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INTRODUCTION

Skin or hide is the by-product of animal slaughter-
ing that can be used as a raw material for the wet blue 
product. There are several steps used to convert animal 
skin or hide to be a wet blue, including liming and de-
liming. Liming is one of the tanning stages that aimed to 
eliminate non-collagen components from the skin, open 
skin fiber tissue, swell the skin, hydrolysis the peptide 
bond and fats, etc. (Covington & Wise, 2019; Colak 
& Kilic, 2007). Another effect of the liming step is the 
formation of carboxyl active groups and active amino 
groups (Colak & Kilic, 2007).

Deliming is another step of tanning that is carried 
out after the liming process. The purpose of this process 
is to remove the lime from the skin, reduce the pH, and 
deswelling the skin (Covington & Wise 2019). Deliming 
is done by lowering the pH, deswelling, and preparing 
the skin for the bating process (Sivakumar et al., 2015). 
In the conventional process, the deliming process 
requires the addition of ammonium sulfate. The am-
monium sulfate can quickly penetrate the skin (Uddin et 
al., 2018; Chowdhury et al., 2018). As the consequences 
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ABSTRACT

The objective of this study was to evaluate the pelt and wastewater characteristics after 
deliming process in an acid condition by tartaric acid, also wet blue properties that were formed. 
Various observed variables were the dose of tartaric acid, pelt thickness, calcium content, physical 
and chemical properties of wet blue, such as tensile strength, tear strength, elongation, shrinkage 
temperature, and chrome oxide content, as well as the pollutants content of wastewater as chemical 
oxygen demand (COD), biological oxygen demand (BOD), total suspended solid (TSS), and total 
dissolve solid (TDS). The experiment used a completely randomized design with a factorial 
arrangement. The first factor was pH variables consisted of 3 levels, i.e., 4, 5, and 6 in the final 
deliming solution. The second factor was the deliming time consisted of 3 levels, i.e., 45 min, 
60 min, and 75 min. Data were analyzed using Analysis of Variance (ANOVA) and then Duncan’s 
Multiple Range Test (DMRT). The results showed that deliming for 60 min and the pH of 5 at the 
end of the solution was the best treatment to remove calcium content in the pelt and reduce the 
thickness of pelt. It did not affect the physical and chemical quality, such as tensile strength, tear 
strength, elongation at break, and shrinkage temperature of the wet blue produced. Also, the quality 
of wastewater produced was better than the use of ammonium sulfate as a deliming agent. It can be 
concluded that the use of tartaric acid as pH regulator of deliming stage at pH 5 for 60 min can be 
used as an alternative deliming agent to substitute ammonium sulfate.
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of ammonium sulfate application in a tannery, there is 
ammonia to be discharged into the air and the waste-
water, creating environmental problems as ammonia 
is a toxic substance. In the form of gas, ammonia could 
endanger workers because it can cause several diseases, 
i.e., heart attacks, cerebrovascular disease, chronic ob-
structive pulmonary disease (COPD), asthma, and lung 
cancer when ammonia bind with the other gases in the 
atmosphere such as sulfur dioxide and nitrogen dioxide 
(Guthrie et al., 2018). Besides, ammonia in wastewater 
could stimulate eutrophication or algae blooming (Dai et 
al., 2012).

The high content of ammonia in wastewater is 
one of the problems faced by the tannery. To meet the 
environmental standard, the industry should minimize 
or even remove the ammonia content of wastewater, 
which means the improvement of the production cost 
for waste handling (Zeng et al., 2011; Uddin et al., 2018). 
Several methods of end of pipe treatment like absorp-
tion (Yunnen et al., 2016; Murti et al., 2013), nanofiltra-
tion (Stoller et al., 2013; Gallego-molina et al., 2012), 
biological treatment (Wang & Liu 2011; Keerthi et 
al., 2013), electrochemical treatment (Ghimire et 
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al., 2019), and the others have been applied to reduce 
the pollutants contained in the wastewater. One of them 
is ammonia. However, the results of some methods are 
still higher than the environmental standard. There is 
another method that is possible to be applied, i.e., the 
substitution of ammonium sulfate. Some chemicals are 
able to be used as substitutions of ammonium sulfate, 
i.e., sodium hexametaphosphate, boric acid (Zeng et 
al., 2011; Wang et al., 2013), glycine (Lei et al., 2019), 
glycolic acid, EDTA (Uddin et al., 2018), acetic acid, boric 
acid, citric acid (Colak & Kilic 2007; Sui et al., 2012), dry 
ice (Sathish et al., 2013), sulfonated phthalic magnesium 
salt (Qiang et al., 2012), sodium gluconate (Zeng et 
al., 2018), and paracetic acid (Sirvaityte et al., 2007).

In general, the deliming process is carried out un-
der a neutral pH up to a slightly alkaline pH condition. 
However, several previous works also reported the de-
liming process under neutral pH up to a slightly acidic 
condition (Covington & Wise 2019) such as the effect 
of organic acids addition in the form of paracetic acid 
(Sirvaityte et al., 2007). A strong odor such as acetic acid 
or ammonium sulfate could interfere with the work-
ers who are not equipped with the safety equipment. 
Therefore, it is necessary to use the other organic acids 
that have no interfering odor, i.e. tartaric acid. Tartaric 
acid is an odorless organic acid and forms a crystalline 
solid. Tartaric acid can be used as an acidulant, pH con-
trol agent, preservative, emulsifier, stabilizer, chelating 
agent, and others (USDA, 2011). The ability of tartaric 
acid as a chelating agent is expected to bind calcium ion 
so that calcium can be removed from the pelt. The use of 
tartaric acid as a deliming agent has not been applied at 
the deliming stage. Therefore, the purpose of this study 
was to evaluate the pelt and wastewater characteristic 
after deliming process in an acid condition by tartaric 
acid, and also wet blue properties that were formed.

MATERIALS AND METHODS

This study was carried out by using a wooden 
drum in a size of 40 x 30 cm. The sample was prepared 
from the fresh goatskin. This study used a conventional 
procedure starting from the presoaking stage up to the 
tanning stage, except the deliming stage. After the lim-
ing process, the pelt was cut into a size of 30 x 15 cm at 
the back of the pelt. There was the addition of chemical 
substances, namely tartaric acid in the deliming stage. 
The final pH in the deliming stage was maintained in 
the range of pH 4 ± 0.3, 5 ± 0.3, and 6 ± 0.3 (Factor 1).

Meanwhile, the deliming time was varied at 45, 60, 
and 75 minutes (Factor 2). The determination of the final 
pH was done by a trial-error experiment according to 
the time variations. The dose obtained will be used in 
the main research. The ingredients used in each stage of 
presoaking to liming were prepared based on the weight 
of fresh skin. Meanwhile, the deliming to tanning stages 
were based on the weight of pelt after fleshing (Table 
1). The procedures of presoaking to liming followed 
the conventional process. This study design used a 
completely randomized design with two factors, which 
were pH and deliming time. Each factor has three levels 
and repeating three times. Data were analyzed using 
ANOVA and any significant differences between treat-
ments were further tested by Duncan Multiple Range 
test at α 5% with SPSS 17.

The Dose of Tartaric Acid

There was a trial-error process to optimize the final 
pH for deliming. The final pH was determined by add-
ing a certain number of doses into the deliming process 
based on the specified pH and time. The pH measure-
ment was carried out using an electric pH meter (ASTM, 
2001).

Table 1.  Process, material, and doses of experimental procedure

Processes Materials Doses Remarks
Soaking Water 200% Drum on 1 h. Drain.

Degreasing agent (DA) 0.1%
Liming Na₂S 2.5% Drum on 2 h, then on for 15’, off for 45’, repeatedly until 6 h. Overnight and 

then drain. Pelt wash with 150% waterCa(OH)₂ 10%
DA 0.1%
Water 300%

Deliming Ammonium sulfateᵃ 2.5% ᵃ was a conventional process, deliming time 60’.
Tartaric acidᵇ 10% ᵇ was research experimental. The experiment includes final pH 4, 5, and 6, 

also deliming time 45’, 60’, and 75’.
Water 0.1%

Bating Alkaline bateᵃ 300% ᵃ was an enzyme that used in the conventional process.
Acid bateᵇ ᵇ enzyme that was used in the experiment.

Bating was done 45’. Then drain and wash the pelt.
Pickling Water 100% Water and NaCl were added together. Drum on 20’. Then, the other materi-

als were added periodically with an interval of 15’. The pH of pelt was 3.NaCl 10%
Formic acid 0.6%
Sulfuric acid 0.4%

Tanning Chromium sulphate 8% Chromium Sulphate was added, Drum on 1 h. 
Sodium bicarbonate 1.2% Sodium bicarbonate was added, drum on 6 h. Drain and wash the wet blue. 

Aging and toggling.
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The Measurement of Pelt Thickness Reduction (SLP 4)

The thickness of the pelt was measured both after 
the fleshing stage and after the deliming stage. The mea-
surements were conducted on three points of the pelt by 
using a thickness gauge for 15 seconds or until constant 
(SLTC, 1996).

The Decrease of Calcium Content in the Pelt
 
The calcium content was measured by using the 

atomic absorption spectrophotometric (AAS) method 
(APHA, 2017). The sample was prepared from the pelt 
after the fleshing and deliming process.

The Test of Physical and Chemical Properties of the 
Wet Blue

 
The observed variables of physical properties were 

tear strength (SLP 7), tensile strength (SLP 6), elongation 
(SLP 6), shrinkage temperature (SLP 18), and chromium 
oxide content (SLC 7). The sample was conditioned at 23 
± 2oC and 50 ± 5% relative humidity (RH) before the test. 
The conditioning process was carried out for 48 hours 
(SLTC, 1996). 

The Characteristics of Wastewater Pollutants

The formed wastewater was prepared for some 
analysis such as ammonia, Chemical Oxygen Demand 
(COD), Biological Oxygen Demand (BOD), Total 
Suspended Solid (TSS), and Total Dissolve Solid (TDS) 
(APHA, 2017).

RESULTS

The Dose of Tartaric Acid

Figure 1 showed the experimental result of pH op-
timization. Based on Table 2, the deliming time and pH 
affected the dose of tartaric acid used in the determining 
process. The pH and deliming time had significant ef-
fects on the increase in the dose of tartaric acid to reach 
the final pH 4, 5, and 6 (p<0.05). Meanwhile, the result of 
variance analysis showed that the interactions between 
both factors did not affect the dose of tartaric acid. There 
was a decrease in tartaric acid dose to reach the final pH 
4, 5, and 6 in different deliming times (Figure 1). The 

addition of tartaric acid dose also affected the initial 
pH and final pH of deliming solution (Table 3). Then, 
Figure 1 showed that the determination of the final pH 4 
required a higher dose of tartaric acid than for determi-
nations of final pH 5 and 6. Similar things occurred, i.e., 
the determination of final pH 5 required more acid than 
for determination of final pH 6. The addition of tartaric 
acid dose was directly proportional to the length of de-
liming time, although it was not significantly different. 

The Decrease of Pelt Thickness

Table 4 showed that each factor significantly af-
fected the reduction in pelt thickness (p<0.05). However, 
the interaction between the two factors did not show 
a significant effect (p>0.05). Meanwhile, the results of 
ANOVA on the treatment with conventional treatment 
showed a significant effect (p<0.05) (Table 4).

Table 5 showed that the treatment of 75 minutes 
of deliming time with a final pH of 5 gave the highest 
reduction in pelt thickness into 45.58 ± 1.98%, but it was 
not significantly different compared to the 60 minutes 
deliming time with the final pH of 5, i.e., 43.55 ± 2.32%. 
This value also shows that in the treatment, it has a 
higher value compared to conventional treatments, i.e., 
43.20 ± 1.43%. The pelt thicknesses of the other treat-
ments ware below those resulted from conventional 
treatments. The treatment of 45 minutes deliming time 
and final pH of 4 showed the lowest reduction rates, 
i.e., 35.81 ± 0.87% (Table 5). Thus, the pH of 5 is the best 
parameter compared to the other pH values.  The delim-
ing time of both 60 and 75 minutes did not significantly 
affect the pelt thickness. 

Figure 1. Dose of tartaric acid at different deliming pHs and 
times, 
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Table 2. Tartaric acid doses at different deliming pHs and times

Factor Tartaric acid dose (%)
Time (min) 45.00 0.92 ± 0.31ᵃ

60.00 0.98 ± 0.32ᵇ
75.00 1.06 ± 0.33c

pH 4.00 1.40 ± 0.08ᵃ
5.00 0.86 ± 0.05ᵇ
6.00 0.70 ± 0.06c

Note: Means in the same column with different superscripts differ sig-
nificantly (p<0.05).

Table 3.  Initial and final pH solution at different deliming pHs 
and times

Time (min) pH Initial pH 
solution

Final pH 
solution

45.00 4.00 2.30 4.15 ± 0.02
5.00 2.39 5.11 ± 0.09
6.00 2.41 6.06 ± 0.14

60.00 4.00 2.28 3.96 ± 0.04
5.00 2.36 4.92 ± 0.16
6.00 2.39 5.80 ± 0.27

75.00 4.00 2.23 4.23 ± 0.06
5.00 2.34 5.10 ± 0.27
6.00 2.36 5.90 ± 0.17

           pH 4     pH 5                pH 6

Deliming pH
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The Decrease of Calcium Content in the Pelt

The result showed that there was a decrease in cal-
cium content in the pelt in response to the effect of final 
pH and deliming time (Table 6). The pH and deliming 
time have a significant effect on the decrease of calcium 
content (p<0.05) on each factor. In addition, the interac-
tion between two factors also showed a significant 
influence on the decrease of calcium content in the pelt 
tissue (p<0.05). The highest reduction of calcium content 
in the pelt was found in the treatment of the final pH of 
5. The longer the deliming time, the higher the levels of 
calcium removed from the pelt tissue (Table 6).

Table 6 showed that the treatment of 75 minutes 
deliming time with a final pH of 5 caused the highest re-
duction of calcium content in pelt tissue, i.e., 53.66 ± 4.72 
%, while the lowest calcium reduction was produced by 
the treatment of 45 minutes deliming time with a final 
pH of 4, i.e., 4.63 ± 0.27 %. The treatment of 75 minutes 
deliming time with a final pH of 5 was not significantly 
different compared to the conventional treatments, but 
it was significantly different compared to 60 minutes 
deliming time with the final pH of 5. The treatment of 
60 minutes deliming time with the final pH of 5 was not 
significantly different from conventional treatments, i.e., 
49.10 ± 1.40 % and 50.98 ± 4.11 %, respectively (Table 6). 
Therefore, the treatment of 60 minutes deliming time 
with the final pH of 5 was determined as the best treat-
ment among the others.

The Physical and Chemical Properties of the Wet Blue

Based on the analysis of some previous variables, 
the deliming time of 60 minutes and a final pH of 5 was 
the best treatment. The wet blue produced from this 
treatment was further analyzed regarding its physical 
and chemical qualities. In terms of physical quality, 
the produced wet blue had met the specified standards 
(Table 7). The physical quality of the produced wet 
blue had the higher values compared to the minimum 
standard, i.e., the tensile strength for about 25.50 ± 0.77 
N mm-2, the tear strength for about 49.70 ± 1.39 N/mm, 
shrinkage temperature for about 105 ± 1.76oC, and chro-
mium oxide contents for about 3.62 ± 0.05%. However,  
the elongation value was still below the standard, i.e., 
56.17 ± 5.05 % (Table 7).

The Characteristics of Wastewater

The result showed that the produced wastewater 
had a high quality, indicated by the ammonia content. 
Ammonia content in wastewater was 61.15 ± 0.61 mg/L. 
Meanwhile, the values of the other variables were too 
high, such as the COD for about 1 207 ± 10.50 mg/L, the 
BOD for about 374 ± 7.48 mg/L, the TSS for about 300 
± 7.50 mg/L, and the TDS for about 4 665 ± 56.91 mg/L 
(Table 8).  

DISCUSSION

The Decrease of Pelt Thickness

The liming stage is a part of the tanning process 
that caused skin swelling due to the presence of lyo-
tropic effects, osmotic swelling, and charge effects 
(Covington & Wise, 2019). This effect was stimulated by 
the increase of pH in the solution (Beghetto et al., 2013). 
The increase in pH affected the change of isoelectric 
points on the skin.

Meanwhile, deliming stage in the tanning process 
was done for deswelling or depleting the pelt. That 
process was indicated by a decrease in pelt thickness. 
The decrease of pelt thickness after the deliming was 

Table 4.  Decrease of pelt thickness based on different deliming 
pHs or times

Factor Decrease rate of pelt 
thickness (%)

Time (min) 45.00 36.92 ± 0.31ᵃ
60.00 39.25 ± 0.32ᵇ
75.00 40.60 ± 0.33ᵇ

pH 4.00 36.26 ± 0.08ᵃ
5.00 42.74 ± 0.06ᵇ
6.00 37.78 ± 0.05ᵃ

Note: Means in the same column with different superscripts differ sig-
nificantly (p<0.05).

Table 5.  Decrease of pelt thickness at different deliming pHs 
and times compared to conventional process

Time (min) pH Decrease of pelt 
thickness (%)

45.00 4.00 35.81 ± 0.87ᵃ
5.00 39.08 ± 0.86ab

6.00 35.87 ± 3.20ᵃ
60.00 4.00 36.37 ± 3.10ab

5.00 43.55 ± 2.32c
6.00 37.83 ± 1.16ab

75.00 4.00 36.61 ± 1.35ab

5.00 45.58 ± 1.98c
6.00 39.62 ± 0.54ᵇ

Conventional 43.20 ± 1.43c
Note: Means in the same column with different superscripts differ sig-

nificantly (p<0.05).

Table 6.  Decrease of calcium content at different deliming pHs 
and times compared to conventional process

Time (min) pH Calcium content (%)dc

45.00 4.00   4.63 ± 0.27ᵃ
5.00 14.36 ± 1.28ᵇ
6.00 13.60 ± 0.97ᵇ

60.00 4.00 13.10 ± 1.05ᵇ
5.00 49.10 ± 1.40f
6.00 39.42 ± 1.71ᵈ

75.00 4.00 21.44 ± 1.20c
5.00 53.66 ± 4.72ᵍ
6.00 45.50 ± 1.02ᵉ

Conventional 50.98 ± 4.11fg

Note: dc= dry content; Means in the same column with different super-
scripts differ significantly (p<0.05).
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caused by the process of water transfer from inside to 
the outside of the pelt (Covington & Wise, 2019). The 
higher the number of water comes out, the lower the 
pelt thickness. The decrease of pelt thickness could 
be done by lowering the pH condition below a certain 
point that could not cause the skin swelling. The treat-
ment of 75 minutes deliming time with a final pH of 5 
was showed the highest reduction in skin thickness, but 
it was not significantly different from conventional treat-
ments (Table 5). However, the treatment of 60 minutes 
deliming time with a pH of 5 gave the best result. This 
result was caused by the nonsignificant reduction in pelt 
thickness compared to conventional treatments. In ad-
dition, this treatment also did not increase the deliming 
time and the tartaric acid was lower than the previous 
treatment.

The Decrease in Calcium Content of the Pelt

The presence of lime in the pelt tissue was the effect 
of the previous stage, namely the liming process. The 
lime on the pelt could cause the formation of calcium 
carbonate crystals resulted in the uneven leather color at 
the dyeing stage. Therefore, deliming process is aimed 
to remove the lime found in the pelt. The removal of 
lime from the pelt could be indicated by the decrease of 
calcium ions in the pelt.

Table 6 showed that tartaric acid had a good ability 
to substitute ammonium sulfate as a deliming agent. In 
addition, the deliming time also affected the percentage 
of removed calcium ions from the pelt tissue. The longer 
the deliming time, the longer the contact time between 
the deliming agent and the pelt tissue with a final result 
in the higher calcium removed. The mode of action 
of tartaric acid was the reaction between tartrate ions 
and calcium ions to form calcium tartrate. The tartaric 
acid was a chelating agent with its capability to bind to 
minerals (Wuana et al., 2010; Rabizadeh et al., 2014). The 
reaction was stated below,
2C3H5O4COOH + Ca(OH)2

   Ca(C3H5O4COO)2 + 2H2O
or
2C3H5O4COOH + Ca2+   Ca(C3H5O4COO)2 + 2H+

The bond between tartaric acid and calcium ions 
caused a decrease in calcium content of pelt tissue and 
then it could reduce the pelt thickness. Other studies 
reported the similar results by using the other materials, 
such as paracetic acid, glycolic acid, citric acid, and boric 
acid (Sirvaityte et al., 2007; Colak & Kilic 2007; Zeng et 
al., 2011; Wang et al., 2013; Uddin et al., 2018), that could 
reduce calcium content of the pelt. Thus, tartaric acid 
materials could substitute ammonium sulfate because of 
their abilities to bind to calcium ions.

Physical and Chemical Properties of the Wet Blue

The deliming process in acid condition by using 
tartaric acid did not affect the physical and chemical 
qualities of the wet blue compared to the predetermined 
standards (Table 7). This result was based on several 
observed variables, such as tensile strength, elongation, 
tear strength, shrinkage temperature, and chromium 
oxide contents. The higher the number of collagens 
eroded, the higher the number of the tanning agent 
(chromium sulfate or others) was bound so that the ten-
sile strength could be higher (Dellman & Brown, 1992). 
The less open pelt fibers could affect the ease of tanning 
agent penetrating the pelt. This condition would cause 
the wet blue or leather to become hard, stiff, brittle, and 
easily broken (Sharphouse, 1991). The tensile strength 
was influenced by the fiber components in the pelt 
(Kanagy, 1977). In addition, the tensile strength and the 
tear strength were also influenced by the thickness, the 
direction of collagen fibers, and the angle of collagen 
fibers to the grain filling (Suparno & Wahyudi, 2012). 
Therefore, the structure of the fiber network greatly 
influences the physical and mechanical properties of 
wet blue or leather (Liu et al., 2013; Cheng et al., 2014). 
Meanwhile, the wet blue or leather elongation was 
affected by the elastin component in the skin, i.e., the 
higher the elastin component, the higher the elongation. 
Elastin contributes greatly to the physical properties of 
the skin and leather because elastin controls the elastic-
ity of the skin and leather (Covington & Wise, 2019).

Table 7. Wet blue characteristics at the best treatment on pH 5 and 60 minutes

Characteristics measured
Tensile strength 

(N/mm²) Elongation (%) Tear strength 
(N/mm)

Shrinkage 
temperature (ᵒC)

Chrome oxide 
content (%)

Sample 25.50 ± 0.77 56.17 ± 5.05 49.70 ± 1.39 105 ± 1.76 3.62 ± 0.05
SNI* 12 60 12.5 - 2.5
Unido 10 60 15 - -
Source: BSN (1998).

Table 8. Wastewater characteristic of deliming process at the best treatment on pH 5 and 60 minutes (mg/L)

Characteristics measured
Ammonia COD BOD TSS TDS

Treatment 61.15 ± 0.61 1 207 ± 10.50 374 ± 7.48 300 ± 7.50 4 665 ± 56.91
Conventional* 4 701.48 ± 117.54 1 605 ± 16.20 647 ± 118.49 3 810 ± 118.49 39 505 ± 359.97

Note: Source= Nugraha et al. (2018), COD= chemical oxygen demand (COD), BOD= biological oxygen demand, TSS= total suspended solid, TDS= total 
dissolve solid.
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In general, the test of shrinkage temperature in the 
tanning industry was carried out in boiling water with a 
temperature of 100oC. The shrinkage temperature of the 
present study exceeded the boiling water temperature 
(Table 7). The high shrinkage temperature was influ-
enced by the type of bonding and the concentration of 
tanning material in the pelt tissue. The high shrinkage 
temperature on chrome tanning was caused by the co-
valent bonds between Cr3+ with active carboxylic groups 
(COO-) in collagen (Covington & Wise, 2019). Covalent 
bonding was firm and heat resistant up to temperatures 
above 100oC (Mann & McMillan, 2017). Therefore, the 
level of chromium oxide in the pelt tissue could affect 
the shrinkage temperature (O’flaherty et al., 1978). The 
shrinkage temperature and chromium oxide levels have 
a linear relationship (O’flaherty et al., 1978). The treat-
ment of 60 minutes deliming time with a final pH of 5 
did not affect the shrinkage temperature, and it still met 
the standard of leather or wet blue using chrome sulfate.

The Characteristics of Wastewater

Ammonia was the waste generated by the delim-
ing stage. The generation of ammonia was caused by 
the usage of ammonium sulfate in this stage (Wang et 
al., 2012; Hashem et al., 2014). In some cases, ammonia 
harmed the environment. The use of ammonia increased 
the BOD and COD in wastewater (Uddin et al., 2018; 
Chowdhury et al., 2018) and eventually caused the death 
of aquatic organisms if it was discharged into water 
bodies due to the nitrification (Hashem et al., 2014; Le et 
al., 2019). The presence of ammonia in wastewater was 
very difficult to reduce so that it could increase the 
production cost for waste handling (Uddin et al., 2018). 
The ammonia formed during the deliming process with 
tartaric acid was only 61.15 ± 0.61 mg/L and it was lower 
than conventional treatments with ammonium sulfate 
additive for about 4 702.48 ± 117.54 mg/L. It indicated 
that despite using a non-ammonia deliming agent such 
as tartaric acid, ammonia was still formed. Two pos-
sibilities for causing the formation of ammonia is the 
leftover from the liming stage and the byproducts from 
the deliming process because the protein was hydro-
lyzed under acidic conditions. Covington & Wise (2009) 
reported that one of the products formed during the 
liming stage was the ammonia. Ammonia was produced 
due to the changes in the isoelectric point.

The use of tartaric acid as a deliming agent not 
only reduced the use of ammonia but also resulted in a 
good effect on the other variables, such as COD, BOD, 
TSS, and TDS. The decrease in ammonia content in 
wastewater was associated with a decrease in the other 
variables, such as 24.8% in COD, 42% in BOD, 92.1% in 
TSS, and 88.2% in TDS. It was indicated that the quality 
of wastewater produced by the tartaric acid was better 
than those produced by ammonium sulfate. The tartaric 
acid usage also had the same results as the others free 
ammonia deliming studies, namely reducing the pollut-
ants in the formed wastewater as Satisth et al. (2013) that 
used dry ice, Sui et al. (2012) used various types of acid, 
and Hu & Deng (2015) used supercritical carbon oxide 
in deliming stage.

CONCLUSION

Tartaric acid addition in the deliming process and 
duration of deliming influenced the process of removing 
lime from the pelt. pH 5 at the end of deliming and 
60 minutes were the best treatment in this study. Pelt 
characteristics showed a decrease in thickness and 
calcium levels in the pelt, while the wet blue produced 
still meets existing standards. From the output side of 
wastewater, its quality was better than the conventional 
deliming process. Thus, the tartaric acid could be used 
as a deliming agent to substitute ammonium sulfate.
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