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Abstract

The tanning characteristics of starch samples modified by different 
methods were investigated in our previous studies. In this study, 
utilization of modified starch in leather making as a retanning 
agent and its effect on dyeing process have been investigated. For 
this purpose, the molecular size of native corn starch was reduced 
by H2O2 oxidation and then carboxymethylated. A series of analyses 
(water solubility, degree of substitution, Fourier Transform Infrared 
Spectroscopy, Proton and Carbon Nuclear Magnetic Resonance 
Spectroscopy) were carried out for characterization. Then, 
carboxymethyl starches were used in retanning processes to be 3, 5 
and 10% based on leather weight and the shrinkage temperatures and 
filling coefficients of the leathers were determined. Acid and metal 
complex dyestuffs were used in dyeing processes and the effect of 
carboxymethyl starch on dyeing was also investigated by examining 
dye consumption, dry and wet rubbing fastness and color of the 
leathers. From the results it was concluded that carboxymethyl 
starch showed a noticeable solo performance in terms of filling 
property and shrinking temperature without any considerable 
adverse effect on dyeing.

Introduction

In recent years, the increasing awareness regarding the environment 
and human health, and the legal restrictions that have come into 
force in parallel, have significantly affected and put pressure on the 
leather industry as well as many other industries. This situation 
has made it necessary to replace existing production technologies 
and chemicals with more environmentally friendly technologies 
and chemicals. For this reason, many researchers have focused on 
the production of alternative chemicals from natural, renewable 
resources and the development of more environmentally friendly 
production methods. In fact, considering these consumer demands 
and trends for production, the sustainability of many products’ 
production seems to depend on these studies. Because, whether 
the products are natural or not, their effects on the environment 
and human health are becoming more and more decisive in the 
purchasing behavior of consumers.

In line with these considerations, we focused on the usability of 
starch obtained from natural and renewable resources, which is 
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used as a raw material in many industries,1 in the leather industry 
by changing its structure with different modification methods. In 
our previous studies,2-4 we tried to determine the tanning properties 
by modifying starch with different methods. In this study, the 
performance of carboxymethyl starch in retanning, whose tanning 
efficiency was previously investigated, was examined. As it is 
known, almost any substance with tanning properties can be used 
in retanning process. However, the possible negative effects of these 
tanning agents, especially on dyeing and color, may limit their use 
in retanning in some cases. For this reason, this issue was especially 
taken into consideration within the scope of the research and the 
effects of carboxymethyl starch on dyestuff consumption, color 
and fastness properties were investigated as well as the retanning 
efficiency of it.

Materials and Methods

Materials
Native corn starch was used as raw material and purchased from 
Hasal Starch Company Izmir/Turkey. Hydrogen peroxide (H2O2, 
34.5-36.5%), copper (II) sulphate pentahydrate (CuSO4.5H2O, 
99-100.5%), ethanol (C2H6O, 99.8%), hydrochloric acid (HCl, 
37%), acetone (C3H6O, 99.5%), methanol (CH3OH, ≥99.7%), silver 
nitrate (AgNO3, 99.5%), sodium hydroxide (NaOH, 98-100.5%), 
hydroxylamine hydrochloride (NH2OH*HCl, ≥98%), sulfuric acid 
(H2SO4, 95-97%) and monochloro acetic acid (C2H3ClO2, 99%) 
were used in starch modifications and analyzes. All chemicals were 
purchased from Sigma Aldrich. Wet-blue goat leathers were used in 
retanning experiments.

Methods

Hydrogen Peroxide (H2O2) Oxidation of Native Corn Starch
Oxidation process of native corn starch was carried out as described 
by Zhang et al..5 First of all, 10 grams of dehumidified starch was 
weighed and dispersed in 100 mL of distilled water. This mixture 
was stirred moderately with a magnetic stirrer at 80°C for 30 
minutes. After that the temperature was reduced to 55°C and 0.1% 
CuSO4.5H2O (dissolved in enough water) was added to the mixture 
and stirred again for 30 minutes. Then H2O2 was added and stirred 
another 30 minutes. In oxidation processes, the starch and H2O2 

molar ratio was taken to be 1:10 considering the data from our 
previous study2 in which it was determined that oxidized starch 
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products with a molecular weight of 2737-2897 Da can be obtained 
by 1:10 molar ratio (starch:hydrogen peroxide) that can easily 
penetrate between leather fibers. CuSO4 and H2O2 were calculated 
according to glucose units of starch molecules. After completion of 
the reaction, firstly the oxidized starch was precipitated in excess of 
ethanol and then centrifuged. The product was dried in an oven at 
50°C for 48 hours. Finally, the dried product was ground. 

Then, the obtained powder oxidized starch samples were 
subjected to carboxymethylation. For this reason, oxidation and 
carboxymethylation processes were repeated a few times until 
adequate amount was achieved to be used in retanning processes.

Determination of Product Yields
The yield of H2O2 oxidized starch was determined according to the 
method described by Kilicarislan Ozkan et al..2 The experiments 
were performed in three repetitions and the yield of H2O2 oxidation 
was calculated by Formula (1) given below.

(Formula 1)

Determination of carboxyl and carbonyl contents of H2O2 
oxidized starch 
The carboxyl and carbonyl contents of oxidized starch were 
determined according to the methods described by Chattopadhyay 
et al.6,7 and Smith et al.7,8 respectively. The experiments were 
performed with three replications and the results were given as mean 
data. Carboxyl and carbonyl contents were calculated according to 
Formula 2 and Formula 3, respectively.

(Formula 2)

Where; C=NaOH solution concentration (mol/L), V0=Volume of 
NaOH used for blank (mL), V1=Volume of NaOH used for sample 
(mL), W=Dry weight of sample.

(Formula 3)

Where; C=HCl solution concentration (mol/L), V0=Volume of 
HCl used for blank (mL), V1=Volume of HCl used for sample (mL), 
W=Dry weight of sample.

Carboxymethylation of H2O2 oxidized starch 
Carboxymethylation process was also applied to the H2O2 oxidized 
starch samples. Carboxymethylation was performed by the method 
described by Hebeish et al.9 with slight modification.4 First of all, 8.1 g  
oxidized starch, 9.45 g monochloroasetic acid, 10 mL of 5 N NaOH 
solution and 45 mL distilled water were added in a 100 mL flask. 
Oxidized starch:Monochloroacetic acid:NaOH molar ratios were 
taken to be 1:2:1. The mixture was stirred to obtain a homogenous 
mixture. Then, the flask was transferred into the water bath at 50°C 
and shaken for 1 hour. After that, the flask was removed from the 
water bath and the reaction products were precipitated with ethanol. 
Then it was washed with ethanol until the alkalis were removed. The 
obtained product was dried in an oven at 50°C for 48 hours and then 
ground to get powder form.

The yields were calculated according to the Formula 1, where 
obtained carboxymethyl starch value was used in numerator and 
amount of oxidized starch value was used in denominator.

Determination of degree of substitutions
The degree of substitution (DS) of carboxymethylated starch (CMS) 
was determined according to the titrimetric method described 
by Jiang et al.10 The DS was determined by using Formula 4 and 
Formula 5.

(Formula 4)

(Formula 5)

Where; Mo=the molar mass of anhydroglucose unit (162 g/mol), 
MR=the molar mass of carboxymethyl residue (58 g/mol), nNaOH=the 
quantity of sodium hydroxide used (mol), mp=the weight of polymer 
taken (g), mc=the corrected weight of polymer (g), F=the moisture 
(%).

Determination of Water Solubility of Starches
The water solubility of native, H2O2 oxidized and carboxymethylated 
starch samples were investigated to determine the extent of changes 
in water solubility with modifications. Water solubility was 

(a) (a)(b) (b)

Figure 1. Oxidized starch: after dry in oven (a) and after grind (b) Figure 2. Carboxymethylated starch: after dry in oven (a) and after grind (b)

Obtained oxidized starch (g)
Amount of native starch used (g)

% Yield =                                                              × 100

DOCO =                    C(V0 – V1) × (36DOCOOH + 162)
1000W

DOCOOH =                    162C(V1 – V2)
1000W – 36C (V1 – V0)

DS =                    nNaOH × Mo

mc – nNaOH × MR

mp × F
100

mc = mp –                [        ]
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The Use of Carboxymethyl Starch in Retanning Process
In order to carry out the retanning trials with best possible 
homogenous materials; neck, flank and belly parts of the wet-blue 
goat leathers were removed and 30×30 cm size of pieces were cut 
from the remaining croupon part and used in retanning processes. 
The obtained carboxymethyl starches were used in retanning 
processes to be 3, 5 and 10% based on the chrome tanned leather 
weight. After retanning processes the leather samples were dyed 
with 3% of acid (Acid Blue 25) and metal complex (Acid Blue 360) 
dyestuffs, in order to investigate dyeing properties with alternative 
dyeing agents. The process recipe is given in Table I. Additionally, 
for each dyestuff, 2 samples were also processed according to the 
same recipe without carboxymethyl starch introduction to be used 
as blank samples. 

determined according to the method described by Singh and Singh11 
with slight modification2-4 and Formula 6 was used for calculation.

(Formula 6)

Structure Characterizations
The changes in the structures of native, oxidized and 
carboxymethylated starches by modifications were identified by 
FT-IR, 1H-NMR and 13C-NMR analyses. The FT-IR spectra were 
recorded in the range of 4000-650 cm-1 by Perkin Elmer Spectrum 
100 FT-IR spectrometer. The 1H-NMR and 13C-NMR spectra 
were gained on a MERCURYplus-AS 400 MHz spectrometer (Ege 
University, NMR Satellite Laboratory, Izmir/Turkey). DMSO-d6 
was used as solvent.

Supernatant solid weight (g) × 2
Sample weight (g)

Water solubility % =                                                                 × 100

Table I

Retanning and dyeing recipe

PROCESS
AMOUNT 

(%) PRODUCT TEMP. (°C)
TIME 
(min.) pH

Washing 200 Water 40

0,2 Cationic Wetting Agent 15

Draining

Washing 100 Water 25 5

Draining

Neutralization 200 Water 38

2 Neutralizing Syntan 10

0,25 NaHCO3 20

Washing 100 Water 35 5 6.0

Draining

Retanning 50 Water 37

x CMS 45

3 Dyestuff 45

2 Phosphoester based fatliquor 50

5 Sulphite Natural+synthetic 
fatliquor combination

2 Synthetic fatliquor with  
high light fastness 45

Fixing 0,8 HCOOH 20

0,7 HCOOH 30 3,5

Draining

Washing 100 Water 25 10

Draining
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Post-Retanning Tests 

•  Determination of filling coefficient
The changes in leather thickness after retanning process were 
determined according to the TS EN ISO 258912 standard. Before 
retanning (T1) (after neutralization) and after retanning (after 
fixation) (T2) the thicknesses of the leathers were measured in wet 
form by using thickness gauge with 100 g pressure and the filling 
coefficients were calculated according to Formula 7.

(Formula 7)

•  Determination of shrinkage temperature
The shrinkage temperatures (Ts) of the leather samples retanned 
with different ratios of carboxymethyl starches were measured 
according to ISO 338013, in order to determine possible effect on 
hydrothermal stability of the leathers.

•  Dyestuff consumption
Since retanning agents may alter the reactivity between leather 
and dyestuff, the amounts of dyestuffs remaining at the end of 
dyeing processes were measured by using Shimadzu UV-1601 
spectrophotometer, so as to investigate probable favorable or 
unfavorable effect of carboxymethyl starch retanning on dye 
consumption.

•  Wet and dry rubbing fastnesses 
The wet and dry rubbing fastnesses of dyed leathers were 
determined according to TS EN ISO 1164014 standard test method 
and the evaluation was done according to the Grey Scale Standard 
(ISO 105-A0215 and ISO 105-A0316).

•  Determination of color changes
Minolta CM-2600d spherical spectrophotometer with CIE 100 
standard observer angle and CIE standard D65 daylight source 
was used to measure the colors and to evaluate the color differences 
of the leathers. The colors of all leather samples and differences 
compared with the control sample were evaluated according to 
the CIELAB color coordinate system.

Results and Discussion

Moisture contents of starches
The moisture contents of native corn starch and oxidized starch were 
found to be 9.7% and 7.2%, respectively. Since the ratio of starch to 
reagents used in oxidation and carboxymethylation processes is an 
important parameter, the moisture contents of native and oxidized 
starches were taken into consideration and pre-dehumidified 
starches (in an oven at 50°C for 48 h) were used in modifications.

Product yields, DS and water solubilities of starches
The product yields, degree of substitutions and water solubilities of 
oxidized and carboxymethylated starches were comparatively given 
in Figure 3.

From the evaluation of the data regarding the yields of oxidized 
and carboxymethylated starches, it was observed that the yield of 
carboxymethyl starch is lower than oxidized starch. Correspondingly, 
it was concluded that the carboxymethyl groups included in the 
structure of oxidized starch by the carboxymethylation process 
increased the water solubility of oxidized starch and consequently the 
obtained yield value decreased. Indeed, the higher water solubility 
value of carboxymethylated starch compared to its oxidized form 
(Figure 3) supports this idea.

The intra-granular structure of starch becomes irregular by oxidative 
degradation and introducing carboxymethyl groups therefore the 
water can easily enter to amorphous regions along with disruption 
of intramolecular hydrogen bonds.17 As a matter of fact, comparing 
with the water solubility of native starch (0.9%), it can be seen that 
the solubility of native starch increased significantly with oxidation. 
However, it was observed that the solubility of the oxidized starch, 
which has already good water solubility, increased a bit more 
by introducing carboxymethyl groups into the structure with 
carboxymethylation process. During hydrogen peroxide oxidation, 
hydroxyl groups in C-2, C-3 and C-6 of glucose units can be replaced 
by carbonyl and carboxyl groups. Although the primary group 
introducing into the starch structure by H2O2 oxidation is carbonyl 

T2 – T1

T1
Filling coefficient (%) =              × 100
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Figure 3. The product yields, degree of substitutions and water solubilities  

of oxidized and carboxymethyl starches
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groups, a small amount of carboxyl groups are also included into the 
structure. The value 0.31 in Figure 3 shows the substituted carbonyl 
groups, however, the carboxyl groups included into the structure was 
determined to be 0.02. These results confirmed that carbonyl is the 
primary functional group produced in peroxide oxidized starches, 
although small amounts of carboxyl groups also formed. Throughout 
the first period of the reaction time in hydrogen peroxide oxidation, 
too much reagent is consumed for hydrogen removal during the 
formation of high amounts of carbonyl groups, less oxidant remains 
for the oxidation of carbonyl to carboxyl groups, for this reason the 
primary group formed by hydrogen peroxide oxidation is carbonyl 
group.18

Comparing degree of substitutions, it was determined that the 
degree of substitution from carboxymethylation is lower than 
oxidation. Which means the number of carboxymethyl groups 
introduced into the structure was determined to be less than the 
number of carbonyl groups. The underlying reason is that many of 
the hydroxyl groups having substitution ability in C-2, C-3 and C-6 
in starch molecule have already been replaced mostly with carbonyl 
and smaller amounts of carboxyl groups by pre-applied oxidation 
process, therefore a few hydroxyl groups remained in oxidized 
starch molecule to substitute with carboxymethyl groups. Indeed, 
Hebeish et al.9 similarly remarked that the carbonyl and carboxyl 
groups which included to structure by oxidation cause a decrease in 
carboxymethylation efficiency. Regarding the degree of substitution, 
it should be noted that starches with lower degree of substitution 
are obtained when water is used as the reaction medium in the 
carboxymethylation process. Spychaj et al.19 also stated that when 

the carboxymethylation of native starch is carried out by using 
water, the degree of substitution can be achieved up to 0.07.

Structure Characterizations
The FT-IR spectra of native, oxidized and carboxymethyl starches 
were shown in Figure 4. As it is seen, although all starch samples 
have a very similar structure, some minor changes in the spectra of 
modified starches show that modification processes (oxidation and 
carboxymethylation) were carried out effectively. Comparing with 
the spectrum of native corn starch, a new absorption band at 1733.02 
cm−1 was seen in spectrum of oxidized starches and it is assigned to 
C=O stretching vibration.5,20-22 This peak indicates the addition of 
carbonyl and/or carboxyl groups to the native starch structure.

From examining the CMS spectrum, the new peak occurred at 
1731.57 cm-1, distinct from native starch, belongs to C=O stretching 
vibrations. Although this peak was also previously seen in the 
FT-IR spectra of oxidized starches with H2O2 at 1733.02 cm-1, it 
was noticed that it was more pronounced in carboxymethylated 
derivatives. This is an evidence for including additional carboxyl 
groups into the structure because the protonated carboxylic 
groups (-COOH) similarly give the C=O band at 1733.02 cm-1.23,24  
In addition, the peaks at 1603.18 and 1234.34 cm-1 which are 
attributed to characteristic carboxylate (-COO-) absorption peaks 
of carboxymethyl starch10,24 became more prominent and OH 
absorption peak of native starch at 1358.21 cm-1 decreased with 
carboxymethylation.25 The obtained FT-IR spectra proved that the 
carboxymethylation process applied to hydrogen peroxide oxidized 
starches was successfully carried out.

Figure 4. FT-IR spectra of native, oxidized and carboxymethylated starches
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Native starch, oxidized starch and CMS were also analyzed by 
NMR in order to see more clearly the changes occurred in chemical 
structure by oxidation and carboxymethylation processes. The 
1H-NMR spectra of starches were shown in Figure 5. Firstly, 1H-NMR 
spectrum of native corn starch was inspected in order to identify 
the changes occurred in structure by modifications and some 
characteristic peaks were indicated in the native starch spectrum. 

Comparing the 1H-NMR spectra of native and oxidized starches, it 
was observed that the intensity of peaks, which indicate the proton 
signals of OH groups in C-2, C-3 and C-6 of native corn starch, 
decreased significantly with oxidation which indicates that the 
hydroxyl groups at C-2, C-3 and C-6 of glucose units substituted 
to some extent. On the other hand, the observed changes in the 
spectrum of native corn starch in H-1 (5.09 ppm) and H-6 (4.84 ppm) 
proton signals at the α→1.4 and α→1.6 junctions confirmed that these 
bonds were broken down during oxidation. Unlike native starch, the 
small signals seen around 9.21-9.67 ppm in the spectrum of oxidized 
starch are ascribe to protons of carbonyl groups (aldehydic group),26,27 
the new signals at 8.11-8.22 ppm and 3.88-4.28 ppm are attributed to 
the protons of –OH and –CH groups of hemiacetal structures.27

From the 1H-NMR spectrum of CMS (Figure 5), the new signals 
occurred between 3.85-4.36 ppm, differently from oxidized 
starch, showed that carboxymethylation process is effective on 
oxidized starches. However, OH-6 proton signal (4.52 ppm) which 
was seen in the spectrum of oxidized starch disappeared in the 
carboxymethylated starch that indicates that the carboxymethylation 
preferably takes place on C-6. On the other hand, comparing with 
the spectra of oxidized starch, the loss of the signal at 1.88 ppm 
which is attributed to the protons of the CH2 group next to the 
carbonyl or carboxyl group in oxidized starch also confirmed that 

the carboxymethyl groups mostly replaced with the group in C-6. 
In addition, the changes seen in the OH-2 and OH-3 signals in the 
spectrum of oxidized starches after carboxymethylation showed 
that the substitution also actualized in these groups. 

13C-NMR spectra of native, oxidized and carboxymethyl (CMS) 
starches were shown in Figure 6. The signals seen at 60.87, 71.99-
73.63, 79.15 and 100.47 ppm in 13C-NMR spectrum of native starch 
are attributed to the C-6, C-2, C-3, C-5, C-4 and C-1 carbons, 
respectively.28 Comparing with the 13C-NMR spectrum of native 
starch, the intensity of C-1 peak decreased and two peaks (102.51 
and 99.14 ppm) appeared here because of the carboxymethylation 
status of C-2. In this respect, two different situations could occur 
for C-1, depending on if there is carboxymethyl substitution of C-2 
or not. These peaks suggested that the carboxymethyl substitution 
at C-2 causes a shift ~ 1 ppm on C-1.29 Differently from native 
starch; the signals seen at 163.48 and 174.84 ppm in the spectrum of 
oxidized starch are attributed to carbonic and carboxylic carbons, 
respectively.28 As seen in the spectra of oxidized starch, the peak 
of CHO group is slightly clear than the peak of COOH group it 
confirms that the primary group introducing into the structure in 
peroxide oxidation is carbonyl group. In addition, the intensity of 
C-2 and C-4 signals significantly decreased in comparison to the 
native starch spectrum. This decline in signal levels may arise from 
starch depolymerization mainly in α-(1→4)-glucosidic linkages.30 

However, the intensity of C-2, C-3 and C-6 signals in native starch 
spectrum significantly decreased by oxidation, it is shown that 
OH groups at C-2, C-3 and C-6 of glucose units replaced with 
CHO and COOH groups.28 Differently from 13C-NMR spectra of 
native and oxidized starches, the peak clearly seen at 180.42 ppm 
is attributed to the -CO carbon of carboxymethyl group and proves 

Figure 5. 1H-NMR spectra of native, oxidized and carboxymethylated starches
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that the carboxymethylation process is carried out effectively. In 
addition, it is seen that the signal of C-1 in oxidized starch spectrum 
does not change remarkable in CMS spectrum. It confirms that 
carboxymethylation mostly takes place in the C-6 position.29

Retanning and dyeing experiments
Hydrothermal stability and filling coefficient test results of the 
leathers retanned with 3, 5 and 10% of CMS were given in Table II. 
From the evaluation of the results, it was seen that the thicknesses 
and shrinkage temperatures of the leathers increased for all CMS 
treated samples in conjunction with increasing amount used 
in retanning. However, the maximum increments in shrinkage 

temperature and filling coefficient were determined to be 5-6 °C and 
6.3-7.1%, respectively with 10% CMS ratio which can be regarded as 
a noticeable solo performance for retanning.

Consumption of Dyestuff
The amounts of dyestuffs remaining in the bath at the end of the 
dyeing processes are given in Table III. From the evaluation of the 
results, although a noticeable increase (amount of dyestuff remaining 
in the bath) was detected especially for the 10% of CMS retanned 
sample comparing with blank sample, in general considering the 
amounts of dyestuffs remaining in the baths (especially 3 and 5% 
of CMS introductions) it is possible to say that dye consumption 
values after CMS retannage are in acceptable limits and does not 
have drastic negative effect on it. 

Wet and dry rubbing fastness of dyed leather samples
Dry and wet rubbing fastness tests were applied to the CMS 
retanned and dyed leather samples in order to investigate possible 
effect of CMS retannage on dyed crust leathers’ fastness properties. 

Figure 6. 13C-NMR spectra of native, oxidized and carboxymethylated starches

Table II

The results of hydrothermal stability and filling coefficient 
gained to the wet-blue goat leathers

The Group Dyed with Acid Dyestuff

CMS amount used  
in retanning

Filling  
coefficient (%)

Shrinkage 
temperature (°C)

(Control Sample) 0.7 109

3% 3.5 112

5% 4.4 113

10% 6.3 115
The Group Dyed with Metal-Complex Dyestuff

CMS amount used  
in retanning

Filling  
coefficient (%)

Shrinkage  
temperature (°C)

(Control Sample) 0.9 109

3% 4.6 111

5% 6.4 112

10% 7.1 114

Table III 

The amounts of dyestuffs remaining in dyeing baths (g/L)

CMS amount used  
in retanning

Acid Blue 25  
(Acid Dyestuff) 

Acid Blue 360  
(Metal-Complex 

Dyestuff) 

Start conc. 60 Start conc. 60

Control sample 0.009 0.010

3% 0.022 0.019

5% 0.025 0.024

10% 0.036 0.071
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The test results were given in Table IV. From the evaluation of the 
results it was seen that use of CMS as retanning agent did not result 
in a remarkable effect on leathers’ crust fastness properties. This also 
means that CMS retannage did not cause accumulation of dye on 
leather surface. However, predictably dying with metal-complex 
dyestuff resulted in better fastness properties comparing to dying 
with acid dyestuff especially for wet-rubbing tests.

Color Differences
Another important issue on retannage and dying is retanning agents’ 
possible effect on color and shade depending on their structure and 
color. So as to determine any effect on color/shade, the colors of the 
CMS retanned leathers were measured and also compared with the 
control sample. The color measurements and comparisons with 
control sample data were given in Table V.

From the examination of the data (Table V), it was determined that 
the color slightly shifted towards green compared to the control 
sample in conjunction with increasing amount of CMS in leathers 
dyed with acid dyestuff which cannot be perceived with naked eye. 
However, in metal-complex dyed leathers, although any alteration 

in shade was not detected, a significant alteration was detected in L 
value which means the color intensity of leathers increased by CMS 
introduction in retannage.

Conclusion

The molecular size of native corn starch (2.227x106 Da) which is 
too large to penetrate between leather fibers was reduced by H2O2 
oxidation (between 2737-2897 Da) then oxidized starch was also 
carboxymethylated. A series of analysis (water solubility, degree 
of substitution, FT-IR, 1H-NMR, 13C-NMR) were carried out for 
characterization and to investigate the structural changes by 
modifications. The results obtained from analysis confirmed that 
the modifications were successfully carried out. Considering the test 
and analysis results of the retanning performance of carboxymethyl 
starch, it was concluded that it showed a remarkable retanning effect 
in terms of filling property and shrinking temperature increment 
without any considerable adverse effect on dyestuff consumption, 
color fastness and color properties, which are also should be taken 
in account in performance evaluation of a retanning agent.

Table IV 

Wet and dry rubbing fastness results of dyed leather samples

Dry Rubbing Wet Rubbing
Acid Dyestuff Metal-Complex Dyestuff Acid Dyestuff Metal-Complex Dyestuff

Control Leather 4/5 4/5 3/4 3/4
Felt 4 4 2 4

3%  
CMS

Leather 3/4 4/5 4 3/4
Felt 4 4 2/3 4

5% 
CMS

Leather 4 4/5 4 4
Felt 4/5 4 2/3 4/5

10%  
CMS

Leather 4 4/5 4/5 4/5
Felt 4/5 4 2 4/5

Table V

Color measurement values of leathers retanned with CMS at different ratios and dyed afterwards

The Group Dyed with Acid Dyestuff
Sample L a b dL Da db dE
Control 33.71 0.49 -35.62
3% CMS 34.39 -0.50 -34.08 0.68 0.99 1.54 1.95
5% CMS 35.38 -0.86 -37.01 1.67 1.35 1.39 2.56

10% CMS 34.23 -1.19 -35.51 0.52 1.68 0.11 1.76
The Group Dyed with Metal-Complex Dyestuff

Sample L A b dL Da db dE
Control 36.14 -1.24 -17.73
3% CMS 33.09 -1.11 -17.36 3.05 0.13 0.37 3.08
5% CMS 34.53 -1.06 -17.18 1.61 0.18 0.55 1.71

10% CMS  32.25 -0.72  -16.63 3.89 0.52 1.10 4.08

Where: L: lightness / brightness (L=0 black, L=100 white), a: red/green color (+a red, -a green), b: yellow/blue color (+b yellow, 
-b blue) and dL, da, db and dE the changes in color compared to the control sample.



	 Retanning Performance of Carboxymethyl Starch	 79

JALCA, VOL. 117, 2022

Acknowledgements

We would like to thank the Ege University Faculty of Engineering 
Scientific Research Projects Commission, which supported this 
study financially (Project No: 18MUH004).

References

	 1.	� Averous, L.; Biodegradable multiphase systems based on 
plasticized starch: A review, Journal of Macromolecular Science, 
Part C: Polymer Reviews 44, 231-274, 2004.

	 2.	� Kilicarislan Ozkan, C., Ozgunay, H. and Akat, H.; Possible use 
of corn starch as tanning agent in leather industry: Controlled 
(gradual) degradation by H2O2, International Journal of Biological 
Macromolecules 122, 610-618, 2019. https://doi.org/10.1016/j 
.ijbiomac.2018.10.217

	 3.	� Kilicarislan Ozkan, C. and Ozgunay, H.; Alternative Tanning 
Agent for Leather Industry from a Sustainable Source: Dialdehyde 
Starch by Periodate Oxidation, Journal of the American Leather 
Chemists Association 116(3), 89-99, 2021.

	 4.	� Kilicarislan Ozkan, C. and Ozgunay, H.; Production of 
Carboxymethyl Starches from Oxidized Starches and Determination 
of Their Tanning Characteristics, Journal of the American Leather 
Chemists Association 116(6), 187-197, 2021. 

	 5.	� Zhang, Y.R., Wang, X.L., Zhao G.M. and Wang, Y.Z.; Preparation 
and properties of oxidized starch with high degree of oxidation, 
Carbohydrate Polymers 87(4), 2554–2562, 2012. https://doi.org 
/10.1016/j.carbpol.2011.11.036

	 6.	 �Chattopadhyay, S., Singhal, R.S. and Kulkarni, P.R.; Optimisation of 
conditions of synthesis of oxidized starch from corn and amaranth 
for use in film-forming applications, Carbohydrate Polymers 34(4), 
203–212, 1997. https://doi.org/10.1016/S0144-8617(97)87306-7

	 7.	� Yi, X., Zhang, S. and Ju, B.; Preparation of water-soluble oxidized 
starch with high carbonyl content by sodium hypochlorite, Starch-
Starke 65, 1–9, 2013. https://doi.org/10.1002/star.201300037

	 8.	� Smith, R., Whistler, R. and Paschall, E.; Starch Chemistry and 
Technology, Academic Press, New York, 1967.

	 9.	� Hebeish, A., Khalil, M. I. and Hashem, A.; Carboxymethylation 
of starch and oxidized starches, Starch/Stärke 42(5), 185-191, 1990. 
https://doi.org/10.1002/star.19900420506

	10.	� Jiang, Q., Gao, W. Li, X. Liu, Z. Huang, L. and Xiao, P.; Synthesis and 
properties of carboxymethyl Pueraria thomsonii Benth, Starch/
Stärke 63, 692-699, 2011. https://doi.org/10.1002/star.201100047 

	11.	� Singh, J. and Singh, N.; Studies on the morphological and 
rheological properties of granular cold water soluble corn and 
potato starches, Food Hydrocolloids 17(1), 63-72, 2003. https://doi 
.org/10.1016/S0268-005X(02)00036-X 

	12.	� TS EN ISO 2589, Leather - Physical and Mechanical Tests - 
Determination of Thickness, 2016.

	13.	� ISO 3380, (IULTCS)/IUP 16), Leather-Physical and mechanical 
tests-Determination of shrinkage temperature up to 100°C, 2015.

	14.	� TS EN ISO 11640, Leather- Tests for colour fastness- Colour 
fastness to cycles of to-and-fro rubbing, 2018.

	15.	� ISO 105-A02, Textiles - Tests for colour fastness - Part A02: Grey 
scale for assessing change in colour, 1993.

	16.	� ISO 105-A03, Textiles - Tests for colour fastness - Part A03: Grey 
scale for assessing staining, 2019.

	17.	� Chong, W., Uthumporn, U., Karim, A. and Cheng, L.; The influence 
of ultrasound on the degree of oxidation of hypochlorite-oxidized 
corn starch, LWT- Food Science and Technology 50, 439-443, 2013. 
https://doi.org/10.1016/j.lwt.2012.08.024

	18.	� Sangseethong, K., Termvejsayanona, N. and Sriroth, K.; 
Characterization of physicochemical properties of hypochlorite- 
and peroxide-oxidized cassava starches, Carbohydrate Polymers 
82, 446-453, 2010. https://doi.org/10.1016/j.carbpol.2010.5.003

	19.	� Spychaj, T., Wilpiszewska, K. and Zdanowicz, M.; Medium and high 
substituted carboxymethyl starch: Synthesis, characterization and 
application, Starch/Stärke 65, 22-33, 2013. https://doi.org/10.1002 
/star.201200159

	20.	 �Kweon, D., Choi, J., Kim, E. and Lim, S.; Adsorption of divalent metal 
ions by succinylated and oxidized corn starches, Carbohydrate Polymers 
46(2), 171–177, 2001. https://doi.org/10.1016/S0144-8617(00)00300-3

	21.	� Para, A.; Complexation of metal ions with dioxime of dialdehyde 
starch, Carbohydrate Polymers 57(3), 277–283, 2004. https://doi.org 
/10.1016/j.carbpol.2004.05.005

	22.	� Hui, R., Qi-he, C., Ming-liang, F., Qiong, X. and Guo-qing, H.; 
Preparation and properties of octenyl succinic anhydride modified 
potato starch, Food Chemistry 114(1), 81–86, 2009. https://doi.org 
/10.1016/j.foodchem.2008.09.019

	23.	 �Wang, Y., Gao, W. and Li, X.; Carboxymethyl Chinese yam 
starch: Synthesis, characterization, and influence of reaction 
parameters, Carbohydrate Research 344, 1764-1769, 2009. https://doi 
.org/10.1016/j.carres.2009.06.014

	24.	� Spychaj, T., Wilpiszewska, K. and Zdanowicz, M.; Medium and high 
substituted carboxymethyl starch: Synthesis, characterization and 
application, Starch/Stärke 65, 22-33, 2013. https://doi.org/10.1002 
/star.201200159

	25.	� Lu, S.H., Liang, G.Z., Ren, H.J., Wang, J.L. and Yang, Q.R.; Synthesis 
and application of graft copolymer retannage of degraded starch 
and vinyl monomers, Journal of the Society of Leather Technologies 
and Chemists, 89(2), 63-66, 2005.

	26.	� Malafaya, P.B., Elvira, C., Gallardo, A., San Román, J. and Reis, R.L.; 
Porous starch-based drug delivery systems processed by a microwave 
route, Journal of Biomaterials Science, Polymer Edition, 12(11), 
1227-1241, 2001. https://doi.org/10.1163/156856201753395761

	27.	� Ye, Y., Ren, H., Zhu, S., Tan, H., Li, X., Li, D. and Mu, C.; Synthesis 
of oxidized β-cyclodextrin with high aqueous solubility and 
broad-spectrum antimicrobial activity, Carbohydrate Polymers 
177, 97-104, 2017. https://doi.org/10.1016/j.carbpol.2017.08.123

	28.	� Ye, S., Qiu-hua, W., Xue-Chun, X., Wen-yong, J., Shu-Cai, G. and 
Hai-Feng, Z.; Oxidation of cornstarch using oxygen as oxidant 
without catalyst, Food Science and Technology 44, 139-144, 2011. 
https://doi.org/10.1016/j.lwt.2010.05.004

	29.	� Lawal O.S., Lechner M.D., Hartmann B. and Kulicke W.M.; 
Carboxymethyl Cocoyam Starch: Synthesis, Characterisation and 
Influence of Reaction Parameters, Starch/Stärke 59, 224-233, 2007. 
https://doi.org/10.1002/star.200600594

	30.	 �Yu, Y., Wang, Y., Ding, W., Zhou, J. and Shi, B.; Preparation of highly-
oxidized starch using hydrogen peroxide and its application as a 
novel ligand for zirconium tanning of leather, Carbohydrate Polymers 
174, 823-829, 2017. https://doi.org/10.1016/j.carbpol.2017.06.114



80	

JALCA, VOL. 117, 2022

Md. Abdur Razzaq is working as a Scientific Officer in Leather 
Research Institute, Bangladesh Council of Scientific and Industrial 
Research (BCSIR), Nayarhat, Savar, Dhaka-1350, Bangladesh. He 
completed his BSc. (Hons.) degree in Leather Engineering from 
Institute of Leather Engineering and Technology, University 
of Dhaka, Bangladesh and MS degree in Applied Chemistry 
and Chemical Technology from Islamic University, Kushtia, 
Bangladesh. His research interests are: leather processing, 
chemical and environmental research. 

Murshid Jaman Chowdhury is working as a Senior Scientific 
Officer in Leather Research Institute, Bangladesh Council of 
Scientific and Industrial Research (BCSIR), Nayarhat, Savar, 
Dhaka-1350, Bangladesh. He did BSc. (Hons.) and MS degree from 
the department of Applied Chemistry and Chemical Engineering, 
University of Dhaka, Bangladesh. His research interests are: 
leather processing, chemical and environmental research.

Md. Tushar Uddin is working as a Senior Scientific Officer in 
Leather Research Institute, Bangladesh Council of Scientific 
and Industrial Research (BCSIR), Nayarhat, Savar, Dhaka-1350, 
Bangladesh. He completed PhD degree from the department of 
Chemistry, Jahangirnagar University, Bangladesh. He also did my 
BSc. (Hons.) and MSc. degree from the department of Applied 
Chemistry and Chemical Technology, University of Rajshahi, 
Bangladesh. His research interests are: leather processing, 
chemical and environmental research.

S. Vasanth is an Assistant Professor in the Department 
of Mechatronics Engineering at the School of Mechanical 
Engineering Kattankulathur Campus, SRM Institute of Science 
and Technology Chennai, Tamilnadu, India. He is pursuing Doctor 
of Philosophy(Ph.D) in the area of power diode based laser beam 
machining under mechatronics faculty in SRM IST, Chennai. He 
received Master of Engineering (M.E) in Mechatronics at Madras 
Institute of Technology, Anna University, Chennai in 2012. 
Research interests include: laser materials processing, control 
systems and mechatronics.

T. Muthuramalingam, Associate Professor, Department of 
Mechatronics Engineering, School of Mechanical Engineering, 
Kattankulathur Campus, SRM Institute of Science and Technology, 
Chennai, Tamilnadu, India. He received his Ph.D in Mechanical 

Engineering from Mechanical Madras Institute of Technology, 
Anna University in 2013. In 2008 he earned a Master’s degree 
in Mechatronics from Madras Institute of Technology, Anna 
University. His research interests include unconventional micro 
machining, manufacturing automation, process optimization and 
design of experiments and energy conservation. 

Sanjeev Gupta, see JALCA 108, 156, 1998 

Russell Vreeland received his microbiological training at 
Rutgers University (BS and MS), the University of Nebraska-
Lincoln (PhD) and Post-Doctoral training at University of 
Western Ontario. He was a Professor at the University of New 
Orleans and at West Chester University of Pennsylvania. He is a 
chauvinist about two things: microorganisms and pollinators of 
all types. As a microbiologist he knows that it is really microbes 
that run the Earth while the rest of us often just mess it up. His 
initial training focused on marine microbiology during which 
he became fascinated by the microbes that live and function in 
extremely high salts and their potential application for industry. 
He focused entirely on the marvelous microbes that survive and 
thrive in saline waters anywhere from 2× to 10× the concentration 
of seawater and even in salt crystals. He also led teams studying 
the remains of the ancient oceans (large underground salt 
deposits) as a geological microbiologist where he reanimated the 
world’s oldest living microbes (120 and 250 million years old) and 
the world’s oldest known DNA sequences (412 MYA). He is the 
founder, President and Chief Scientist for Eastern Shore Microbes 
(ESM).

John Long became a partner in Eastern Shore Microbes in 2018. 
Mr. Long graduated from Northampton High School and Johnson 
and Wales University with an Associate’s Degree in Culinary Arts 
and an emphasis in marketing and management. As the ESM chief 
of logistics and operations Mr. Long applies all of the experience 
gained from a career in farming, corporate production, shipping 
and quality control. His primary corporate emphasis focuses on 
maintaining the highest levels of quality standards, ingredients 
and nutrient production procedures to always exceed ESM’s and 
client’s expectations. His responsibilities include warehousing 
nutrient supplies, mixing nutrient formulations for all lagoons, 
shipping and equipment maintenance for ESM.

Lifelines



	 Lifelines	 81

JALCA, VOL. 117, 2022

Cigdem Kilicarislan Ozkan graduated from Ege University 
Department of Leather Engineering in 2008. The same year she 
started to M.Sc. She studied on extraction of vegetable tanning 
materials. She joined the staff of Leather Engineering Department 
as research assistant in 2010 and completed her PhD in 2018. Her 
research activities and fields of interests are: tanning materials, 
extraction techniques, modification of biopolymers and leather 
technologies.

Hasan Ozgunay studied Leather Technology at the University of 
Ege (Turkey). After working in Leather Industry for one year, he 
joined the staff of Leather Engineering Department as research 
assistant in 1996. He obtained his M.Sc. in the same department. 
He studied on vegetable tanning materials and obtained 
his PhD in Leather Engineering. He is currently working as 
researcher / lecturer in the Leather Engineering Department. His 
research activities and fields of interests are: tanning materials, 
leather processing technologies and cleaner leather processing 
methodologies.


