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ABSTRACT 
Fungal dyes are an eco-friendly alternative to synthetic dye. This study aims 
to evaluate additives to dye, using mixed fungi, to paint the picture on cloth. In 
the present study, the cloth was painted with mixed Aspergillus and Paecilomy-
ces dye. The mixed fungi were grown on a mineral salt glucose medium. Five 
tests were conducted to evaluate additives to dye from mixed fungi that could 
be used to paint pictures on cloths to evaluate the effect of additives, a combi-
nation of additives producing tidy colors and other additives, the dye pH, mor-
dant, and a variety of different mordants and the dye pH on color tidiness and 
hue. The additives used were alkali, acid, salts, glycerine, and urea.  The Royal 
Horticultural Society (RHS) color chart was used to measure the color of fil-
trate and range developed on the painted color on the cloth. The results 
showed that the mixture of vinegar or lemon as additives and the dye pH of 3 
produced tidy colors. The mordant application had a more significant effect on 
the color that appears than pH treatment. Colors formed on images can add 
variations to textile painting. 
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INTRODUCTION 
The use of synthetic dyes in the textile industry is gradually receding not 
only due to the increase of environmental awareness for the harmful ef-
fects of either toxic degraded products or their non-biodegradable nature, 
but also the cause of cancer and allergic reactions (Teli et al. 2013). 
These problems motivate efforts to develop eco-friendly natural dyes de-
rived from animals, microbes, and plants. Most of Indonesia’s textile dye-
ing process use natural dyes from plants (Rini et al. 2011). Still, only  few 
natural dyes are available in adequate quantities for use in textile dyeing 
(De Santis et al. 2005). Thus, it is necessary to explore the potential use 
of other biological sources, such as algae, bacteria, and fungi. 

Dye production by microbes (including fungi) is very important to 
industries because microbes can proliferate, are highly productive, and 
are available throughout the year, regardless of the weather conditions 
(Méndez et al. 2011). Microbial dyes are often more soluble and stable 
than those obtained from animals or plants (Gunasekaran & Poor-
niammal 2008). Various dyes from fungi were informed, including yellow 
dyes by Aspergillus sydowii (CML 2967), two isolates of A. aureolatus 
(CML 2964 and E.4.1), and two isolates of A. keveii (CML 2964 and 
E.4.1) (Nirlane da Costa Souza et al. 2016); greyed-orange dyes by Asper-
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gillus terreus and Aspergillus sp. strain 2 (Suciatmih & Hidayat 2017); 
greyed-purple dyes by Paecilomyces lilacinus (Thom) Samson and Paeci-
lomyces sp. strain 542 (Suciatmih & Yuliar 2018); and red dyes by  Asper-
gillus sp. strain 1 (Suciatmih & Yuliar 2018) and Paecilomyces farinosus 
(Isaria farinosa) (Velmurugan et al. 2010a).  

Previous research reported that mixed Aspergillus and Paecilomyces 
produced 187A greyed-purple dye and could dye cloths (Suciatmih et al. 
2018; Suciatmih 2019; Suciatmih 2020), but its ability to paint pictures 
was untested. Using mixed fungi is intended to maintain the fungi’s abil-
ity to produce dye. Except for mixed conditions, Aspergillus and Paeci-
lomyces grew in potato dextrose agar medium separately for one month. 
Then, each of these fungi was  cultured in the production medium; each 
fungus was no longer able to  produce dye or has lost its ability to pro-
duce dye. Bader et al. (2010) reported that in a habitat, different micro-
organisms may compete for substrates as well as act symbiotically. In 
this case, it may be a symbiosis among Aspergillus and Paecilomyces caused 
by synergies of their different enzymatic systems and metabolic pathways 
(Bader et al. 2010). Some higher activities produced by co-culture are re-
ported. Cellulolytic fungal co-cultures were more effective in substrate 
saccharification, which ranged between 85~88% compared to the 
62~67% saccharification shown by the monocultures (Eyini et al. 2002). 
The antibiotic activity produced in the co-cultures of Rhizopus peka P8 
and Bacillus subtilis IFO3335 (inhibition zone of 25 mm) was higher than  
in each of the pure cultures (inhibition zones of 0-15 mm) (Fukuda et al. 
2008). 

According to Kurnia (2011), painting on the cloth  called textile 
painting, is a technique for making motifs or decorating fabrics. The 
technique involves using special paints that are resistant to water and 
ironing. Cloth paint is generally a thick liquid with paste melted in a 
small amount of water. Rohandi and Listian (2015) stated that the paint 
component consists of additives, binders, pigments, and solvent, while 
Kumari and Singh (2017) informed that the main components contained 
in the paint are additives, pigments, solvents, and thickener.  

Teli et al. (2013) reported that natural dyes with  few expectations 
are non-substantive, hence, they must be used in conjunction with mor-
dants. Mordant helps in  binding  dyes to the fiber by forming a chemical 
bridge between the dyes and fiber (Satyanarayana & Chandra 2013). Sin-
gle dyes source added with different mordant types produced different 
colors and tones on the dyed cloth (Sangeetha et el. 2015; Suciatmih & 
Hidayat 2017; Suciatmih et al. 2019; Suciatmih 2020). 

Rohandi and Listian (2015) stated that the paint quality was deter-
mined by selecting components, such as appropriate adhesives and addi-
tives. Some additives such as alkali (baking soda and soda ash), acid 
(cream of tartar, lemon, and vinegar), brown sugar, milk, glycerine, salts, 
and urea are also often added to the dyes to get the desired color. Differ-
ent shades and tones were also obtained from a single dye source by ap-
plication of different pH values (Wang et al. 2014; Ren et al. 2016; Suci-
atmih & Yuliar 2018; Suciatmih 2020). 

The research objective is to evaluate the ability of various materials 
commonly used for dyeing cloth to help dyes from mixed fungi paint the 
picture on the cloth without any dye spreading beyond the boundaries of 
the motif of the design.  
 
MATERIALS AND METHODS 
Inoculation process 
The inoculation process of mixing Aspergillus and Paecilomyces fungi 
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(Figure 1) was performed following previous studies (Suciatmih et al. 
2018; Suciatmih 2019). Briefly, five mycelial prints were inoculated into 
an Erlenmeyer flask containing 200 ml of mineral salt glucose medium 
(Baker & Tatum 1998) with modification, and statically incubated at 
room temperature for one month in a dark place. Composition of the min-
eral salts-glucose medium is described as follows (in ppm): NaNO3, 848; 
KCl, 300; MgSO4.7H2O, 165; NaH2PO4, 100; CaC12.2H2O, 40; H3BO3, 
5.7; FeSO4.7H2O, 5.0; ZnSO4.7H2O, 4.4; MnSO4.H2O (monohydrate), 3.1; 
Na2MoO4.2H2O, 2.5; CuSO4.5H2O, 0.4; and glucose, 20,000. After the in-
cubation period, the culture was passed through five layers of cheese-
cloth, and the filtrate was centrifugated at 8500 rpm for 20 min as per-
formed previously. The filtrate’s optical density was determined spectro-
photometrically (Shimadzu) at 530 nm for quantifying the dyes 
(Suciatmih et al. 2018; Suciatmih 2019). The dye yield was counted as 
OD units (UA530). 
 

 
Figure 1. Mixing Aspergillus and Paecilomyces fungi in Potato Dextrose Agar 
medium. 

 
Effect of additives 
Primisima brand cotton cloth (4 cm × 4 cm or 0.24 g) was first drawn 
with a pencil and then painted with the dye added with additives 2% and 
dried at room temperature. We evaluated 11 treatments of additives 
(Table 1). Additives applied to the dye produced tidy colors (the dye did 
not break and only occupied the predetermined place) on the cloths and 
were used for further testing. 
 
Table 1. Treatment of additives  

 
 
Combination effect of additives producing tidy colors and other ad-
ditives  
Vinegar or lemon was applied to the dye in the previous test produced a 
tidy color, but the hue was different from the control color. To get a tidy 
color and the same hue as the control color, we tested 9 treatments of a 

No Treatment 

1. The dye 0.2 ml (pH 8) (control) 
2. The dye 0.2 ml + backing soda (pH 11) 20 μl 
3. The dye 0.2 ml + brown sugar (pH 6) 20 μl 
4. The dye 0.2 ml + cream of tartar (pH 3) 20 μl 
5. The dye 0.2 ml + glycerin (pH 4) 20 μl 
6. The dye 0.2 ml + lemon (pH 3) 20 μl 
7. The dye 0.2 ml + milk (pH 7) 20 μl 
8. The dye 0.2 ml + salt (pH 6) 20 μl 
9. The dye 0.2 ml + soda ash (pH 11) 20 μl 
10. The dye 0.2 ml + urea (pH 7) 20 μl 
11. The dye 0.2 ml + vinegar (pH 2) 20 μl 
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combination of vinegar or lemon and other additives (Tables 2 and 3). 
The primisima cotton cloth (4 cm x 4 cm or 0.24 g), drawn with a pencil, 
was painted with a mixture of dye, vinegar or lemon, and other additives 
(2%), and then dried at room temperature. The composition of materials 
produced a tidy color, with the same hue as the control color, which was 
used for further testing.  
 
Table 2. Treatment of combination of vinegar and other additives  

 
 
Table 3. Treatment of combination of lemon and other additives 

 
 
Effect of mordant 
Natural dye has a low coloring power within itself so that it requires 
chemicals compounds (mordants) for dye fixation into the fiber. We eval-
uated different mordants with 2% (alum, ferrous sulfate, and lime) paint-
ed with the mixture of the dye, vinegar, and soda ash that produced tidy 
colors and its hue approached the control colors; on the color’s tidiness 
and hue. Cotton cloth (4 cm × 4 cm or 0.24 g) was first drawn with a 
pencil, painted with the mixture, and dried at room temperature. There 
were four treatments studied (Table 4).  
 
Table 4. Treatment of mordant 

 
 
Effect of the dye pH 
Painting pH can increase or decrease the dye’s ability to bind the fiber. 

No Treatment 

1. The dye 0.2 ml (pH 8) + vinegar (pH 2) 20 μl (control) 
2. The dye 0.2 ml + vinegar (pH 2) 20 μl + backing soda (pH 11) 20 μl 
3. The dye 0.2 ml + vinegar (pH 2) 20 μl + brown sugar (pH 6) 20 μl 
4. The dye 0.2 ml + vinegar (pH 2) 20 μl + cream of tartar (pH 3) 20 μl 
5. The dye 0.2 ml + vinegar (pH 2) 20 μl + glycerin (pH 4) 20 μl 
6. The dye 0.2 ml + vinegar (pH 2) 20 μl + milk (pH 7) 20 μl 
7. The dye 0.2 ml + vinegar (pH 2) 20 μl + salt (pH 6) 20 μl 
8. The dye 0.2 ml + vinegar (pH 2) 20 μl + soda ash (pH 11) 20 μl 
9. The dye 0.2 ml + vinegar (pH 2) 20 μl + urea (pH 7) 20 μl 

No Treatment 

1. The dye 0.2 ml (pH 8) + lemon (pH 3) 20 μl (control) 
2. The dye 0.2 ml + lemon (pH 3) 20μl + backing soda (pH 11) 20 μl 

3. The dye 0.2 ml + lemon (pH 3) 20 μl + brown sugar (pH 6) 20 μl 

4. The dye 0.2 ml + lemon (pH 3) 20 μl + cream of tartar (pH 3) 20 μl 

5. The dye 0.2 ml + lemon (pH 3) 20 μl + glycerin (pH 4) 20 μl 

6. The dye 0.2 ml + lemon (pH 3) 20 μl + milk (pH 7) 20 μl 

7. The dye 0.2 ml + lemon (pH 3) 20 μl + salt (pH 6) 20 μl 

8. The dye 0.2 ml + lemon (pH 3) 20 μl + soda ash (pH 11) 20 μl 

9. The dye 0.2 ml + lemon (pH 3) 20 μl + urea (pH 7) 20μl 

No Treatment 

1. The dye 0.2 ml (pH 8) + vinegar (pH 2) 20 μl + soda ash (pH 11) 20 μl 
(control) 

2. The dye 0.2 ml + vinegar (pH 2) 20 μl + soda ash (pH 11) 20 μl + alum 20 

μl 

3. The dye 0.2 ml + vinegar (pH 2) 20 μl + soda ash (pH 11) 20 μl + lime 20 

μl 

4. The dye 0.2 ml + vinegar (pH 2) 20 μl + soda ash (pH 11) 20 μl + ferrous 

sulfate 20 μl 
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The differentiation effect of the dye pH on the color’s tidiness and hue 
was evaluated. Cotton cloth (4 cm × 4 cm or 0.24 g) was drawn with a 
pencil each was painted with the pH of the dye of 3, 7, and 11; and dried 
at room temperature. 
 
Combination effect of different mordants and the dye pH  
Mordant and pH can change the final color of the dyed cloth or painted 
picture on the cloth. We tested the combined effect of different mordants 
2% (alum, lime, and ferrous sulfate) and dye pH (3, 7, and 11) on the col-
or’s tidiness and hue. Cotton cloth (4 cm × 4 cm or 0.24 g), drawn with a 
pencil, was painted with different mordant combinations and dye pHs, 
then dried at room temperature. Treatment of a combination of different 
mordants and pH of the fungal dye is presented in Table 5. 
 
Table 5. Treatment of combination between different mordants and pH of the 
fungal dye 

 
 
Determination of color hue 
We determined the dye and the color hues after being painted with the 
dye from each test by matching the dye and the color hues with the Royal 
Horticultural Society (RHS) RH color chart, repeating each treatment 
twice (The Royal Horticultural Society 1966).  
 
RESULTS AND DISCUSSION 
At high glucose stress (20g/L) contained on the Baker and Tatum medi-
um (1998) with modification, a mixed Aspergillus dan Paecilomyces pro-
duced 187A greyed-purple pigment (Figure 2) with an absorbance of 3.67 
UA/L that can be used to paint the image on the cotton cloth. The con-
trol’s painted cotton cloth color (only the fungal dyes) was 65B red-
purple (Table 6 and Figure 3). Similar results were reported by Suci-
atmih et al. (2018), Suciatmih (2019) and Suciatmih (2020) that the same 
mixed fungi produced the same color pigment that can be used to dye 
cloth. The dye is included in the substantive dyes group because the dye 
can directly paint textile fibers or give good color when used alone 
(Marie et al. 2015). The fungi are thus potential sources as alternative 
sources for environmentally safe natural pigment production. Fungi is 
found to be a promising ecological source of pigments, as several fungal 
species are rich in stable colourants such as anthraquinone, carboxylic 
acids, pre-anthraquinones (Poorniammal et al. 2013). Besides adding de-
sired colours to foods and textiles, fungal pigments have other attractive 
qualities such as anthelmintic activity (Sreedevi and Pradeep 2016), anti-
diabetic (Shi et al. 2012), anti-inflammation (Hsu et al. 2012), antimicro-

No Treatment 

1. pH 3 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + alum 20 μl 
2. pH 3 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + ferrous sulfate 

20 μl 

3. pH 3 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + lime 20 μl 

4. pH 7 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + alum 20 μl 

5. pH 7 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + ferrous sulfate 

20 μl 

6. pH 7 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + lime 20 μl 

7. pH 11 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + alum 20 μl 

8. pH 11 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + ferrous sulfate 

20 μl 

9. pH 11 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + lime 20 μl 
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bial and antimutagenic (Teixeira, 2012); anti-obesity and anti-tumor (Lee 
et al. 2013), and antioxidants (Li et al., 2009). Sarkar et al. (2017) report-
ed that pigments from Aspergillus sp. and Penicillium sp. found non aller-
gic to human skin. 

 

 
Figure 2. Color filtrate from mixing Aspergillus and Paecilomyces fungi. 

  
Cloth painted with the dye added with vinegar (pH 2) or lemon (pH 

3) produced tidy colors; the dye did not break and only occupied the pre-
determined place, while those administered with the dye alone (control) 
and the dye added each with other additives, such as baking soda, brown 
sugar, cream of tartar, glycerine, milk, salt, soda ash, and urea, produced 
untidy colors (Table 6 and Figure 3 & 4). The dye with a pH of 3 also 
produced tidy colors (Figure 5). The effect of painting pH can be at-
tributed to the correlation between the pigment structure and cotton 
cloth. The anion of the pigment has complex characters, and when it is 
bound on the fiber at pH 2–3, with ionic forces, the ionic attraction would 
increase the dye-ability of the cloth (Velmurugan et al. 2010b) so that the 
dye only occupied the predetermined place, producing a tidy color. Meira 
(2016) stated that glacial acetic acid has the property of absorbing water 
in a pure state, thereby; making the mixture of the dye and vinegar paint-
ed on the cloth produced tidy colors. Aliño (2014) informed that acetic 
acid also contributes to lowering the dye bath pH. Vinegar is a mixture of 
glacial acetic acid and water with a ratio of 1:3. Similar results using vin-
egar was reported by Pliny in Adamu et al. (2013) in making a paste to 
paint papyrus; and Zhang et al. (2015) on the mixing of white vinegar 
and ink used for hand-painting silk organza, while Kumari and Singh 
(2017) added acetic acid in printing paste. Ramelawati et al. (2017) re-
ported that lemon has an acid content that can bind dyes absorbed into 
the fabric. A similar result was reported by Sarkar (2013) using lemon 
juice is mixed with dye to get the desired shade for a Mithila painting of 
Bihar. Cream of tartar had a pH of 3 but produced untidy colors when 
painted on cloth with the dye. It might be that cream of tartar is contain-
ing ingredients which are capable of making the color untidy.  

In contrast, cloth painted with the dye pH of 7 and 11; and other 
additives with pH 4–11 each produced untidy colors (Table 6 and Fig-
ures 3, 4 & 5). Velmurugan et al. (2010b) and Tayade and Adivarekar 
(2013) stated that the ionic interaction between the pigment and cotton 
cloth at high pH decreased due to the decreasing number of protonated 
hydroxyl groups on the cellulose leading to the electrostatic repulsion 
between dye and fiber. Thus, lowering the dye-ability of the cloth at the 
predetermined place, so the dye broken, produced an untidy color.  
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Table 6 and Figure 3 and 4 also present the results of color hue on 

the cotton cloth painted with the dye added with 20 μl of additives (2%). 
The dye without additives or control (65B red-purple); and had additives 
added to it, such as baking soda, brown sugar, cream of tartar, glycerine, 
milk, salt, soda ash, and urea, each of which produced the same hue but 
with different intensity, namely 65A, C, and D red-purple. The dye added 
with vinegar or lemon each obtained 177C greyed-orange colors. The 
dye with a pH of 3 also produced 177C greyed-orange colors, while those 
with a pH of 7 and 11 each produced 65C red-purple colors (Figure 5). 
Even though vinegar with pH 2, lemon with pH 3 (each 177C greyed-
orange), or a dye with pH 3 (177C greyed-orange) could block dye or was 
not break when it was painted on cloth, thereby producing tidy colors. 
However, the resulting colors were different from the control colors (65B 
red-purple). Our previous study (Suciatmih & Yuliar 2018; Suciatmih 
2020) reported that changing the dye pH can change the dye color of 
mixed Aspergillus and Paecilomyces. The dyes’ ionic nature enabled the 
changes of the molecule structures according to the prevailing pH values 
and results in different colors and hues at different pH values (Mishra et 
al. 2012). They further stated that, when the acidic condition (vinegar 
with pH 2 or lemon with pH 3 or the dye with pH 3) is added to the dye, 
hydrogen atoms from vinegar or lemon or the dye with pH 3 stick to the 
dye molecules in such a way that when dyed or painted on cloth, it pro-
duced different hues.  

 
Table 6. Effect of 0.2 μl of additives 2% on the color tidiness and hue painted 
with the fungal dye. 

 
 

 
Figure 3. Color tidiness and hue painted with the dye added with additives. The 
dye (a), the dye + backing soda (b), the dye + brown sugar (c), the dye + cream 

No Treatment Color 
tidiness 

Color hue 

1. The dye 0.2 ml (pH 8) (control) Untidy 65B Red-purple 
2. The dye 0.2 ml + backing soda (pH 11) 20 μl Untidy 65A Red-purple 

3. The dye 0.2 ml + brown sugar (pH 6) 20 μl Untidy 65D Red-purple 

4. The dye 0.2 ml + cream of tartar (pH 3) 20 μl Untidy 65C Red-purple 

5. The dye 0.2 ml + glycerin (pH 4) 20 μl Untidy 65C Red-purple 

6. The dye 0.2 ml + lemon (pH 3) 20 μl Tidy 177C Greyed-orange 

7. The dye 0.2 ml + milk (pH 7) 20 μl Untidy 65D Red-purple 

8. The dye 0.2 ml + salt (pH 6) 20 μl Untidy 65D Red-purple 

9. The dye 0.2 ml + soda ash (pH 11) 20 μl Untidy 65A Red-purple 

10. The dye 0.2 ml + urea (pH 7) 20 μl Untidy 65D Red-purple 

11. The dye 0.2 ml + vinegar (pH 2) 20 μl Tidy 177C Greyed-orange 
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of tartar (d), the dye + glycerine (e), the dye + lemon (f), the dye + milk (g), the 
dye + salt (h), the dye + soda ash (i), the dye + urea (j), and the dye + vinegar 
(k).  
 

In the previous test, vinegar or lemon applied to the dye produced 
the painted tidy colors, but the hue was different from the control color 
(the dye without additives). Therefore, it is necessary to use additives 
that produce tidy colors with their hue similar to the control when added 
to the dye. Tables 7 and 8 and Figure 6, 7, and 8 present the combination 
results between vinegar or lemon and other additives on hue and tidiness 
of the color on the cloth painted with the dye. Except for the combination 
of vinegar and soda ash (182C greyed-red, the color hue approaches the 
control, 65B red-purple) (Table 7 No 8, Figure. 4.a, Figure 6.h, and Fig-
ure 8.b), the dye was only added with vinegar (177C greyed-orange) and 
its combination with other additives each produced the same color, name-
ly 173D greyed-orange (the colors are different from the control, 65B red
-purple) (Table 7; Figure 3.a, Figure 4.a, Figure 6, and Figure 8.a). It 
could be because vinegar was acid (pH 2), while soda ash was alkaline 
(pH 11), and when both are mixed, it will change the pH of the dye so 
that changing the color of the dye. The baking soda also had a pH of 11, 
but when combined with vinegar and painted on the cloth with the dye, it 
produced a different color hue (173D greyed-orange) to the control (65B 
red-purple). It was possible that baking soda containing ingredients 
which are capable of making the color hue different from the control.  
 

 
Figure 4. Color tidiness and hue painted with the dye added with additives. The 
dye (a), the dye + vinegar (b), and the dye + lemon (c). 

 
Table 7. Combination effect between vinegar and other additives 2% on the 
color tidiness and hue painted with the dye. 

 

No Treatment Color 
tidiness 

Color hue 

1. The dye 0.2 ml (pH 8) + vinegar (pH 2) 

20 μl (control) 

Tidy 177C Greyed-orange 

2. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

backing soda (pH 11) 20 μl 

Tidy 173D Greyed-orange 

3. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

brown sugar (pH 6) 20 μl 

Tidy 173D Greyed-orange 

4. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

cream of tartar (pH 3) 20 μl 

Tidy 173D Greyed-orange 

5. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

glycerin (pH 4) 20 μl 

Tidy 173D Greyed-orange 

6. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

milk (pH 7) 20 μl 

Tidy 173D Greyed-orange 

7. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

salt (pH 6) 20 μl 

Tidy 173D Greyed-orange 

8. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

soda ash (pH 11) 20 μl 

Tidy 182C Greyed-red 

9. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

urea (pH 7) 20 μl 

Tidy 173D Greyed-orange 
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Figure 5. Color tidiness and hue painted with different the dye at pH 3 (a), pH 7 
(b), and pH 11 (c).  
 

 
Figure 6. Color tidiness and hue painted with the dye added vinegar and other 
additives. The dye + vinegar (a), the dye + vinegar + backing soda (b), the dye 
+ vinegar + brown sugar (c), the dye + vinegar + cream of tartar (d), the dye + 
vinegar + glycerin (e), the dye + vinegar + milk (f), the dye + vinegar + salt (g), 
the dye + vinegar + soda ash (h), the dye + vinegar + urea (i). 

 
Table 8. Combination effect between lemon and other additives 2% on the color 
tidiness and hue painted with the dye. 

 
 

According to Suciatmih and Hidayat (2017), the characteristics of 
color shadings on the cloth depends on the mordant type used during the 

No Treatment Color 
tidiness 

Color hue 

1. The dye 0.2 ml (pH 8) + lemon (pH 3) 20 

μl (control) 

Tidy 177C Greyed-orange 

2. The dye 0.2 ml + lemon (pH 3) 20μl + 

backing soda (pH 11) 20 μl 

Tidy 173D Greyed-orange 

3. The dye 0.2 ml + lemon (pH 3) 20 μl + 

brown sugar (pH 6) 20 μl 

Tidy 173D Greyed-orange 

4. The dye 0.2 ml + lemon (pH 3) 20 μl + 

cream of tartar (pH 3) 20 μl 

Tidy 173D Greyed-orange 

5. The dye 0.2 ml + lemon (pH 3) 20 μl + 

glycerin (pH 4) 20 μl 

Tidy 173D Greyed-orange 

6. The dye 0.2 ml + lemon (pH 3) 20 μl + 

milk (pH 7) 20 μl 

Tidy 173D Greyed-orange 

7. The dye 0.2 ml + lemon (pH 3) 20 μl + salt 

(pH 6) 20 μl 

Tidy 173D Greyed-orange 

8. The dye 0.2 ml + lemon (pH 3) 20 μl + so-

da ash (pH 11) 20 μl 

Tidy 177B Greyed-orange 

9. The dye 0.2 ml + lemon (pH 3) 20 μl + 

urea (pH 7) 20μl 

Tidy 173D Greyed-orange 
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dyeing process. A composition containing the dye, vinegar, and soda ash 
in the previous test produced the painted tidy colors that controlled the 
color hue. Thus, the composition is used to test different mordants (alum, 
ferrous sulfate, and lime) on the color tidiness and hue (Table 9 and Fig-
ure 9). Different mordants applied to the mixture of the dye, vinegar, and 
soda ash painted on the cotton cloth produced different color hues. The 
mixture, each added with mordant lime and without mordant (control), 
produced the same tidy and 182C greyed-red colors. When alum was 
added, it obtained tidy greyed-purple colors at 186 between C and B, and 
when ferrous sulfate was added, it produced tidy and 201 between B and 
A grey colors. The same results indicated that different mordants gener-
ated various colors on cotton cloth (Suciatmih & Hidayat 2017; Suciatmih 
2020) and woolen yarn (Suciatmih & Yuliar 2018) each dyed with the 
fungal dyes. Satyanarayana and Chandra (2013) informed that mordant 
helps to tie the dye to the fiber by forming chemical bridges between the 
dye and the fiber. Pujilestari (2014) reported that the mordant serves to 
strengthen the color and change the dye's color according to the type of 
metal that binds it and locks the dye into the fiber. The mixture com-
bined with ferrous sulfate resulted in darker color than alum and lime. 
Similar results showed that ferrous sulfate produced dark colors on silk 
and wool fabrics dyed with Eucalyptus leaf extract dye 
(Mongkholrattanasit et al. 2011), cotton cloth and polyester wool dyed 
with Ficus cunia dye (Kundal et al. 2016), and cotton cloth dyed with fun-
gal dyes (Suciatmih & Hidayat 2017; Suciatmih 2019; Suciatmih 2020).  

Except for lime, when alum or ferrous sulfate applied to the mix-
ture of the dye, vinegar, and soda ash produced colored deposits. Howev-
er, when the mixture was painted on the cloth, the colored deposits were 
destroyed, thereby enabling the dye to bind to the cloth, but the color 
result is uneven. This uneven result is due to the difference in pH of the 
mordant solution. Lime had a pH of 11.8, while alum and ferrous sulfate 
had pH of 3.4 and 3.1, respectively. Alum or ferrous sulfate causes very 
high acidity in the dye bath, resulting in colored deposits, which cause 
uneven color results on the painted cloth (Figure 9 and 10). Similar re-
sults were reported by Baig (2012) at pH values lower than 5.5–6 in the 
bath cause most of the leucovat acid is precipitated so that at the end of 
dyeing, a black dispersion is produced and, therefore, very little dye is 
absorbed into the fabric. 

Our previous study (Suciatmih & Yuliar 2018; Suciatmih 2020) ob-
tained that a single dye source added to the application of its bath's pH 
value generates different colors and tones. A composition containing the 
dye, vinegar, and soda ash is also used to test a combination of different 
mordants and varieties pH of the dye (3, 7, and 11) on tidy and hue of the 
color on the cloth (Table 10 and Figure 10). A combination between dif-
ferent mordants (alum, ferrous sulfate, and lime) and pH of the dye (3 and 
7) added to the mixture of vinegar and soda ash painted on the cloth each 
produced the same hue of color (186C greyed-purple, 201B grey, and 
182D greyed-red). Except for alum (177D greyed-orange), different mor-
dants combined with the dye pH of 11 produced the same color hue as 
the previous treatments. The color hue intensity was one level below 
them (186D greyed-purple and 201C grey). The study indicated that at 
pH 11, the cotton cloth could not optimally absorb the dyes. Similar re-
sults were reported by Tayade and Adivarekar (2013) on Cuminum 
cyminum seeds extract dye uptake decreased by cotton cloth at pH 11, and 
Mukherjee and Kanakarajan (2017) on dyeing cotton yarn with Aerva 
sanguinolenta leaves extract dye in acidic pH showed better result than 
alkaline pH. Tayade and Adivarekar (2013) stated that the higher pH 
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causes cellulose to carry more and more negative charged, de-protonated 
hydroxyl groups, increasing negative charge on the cellulose, leading to 

an electrostatic repulsion between dye and fiber, which may cause lesser 
dye uptake. Wang et al. in Mukherjee and Kanakarajan (2017) reported 
that higher pH oxidizes natural dye’s conjugate structure, decreasing the 
dye-ability of natural dye.  

 

 
Figure 7. Color tidiness and hue painted with the dye added vinegar and other 
additives. The dye + lemon (a), the dye + lemon + backing soda (b), the dye + 
lemon + brown sugar (c), the dye + lemon + cream of tartar (d), the dye + lem-
on + glycerin (e), the dye + lemon + milk (f), the dye + lemon + salt (g), the dye 
+ lemon + soda ash (h), the dye + lemon + urea (i). 
 

 
Figure 8. Color tidiness and hue painted with the dye added with additives. The 
dye + vinegar (a); the dye + vinegar + soda ash (b); the dye + lemon (c); and the 
dye + lemon + soda ash (d). 
 

 
Figure 9. Color tidiness and hue painted with the mixture of the dye, vinegar, 
soda ash, and mordant, (1) The dye + vinegar + soda ash; (2) the dye + vinegar 
+ soda ash + alum; (3) the dye + vinegar + soda ash + lime; and (4) the dye + 
vinegar + soda ash + ferrous sulfate.  
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Figure 10. Color tidiness and hue painted with combination between different 
mordants and the dye pH (17) The dye pH 3 + vinegar + soda ash + ferrous 
sulfate; (18) The dye pH 7 + vinegar + soda ash + ferrous sulfate; (19) The dye 
pH 11 + vinegar + soda ash + ferrous sulfate; (20) The dye pH 3 + vinegar + 
soda ash + alum; (21) The dye pH 7 +vinegar + soda ash + alum; (22) The dye 
pH 11 + vinegar + soda ash + alum; (23) The dye pH 3 + vinegar + soda ash + 
lime; (24) The dye pH 7 + vinegar + soda ash + lime; and (25) The dye pH 11 + 
vinegar + soda ash + lime. 

No Treatment Color 
tidiness 

Color hue 

1. The dye 0.2 ml (pH 8) + vinegar (pH 2) 

20 μl + soda ash (pH 11) 20 μl (control) 

Tidy 182C Greyed-red 

2. The dye 0.2 ml + vinegar (pH 2) 20 μl + soda ash (pH 11) 20 

μl + alum (pH 3) 20 μl 

Tidy 186 between C and B Greyed- pur-
ple 

3. The dye 0.2 ml + vinegar (pH 2) 20 μl + soda ash (pH 11) 20 

μl + lime (pH 12) 20 μl 

Tidy 182C Greyed- red 

4. The dye 0.2 ml + vinegar (pH 2) 20 μl + 

soda ash (pH 11) 20 μl + ferrous sulfate (pH 3) 20 μl 

Tidy 201 between B and A Grey 

Table 9. Effect of the mixture of the dye, vinegar, soda ash, and mordant on the painted color tidiness and hue. 

 

Table 10. Combination effect between different mordants and pH of the fungal dye on the painted color tidiness 
and hue. 

No Treatment Color 
tidiness 

Color hue 

1. pH 3 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + alum (pH 3) 20 μl Tidy 186C Greyed-purple 

2. pH 3 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + ferrous sulfate (pH 3) 

20 μl 

Tidy 201B Grey 

3. pH 3 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + lime (pH 12) 20 μl Tidy 182D Greyed-red 

4. pH 7 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + alum (pH 3) 20 μl Tidy 186C Greyed-purple 

5. pH 7 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + ferrous sulfate (pH 3) 

20 μl 

Tidy 201B Grey 

6. pH 7 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + lime (pH 12) 20 μl Tidy 182D Greyed-red 

7. pH 11 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + alum (pH 3) 20 μl Tidy 186D Greyed-purple 

8. pH 11 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + ferrous sulfate (pH 

3) 20 μl 

Tidy 201C Grey 

9. pH 11 of the dye 0.2 ml + vinegar 20 μl + soda ash 20 μl + lime (pH 12) 20 μl Tidy 177D Greyed-orange 
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CONCLUSION 
In conclusion, a mixed Aspergillus and Paecilomyces cultured on the modi-
fied medium of Baker and Tatum produced potential dyes that can be 
used in the paint industry. A mixture of the fungal dye, vinegar, and soda 
ash produced a tidy and good color hue so that it can be used to paint col-
ors on cloth. Different mordants were applied to the mixture of the dye, 
vinegar, and soda ash produced varied hues of the painted color on the 
cloth. A combination between different mordants and pHs of the dye (3 
and 7) was added to the mixture of vinegar and soda ash painted on the 
cloth each producing the same color hue. While except for alum, different 
mordants combined with the dye pH of 11 produced the same color as the 
treatments, but the intensity of color hue was one level below them. The 
present study proves the possibility of using the mixed Aspergillus and 
Paecilomyces as a source for the natural painting of colors on the cloth. 
The mixed fungi can be one of the substitute alternatives for many haz-
ardous synthetic dyes for the painting of cloth.  
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