inherently rich in complex 
carbohydrates, rendering it an attractive 
carbon source for microbial bioprocesses, 
including the fermentative production of lactic 
acid by R. oryzae. This valorization pathway 
provides a dual environmental benefit by 
reducing net CO₂ emissions associated with 
plant biomass decomposition and generating 
value-added bioproducts. Therefore, the 
substitution of persistent synthetic polymers 
with biodegradable bioplastics derived from 
renewable carbonaceous feedstocks, such as 
lignocellulosic plant residues, emerges as a 
sustainable solution to ameliorate multiple 
environmental impacts. 
The objective of this study is to develop an 
integrated bioconversion process utilizing 
submerged fermentation with R. oryzae to 
transform plant waste substrates into 
bioplastics precursors, thereby contributing to 
the reduction of environmental contamination 
linked to both conventional plastic 
persistence and agricultural residue 
accumulation. 

 
Materials and Methods 
Microorganism 
The R. oryzae strain utilized in this study was 
procured from the Venezuelan Center for 
Microorganism Collection (CVCM), accession 
number 3031, at the Central University of 
Venezuela (UCV). Subsequently, the 
biomass was subjected to lyophilization for 
preservation. 
 
Reactivation of R. oryzae strain 
Lyophilized R. oryzae strain was 
reconstituted using sterile deionized water 
and subsequently inoculated onto Potato 
Dextrose Agar (PDA) medium. The 
inoculated plates were incubated under 
ambient laboratory conditions (approximately 
22–25°C) for a period of five days.  
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Morphological characterization was 
performed to confirm fungal identification, in 
accordance with established protocols 
(Guevara et al., 2010; FAO, 1985; Schaad & 
Jones, 2001). 
 
Inoculum Preparation 
Spores were harvested from mature R. 
oryzae cultures cultivated on Potato Dextrose 
Agar (PDA) plates. The spore suspension 
was prepared by rinsing the agar surface with 
10 mL of 0.1% (w/v) Tween-80® aqueous 
solution to facilitate spore detachment. The 
resultant suspension was then subjected to 
filtration to remove mycelial fragments and 
agar debris. Spore concentration was 
quantified using a hemocytometer (Neubauer 
chamber) under microscopic examination, 
following established protocols (Sánchez-
Rosario & Sánchez, 2011; Khunnonkwaoa et 
al., 2012; Gil-Horán et al., 2008; Guevara et 
al., 2010; Cañedo & Ames, 2004). 
 
Culture media 
The alternative culture media utilized for 
submerged fermentation processes consisted 
of the following raw material concentrations 
(g/L): potato (200), sweet potato (330), carrot 
(100), beetroot (300), and cassava (100). 
This base was further supplemented with 
(g/L): sodium phosphate (0.40), ammonium 
sulfate (2.0), magnesium sulfate (0.25), and 
zinc sulfate (0.40). Vegetables were 
subjected to washing, mechanical crushing, 
and drying in accordance with standard 
COVENIN 1156-79, maintained at 70 °C for a 
duration of 4 days. The conventional culture 
medium employed was Potato Dextrose (PD) 
broth, prepared by boiling 200 g of potato in 1 
L of distilled water, followed by filtration 
through cheesecloth, dilution at a 1:1 ratio 
with distilled water, and supplementation with 
glucose at 30 g/L. The pH of all culture media 
was adjusted to 6.0 prior to inoculation. 
 
Fermentation Process 
Bioreactors consisted of 250 mL Erlenmeyer 
flasks containing 50 mL of either the 
alternative or conventional fermentation 
medium. The culture media were sterilized by 
autoclaving at 121 ºC for 15 minutes, 
followed by aseptic inoculation with a R. 
oryzae spore suspension at a concentration 
of 1 × 10^6 spores/ml. The bioreactors were 
incubated at 30 ºC with agitation at 150 rpm  

 
on an orbital shaker for periods of 24, 48, and 
72 hours. Fermentation at each time point 
was terminated by thermal inactivation at 80 
ºC for 15 minutes. Subsequently, the 
fermentation broth was filtered through pre-
weighed Whatman No. 5 filter paper to 
separate the biomass (Bulut et al., 2004). 
Experiments were conducted in triplicate. 
 
Lactic Acid Recovery and Biomass 
Quantification 
Lactic acid produced during fermentation was 
recovered from the supernatant via a liquid-
liquid extraction process. In 250 mL flasks, 
the fermentation broth was acidified to pH 3 
using 1 N hydrochloric acid, followed by the 
addition of ethyl acetate as the organic 
solvent. The mixtures were agitated at 150 
rpm on an orbital shaker for 30 minutes. The 
resultant biphasic mixture was transferred to 
a separating funnel to isolate the organic 
phase. The collected organic phase 
underwent simple distillation to evaporate and 
recover the ethyl acetate, leaving behind 
purified lactic acid. The final lactic acid 
solution was stored in sterilized glass 
containers for subsequent analyses (Nuñes 
et al., 2009). 
 
For biomass quantification, filter papers 
containing the harvested mycelium were 
dried at 80 ºC until a constant weight was 
achieved, and biomass concentration was 
determined gravimetrically (Cañedo & Ames, 
2004). Results are expressed as grams of dry 
biomass (mycelium) per liter of culture. 
 
Quantification of Lactic Acid 
Lactic acid concentration in the filtrates was 
determined using the ferric chloride 
colorimetric assay, following the 
methodologies of Nurbalqis et al. (2015) and 
Orozco & Solarte (2003). An aliquot of 5 mL 
from each filtrate was combined with 3 mL of 
1% (w/v) FeCl₃ solution. The solution was 
then acidified by adding 1 mL of 1N HCl per 
100 mL of FeCl₃. Absorbance measurements 
were recorded at 440 nm using a 
spectrophotometer. Quantification was based 
on a lactic acid standard calibration curve 
ranging from 0.000 to 4.056 g/L, adapted 
from Marquez (2020). All measurements 
were performed in triplicate. Final lactic acid 
concentrations were expressed as grams per 
liter (g/L). 
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Quantification of Consumed Substrate 
Substrate consumption, expressed as 
reducing sugars, was quantified using the 
phenol-sulfuric acid method as described by 
the Nuffield Foundation (1984). To 1 mL of 
the sample, 1 mL of 5% (w/v) phenol solution 
and 5 mL of 98.5% sulfuric acid were added. 
The mixture was incubated for 20 minutes, 
during which it was gently agitated at 5-
minute intervals to facilitate chromophore 
development. Absorbance was measured at 
490 nm. A standard curve was prepared with 
D-glucose over the concentration range of 
0.000 to 0.600 g/L. Results were expressed 
in grams of substrate consumed per liter 
(g/L). 
 
Characterization of lactic acid 
Quantitative analysis 
The characterization of lactic acid was 
conducted by measuring its refractive index, 
acidity, relative density, and viscosity. These 
physicochemical properties were determined 
according to the procedures established in 
the COVENIN standards 702:2001, 1116:77, 
and 658:1997, with the exception of viscosity, 
which was assessed following the 
methodology described by Chávez et al. 
(2023). 
 
Qualitative analysis 
Fourier transform infrared (FTIR) 
spectroscopy was employed to identify the 
functional groups present in lactic acid 
(Skoog, 2001). A total of six samples, three 
from the conventional medium and three from 
the alternative medium, were analyzed 
directly in the liquid phase without any mixing. 
Two drops of each sample were placed 
between two potassium bromide (KBr) plates 
(Skoog, 2001). Spectral acquisition for each 
sample was conducted under varying 
instrumental conditions to achieve optimal 
resolution, characterized by sharp and 
intense absorption bands whenever possible. 
Once the optimal spectrum was obtained for 
each sample, the spectral scale was 
calibrated in terms of wavenumber. 
 
Production of polylactic acid 
A pre-concentration step was conducted via 
simple distillation of 100 mL of lactic acid 
obtained from fermentation. The sample was 
heated for three hours within a temperature 
range of 40 to 60 °C. The concentration of  

 
lactic acid was quantified by a colorimetric 
titration using 1 M sodium hydroxide (NaOH) 
as the titrant and phenolphthalein as the 
indicator (Jiménez, 2012). 
 
The polymerization process comprised two 
distinct stages: oligomerization (dehydration) 
followed by polymerization. During the 
oligomerization phase, 30 mL of lactic acid 
was subjected to continuous heating at 150 
°C and dehydrated using a vacuum 
distillation apparatus. The system pressure 
was progressively lowered to 22 inches Hg 
vacuum, maintaining these conditions for a 
duration of 4 hours (Pinzón et al., 2006). 
 
Subsequent polymerization was initiated 
upon attainment of the target vacuum level. 
Tin chloride (SnCl₂) was introduced as a 
catalyst, and the reaction mixture was 
maintained at a constant temperature of 170 
°C under a steady vacuum of 22 inches Hg. 
This stage proceeded for an additional 4 
hours, during which polymer formation was 
monitored (Pinzón et al., 2006). 
 
Characterization of polylactic acid 
Molecular Weight Estimation 
Molecular weight was determined by 
measuring the intrinsic viscosity of polymer 
solutions prepared in chloroform at 
concentrations ranging from 0.9 to 2.0% w/v. 
The measurements were conducted using an 
Ostwald viscometer maintained at 25°C, 
following the methodology outlined by 
Jimenez (2012). The molecular weight was 
subsequently calculated utilizing the Mark-
Houwink-Sakurada equation: 

n=5.45×10
-4
×M̅

0.73
 

Where: 

: intrinsic viscosity, d.u. 

𝑀̅: molecular weight, g/mol 
 
Structural analysis 
A structural assessment of the polymer in 
solid state was conducted using infrared 
spectroscopy to characterize its functional 
groups. For sample preparation, the polymer 
was finely ground and homogenized with 
anhydrous, spectroscopic-grade KBr at a 
1:100 sample-to-KBr weight ratio using a 
mortar. The resulting mixture was 
compressed into a pellet, which was 
subsequently positioned in the  
 



 

BioTecnología, Año 2025, Vol. 29 No.2      56 

 
spectrophotometer sample holder for spectral 
acquisition. 
 
Degradation of the polymer 
A hydrolytic degradation study of the polymer 
was conducted in two distinct media: acidic 
and neutral. Buffer compositions were 
adjusted to maintain a constant ionic strength 
of 0.15. The protocol involved immersing 
each sample in 6 mL of buffer solution within 
test tubes as follows: 
 
Acidic medium: samples were immersed in 6 
mL of phosphate buffer at pH 4.5 and 
incubated in a water bath at 36 °C. 
 
Neutral medium (physiological conditions): 
samples were immersed in 6 mL of 
phosphate buffer at pH 7.0 and incubated in a 
water bath at 36 °C. 
 
Enzymatic degradation was evaluated using 
Lipase 20 in a phosphate buffer solution at 
pH 7.0 and 36 °C. Polymer samples were 
placed in test tubes containing 10 mL of the  
 

 
buffer solution with an enzyme concentration 
of 1 mg/mL (Bueno, 2012). 
Polymer exposure to microorganisms 
Biological degradation assays were 
conducted using the environmental fungus 
Aspergillus niger and the bacterium 
Pseudomonas aeruginosa, both obtained 
from the National Institute of Agricultural 
Research (INIA-CENIAP). Sample 
preparation and dimensions matched those 
used in hydrolytic and enzymatic degradation 
tests. Polymer specimens were incubated 
with these microorganisms for a duration of 
nine days, following protocols established by 
Swapnil et al. (2015) and Usha et al. (2011). 
 
Results  
Production of lactic acid 
Figures 1 and 2 present the kinetic profiles of 
fermentations conducted using both 
conventional and synthetic media. Figure 3 
illustrates the lactic acid production yields 
obtained from fermentations employing 
conventional versus alternative media 
formulations. 
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Figure 1. Kinetic analysis of lactic acid biosynthesis employing non-conventional substrate media 
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Figure 2. Kinetic analysis of lactic acid biosynthesis employing conventional media 
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Figure 3. Yields for the production of lactic acid using the conventional and alternative media 

 
Statistical analysis 
Figures 3 until 7 show the statistical analysis. 

 
 

Figure 3. Standardized Pareto diagram for biomass. 

Standardized effect 
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Figure 4. Standardized Pareto diagram for Lactic acid. 

 

 
Figure 5. Standardized Pareto diagram for Reducing Sugars. 

 
 

Figure 6. Estimated Response Surface for Lactic Acid. 
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Figure 7. Response surface determined for desirability function optimizing maximal lactic acid, reducing sugar consumption, 
and minimal biomass. 

 
Characterization of lactic acid 
The results of physic-chemical tests show in Table 1.  
 
Table 1. Properties obtained from lactic acid 

Properties Conventional media Alternative media Reference date 

Density 984 Kg/m3 976 Kg/m3 1174.8 Kg/m3 

Viscosity  9.95x10-4 Kg/m.s 9.3x10-4 Kg/m.s 28.5x10-3 Kg/m.s 

pH  2.6  2.4  -  

Refraction Index 1.33  1.33  1.44  

Titratable acidity 1.323%  1.458%  -  

 
The IR spectrum of the lactic acid obtained by the conventional media is shown in Figure 8 and for 
the alternative media in Figure 9. 
 

 
 

Figure 8. IR spectrum of the lactic acid obtained with the conventional media at 24 hours of fermentation. 
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Figure 9. IR spectrum of the lactic acid obtained with the alternative media at 24 hours of fermentation. 

 
Polylactic acid production 
The outcomes of lactic acid pre-concentration are presented in Table 2. 
 
Table 2. Pre-concentration of lactic acid 
 

Alternative media Conventional media 

Inicial concentration (g/L) Final concentration (g/L) Inicial concentration (g/L) Final concentration (g/L) 

9.33 65.70 14.84 76.50 

 
The data pertaining to polylactic acid production are presented in Table 3. 
 

Table 3. Polylactic acid prodution 
 

Polylactic acid production 

Alternative media (g/L) Conventional media (g/L) 

20.15 20.00 

 
Characterization of polylactic acid  
The results of the titratable acidity analysis for polylactic acid are summarized in Table 4. 
 

Table 4. Polylactic acid titratable acidity 
 

Polylactic acid titratable acidity 

Alternative media (% acidity) Conventional media (% acidity) 

0.0054 0.0045 

 
The infrared (IR) spectra of polylactic acid (PLA) synthesized using conventional media and 
alternative media are presented in Figures 10 and 11, respectively. 
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Figure 10. IR spectrum of the polylactic acid obtained with the conventional media. 

 
Figure 11. IR spectrum of the polylactic acid obtained with the alternative media. 

 
Figure 12 illustrates the response of the solutions to variations in the fluid cutting speed. 

 

 
Figure 12. Representation of the viscosity of solutions of different concentration of the polylactic acid versus the cutting 

speed. 
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The results of polylactic acid molecular weight show in Table 5. 
 

Table 5. Polylactic acid titratable acidity 

 
Average Molecular Weight of the Biopolymer Reference Average Molecular Weight 

Alternative media (g/mol) Conventional media (g/mol) Polycondensation (g/mol) ROP 
(g/mol) 

16327.43  15695.90  < 1.6x 104 2.0x104 a 6.8x105 

 
Table 6 shows the different pH in polylactic solutions for hydrolytic degradation. 
 
Table 6. Measurement of pH in different media arranged for hydrolytic degradation. 
 

Day Polylactic acid obtained from conventional media Polylactic acid obtained from alternative media 

Acidic medium (pH) Neutral medium (pH) Acidic medium (pH) Neutral medium (pH) 

0 4.5 7.0 4.5 7.0 

1 3.5 5.0 3.5 5.0 
2 3.0 4.0 3.0 4.0 

3 2.6 3.0 2.6 3.0 

4 2.3 3.0 2.3 3.0 

5 2.0 3.0 2.0 3.0 

6 2.0 3.0 2.0 3.0 

 
The results of polylactic acid hydrolytic, enzymatic and biological degradation show in Figures13 
until 15. 
 

 
 

Figure 13. Samples of polylactic acid tested for hydrolytic degradation. 
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Figure 14. Samples of polylactic acid tested for enzymatic degradation. 

 

 
Figure 15. Samples of polylactic acid tested for biologycal degradation.PLA-C: Polyactic acid from conventional media. PLA-

A: Polylactic acid from alternative media. 
 

Discussion 
Production of lactic acid 
Figures 1 and 2 illustrate the characteristic 
growth phase of R. oryzae as previously 
documented (Xuefeng et al., 2011; Gil-Horan 
et al., 2008). During fermentation, both media 
exhibited similar lactic acid production 
kinetics, albeit with distinct final 

concentrations at 72 hours: 9.34 g/L in the 
conventional medium versus 14.84 g/L in the 
alternative medium. The conventional 
medium demonstrated a higher initial 
concentration of reducing sugars (27.21 g/L) 
compared to the alternative medium (12.08 
g/L). However, substrate utilization efficiency 
at 72 hours was superior in the alternative  
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medium, achieving 91.97% consumption 
relative to 68.93% in the conventional 
medium, indicative of enhanced fermentative 
performance in the alternative substrate 
formulation. 
 
Comparing the results obtained (Table 2) with 
the research carried out by Xuefeng et al. 
(2010) and Gil-Horan et al., (2003) it can be 
noted that a higher yield was obtained than 
these (Table 7). In addition, the yield obtained 
in this case is congruent with other reports; 
however, for some cases the yield obtained is 
similar and in others it is greater. Table 7 
summarizes the different reports of 
production of lactic acid by different 
microorganisms and substrates considering 
the results of the present study. 
 
Characterization of polylactic acid 
The percentage of acidity (Table 4) of the 
titrated samples is very close between them, 
that is, it cannot be noticed a notable 
difference between them, therefore the 
degree of polymerization in the samples is 
similar. These values may be because for 
both monomers used for the polymerization, 
both the conventional and the alternative 
media were used at the same concentration, 
the same polymerization times, as well as the 
amount of catalyst, were used. Thus, it can 
be said that the biopolymer obtained from the 
alternative medium is as acceptable as the 
one produced from the conventional medium, 
in addition that the low acidity percentage 
indicates that the acid used as the monomer 
reacted mostly in the polymerization process, 
therefore had a good performance. 
 

 
The IR spectrum of the polylactic acid 
obtained from the conventional medium 
(Figure 10) shows the functional groups 
characteristic of the structure of this polymer, 
such as the carbonyl group (C=O) in 1750 
cm-1, the strong signal of methyl (CH3) at 
1425cm-1 and 2987cm-1, and finally another 
signal of the CO bond of the carboxyl group 
at 1035cm-1 and 1209cm-1 respectively (Pavia 
et al., 2020). Observing the spectrum 
obtained qualitatively confirms that there is 
presence of polylactic acid since the 
functional groups corresponding to it are 
clearly reflected; The same occurs with the IR 
spectrum of the polylactic acid obtained from 
the alternative medium (Figure 11). 
 
In Figure 12, it is observed that the viscosity 
decreases with increasing the cutting speed 
of the fluid. Welty et al. (2007) says that when 
viscosity varies according to shear stress, 
shear rate and / or temperature we are in the 
presence of a non-Newtonian fluid. In 
addition, when this fluid decreases its 
viscosity by increasing the rate of deformation 
we are in the presence specifically of 
pseudoplastic fluids. When comparing the 
results with those expressed by Chatillon 
(2012), it was found that the rheological study 
of polylactic acid is of pseudoplastic 
tendency, equal to that obtained in the 
present investigation. The values obtained for 
the molecular weight of the polylactic acid 
(16327.43 g/mole for the alternative media 
and 15695.90 g/mole for the conventional 
media) (Table 5) are congruent with those 
reported by Zuluaga (2013)  
 

 
Table 7. Lactic acid production reports. 

 

Author  Microorganism Substrate  Yield 

Tatum  Peterson  (1935)  Steptococccus lactis 
Lactobacillus casei 
Lactobacillus delbrueckii 

Glucose  94.00% 
93.00% 
95.00% 

Pan et al. (1940)  Lactobacillus delbrueckii Molasses  87.30% 

Cordon et al. (1950)  Lactobacillus delbrueckii  Lactobacillus 
pentosus 
124-2 
Lactobacillus delbrueckii 
NRLB--445 

Potato starch 61.90% 
91.20% 
79.40% 

Rehm  (2009)  Lactobacillus delbrueckii Glucose 90.0% 

Xuefeng et al. (2011)  Rhizopus oryzae Glucose 78.75% 

Gil-Horan et al. (2008) 
 

Rhizopus oryzae Solid orange waste 82.00% 

Orozco  Solarte (2003)  
 

Lactobacillus delbrueckii (NRRL B--763)  Glucose 90.21% 
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where it is indicated that molecular weight 
for the synthesis of PLA by 
polycondensation is 1.6 x 104 Da, while 
the molecular weights synthesized 
according to the ring-opening 
polymerization (ROP) method are between 
2 x 104 to 6.8 x 105g/mole (Zuluaga, 
2013). 
 
Results for hydrolytic degradation show in 
Figure 13 where it is observed that where 
it was observed during the first three days 
that the samples that were exposed to the 
media began to turn white and had small 
cracks in its surface, in addition, it was 
possible to notice the presence of bubbles 
in the middle which is indicative of the 
evolution of dioxide of carbon (CO2) 
characteristic of a decomposing material 
(Meneses et al., 2007). The remaining 
days of the test the samples were 
completely white, with larger cracks and 
even small particles detachment. In the 
same way, the presence of bubbles in the 
media was maintained; all these changes 
give evidence of the degenerative process 
that the samples suffered. These results 
are congruent with Bueno (2012). In these 
latter two methods the pH decrease was a 
characteristic presented as indicative of 
the degradation (Table 6).  
 
With enzymatic degradation (Figure 14) it 
was possible to visualize particles 
detachments on the first day of the 
sample, some bubbles indicative of CO2 
evolution. On the final day the samples 
were extracted from the medium observing 
that it turned white, like those mentioned in 
the test of hydrolytic degradation, cracking 
and detachment of particles evidencing 
the degenerative process that the sample 
underwent in this test. These results were 
congruent with those presented by Bueno 
(2012).  
 
The last method was biological 
degradation (Figure 15), in which the 
samples were exposed to two 
microorganisms, one fungus (A. niger) and 
one bacterium (P. aeruginosa), in Petri 
plates for 9 days. The results are shown in 
Figure 15 where three samples can be 
seen on each plate, which are PLA-C 
(biopolymer obtained from the 
conventional medium), PLA-A (biopolymer 
obtained from the alternative medium) and 
polypropylene Petroleum). The 
deterioration of the biopolymer samples  

 
obtained was evident, showing surface 
cracking, color change and texture change 
in both samples. Unlike the PLA-C and 
PLA-A samples, Polypropylene did not 
undergo any changes when exposed to 
microorganisms, which indicates that the 
degeneration of the other samples shows 
the effectiveness of the degradation. 

 
Conclusions 
The maximum achieved concentration of 
lactic acid using conventional and 
alternative media was 14.84 g / L and 9.34 
g / L respectively. The yields of lactic acid 
achieved from both media were 80% and 
84% respectively, expressed as grams of 
lactic acid produced between grams of 
consumed substrate. The degrees of 
acidity of conventional and alternative 
media were 1.323% and 1.458%, 
respectively. The total polymerization time 
was 8 hours. The amounts of bioplastic 
obtained from the lactic acid 
polymerization of the conventional medium 
and the alternative media were 20.00 g 
and 20.15 g respectively. The average 
molecular weight of the bioplastic obtained 
from the lactic acid polymerization of the 
conventional media was 15695.90 g/mole. 
The average molecular weight of the 
bioplastic obtained from the lactic acid 
polymerization of the alternative media 
was 16327.43 g/mole. The bioplastic 
obtained from the polymerization of lactic 
acid from the conventional and alternative 
media according to various tests is 
biodegradable. 

 
Acknowledgments 
The authors thank the staff of the Center 
for Chemical Research (C.I.Q) of the 
Faculty of Engineering of the University of 
Carabobo, for collaborating with the 
development of this research. To the 
Institute of Biomedical Research of the 
University of Carabobo (BIOMED). 

 
References 
Bueno, D. (2012). Síntesis de copolímeros 

basados en ácido láctico, ácidos 

dicarboxílicos insaturados y monómeros 

acrílicos. Tesis de Maestría, Universidad 

Nacional de Colombia. 

 

Bulut, S.; Elibol, M. & Ozer, D. (2004). 

Effect of different carbon sources on l(+) – 

 



 

BioTecnología, Año 2025, Vol. 29 No.2      66 

 

lactic acid production by Rhizopus oryzae. 

Biochem Eng J (21): 33–37. 

 

Cañedo, V.; Ames, T. (2004). Manual de 

Laboratorio para el Manejo de Hongos 

Entomopatógenos. Centro Internacional 

de la Papa (CIP), Lima, Perú. ISBN 92-

9060-238-4. 

 

Castaño, E. (2011). Comunicar la 

responsabilidad social, una opción de 

éxito empresarial poco explorada. Rev. 

Lasallista Investig. 8 (2): 173-186. 

 

Chatillon M. (2012). Modificación 

estructural de poli(ácido láctico) mediante 

extrusión reactiva: estudio del 

comportamiento reológico. Universidad 

Politécnica de Catalunya. Departamento 

de Ciencia de Materiales e Ingeniería 

Metalúrgica. España. 

 

Chávez, H.; Reinoso, A.; Manzano, D.; 

Campos, G. (2023). Química general. 

Introducción a la química: conceptos 

básicos y principios fundamentales. 

Editorial Queyám Cia. Ltda.  ISBN 978-

9942-7124-0-0 

 

Cordon, T.; Treadway, R.; Walsh, M.  

Osborne, M. (1950). Lactic acid from 

potatoes. Ind. Eng. Chem. 42 (9): 1833–

1836. 

 

COVENIN (Comisión Venezolana de 

Normas Industriales). (1977). COVENIN 

1116. Frutas, Vegetales y Productos 

Derivados. Determinación de la Densidad 

Relativa. Ministerio de Industrias Ligeras y 

Comercio. Caracas, Venezuela. 

 

COVENIN (Comisión Venezolana de 

Normas Industriales). (1997). COVENIN 

658. Leche y sus derivados. 

Determinación de la Acidez Titulable. (3ra. 

Revisión). Ministerio de Industrias Ligeras 

y Comercio. Caracas, Venezuela. 

 

COVENIN (Comisión Venezolana de 

Normas Industriales). (2001). COVENIN 

702. Aceites y Grasas Vegetales.  

 

Determinación del Índice de Refracción. 

(2da. Revisión). Ministerio de Industrias 

Ligeras y Comercio. Caracas, Venezuela. 

 

Elnashar, M. (2011). Biotechnology of 

Biopolymers. InTech. Croatia. ISBN 978-

953-307-179-4. 

 

Eswaran H.; Lal, R.  Reich, PF. (2001). 

Land degradation: An overview. In : 

Bridges EM, Hannam ID, Oldeman LR, 

Penning de Vries FWT, Scher SJ, 

Sombatpanit S (eds). Response to land 

degradation. Science Publ, Inc, Enfield, 

New Hampshire, USA, pp. 20-35. 

FAO (1985). Organización de las 

Naciones Unidas para la Agricultura y la 

Alimentación Oficina Regional para 

América Latina y el Caribe Roma. Manual 

para patólogos vegetales. Santiago, Chile. 

ISBN 0-89054-066-7. 

 

García, M.; Quintero, R.  López-

Munguía, A. (2004). Biotecnología 

Alimentaria. Limusa Noriega Editores. 

México. ISBN 9681845226.  

 

Gil-Horan, R.; Domínguez, R.  Pacho, J. 

(2008). Bioproducción de ácido láctico a 

partir de residuos de cáscara de naranja: 

Procesos de separación y purificación.  

Tecnol. Ciencia Ed. (IMIQ) 23 (2): 79-90.  

 

Guevara, M.; Urcia, F.  Casquero, J. 

(2010). Manual de procedimientos y 

técnicas de laboratorio para la 

identificación de los principales hongos 

oportunistas causantes de micosis 

humanas. Ministerio de Salud del Perú, 

Instituto Nacional de Salud. Medicina & 

Laboratorio 2(16): 9-10.  

 

Guevara, M.; Urcia, F.; & Casquero, J. 

(2010). Manual de procedimientos y 

técnicas de laboratorio para la 

identificación de los principales hongos 

oportunistas causantes de micosis 

humanas. Instituto Nacional de Salud. 

Medicina & Laboratorio. 2(16): 9-10. Lima. 

Perú. 

 



 

BioTecnología, Año 2025, Vol. 29 No.2      67 

 

Hofvendahl, K.  Hägerdal, B. (2000). 

Factors affecting the fermentative lactic 

acid production from renewable resources. 

Enzyme Microb Technol 26 (2-4): 87-107.  

 

IBAW (2005). Highlights in Bioplastics. 

International Biodegradable Polymers 

Association & Working Groups. Berlin.  

 

Jiménez, P.; Sibaja, M.  Vega–Baudrit,  
J. (2012). Síntesis y caracterización de 
poli(ácido l–láctico) por policondensación 
directa, obtenido del fermento de 
desechos agroindustriales de banano 
(musa acuminata aaa variedad cavendish 
cultivar gran naine) en Costa Rica. Rev. 
Iberoam. Polim 13(2): 52-59.  
Khunnonkwaoa, P.; Boontawanb, P.; 
Haltrichc, D.; Maischbergerd, T. & 
Boontawana, A. (2012). Purification of l-
(+)-lactic acid from pre-treated 
fermentation broth using vapor 
permeation-assisted esterification. 
Process Biochemistry 47(12): 1948-1956. 
 

Márquez Araque, A. T. (2020). Algunas 

aplicaciones de la biotecnología en 

nutrición de rumiantes. Agroindustria, 

Sociedad Y Ambiente, 1(14), 125-157. 

Recuperado a partir de 

https://revistas.uclave.org/index.php/asa/a

rticle/view/2836 

 

Meneses J.; Corrales C.; Valencia, M. 

(2007). Síntesis y caracterización de un 

polímero biodegradable a partir del 

almidón de yuca. EIA, ISSN 1794-1237; 

(8): 57-67.    

 

Nuffield Foundation. (1984). Química 

avanzada Nuffield: Ciencia de la 

alimentación. Primera edición. Barcelona: 

Editorial Reverté. (1992). ISBN 

8429175415, 9788429175417. 

 

Núñez, A.; Michelena, G.; Carrera, E.  

Álvarez, X. (2009). Estudios sobre la 

recuperación y purificación de ácido 

láctico para la producción de plásticos 

biodegradables. Revista ICIDCA Sobre los 

Derivados de la Caña de Azúcar 2(43): 

20-29.  

 

 

Nurbalqis, S.; Hazimah, H., & Azimah, M. 

(2015). Determination of lactic acid 

production by Rhizopus oryzae in solid 

state fermentation of pineapple waste. 

Jurnal Teknologi 77(31): 95-102. 

 

Orozco, M.  Solarte, J. (2003).  

Búsqueda del mejor medio de cultivo y 

modelamiento cinético para la obtención 

del ácido láctico a partir de glucosa por vía 

fermentativa. Tesis de grado. Ingeniería 

Química.  Universidad Nacional de 

Colombia.  

 

Pan, S.C; Peterson, W.H.  Johnson, M.J. 

(1940). Acceleration of lactic acid 

fermentation by heat - labile substances. 

Ind. Eng. Chem 32 (5): 709-714.  

 

Pavia, D.; Lampman, G.; Kriz, G.; Vyvyan, 

J. (2020). Organic Structures from 

Spectra. 6th edition. Wiley. ISBN: 978-1-

119-52480-9 

 
Pinzón, J.; Martínez, J.; Espinosa, A.; 

Pérez, A.  Narváez, P. (2006). 
Polimerización de ácido (D, L) láctico 
mediante policondensación por fusión 
directa. Estudio cinético de la etapa de 
oligomerización. Universidad Nacional de 
Colombia. Rev. Colomb. Quim. 2(35):125-
134.  
 

Rehm, B. (2009) Fermentative Production 

of Organic Acids for Polymer Synthesis. 

Microbial Production of Biopolymers and 

Polymer Precursors. Caister Academic 

Press. ISBN 9781904455363. 

 

Sánchez-Rosario, Y.  Sánchez J. (2011). 

Producción y caracterización de la fenol 

oxidasa de Scytalidium thermophilum. 

Rev. Mex. Mic. 34: 31-42. 

 

Schaad, J. B.  Jones, W. (2001). 

Laboratory guide for identification of plant 

pathogenic bacteria. Third Edition. APS 

Press. The American Psychopathological 

Society. St. Paul, Minnesota.  ISBN  

9780890542637. 

 

 

https://revistas.uclave.org/index.php/asa/article/view/2836
https://revistas.uclave.org/index.php/asa/article/view/2836


 

BioTecnología, Año 2025, Vol. 29 No.2      68 

 

Serna C. L.  Rodríguez de S. (2005). 

Producción biotecnológica de ácido 

láctico: Estado del arte. Ciencia Tecnol. 

Aliment. 5(1):54-65.  

 

Skoog D.A.; Holler, F.J.  Nieman, T.A. 

(2001). Principios de Análisis Instrumental, 

5ta edición, McGraw Hill, España. ISBN 

0030020786, 8448127757. 

 

Swapnil, K.; Amit, D.; Mahendra, D.  

Vikram, P. (2015). Microbial degradation 

of plastic: a review. J Biochem Tech 6(1): 

952-961. 

 

Tatum, E. L.  Peterson, W.H. (1935). 

Fermentation method for production of 

dextrolactic acid. Ind. Eng. Chem 27 

(12):1493-1494.  

 

Usha, R.; Sangeetha, T.  Palaniswamy, 

M. (2011). Screening of Polyethylene  

 

Degrading Microorganisms from Garbage 

Soil. Libyan Agriculture Research Center  

 

Journal International (LARCJI) 2 (4): 200-

204. 

 

Welty, J.; Wicks, C.; Rorrer, G.  Wilson, 

R. (2007). Fundamentals of Momentum, 

Heat and Mass Transfer. John Wiley & 

Sons Ltd. ISBN: 9780470475164. 

 

Xuefeng, W.; Shaotong, J.; Mo, L.; Lijun, 

P.; Zhi, Z. Shuizhong, L. (2011). 

Production of L-lactic acid by Rhizopus 

oryzae using semicontinuous fermentation 

in bioreactor. J Ind Microbiol Biotechnol  

38 (X): 565-571. 

 

Zuluaga, F. (2013). Algunas aplicaciones 

del ácido poli-L-láctico. Rev. Acad. 

Colomb. Cienc. 37 (142): 125-142. 

 


