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Abstract—Polylactic acid (PLA) is an environmentally 

friendly plastic raw material. However, the synthetic lactic acid 

raw materials needed are relatively expensive. There is an 

alternative solution to produce lactic acid from other natural 

resources that are abundant and untapped, such as tofu 

industrial solid waste, namely tofu dregs. This study aims to 

explain the potential of tofu dregs as a raw material for Polylactic 

Acid. The data collection method used was literature review. It is 

known that Lactobacillus plantarum can hydrolyze the 

carbohydrate content in tofu dregs into lactic acid. Furthermore, 

lactic acid is polymerized into Polylactic acid by using the Ring-

Opening Polymerization method to produce Polylactic acid. The 

carbohydrate content of tofu dregs is potential to be processed 

into Polylactic acid. 

Keywords—lactobacillus plantarum, polylactic acid, ring-

opening polymerization, tofu dregs 

I. INTRODUCTION 

Daily use of plastic is inevitable. The plastic currently used 
is a synthetic polymer made of fossil (non-renewable) raw 
materials that cannot be degraded by natural microorganisms 
[1]. The continuing use of synthetic plastic will generate 
environmental problems.  

The plastic alternatives developed to cope with this 
problem are using biodegradable plastics. One of the 
biodegradable plastic types that have improved commercially 
is PLA (polylactic acid). PLA is made from lactic acid and 
very environmentally friendly, it can be biodegradable in 2-6 
weeks, and also does not produce poison. Lactic acid for PLA 
can be obtained in natural ingredients that contain starch such 
as cassava, sweet potato, corn, and wheat [2]. Cargill-Dow 
Chemical’s Co is one of the big company whose produces PLA 
using corn starch as raw material. Meanwhile, in Japan, 
Shimadzu Co, and Mitsui Chemicals Co also have a plan to 
manufacture PLA. 

The use of naturally carbohydrate materials mainly from 
sweet potato, corn, and tapioca as raw materials in 
biodegradable plastics has become deficient. These materials 
are basic foodstuffs. The use of these materials in large 

quantities can disrupt Indonesia's food security. Another 
problem is most PLA made from synthetic lactic acid and make 
it expensive. 

According to the problem outlined, there is an alternative 
solution to produce lactic acid from other natural resources that 
are abundant and untapped, such as tofu industrial solid waste, 
namely tofu dregs. Carbohydrate content in tofu dregs can be 
fermented by Lactic Acid Bacteria (LAB) into lactic acid. 
Furthermore, the resulting lactic acid can be polymerized into 
PLA by Ring-opening Polymerization (ROP) method. Tofu 
dregs as a base to produce lactic acid can solve the problem of 
plastic waste. 

According to Direktorat Gizi Depkes Indonesia from 
reference [3] dried tofu waste contains 26.6% protein, 18.3% 
fat and 41.3% carbohydrate in 100 grams of material. It means 
that the tofu waste has many advantages such as containing 
high protein, lots of fiber, as well as cheap and easy to obtain. 
It has the potential to be processed into nutritious food products 
that are beneficial to the human body. This study aims to 
explain the potential of tofu dregs as a raw material for 
Polylactic Acid 

II. METHODOLOGY 

This study was prepared by literature study based on the 
PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis) method. This method is commonly used in 
literature review research [4]. Literature studies using PRISMA 
play an important role in solving problems by explaining, 
synthesizing, and assessing quantitative or qualitative evidence 
as reports [4]. 

Literature search was carried out using the keywords "Poly 
Lactic Acid (PLA)", "Tofu dregs", "Ring Opening 
Polymerization (ROP)", and "Lactobacillus plantarum" through 
science webs such as Google Scholar, National Library, Doaj, 
Science Direct, Elsevier and springerlink. Based on the search 
strategy used, 25 libraries were retrieved and stored. Then, the 
same library is deleted. A total of 5 libraries are deleted until 
the remaining 20 libraries are used. 
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The findings obtained from the journal will be reviewed 
based on the focus of the research, the scope of the problem 
under study and the results of the research. Then analyzed and 
extracted important information in it to answer the research 
objectives in order to answer the research objectives in the 
literature [5]. 

III. RESULTS AND DISCUSSION 

A. Polylactic Acid 

Poly lactic acid (PLA) is an environmentally friendly 
biodegradable plastic that can be recycled using heat with 
excellent processing capability, requiring less energy in 
production compared to petroleum-based polymers [6]. In 
addition, PLA is also included in renewable plastics that can be 
converted into packaging [7]. According to Gandini & 
Balgacem in reference [8], renewable sources are any plant or 
animal species that are utilized without endangering their 
survival and are renewed biologically (short term) not 
geochemical processes (very long term). 

B. Ring-Opening Polymerization 

PLA comes from lactic acid as a result of chemical 
processes [9]. According to reference [8], PLA synthesis 
consists of several steps, starting from the production of lactic 
acid to the polymerization stage. Poly lactic acid can be 
produced through Ring Opening Polymerization (ROP), which 
is carried out in three stages, namely lactic acid 
polycondensation, depolymerization to form cyclic dimers 
(lactide) and followed by ring opening polymerization, to 
obtain PLA with high molecular weight. This ROP method was 
patented by Cargill (United States) in 1992. 

The raw materials for obtaining lactate acid can come from 
ingredients which contain carbohydrates such as potatoes, 
sweet potato rice, cassava, wheat and corn. However, in fact, 
carbohydrate sources can also be obtained from untapped and 
abundant waste without disturbing food security such as tofu 
dregs. 

C. Tofu Dregs 

Tofu dregs are solid waste from the tofu processing. Tofu 
dregs are generally used as animal feed or reprocessed as food 
ingredients such as tempeh gembus [10]. On the other hand, 
Tofu dregs is solid waste from squeezed soybean porridge and 
is unused again and have perishable characteristics and lead it 
to low economic value. Reference [11] also states that tofu 
dregs has a high enough protein content, however, this feed 
ingredient contains low dry ingredients or contains a lot of 
water. The high protein and water content causes the tofu dregs 
not to last long because it is prone to decay due to the growth 
of destructive microorganisms. Due to its perishable nature, 
usually the use of tofu dregs is not more than one day and the 
farmer is given it on that day. Tofu dregs have enough potential 
to be reprocessed because they still contain good nutrition [12]. 

 

 

TABLE I.  TOFU DREGS CONTENT [3] 

Composition Quantity (in 100 g dry weight) 

Protein 26.6% 

Fat 18.3% 

Carbohydrate 41.3% 

TABLE II.  TOFU DREGS FLOUR CONTENT [13] 

Composition Quantity 

Water 10.43% 

Protein 23.25% 

Fat 5.87% 

Carbohydrates 26.92% 

Ash 17.03% 

Crude Fiber 16.53% 

 
Table 1 and 2 show data on the composition of tofu dregs 

and after processing it into flour tofu dregs, the carbohydrate 
content of tofu dregs is the highest amount The carbohydrates 
in the tofu waste can be converted into lactic acid with the help 
of lactic acid bacteria (LAB). Research by reference [14] states 
that Lactobacillus plantarum which is LAB can ferment all 
types of carbohydrates except melibiose, raffinose, and xylitol. 

D. Lactobacillus Plantarum 

Lactobacillus plantarum is a type of homofermentative 
lactic acid bacteria with an optimal temperature lower than 37 ° 
C. Lactobacillus plantarum is rod-shaped (0.5-1.5 to 1.0-10 
μm) and is immobile (non-motile). L. plantarum is a facultative 
bacterium and can utilize oxygen as electron acceptor for cell 
growth and for product metabolism [15]. It is therefore 
desirable to comparatively evaluate lactic acid fermentation 
under aerobic and anaerobic conditions. Reference [16] have 
studied the fermentation of glucose under both aerobic and 
anaerobic conditions using L. plantarum. In the initial ®rst 4±5 
h of fermentation, the catabolite accumulating in the both 
media were similar.  

Crude lactic acid, which may be upgraded by simple active 
carbon treatment and/or ion exchange to remove impurities and 
salts, can be directly used in a large number of food 
applications. Traditionally, taste, smell, and heat stability for 
color formation have been used to express lactic acid quality. 
The presence of acids (e.g., acetic acid and pyruvic acid), 
alcohols (e.g., methanol and ethanol), and esters can directly 
influence taste and smell [17]. 
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TABLE III.  SUMMARY OF LACTIC ACID PURIFICATION METHODS [2] 

Lactic Acid 

Purification 

Method 

Advantages Disadvantages 

Crystallization 
Highly pure lactic acid 

product 

Amount of mother 

liquor by-product, 
scalability 

Esterification/distil

lation 

Highly pure acid, 

scale-up 

Relatively high utility 

cost, amount of 

residue as by-product 

 

Lactic acid 

distillation 

Good splitting for 

heavy 

compounds 

 

Amount of residue as 

by-product 

 

Extraction Potentially high yield 

Complex (e.g., for 

emulsion, entrainment 

issues),extractant cost 

 

 
Table 3 show summary of lactic acid purification methods. 

Polymers may be either semi-crystalline or amorphous. 
Semicrystalline polymers have regular repeating units that 
allow the chains to fold into dense regions called crystallites. 
These act as crosslinks giving the polymer higher tensile 
strengths and higher modulus (stiffness) as compared to an 
amorphous analog. No polymer can completely organize into a 
fully crystalline material so there are still amorphous areas in 
semicrystalline polymers [18]. Characteristic temperatures of a 
polymer can be determined in several ways, but DSC 
(differential scanning calorimetry) is the most cited one. The 
flexibility of amorphous polymers is reduced drastically when 
they are cooled below a characteristic transition temperature 
called the Tg. At temperatures below Tg, there is no segmental 
motion and any dimensional changes in the polymer are the 
result of temporary distortions of the primary valence bonds. 
Amorphous plastics, such as all the D,L-PLA containing ones 
perform best below Tg, but elastomers must be used above the 
brittle point [19]. The Tg can be very important when studying 
mechanical properties (Table 4). 

TABLE IV.  PLA PROPERTIES [20]  

Crystalline structure Semi-crystalline 

Glass transition 

temperature, Tg (ºC) 
60-65 

Melting temperature ™ 

(ºC) 
150-162 

Tensile modulus (GPa) 2.7-16 

Tensile strength (MPa) 21-60 

Elongation at break (%) 10-100 

Density (g/cm3) 1.21-1.25 

 

IV. CONCLUSION 

The potential of tofu dregs to provide the raw materials of 
PLA for sustainable packaging is enormous, based on the 
availability of abundant waste from the tofu-processing 
industry, as well as the content found in starch and other 
carbon sources, that serve as a fermentation substrate of lactic 
acid. 
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