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COMPARISON OF FOOT MORPHOLOGY BETWEEN CHINESE AND MONGOLIAN CHILDREN
ABSTRACT. Knowledge of foot morphology is fundamental to optimize children’s footwear design. The aim of this study is to compare the 
foot morphology of Chinese and Mongolian children from 7 to 14 years old. Relative data of 339 Mongolian children and another matched 
379 Chinese children were collected using 3D foot scanner. The findings of this study are as follows: i) the absolute foot length of Chinese 
children is significantly greater than that of Mongolian children of the same age; ii) Mongolian children show significantly greater heel width, 
toe thickness, lateral malleolus height, instep height and ball girth compared to Chinese children of the same age. The foot width of Chinese 
children is significantly greater than that of Mongolian children of the same age; iii) Chinese children have a higher risk of hallux valgus than 
Mongolian children of both sexes. Small variations in foot morphology discussed in this paper could be useful when considering the shoes 
design for Mongolian and Chinese children.
KEY WORDS: foot morphology, Mongolian children, Chinese children, footwear design

COMPARAREA MORFOLOGIEI PICIORULUI LA COPIII CHINEZI ȘI MONGOLI
REZUMAT. Cunoașterea morfologiei piciorului este fundamentală pentru a optimiza proiectarea încălțămintei pentru copii. Scopul acestui 
studiu este de a compara morfologia piciorului la copiii chinezi și mongoli cu vârste între 7 și 14 ani. S-au colectat date de la 339 de copii 
mongoli și 379 de copii chinezi folosind un scaner 3D pentru picioare. Rezultatele acestui studiu sunt următoarele: i) lungimea absolută a 
piciorului la copiii chinezi este semnificativ mai mare decât în cazul copiilor mongoli de aceeași vârstă; ii) copiii mongoli prezintă lățimea 
călcâiului, grosimea degetelor, înălțimea maleolei exterioare, înălțimea căputei și circumferința zonei metatarsofalangiene semnificativ mai 
mari în comparație cu copiii chinezi de aceeași vârstă. Lățimea piciorului la copii chinezi este semnificativ mai mare decât în cazul copiilor 
mongoli de aceeași vârstă; iii) copiii chinezi au un risc mai mare de a dezvolta hallux valgus decât copiii mongoli de ambele sexe. Micile variații 
ale morfologiei picioarelor discutate în această lucrare ar putea fi utile la proiectarea încălțămintei pentru copiii mongoli și chinezi.
CUVINTE CHEIE: morfologia piciorului, copii mongoli, copii chinezi, proiectarea încălțămintei

COMPARAISON DE LA MORPHOLOGIE DU PIED ENTRE LES ENFANTS CHINOIS ET MONGOLIENS
RÉSUMÉ. La connaissance de la morphologie du pied est fondamentale pour optimiser la conception des chaussures pour enfants. Le but 
de cette étude est de comparer la morphologie du pied des enfants chinois et mongols de 7 à 14 ans. Les données relatives de 339 enfants 
mongols et de 379 enfants chinois ont été collectées à l’aide d’un scanner 3D pour le pied. Les résultats de cette étude sont les suivants : i) 
la longueur absolue du pied des enfants chinois est nettement supérieure à celle des enfants mongols du même âge ; ii) les enfants mongols 
présentent une largeur de talon, une épaisseur des orteils, une hauteur de malléole latérale, une hauteur de cou-de-pied et une circonférence 
de la région des métatarses sensiblement plus grandes que les enfants chinois du même âge. La largeur du pied des enfants chinois est 
nettement supérieure à celle des enfants mongols du même âge ; iii) les enfants chinois ont un risque d’hallux valgus plus élevé que les 
enfants mongols des deux sexes. Les petites variations dans la morphologie du pied discutées dans cet article pourraient être utiles lors de la 
conception de chaussures pour les enfants mongols et chinois.
MOTS CLÉS : morphologie du pied, enfants mongols, enfants chinois, conception de chaussures

* Correspondence to: Assoc. Prof. Luming YANG, Key Laboratory of Leather Chemistry and Engineering, Sichuan University, No. 24 South 
Section 1, Yihuan Road, Chengdu, China, 610065, phone: +86 186 2811 7800, e-mail: ylmll1982@126.com

INTRODUCTION

Knowledge of foot morphology is the most 
essential requirement to optimize children’s 
footwear design [1]. The foot morphology and 
motor development of children are changeable 
with increasing age [2-4]. Studies indicated that 
there was high variability of foot morphology 
of children due to difference in region, lifestyle, 
ethnicity, etc. [5]. Isabel C.N. Sacco et al. [6] 
found that German children had a wider forefoot 
(5 to 9 years old) and narrower rear foot (4 years 

old) compared to Brazilian children. Kusumoto, 
A. [7] showed that the protuberance of the 
first metatarsal phalanx joint was found in 4.5% 
of Filipino children, but in none of Japanese 
children. Mauch, M. et al. [8] found that German 
children displayed a significantly longer and 
flatter foot compared to Australian children. 
Previous literature also reported the significant 
differences in foot morphology of adults living 
in different countries [9, 10]. Therefore, the 
footwear industry should vary the last dimensions 
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on the basis of foot morphology when exporting 
products to different countries [11].

Most children’s footwear purchased 
in Mongolia are designed and manufactured 
overseas, mainly from China [12]. As previously 
mentioned, differences in foot morphology may 
exist among different countries. It is not sure 
if using Chinese lasts in Mongolian footwear 
industries can ensure a good fit for Mongolian 
children shoes [13]. Ill-fitting footwear has been 
reported to be the major cause for discomfort, 
pain, and even foot problems [14]. Therefore, 
the purpose of this study is to investigate 
the foot morphology between Chinese and 
Mongolian children from 7 to 14 years through 
comparative analysis of foot dimensions. The 
hypothesis put forward is that there are obvious 
differences in foot morphology between Chinese 
and Mongolian children.

MATERIALS AND METHODS

Participants

Two anthropometric databases were 
involved. The Mongolian database consists of 339 

children aged 7 to 14 years old, who were recruited 
from Ulan Bator, Mongolia [12]. To match the 
Mongolian database in terms of age, body height 
and body mass, 379 healthy Chinese children 
aged 7 to 14 years in the Chinese database were 
selected. These Chinese children were recruited 
from randomly selected primary schools and 
middle schools in Yantai city, Shandong Province, 
China. Children who demonstrated a history of 
neuromuscular disease, orthopedic, lower-limb 
injury or discomfort during walking were excluded 
from the study.

The participants were separated into 
eight age groups at an interval of one year, and 
every age group was classified by gender. The 
basic information of all participants is shown in 
Table 1. The descriptive values are presented as 
mean (standard deviation). Parents or guardians 
were informed of children’s participation in the 
study in advance and signed a written informed 
consent. The study was approved by the Ethics 
Committee of the Sichuan University.

Table 1: Basic information of participants (mean (standard deviation))
Age
(yrs)

China Mongolia

Height

(cm)

Body mass 

(kg)

BMI

(kg/m2)

Boys

(n)

Girls

(n)

Height

(cm)

Body mass

(kg)

BMI

(kg/m2)

Boys

(n)

Girls

(n)

7- 126.4 (4.8) 25.1(1.8) 16.2(0.6) 19 30 124.5(2.9) 24.4(2.7) 15.2(1.1) 24 15

8- 131.7 (4.2) 30.2(2.0) 17.4(0.2) 49 63 129.7(4.6) 26.1(3.4) 15.5(1.3) 14 15

9- 137.6(4.8) 34.0(2.1) 18.0(0.5) 24 30 135.5(4.9) 29.7(3.9) 16.2(1.5) 16 15

10- 144.3(6.3) 39.4(3.8) 18.9(0.7) 15 28 143.9(6.0) 35.3(5.5) 17.0(1.9) 17 16

11- 151.3(8.1) 45.2(6.0) 19.7(1.1) 15 25 150.5(7.6) 40.6(7.3) 17.8(2.1) 34 27

12- 157.4(8.4) 48.8(5.8) 19.6(0.7) 19 24 156.4(7.4) 44.9(6.7) 18.3(2.1) 28 21

13- 163.8(5.8) 53.8(4.7) 20.0(1.0) 9 14 161.5(5.6) 49.5(6.4) 18.9(1.5) 31 14

14- 164.7(10.6) 55.6(8.1) 20.4(0.6) 5 10 160.8(9.4) 49.3(9.0) 18.9(1.6) 22 30

Procedure

Foot measurements were obtained with 
the Infoot foot scanner (IFU-S-01), which was 
developed by I-Ware Lab, Japan. Eight digital 
cameras were used to synchronously record 
the foot measurements. The foot scanner was 
mounted on a level and smooth ground. After 
familiarization, each participant was required 
to stand still with bipedal support and with the 
body weight evenly distributed on both feet. 

Statistical Analysis 

Thirteen foot parameters of foot 
morphology are shown in Table 2.

All analyses were performed for the 
right foot [15-18]. Statistical analyses were 
conducted with SPSS 17.0 (IBM). One-sample 
Kolmogorov-Smirnov test was tested for all data. 
Independent t-test was used to compare the 
significant differences of all normally distributed 
data between group 1 (Chinese children) and 
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group 2 (Mongolian children). Effect size (ES) 
was calculated as a tool of consistent measure 
using Cohen’s d value. The interpretation of 
ES was set at trivial (0-0.2), small (0.2-0.6), 
moderate (0.6-1.2) and large (> 1.2) [19]. Linear 
regression equation and correlation coefficient 

‘r’ were calculated. Chi-square test was used to 
determine the difference of the hallux valgus rate 
between genders and countries. The level of p < 
0.05 was perceived as significance for statistical 
analyses.
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RESULTS

Foot Dimension

The trend of foot length with age is shown 
in Figure 1. The foot length of children increased 

with age in both countries. Measures of absolute 
foot length of Chinese children were significantly 
greater than that of Mongolian children at the 
same age (p < 0.05).

Figure 1. (a): Relationship between foot length and age of boys aged 7-14 years; (b): Relationship 
between foot length and age of girls aged 7-14 years

Descriptive values of H-1st MTH and H-5th 
MTH are shown in Table 3. Significant differences 
for H-1st MTH and H-5th MTH were not found 
between the two groups. Table 4 shows that 
the FW of Mongolian children was significantly 
smaller than that of Chinese children (8 to 10 
years old). The HW of Mongolian children was 
significantly greater than that of Chinese children 
(9 to 10 years old). However, if we analyze the 
normalized HW, significant differences were 
found. It showed that the normalized HW of 
Mongolian children was significantly greater 
than that of Chinese children (7 to 10 years old).

Descriptive values of GT, IH, NH and LMH 
are shown in Table 5. Mongolian children showed 
significantly greater GT and LMH compared to 
Chinese children for all ages. Chinese children’s 
feet were significantly smaller in IH than 
Mongolian children at the age of 7, 8, 9, 11, 12. 
Descriptive values of GT, IH, NH and LMH are 
shown in Table 6. When BG was normalized to 
the foot length, significant differences can be 
found. It showed that the normalized BG of 
Mongolian children was significantly greater 
than that of Chinese children at the age of 7, 14.
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Table 3: Mean (SD) values of absolute and normalized foot length dimensions with p values and effect 
sizes for significant results for the two groups

Variables Age 
(yrs)

Absolute (mm) p value, ES* Normalized (to foot length) p value, ES*

Group 1 Group 2 Group 1 Group 2

H-1st MTH 7- 143.68(6.37) 132.63(9.12) 0.44 0.73 (0.02) 0.72 (0.01) 0.42

8- 148.75(6.41) 139.07(11.75) 0.21 0.73 (0.02) 0.73 (0.01) 0.42

9- 153.89(9.49) 147.38(7.01) 0.17 0.74 (0.02) 0.74 (0.02) 0.09

10- 162.68(9.71) 153.82(11.74) 0.10 0.75 (0.02) 0.74 (0.02) 0.11

11- 170.6(7.81) 154.62(8.52) 0.14 0.75 (0.02) 0.74 (0.01) 0.13

12- 178.63(9.24) 167.39(10.63) 0.31 0.75 (0.01) 0.74 (0.01) 0.42

13- 178.93(6.43) 170.03(9.79) 0.12 0.76 (0.02) 0.74 (0.01) 0.14

14- 188.89(20.67) 177.41(9.83) 0.07 0.73 (0.02) 0.72 (0.01) 0.09

H-5th MTH 7- 126.44(6.18) 115.42(7.64) 0.45 0.64 (0.01) 0.63 (0.02) 0.42

8- 130.41(6.45) 120.14(9.21) 0.39 0.64 (0.02) 0.63 (0.01) 0.43

9- 136.91(6.12) 126.06(6.98) 0.12 0.65 (0.02) 0.63 (0.01) 0.09

10- 142.65(8.5) 133.71(9.21) 0.09 0.65 (0.02) 0.63 (0.02) 0.11

11- 148.01(8.32) 135.82(9.18) 0.07 0.65 (0.01) 0.64 (0.02) 0.09

12- 155.69(8.42) 143.36(9.53) 0.23 0.65 (0.01) 0.64 (0.02) 0.13

13- 156.91(7.23) 145.68(8.70) 0.47 0.65 (0.02) 0.64 (0.01) 0.42

14- 164.16(20.6) 153.32(8.05) 0.09 0.65 (0.02) 0.64 (0.01) 0.10
Group 1: Chinese children, Group 2: Mongolian children. 

Table 4: Mean (SD) values of absolute and normalized foot width dimensions with p values and effect 
sizes for significant results for the two groups

Variables Age 
(yrs)

Absolute (mm) p value, ES* Normalized (to foot length) p value, ES*

Group 1 Group 2 Group 1 Group 2

FW 7- 75.99(3.82) 67.54(5.54) 0.07 0.39 (0.02) 0.37 (0.01) 0.09

8- 77.94(4.17) 68.64(5.96) < 0.05, 1.80* 0.39 (0.03) 0.36 (0.02) < 0.05, 1.17*

9- 80.93(4.93) 72.75(4.14) < 0.05, 1.79* 0.39 (0.02) 0.36 (0.01) < 0.05, 1.89*

10- 82.92(5.84) 77.29(5.08) < 0.05, 1.03* 0.40 (0.03) 0.36 (0.01) < 0.05, 1.78*

11- 86.11(6.01) 76.56(3.87) 0.09 0.38 (0.02) 0.36 (0.02) 0.10

12- 90.83(5.9) 81.04(5.83) 0.43 0.38 (0.06) 0.36 (0.03) 0.63

13- 96.26(5.67) 83.03(5.68) 0.11 0.38 (0.03) 0.36 (0.02) 0.09

14- 96.80(2.26) 87.55(7.23) 0.08 0.38 (0.02) 0.36 (0.02) 0.10

HW 7- 47.88(4.09) 48.77(3.55) 0.09 0.25 (0.02) 0.27 (0.02) < 0.05, 1.00*

8- 49.14(3.9) 50.54(3.19) 0.08 0.25 (0.02) 0.27 (0.02) < 0.05, 1.00*

9- 51.05(4.11) 53.07(3.52) < 0.05, 0.53* 0.25 (0.01) 0.27 (0.02) < 0.05, 1.26*

10- 53.00(5.03) 55.70(3.82) < 0.05, 0.61* 0.25 (0.01) 0.27 (0.02) < 0.05, 1.26*

11- 55.88(3.62) 57.68(3.50) 0.27 0.25 (0.02) 0.26 (0.01) 0.42

12- 59.86(5.10) 61.42(4.43) 0.18 0.25 (0.01) 0.26 (0.02) 0.42

13- 60.74(7.16) 62.00(4.60) 0.12 0.25 (0.01) 0.26 (0.01) 0.28

14- 63.50(6.05) 65.06(4.33) 0.09 0.25 (0.01) 0.26 (0.02) 0.24

Group 1: Chinese children, Group 2: Mongolian children. 
*p represents significant difference between Group 1 and Group 2
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Table 5: Mean (SD) values of absolute and normalized foot height dimensions with p values and effect 
sizes for significant results for the two groups

Variables Age 
(yrs)

Absolute (mm) p value, ES* Normalized (to foot length) p value, ES*

Group 1 Group 2 Group 1 Group 2

GT 7- 14.64(1.46) 25.71(3.34) < 0.01, 4.29* 0.07 (0.01) 0.14 (0.02) < 0.01, 4.42*

8- 15.89(1.70) 26.57(3.28) < 0.01, 4.08* 0.08 (0.02) 0.14 (0.01) < 0.01, 3.78*

9- 15.9(1.52) 28.13(2.16) < 0.01, 6.54* 0.08 (0.02) 0.14 (0.01) < 0.01, 3.00*

10- 16.78(1.35) 29.35(2.76) < 0.01, 5.78* 0.08 (0.01) 0.14 (0.02) < 0.01, 3.79*

11- 17.28(1.24) 29.38(2.23) < 0.01, 6.70* 0.08 (0.02) 0.14 (0.01) < 0.01, 3.79*

12- 17.69(1.44) 30.64(2.70) < 0.01, 5.98* 0.07 (0.01) 0.14 (0.02) < 0.01, 4.42*

13- 19.14(2.34) 31.87(1.69) < 0.01, 6.23* 0.08 (0.02) 0.14 (0.03) < 0.01, 2.35*

14- 19.44(2.85) 32.77(2.16) < 0.01, 5.27* 0.08 (0.01) 0.14 (0.02) < 0.01, 3.79*

IH 7- 43.09(5.60) 51.42(3.35) < 0.05, 1.80* 0.22 (0.02) 0.27 (0.02) < 0.05, 2.50*

8- 45.13(4.85) 53.21(4.02) < 0.05, 1.81* 0.22 (0.02) 0.27 (0.02) < 0.05, 2.50*

9- 47.90(4.95) 53.81(2.79) < 0.05, 1.47* 0.23 (0.02) 0.27 (0.02) < 0.05, 2.00*

10- 53.18(5.16) 56.41(3.64) 0.11 0.24 (0.02) 0.27 (0.02) 0.09

11- 53.49(6.94) 58.53(3.99) < 0.05, 0.89* 0.24 (0.02) 0.28 (0.02) < 0.05, 2.00*

12- 55.10(6.38) 59.79(3.69) < 0.05, 0.90* 0.25 (0.02) 0.28 (0.02) < 0.05, 1.50*

13- 64.22(4.77) 60.32(3.89) 0.15 0.26 (0.02) 0.28 (0.01) 0.10

14- 67.45(4.74) 62.00(5.23) 0.06 0.26 (0.02) 0.28 (0.02) 0.09

NH 7- 60.37(3.90) 65.96(4.92) 0.09 0.31 (0.02) 0.33 (0.02) 0.06

8- 61.53(3.91) 67.21(4.95) 0.07 0.31 (0.02) 0.33 (0.03) 0.11

9- 64.41(3.72) 69.81(5.59) 0.09 0.31 (0.02) 0.33 (0.02) 0.09

10- 68.86(5.73) 71.88(3.43) 0.13 0.32 (0.02) 0.34 (0.02) 0.31

11- 71.79(4.09) 74.97(5.15) 0.09 0.32 (0.02) 0.34 (0.03) 0.15

12- 76.49(5.06) 77.68(4.36) 0.17 0.32 (0.01) 0.34 (0.02) 0.09

13- 79.06(4.58) 78.61(4.58) 0.21 0.32 (0.01) 0.34 (0.01) 0.10

14- 81.18(5.27) 80.41(8.29) 0.37 0.32 (0.02) 0.34 (0.02) 0.30

LMH 7- 35.76(5.09) 50.46(5.12) < 0.01, 2.88* 0.18 (0.01) 0.28 (0.02) < 0.01, 6.32*

8- 38.49(3.44) 51.79(6.33) < 0.01, 2.61* 0.19 (0.02) 0.27 (0.01) < 0.01, 5.06*

9- 40.88 (5.21) 52.94(4.20) < 0.01, 2.54* 0.19 (0.02) 0.27 (0.02) < 0.01, 4.00*

10- 45.52(5.95) 58.88(3.30) < 0.01, 2.62* 0.22 (0.02) 0.28 (0.02) < 0.01, 3.00*

11- 45.71(4.82) 59.53(5.67) < 0.01, 2.75* 0.21 (0.02) 0.28 (0.03) < 0.01, 2.75*

12- 50.36(5.50) 60.75(4.32) < 0.01, 2.06* 0.21 (0.02) 0.27 (0.01) < 0.01, 3.79*

13- 54.40(3.75) 62.45(5.48) < 0.01, 1.71* 0.22 (0.01) 0.27 (0.02) < 0.01, 3.16*

14- 56.53(4.46) 66.05(6.97) < 0.01, 1.63* 0.22 (0.01) 0.27 (0.03) < 0.01, 2.23*

Group 1: Chinese children, Group 2: Mongolian children. 
*p represents significant difference between Group 1 and Group 2
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Table 6: Mean (SD) values of absolute and normalized foot breadth dimensions with p values and 
effect sizes for significant results for the two groups

Variables Age 
(yrs)

Absolute (mm) p value, ES* Normalized (to foot length) p value, ES*

Group 1 Group 2 Group 1 Group 2

BG 7- 190.19(11.63) 184.58(13.28) 0.06 0.97 (0.01) 0.99 (0.02) < 0.05, 1.26*

8- 197.25(10.32) 190.43(14.85) 0.09 0.97 (0.02) 0.99 (0.02) 0.15

9- 205.65(10.83) 195.69(9.53) 0.43 0.97 (0.03) 0.99 (0.02) 0.33

10- 208.54(5.84) 208.18(12.57) 0.83 0.96 (0.06) 0.99 (0.04) 0.59

11- 216.85(14.82) 205.32(11.01) 0.47 0.94 (0.02) 0.96 (0.03) 0.31

12- 227.03(13.09) 217.5(14.29) 0.09 0.95 (0.02) 0.96 (0.02) 0.29

13- 238.65(12.15) 222.74(13.07) 0.07 0.96 (0.01) 0.97 (0.02) 0.42

14- 242.15(4.94) 235.41(16.06) 0.10 0.94 (0.02) 0.96 (0.03) < 0.05, 0.78*

IG 7- 199.53(12.00) 185.42(11.56) 0.37 1.02 (0.03) 1.01 (0.03) 0.59

8- 202.54(19.7) 192.00(13.39) 0.51 1.00 (0.02) 0.99 (0.04) 0.83

9- 206.86(11.85) 197.00(9.08) 0.43 0.99 (0.03) 0.98 (0.02) 0.09

10- 203.01(12.31) 207.18(11.07) 0.81 0.96 (0.05) 0.96 (0.04) 0.91

11- 224.31(18.67) 206.71(9.54) 0.23 0.97 (0.05) 0.96 (0.03) 0.76

12- 219.8(22.39) 216.68(15.48) 0.75 0.93 (0.04) 0.95 (0.02) 0.42

13- 241.55(15.15) 222.97(14.48) 0.11 0.98 (0.02) 0.96 (0.01) 0.33

14- 252.41(5.05) 235.55(14.76) 0.21 0.96 (0.04) 0.96 (0.02) 0.83

HG 7- 263.46(17.25) 243.92(12.8) 0.23 1.32 (0.05) 1.34 (0.03) 0.42

8- 269.45(34.51) 254.5(15.82) 0.51 1.34 (0.03) 1.33 (0.02) 0.55

9- 272.72(14.18) 264.00(12.21) 0.43 1.30 (0.03) 1.33 (0.03) 0.10

10- 277.71(30.56) 280.82(15.08) 0.79 1.32 (0.07) 1.31 (0.05) 0.81

11- 300.33(38.96) 280.53(11.53) 0.11 1.28 (0.07) 1.31 (0.03) 0.61

12- 304.95(28.28) 296.57(18.50) 0.83 1.28 (0.03) 1.30 (0.03) 0.18

13- 311.22(16.28) 301.65(16.07) 0.41 1.27 (0.01) 1.31 (0.03) 0.30

14- 328.13(17.18) 317.95(19.19) 0.37 1.25 (0.04) 1.29 (0.02) 0.18

Group 1: Chinese children, Group 2: Mongolian children. 
*p represents significant difference between Group 1 and Group 2

Correlation of Foot Parameters

The foot length and ball girth are considered 
to be the main functional foot parameters for 
shoe fitting [20]. Linear regression analysis 
was used to identify the relationship between 
foot length and ball girth for both genders. 
The regression results are shown in Figure 3 as 
follows: 

(1) For Chinese boys: Ball girth = 
(0.847 x foot length) + 39.85, r2 = 0.717;

(2) For Chinese girls: Ball girth = 
(0.859 x foot length) + 26.91, r2 = 0.738;

(3) For Mongolian boys: Ball girth = 
(0.791 x foot length) + 39.11, r2 = 0.802;

(4) For Mongolian girls: Ball girth = (0.768 x 
foot length) + 31.26, r2 = 0.794.
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a)

c)

a)

d)

    Figure 3. Correlation between foot length and ball girth for both genders, by countries.
(a): Chinese boys; (b): Chinese girls; (c): Mongolian boys; (d): Mongolian girls

Hallux Valgus

Measures of absolute hallux valgus angles 
are shown in Table 7. It was observed that 
hallux valgus angles of Chinese children were 
significantly greater than those of Mongolian 
children (p < 0.05). The degrees of hallux 
valgus were divided into three grades in Table 
8: “Straight or mild”, “Moderate” and “Severe” 
[12]. Chi-square test was used to determine the 
difference of the hallux valgus rate between 

genders and countries. The results showed 
that Chinese children appeared to demonstrate 
higher incidences of hallux valgus compared 
to Mongolian children of both sexes (for boys: 
x2 = 10.97, p = 0.004; for girls: x2 = 14.48, p = 
0.001, respectively). Results revealed that girls 
appeared to demonstrate higher incidences 
of hallux valgus compared with boys in both 
countries for all ages (for China: x2 = 12.90, 
p = 0.002; for Mongolia: x2 = 10.68, p = 0.005, 
respectively).  

Table 7: Comparison of means (standard deviations) of hallux valgus of the Chinese and Mongolian 
populations

Foot dimension Boys Girls

China Mongolia China Mongolia

Hallux valgus angles (°) 8.16 (4.49) 6.05 (3.21) 10.04 (4.53) 7.31 (3.05)
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Table 8: The number and proportion of participants with hallux valgus

Classification of hallux valgus
Girls, n (%) Boys, n (%)

China Mongolia China Mongolia

Straight or mild (> - 10° and < + 10°) 128(57.15%) 112(73.20%) 114(73.55%) 162(87.10%)

Moderate (> + 11° and < + 15°) 67(29.91%) 36(23.53%) 34(21.93%) 22(11.82%)

Severe (> + 16°) 29(12.95%) 5(3.27%) 7(4.52%) 2(1.08%)

Total 224 153 155 186

DISCUSSION
The results of this study showed that the 

foot length of Chinese children was significantly 
greater than that of Mongolian children of the 
same age. Studies have already shown the 
significant association between body height, 
body mass and foot length [21-23]. To match the 
Mongolian database, the Chinese database was 
controlled for age, body height and body mass 
as variable factors. But the tendency of higher 
height and body mass of Chinese children could 
be a reason for the difference in foot length. 
Previous study assumed that the differences 
in daily diet (especially protein intake) may be 
related to the differences in children’ growth [6].

In comparison to the Chinese children, 
Mongolian children showed significantly greater 
toe thickness, instep height and lateral malleolus 
height. It implies that the vamp designed for 
Mongolian children should be of sufficient 
depth. Results showed that the foot width of 
Chinese children is significantly greater than 
that of Mongolian children. It indicates that the 
vamp designed for Chinese children should allow 
sufficient space around the metatarsal joint area, 
in order not to damage the soft cartilaginous toes 
or toe nails [18]. In this study, the absolute foot 
width of the Chinese children was similar to that 
of the Filipino children in Kusumoto’s study [7], 
while Chinese children had a larger foot length 
compared to Filipino children. It is postulated 
that not only differences in dietary habit, but 
also differences in ethnicities and region may 
be responsible for modifying the shape of foot. 
The normalized foot dimensions provide the 
necessary information for describing the foot 
characteristics [24]. Interestingly, when the foot 
measures were normalized to the length of the 
foot, significantly greater ball girth and heel 
width were found in Mongolian children. 

The most common foot deformity known 
and irregularity treated is hallux valgus, which 

affects more than 35% of individuals [25]. The 
results obtained in our study showed that 
girls appeared to demonstrate higher rates of 
moderate hallux valgus compared to boys of the 
same age in both countries, which have been 
proved in early literature [26]. However, Chinese 
children could be at a higher risk for hallux 
valgus compared to Mongolian children. Results 
showed that 30.11% of Chinese girls and 22.3% of 
Chinese boys aged from 7 to 14 years had hallux 
valgus deformity (greater than 8°). But the exact 
prevalence rate of hallux valgus is difficult to 
determine because of the paucity of large-scale 
epidemiological studies and varying definitions 
used in the literature. There is no unified 
explanation of what angle represents a healthy 
or deformed foot in the big toe area. Some 
authors indicated 8°, others used 10°, or 15° [25-
29]. Specifically, hallux valgus found in different 
populations proved to be related to poorly-fitting 
footwear [25, 28, 29]. The prevalence of hallux 
valgus is higher in Chinese children, mainly due 
to the habit of wearing shoes with a narrow toe 
box. Because shoe styles for children tend to 
follow the fashion trends for adults, more so in 
regards to shape rather than the comfort [4]. 
Therefore, the footwear industry should vary the 
last dimensions on the basis of foot morphology 
when exporting products to specific countries.

CONCLUSION

In comparison to the Mongolian children, 
Chinese children had significantly greater foot 
length and foot width. However, Mongolian 
children showed significantly greater toe 
thickness, instep height, lateral malleolus height, 
heel width and ball girth than those of Chinese 
children. The hypothesis is proved that there is 
obvious difference in foot morphology between 
Chinese children and Mongolian children. This 
study thus suggests that small variations in foot 
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morphology should be considered in the shoe 
design for specific children. It is hoped that 
prospective studies could measure more foot 
parameters, like Chippaux-Smirak and Staheli 
indices of the longitudinal arch, which are also 
important variables for the footwear industry. 
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CHARACTERIZATION OF SILICA/SILVER-BASED ANTIBACTERIAL LEATHER
ABSTRACT. The hydrophilic character of vegetable tanned leather is potentially a medium for bacterial growth. A treatment using an 
antibacterial agent applies to prevent bacterial growth on it. The vegetable tanned leather in this study was obtained from the tanning of 
goat skin using mimosa as a tanning agent. The utilization of silica from volcanic ash modified with silver was employed in this study as an 
antibacterial agent. The functional groups of materials were analysed using FTIR spectrophotometer and evaluated. The results of thermal 
studies using TG/DTA show that vegetable tanned leather coated with silica (leather@SiO2) and vegetable tanned leather coated with silica/
silver (leather@SiO2/Ag) are thermally stable materials. The inhibition zones of Staphylococcus aureus for leather@SiO2 and leather@SiO2/
Ag were larger compared to vegetable tanned leather with inhibition area of 21.25 ± 0.50 mm, 24.80 ± 1.64 mm and 11.40 ± 0.55 mm, 
respectively. This confirmed the effectiveness of utilization of silica-based volcanic ash and silver as an antibacterial agent.
KEY WORDS: leather, silica, silver, antibacterial agent

CARACTERIZAREA PIELII CU PROPRIETĂȚI ANTIBACTERIENE TRATATE CU SILICE/ARGINT
REZUMAT. Având în vedere caracterul său hidrofil, pielea tăbăcită vegetal poate fi un mediu propice pentru creșterea bacteriilor. Se poate 
aplica un tratament care utilizează un agent antibacterian pentru a preveni creșterea bacteriilor pe piele. Pielea tăbăcită vegetal din acest 
studiu a fost obținută prin tăbăcirea pielii de capră folosind mimosa ca agent de tăbăcire. Silicea din cenușa vulcanică modificată cu argint a 
fost utilizată în acest studiu ca agent antibacterian. Grupările funcționale ale materialelor au fost analizate folosind spectrofotometrul FTIR 
și apoi evaluate. Rezultatele studiilor termice efectuate folosind TG/DTA arată că pielea tăbăcită vegetal acoperită cu silice (leather@SiO2) 
și pielea tăbăcită vegetal acoperită cu silice/argint (leather@SiO2/Ag) sunt materiale stabile din punct de vedere termic. Zonele de inhibare 
ale Staphylococcus aureus pentru leather@SiO2 și leather@SiO2/Ag au fost mai mari comparativ cu pielea tăbăcită vegetal cu suprafață de 
inhibare de 21,25 ± 0,50 mm, 24,80 ± 1,64 mm și, respectiv, 11,40 ± 0,55 mm. Acest lucru a confirmat eficacitatea utilizării cenușii vulcanice 
pe bază de silice și a argintului ca agent antibacterian.
CUVINTE CHEIE: piele, silice, argint, agent antibacterian

CARACTÉRISATION DU CUIR ANTIBACTÉRIEN TRAITÉ AVEC DE SILICE/D’ARGENT
RÉSUMÉ. En raison de sa nature hydrophile, le cuir au tannage végétal peut être un environnement approprié pour la croissance des bactéries. 
Un traitement peut être appliqué qui utilise un agent antibactérien pour empêcher la croissance bactérienne sur la peau. Le cuir au tannage 
végétal dans cette étude a été obtenu en tannant la peau de chèvre en utilisant du mimosa comme agent de tannage. La silice provenant des 
cendres volcaniques modifiée par l’argent a été utilisée dans cette étude comme agent antibactérien. Les groupes fonctionnels des matériaux 
ont été analysés à l’aide du spectrophotomètre FTIR puis évalués. Les résultats des études thermiques utilisant TG/DTA montrent que le cuir 
tanné végétal traité avec de silice (leather@SiO2) et le cuir tanné végétal traité avec de silice/argent (leather@SiO2/Ag) sont des matériaux 
thermiquement stables. Les zones d’inhibition de Staphylococcus aureus pour leather@SiO2 et leather@SiO2/Ag étaient plus grandes par 
rapport au cuir au tannage végétal avec une surface inhibitrice de 21,25 ± 0,50 mm, 24,80 ± 1,64 mm et 11,40 ± 0,55 mm. Cela a confirmé 
l’efficacité de l’utilisation de cendres volcaniques à base de silice et d’argent comme agent antibactérien.
MOTS CLÉS : cuir, silice, argent, agent antibactérien
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Yogyakarta, Indonesia, mutia.rosiati92@gmail.com
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INTRODUCTION

The processes of leather tanning play 
an important role in obtaining the character 
of the product, especially the tanning process. 
In general, the skin is tanned using mineral or 
vegetable tanning agents. Mineral tanning agents 
that are usually used are chrome compounds 
derived from Cr(III) salts. This species of Cr(III) 
may be oxidized forming Cr(VI) which is known 
to be a hazardous material to the environment. 
Therefore, the tanning of skin using chrome 
compounds needs to be minimized.

The alternative tanning process may be 
conducted using vegetable tanning agents. 
These vegetable tanning agents are extracted 
from plants that are known as renewable natural 
resources. Vegetable tanning agents generally 
contain a high number of hydroxyl (–OH) groups, 
increasing the hydrophilicity and the humidity of 
the tanned leather. As a result, vegetable tanned 
skin is potentially  a good bacterial growth 
medium. Bacteria that grow on vegetable 
tanned skin can lead to a disease for consumers. 
Hence, it is necessary to make an effort to obtain 
antibacterial tanned skin.

Antibacterial agents such as 
pentachlorophenol, polyhalogenated phenolic 
compounds, dimethylfumarate, quaternary 
ammonium salts, silylquaternary compounds, 
etc., have been used in leather industry. However, 
some of them are harmful to human health and 
the environment [1-3].  Therefore, studies to 
find alternative antibacterial agents have been 
widely developed.

Silica is one of the antimicrobial agents 
which has been studied in several fields [4-
8]. It can be utilized as antibacterial particles 
or as delivery systems for antibacterial agents 
[6, 8]. Various sources of silica have been used 
as silica precursors, such as tetraethoxysilane 
(TEOS) [9-11] and water glass [12]. Volcanic 
ash is solid waste from an eruption that has 
the potential to be used as a raw material for 
the preparation of a silica precursor due to its 
high silica content. Furthermore, volcanic ash 
of Mount Merapi has been known to contain 
51.31% silica [13]. However, the utilization of 
silica as an antibacterial agent has a limited 
effect against bacteria [6]. One attempt to 
enhance the antibacterial activity of silica is by 
modification via metal particles [5, 11, 14]. The 

previous studies found that silver (Ag) can be 
used as an antibacterial agent in leather [15-17]. 
Silver has attracted attention due to its excellent 
antibacterial activity and non-toxic character 
[6, 15, 16]. Moreover, it has been reported that 
the attachment of silica-silver for various fields 
giving good antibacterial effect [5, 9, 10, 12, 16]. 
Thus, this study focuses on applying the silica-
based coating modified with silver on leather.  

EXPERIMENTAL

Materials and Methods

Materials

The materials used for the vegetable 
tanning process were three pieces of pickled 
goat skins and mimosa as a tanning agent. Silica 
was extracted from ash of Merapi Volcano, 
Yogyakarta, Indonesia using sodium hydroxide. 
Other chemicals used included sodium formate, 
naphthalene sulphonate (Coralon OT produced 
by STAHL), replacement syntan (Tanicor PWB 
produced by STAHL), sulphited oil (Derminol OCS 
produced by STAHL) and silver nitrate (Merck). 

Methods 

Synthesis of Silica from Volcanic Ash

The synthesis of silica was employed as 
conducted by Sudjarwo and Bee (2017) [20]. 
Merapi Volcano ash was mixed with sodium 
hydroxide by the ratio (w/w) of 1:1. The mixture 
was heated to 900°C in the furnace for 3 (three) 
hours. Afterward, the solid product was dissolved 
in water, after which 2 M hydrochloric acid was 
added. This mixture was stirred for a day then 
filtered. The filtrate containing silica was used as 
a material for coating leather.

Coating Leather with Silver Modified Silica

The pickled goat skins were processed by 
the vegetable tanning method for insole shoes 
(Table 1). Two obtained pieces of leather were 
coated using the impregnation method [21]. 
One leather was coated by silica while the other 
one was coated by silica and AgNO3 solution. 
These coated leathers were dried and stored 
in closed plastic bags before the treatment for 
antibacterial activity assays. 
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Table 1: The stages of leather preparation process

Stage Process Chemical Material (%)
pH Adjustment 200% water 

0.1% Sodium Formate 
(60 minutes)

Tanning 200% water
5% Dispersing Agent (Coralon OT)
(30 minutes)
10% Mimosa Sul (60 minutes)
10% Mimosa (60 minutes)
10% Mimosa (60 minutes)
5% Tanicor PWB (60 minutes)

Post Tanning
Fatliquoring 4% Derminol OCS (45 minutes)
Coating processes 1% Silica Solution (2 hours)

Fixation
1% Formic Acid (45 minutes)

1% AgNO3 solution

Identification of Functional Groups with Fourier 
Transform Infrared (FTIR) Spectrophotometry

FTIR spectrophotometry analysis was 
performed using Shimadzu FTIR Prestige 21. An 
amount of 2 mg of sample was homogenized 
with 200 mg of KBr powder. It was made into a 
pellet using 2000 psi in pressure. The absorbance 
of the sample was recorded at a wavenumber 
range of 400-4000 cm–1.

Thermal Analysis with Thermo-Gravimetry and 
Differential Thermal Analysis (TG/DTA) 

TG/DTA analysis was conducted using 
Perkin-Elmer under a nitrogen gas flow with 
a heating rate of 10.00°C/min within the 
temperature range of 30.00-750.00°C. About 5 
mg of sample was prepared in aluminium sample 
holder then heated according to the standard 
operating above.

Antibacterial Activity Assays

The bacteria inoculum was prepared 
by aseptically transferring isolated colonies 
(Staphylococcus aureus) to the nutrient broth, 
then incubated during 24 h at 37 ± 1°C. The 
inoculum was diluted to 0.5 McFarland turbidity 
standards (corresponding to a concentration of 
1.5 – 3.0 × 108 CFU/mL). For antibacterial activity 
evaluation purposes, a coated leather sample (2 
cm × 2 cm) was placed on a Petri dish containing 
0.5 mL of the working bacterial dilution in 20 
ml nutrient agar solution. Afterward, the Petri 
dishes were incubated for 24 h at 37 ± 1°C. 

The evaluation of the antibacterial activity was 
conducted on the presence of an inhibition 
growth zone around the edges of the tested 
leather sample.

RESULTS AND DISCUSSIONS 

The tanning process in this study was 
employed using goat skin as raw material and 
mimosa as a vegetable tanning agent. Mimosa 
contains polyphenols that can interact with 
collagen of goat skin via hydrogen and covalent 
bonding. The abundance of hydroxyl groups 
on the vegetable tanned surface makes it a 
good bacterial growth medium. Therefore, the 
vegetable tanned leather was coated using silica 
and silver to give the antibacterial effect on the 
leather.

The tanning process leads to an increase 
in weight of leather (Table 2). This indicates the 
formation of the bond between the tanning 
agent and goat skin [22]. As can be seen in 
Table 2, leather@SiO2 and leather@SiO2/Ag 
show a higher percentage of weight increase 
compared to vegetable tanned leather. This 
can be explained by the modification of leather 
with silica and Ag that generated the interaction 
between modifier and leather. 
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Table 2: Percentage of weight increase after process

Sample Weight of pickled 
skin (g) Weight of leather (g) Percentage of increase (%)

Vegetable tanned leather 398.8 458.5 14.52
Leather@SiO2 279.6 321.3 14.90

Leather@SiO2/Ag 379.8 437.5 15.19

The silica was obtained from the Merapi 
volcanic ash which is abundant and unused 
material. The treatment of volcanic ash 
was conducted using sodium hydroxide and 
hydrochloric acid resulting in sodium silicate. 
Sodium silicate can react with the hydroxyl 
groups of vegetable tanned leather forming 

other hydroxyl groups on the coated vegetable 
tanned leather. The modification of the coating 
layer was done using silver. The positive charges 
of silver interacted with negative charges of 
protonated oxygen resulting in electrostatic 
interaction. The illustrations of coated vegetable 
tanned leather surface are shown in Figure 1.
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Identification of Functional Groups of Leather

Figure 2. FTIR spectra of (a) pickled goat skin, (b) vegetable tanned leather, (c) leather@SiO2, and (d) 
leather@SiO2/Ag

The amide groups of leather were 
identified in several wavelength regions. Amide 
I band resulted in absorbance at 1651 cm–1 
corresponding to C=O stretching vibration of 
pure collagen [23]. This band overlapped with 
–OH bending vibration. The absorption band 
at 1543 cm–1 appeared from the amide II band 
[23, 24]. Amide III band is shown between 1234-
1242 cm–1 attributing to symmetrical stretching 
of carboxylate groups [17, 24]. The absorption 
bands at 1335; 1450 and around 2924-2932 cm–1 
appeared as C–H bending, C–H wagging, and C–H 
asymmetric stretching vibration respectively, 
verifying the presence of C–H bonding in collagen 
[25-27].

It is shown in the FTIR spectra that 
the coating with silica does not change the 
absorption bands of tanned leather. This can 
be explained by the silica characteristic bands 
that commonly appeared around 1034-1080 
cm–1 and 3400 cm–1 overlapped with –CO and 
–OH stretching bands of tannin [7, 12, 28-31]. 
However, the attachment of Ag on leather is not 

revealed in the FTIR spectra. This phenomenon 
suggests that no bond occurs between Ag and 
the modified leather, indicating that Ag and 
modified leather interact electrostatically. It 
also confirmed that the modification of leather 
using Ag does not affect the structure of 
modified leather [24]. The FTIR spectra revealed 
no difference in characteristic absorption 
band between one another. It implies that the 
modifiers’ penetration occurs almost uniformly 
from the flesh to the grain of the leather.

Stability at Thermal Decomposition

The TG analysis curves of samples are 
shown in Figure 3. The thermal degradation of 
samples showed three stages of weight loss over 
a temperature range of 30-750°C. The first stages 
occurred at 40-90°C due to the water content 
of samples [32, 33]. The second stage ranges 
between 150-500°C and was identified as the 
decomposition of the organic moiety [34]. The 
last stage was observed above 500°C, caused by 
the weight loss of carbonized residues [33].
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Based on the TG analysis, it was confirmed 
that the weight loss ratio was almost similar for 
all the samples. The first stage required a higher 
temperature than the other stages, corresponding 

Figure 3. TG curves of (a) pickled goat skin, (b) vegetable tanned leather, (c) leather@SiO2 and (d) 
leather@SiO2/Ag

to the decomposition temperature of water. The 
slight differences in temperature of the second 
stage were identified for all samples.

Figure 4. DTA curves of (a) pickled goat skin, (b) vegetable tanned leather, (c) leather@SiO2 and (d) 
leather@SiO2/Ag

The DTA curves informed two endothermic 
peaks of samples (Figure 4). The phase change 
observed at around 56 and 62°C corresponds to 
evaporation of water in pickled skin and coated 
leathers. The water evaporation temperatures 
of leather@SiO2 and that of leather@SiO2/

Ag were identified slightly lower than that of 
pickled goat skin and vegetable tanned leather. 
The increase of hydroxyl groups in leather@SiO2 
and leather@SiO2/Ag can explain this difference 
in temperature. The endotherm at 300-325°C 
reflects to the release of organic moiety of 



CHARACTERIZATION OF SILICA/SILVER-BASED ANTIBACTERIAL LEATHER

115Revista de Pielărie Încălţăminte  20 (2020) 2

samples. The heat flow of pickled skin and 
the tanned leather were higher than the silica 

treated leather, expressing that the coating of 
silica on leather increases the thermal stability 
of leather.

(a) (b) (c)

Figure 5. Staphylococcus aureus inhibition zone of (a) vegetable tanned leather, (b) leather@SiO2, and 
(c) leather@SiO2/Ag

Antibacterial Activity

The antibacterial activity assay was 
investigated by the agar diffusion method 
using Staphylococcus aureus to identify the 
bacteria inhibition zone diameter (Figure 5). The 
measurement data are written in Table 3. The 
results imply that the inhibition zones of leather@
SiO2 and leather@SiO2/Ag were 21.25 ± 0.50 mm 
and 24.80 ± 1.64 mm, respectively. This area was 
larger than the inhibition zone of vegetable tanned 
leather that is equal to 11.40 ± 0.55 mm. Anova 
test shows a  significant difference for every data. 
This confirmed the successful working of silica-
based volcanic ash and silver as an antibacterial 
agent on vegetable tanned leather.

Table 3: Inhibition zone of samples

Sample Inhibition Zone (mm)

Vegetable tanned leather 11.40 ± 0.55

Leather@SiO2 21.25 ± 0.50

Leather@SiO2/Ag 24.80 ± 1.64

The antibacterial mechanism of silica is 
different from that of silver. Silica increased the 
hydrophobicity of vegetable tanned leather, 
thus reducing bacteria growth on vegetable 
tanned leather. While silver ions interact with 
disulfide or sulfhydryl groups of enzymes, 
causing structural changes leading to disruption 
of metabolic processes followed by cell death 
[35, 36]. Recently, it has been suggested that the 

antibacterial mechanism of silver nanoparticles 
may also be related to membrane damage due 
to free radicals that are derived from the surface 
of the nanoparticles [37]. This bacterial activity 
also appeared to be dependent on the size and 
shape of the silver nanoparticles [38].

CONCLUSIONS 

The utilization of silica-based volcanic ash 
modified with silver as an antibacterial agent in 
leather production was investigated in this study. 
The leather was obtained from the tanning 
process of goat skin using mimosa as a tanning 
agent. The antibacterial assay showed that the 
inhibition zones of Staphylococcus aureus for 
vegetable tanned leather, leather@SiO2 and 
leather@SiO2/Ag are 11.40 ± 0.55 mm, 21.25 ± 
0.50 mm and 24.80 ± 1.64 mm, respectively. It 
verified the effectiveness of leather coating with 
silica-based volcanic ash/silver as an antibacterial 
agent.
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DEVELOPMENT OF A DEGREASING PROCESS FOR PAICHE SKINS (Arapaima gigas) FOR TANNING PRESERVING THE NATURAL PATTERN  
AND COLOR

ABSTRACT. The utilization of Amazonian fish skins, like paiche, to obtain leather, has been gaining importance in Peru. The beauty of the 
pattern of this fish skin comes from its light beige color and the black strip that runs through its back. This research aimed to develop a 
degreasing process for the tanning of paiche skin, that allows to preserve its natural pattern and color in the finished leather. For this purpose, 
a mixture of degreasers, diesel oil, lipases, and surfactants was used. In tanned skins, physical-mechanical properties, such as tear strength, 
tensile strength, elongation percentage, and shrinkage temperature, were evaluated.  The presence of fishy smell in tanned paiche skins was 
evaluated through an analysis of fat content, fatty acid profiles, and sensorial tests. Besides, wastewater of the process was characterized 
to determine BOD5, COD, TSS, oils, and greases, TPH, phenols, and pH. This wastewater was treated by a laboratory-scale system, based on 
sedimentation, sifting, and flocculation-coagulation. As a result, a degreasing process using 8% of diesel oil, 18% of surfactants and 1.2% of 
lipidic enzymes, applied in cycles before and after the pickling process, was established. This process allowed the conservation of pattern 
and color of skin and the reduction of polyunsaturated fatty acids that cause the fishy smell in the leather, which complied with physical-
mechanical standards for making footwear, bags, and clothing. Thus, a reduction in the pollutant charge in wastewater was achieved to 
acceptable environmental levels.  
KEY WORDS: paiche, Arapaima gigas, fishskin, tanning process, degreasing

DEZVOLTAREA UNUI PROCES DE DEGRESARE PENTRU TĂBĂCIREA PIELII DE PEȘTE PAICHE (Arapaima gigas) PĂSTRÂND MODELUL ȘI 
CULOAREA NATURALE ALE ACESTEIA

REZUMAT. Utilizarea pieilor de pești amazonieni, cum ar fi cea a peștelui paiche, pentru a obține piele finită, este o activitate care a căpătat 
importanță în ultimii ani în Perú. Frumusețea modelului pielii acestui pește este dată de culoarea sa bej deschis și de dunga neagră care îi 
străbate spatele. Această cercetare și-a propus să dezvolte un proces de degresare pentru tăbăcirea pielii de pește paiche, care să permită 
păstrarea modelului și a culorii naturale în pielea finisată. În acest scop, s-a utilizat un amestec de agenți de degresare, motorină, lipaze 
și agenți tensioactivi. S-au evaluat proprietățile fizico-mecanice ale pieilor tăbăcite, cum ar fi rezistența la sfâșiere, rezistența la rupere, 
procentul de alungire și temperatura de contracție. Prezența mirosului caracteristic al pieilor de pește paiche tăbăcite a fost evaluată prin 
analiza conținutului de grăsimi, a profilurilor acizilor grași și prin teste senzoriale. Pe de altă parte, apa uzată a fost caracterizată pentru 
a determina CBO5, CCO, totalul materiilor solide în suspensie, uleiuri și grăsimi, totalul hidrocarburilor din petrol, fenoli și pH. Aceste ape 
uzate au fost tratate printr-un sistem de laborator, bazat pe sedimentare, cernere și floculare-coagulare. Drept urmare, s-a stabilit un proces 
de degresare folosind 8% hidrocarburi, 18% surfactanți și 1,2% enzime lipidice, aplicate în cicluri înainte și după procesul de piclare. Acest 
proces a permis conservarea modelului și a culorii pielii și reducerea acizilor grași polinesaturați care provoacă mirosul caracteristic al pielii de 
pește, respectând standardele fizico-mecanice pentru confecționarea încălțămintei, genților și îmbrăcămintei. Astfel, s-a obținut reducerea 
poluanților din apele uzate la niveluri acceptabile.
CUVINTE CHEIE: paiche, Arapaima gigas, piele de pește, proces de tăbăcire, degresare

DÉVELOPPEMENT D’UN PROCÉDÉ DE DÉGRAISSAGE DES PEAUX DE PAICHE (Arapaima gigas) POUR LE TANNAGE, EN PRÉSERVANT LE 
MOTIF ET LA COULEUR NATURELS 

RÉSUMÉ. L’utilisation de peaux de poisson amazoniennes, telles que la paiche, pour obtenir du cuir, est une activité qui a pris de l’importance 
ces dernières années au Pérou. La beauté du motif de peau de ce poisson est donnée par sa couleur beige clair et par la bande noire qui 
traverse son dos. Cette recherche vise à développer un procédé de dégraissage pour le tannage de la peau des poissons paiche, qui permet 
de conserver le motif et la couleur naturels du cuir fini. À cette fin, un mélange de dégraissants, d’hydrocarbures, de lipases et de tensioactifs 
a été utilisé. On a évalué les propriétés physico-mécaniques du cuir fini, telles que la résistance à la déchirure, la résistance à la traction, le 
pourcentage d’allongement et la température de retrait. La présence d’une odeur de poisson caractéristique dans les peaux de paiche tannées 
a été évaluée par une analyse de la teneur en matière grasse, des profils d›acides gras et des tests sensoriels. D›autre part, les eaux usées 
du procédé ont été caractérisées pour déterminer la DBO5, la DCO, le TSS, les huiles et les graisses, la TPH, les phénols et le pH. Ces eaux 
usées ont été traitées par un système de laboratoire basé sur la sédimentation, le tamisage et la floculation-coagulation. En conséquence, un 
processus de dégraissage utilisant 8% d’hydrocarbures, 18% de tensioactifs et 1,2% d’enzymes lipidiques, appliqué par cycles avant et après 
le processus de picklage, a été mis en place. Ce processus a permis de conserver le motif et la couleur de la peau et de réduire les acides 
gras polyinsaturés responsables de l’odeur caractéristique du cuir de poisson, conformément aux normes physico-mécaniques applicables 
à la fabrication de chaussures, de sacs et de vêtements. Ainsi, une réduction de la charge polluante dans les eaux usées a été atteinte à des 
niveaux environnementaux acceptables. 
MOTS CLÉS : paiche, Arapaima gigas, peau de poisson, procédé de tannage, dégraissage
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INTRODUCTION 
Paiche is an Amazonian fish species whose 

nutritional properties make it an important 
source of food [1, 2] with projections for the 
international market that has gained popularity 
in Peru. Its richness, however, lies not only in its 
meat but also in the waste generated from its 
use, from which, for example, scales with a high 
protein and mineral content can be obtained. 
The skin containing a peculiar pattern and color 
gives natural beauty and when tanned, items of 
clothing can be made with a high value. 

The specialized report of PROMPERU 
stated that approximately 1227 tons of paiche 
were obtained from aquaculture and capture 
activities in 2015 [3], resulting in the production 
of around 400 tons of skin that could have a by-
product such as leather. It is true that significant 
efforts have been made in Peru to highlight 
the skin properties of this species as leather. 
There is a great deal of potential to exploit this 
commodity, which will make to add value to the 
aquaculture sector, resulting in major projects 
focused on the manufacturing of tanned fish 
skin that should be targeted to markets with high 
fashion standards, sophistication, and valuation 
of biodiversity.

Using paiche skins for tanning implies 
the development of a process adapted to the 
characteristics of this skin. The presence of 
high-fat content in the tanned skins can cause 
yellowing and the appearance of an unpleasant 
fishy smell. In contrast, preserving the natural 
color and pattern, comprising a light beige color 
and a black strip that crosses the back, means 
avoiding the use of materials that can either 
alter or deteriorate it, as happens in the case of 
conventional degreasing. The objective of this 
research was to develop a degreasing process 
based on diesel oil, enzymes, and surfactants 
that would allow a tanned skin with adequate 
physical, mechanical and sensory characteristics 
and particularly an imperceptible fishy smell to be 
obtained without deteriorating the natural color 
and pattern of the species. The development of 
this process also included the characterization of 
the effluents produced and treating them on a 
laboratory scale. 

EXPERIMENTAL

Materials and Methods 

The present research was developed in 
the tanning pilot plant of CITEccal Lima. The 
tanned paiche skins came from the aquaculture 
activity taking place in the region of Ucayali. 
To avoid microbiological degradation of the 
collagenic structure, it was recommended that 
once removed from the meat, they should be 
preserved immediately in a container containing 
brine at 20° Baumé until the end of the fillet day. 
Afterward, they were scaled and treated with 
salt at 30% w/w on both sides, putting one skin 
above the other, allowing them to drain for 12 
hours and freezing them until they are processed.

Leather Processing

Before starting the tanning process, the 
skins were conditioned by fleshing that allowed 
the removal of meat and fat adhered to the skin. 
Commercial chemicals were used in leather 
process: Wetting agent (UD-800), bactericide 
(Tensocide 85), probiotics (ProsoakTM), 
degreasing surfactant (Cletapon FU-100), 
formaldehyde, lipid enzyme (Degreasing enzyme 
7707), diesel oil (Diesel B5), emulsifier (Garapon 
HE), salt, organic acid (Unictan TC-400), sodium 
bicarbonate, glutaraldehyde (GT-50), phenolic 
retanning agent (Floretan SF-Extra), fungicide 
(Tensocide EB), neutralizing agent (Trupotan NL), 
fatliquoring agent (Fospholicker 6146L), resin 
(Krotan DC), synthetic tanning agent (Blancotan 
W), filler (Filler FJ), mix of protein binder and wax 
(LA 5269), penetrating agent (PT Penetrante), 
urethane resin (PUR 3365) and mix of protein 
binder and polishing wax (LVH67).

The tanning process started with a two-
phase soaking, process that allowed the skins 
to return to their natural swelling state while 
removing dirt, soluble protein substances and 
preservatives [4-6]. In the pre-soaking phase, 
room temperature water, wetting agent, 
bactericide, formaldehyde, and degreasing 
surfactant were used. Following, in the main 
soaking, besides the products used in the pre-
soaking, lipid enzymes were added, then, skins 
were washed and drained. 
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To establish the optimal degreasing 
process, tests were carried out with mixtures 
of diesel oil, probiotics, degreasing surfactants, 

and lipid enzymes, according to the formulations 
listed in Table 1 (all weights were measured in 
w/w) [5-8]. 

Table 1: Degreasing processes evaluated in the tanning of paiche skins

Test 
code Process Product Amount (%) Temp. (ºC) Duration 

(min)

A

Degreasing Diesel oil 5 28 130

Probiotics 3

Tanning Glutaraldehyde 2.25 28 440

Phenol-sulphonic syntan 7.5

B

Degreasing Diesel oil 5 28 100

Degreasing surfactant 3

Lipid enzyme 0.1

Tanning Glutaraldehyde 3 28 360

Phenol-sulphonic syntan 10

C

Degreasing Diesel oil 4 290

Degreasing surfactant 15 28

Lipid enzyme 1

Emulsifier 0.7

Resting 2 weeks

Degreasing after 
pickling

Degreasing surfactant 4.5 28 275

Lipid enzyme 0.2

Wetting surfactant 0.2

Tanning Glutaraldehyde 2.25 28 390

Phenol-sulphonic syntan 7.5

D

Degreasing Diesel oil 4 290

Degreasing surfactant 15 28

Lipid enzyme 1

Emulsifier 0.7

Resting 1 week

Degreasing after 
pickling

Degreasing surfactant 4.5 28 280

Lipid enzyme 0.2

Wetting surfactant 0.2

Tanning Glutaraldehyde 2.25 28 390

Phenol-sulphonic syntan 7.5
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CP-6

Degreasing Diesel oil 6 28 380

Degreasing surfactant 18

Lipid enzyme 1.2

Emulsifier 2.3

Humectant 3

Resting  1 week

Degreasing after 
pickling

Degreasing surfactant 6 28 295

Lipid enzyme 0.4

Emulsifier 0.4

Humectant 2

Tanning Glutaraldehyde 2.5 28 390

Phenol-sulphonic syntan 7.5

CP-8

Degreasing Diesel oil 8 28 380

Degreasing surfactant 18

Lipid enzyme 1.2

Emulsifier 2.3

Humectant 3

Resting 1 week

Degreasing after 
pickling

Degreasing surfactant 6 28 295

Lipid enzyme 0.4

Emulsifier 0.4

Humectant 2

Tanning Glutaraldehyde 2.5 28 390

Phenol-sulphonic syntan 7.5

CP-F

Degreasing Diesel oil 8 28 380

Degreasing surfactant 18

Lipid enzyme 1.2

Emulsifier 2.3

Humectant 3

Resting 1 week

Degreasing after 
pickling

Degreasing surfactant 3 28 115

Lipid enzyme 0.3

Emulsifier 0.2

Tanning Glutaraldehyde 2.5 28 390

Phenol-sulphonic syntan 7.5
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The degreasing and tanning processes 
were the only ones to suffer modifications, that 
is why they need a more detailed explanation as 
presented in Table 1. The processes A, B, C and 
D were developed first, to explore and adjust the 
characteristics of the degreasing of paiche skins, 
and processes CP-6, CP-8 and CP-F were carried 
out to improve the degreasing process.

In the case of the pickling process, it took 
place after degreasing in two phases, the first 
one consisted in adding a salt solution, and in 
the second, acidification by adding two parts of 
organic acid (1% per part), until the pH of the 
skins reached the value 3.

A degreasing after pickling process was 
done, starting with the skin depickling with brine 
and basification with two parts of 0.5% sodium 
bicarbonate. Then degreasing was performed as 
presented in Table 1. Subsequently, the pickling 
process described above was repeated, leaving 
the skins prepared for tanning, a process where 
glutaraldehyde and phenol-sulphonic syntan 
compounds were applied as tanning agents. 
The shrinkage temperature of the tanned hides, 
determined by the NTP 291.036:2007 method, 
indicated a shrinkage of not over 5% at a 
temperature between 70 and 75°C, maintaining 
a pH between 4 and 4.2.

The skins thus obtained were washed 
and neutralized, then were fatliquored with a 
fatliquoring agent and a mixture of retanning 
agents. The leathers were smoothed, dried and 
softened before finishing, which consisted in 
adding a mixture of penetrating protein binders, 
waxes for polishing and urethane resin by 
spraying [5, 9].

Evaluation of Fat Removal

Fat removal in tanned leather was 
quantified by determining the fat content in raw 
and tanned leather using the method NTP 201.016 
2002 (Rev 2017) MEAT AND MEAT PRODUCTS. 
The fatty acids profile was characterized using 
the method ISO 12966. To determine the fishy 
smell, sensory tests were performed on tanned 
skins using a specified attribute grade test 
carried out by a panel of experts, specialized in 
the chemical analysis of leather samples from 
the CITEccal Lima Laboratory. Each expert was 
assigned nine test pieces per sample. Negative 
control was included in the specimens submitted 

for a test of tanned paiche skin with tannins 
without a fishy smell. The specimen showing the 
attribute to be tested was a tanned paiche skin 
with a highly perceptible fishy smell. The samples 
were randomly assigned to the analysts and 
their analysis was performed at least one month 
after their tanning process. It should be noted 
here that the analysts were blindfolded to avoid 
associating the color of the sample pieces with 
the degree of smell. The qualification criteria 
used in the sensory test were Imperceptible (1), 
Slightly perceptible (2), Moderately perceptible 
(3) and Highly perceptible (4). 

For each expert, statistical analysis of the 
results was conducted using ANOVA analysis 
and multiple comparison tests (Tukey HSD/
Kramer Test and Dunnett Test) at a confidence 
level of 95%, to establish significant differences 
of process samples (A, B, C, and D) with negative 
control and between samples. Statistical analysis 
was performed with the use of Real Statistics in 
MS Excel.

Evaluation of the Physical-Mechanical Quality of 
Tanned Leather

The tanned samples were tested in the 
laboratory of CITEccal Lima to determine their 
physical-mechanical properties. The tests 
performed are tear resistance (NTP ISO 3377-
2:2008. LEATHER: Physical and mechanical tests. 
Determination of resistance to tearing. Part 2: 
Double tear), tensile strength and percentage 
elongation (NTP ISO 3376:2012. LEATHER: 
Physical and mechanical tests. Determination 
of tensile strength and elongation percentage) 
and shrinkage temperature with the method 
(NTP 291.036:2007. PELETERIA. Physical tests. 
Determination of shrinkage temperature).

Effluent Characterization and Treatment

The tanning system effluents are defined by 
the parameters established by Supreme Decree 
No. 003-2002-PRODUCE, analyzing the content 
of Total Suspended Solids (TSS) (SMEWW-APHA-
AWWA-WEF Part 2540-D; 23rd Ed: 2017. Total 
Suspended Solids dried at 103-105°C), oils and fat 
content (ASTM D3921 - 96 (Reapproved 2011). 
Standard Test Method for oil and Grease and 
Petroleum Hydrocarbons in Water (Validated) 
2014), Biochemical Oxygen Demand (BOD5) 
(SMEWW-APHA-AWWA-WEF Part 5210 B; 23rd 
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Ed:2017). Biochemical Oxygen Demand (BOD): 
5-day BOD test), Chemical Oxygen Demand 
(COD) (SMEWW-APHA-AWWA-WEF Part 5220 D; 
23rd Ed:2017. Chemical Oxygen Demand, Closed 
Reflux. Colorimetric Method) and potential 
of hydrogen (pH) (SMEWW-APHA-AWWA-
WEF Part 4500-H+-B; 23rd Ed: 2017. pH Value: 
Electrometric Method.), likewise, the content of 
phenols was evaluated (EPA Method 420.2:1974 
Phenolics-Colorimetric, Automated 4-AAP With 
Distillation//EPA Method 420.4 Rev. 01.1993 
Determination of Total Recoverable Phenolics 
By Semi-Automated Colorimetry. Validity 2013) 
and Total Petroleum Hydrocarbons (TPH) (EPA 
Method 8015C Rev.3: 2007. Nanhologenated 
Organics by Gas Chromatography). 

The global effluent of the process, 
constituted by the contribution of the sub-
processes, was submitted to a treatment based 
on the principles of sedimentation, liquid-
solid separation (sieving) and coagulation-
flocculation, at laboratory scale for the reduction 
of the contaminant load. The procedure was 
carried out as follows: first, the grease was 
separated from the effluent by means of a 
decantation pear, leaving it to rest for 30 

minutes, and then the solids were filtered with 
a Tyler mesh N° 200 (74 µm). Once the sample 
was filtered, it was diluted to a ratio of 1:9 with 
tap water. Next, a 10% ferric sulfate solution was 
prepared as a coagulant and Arisfloc 606 at 0.1% 
as a flocculant. The operating conditions are as 
follows: stirring speed = 200 rpm, stirring time = 
5 minutes/flocculation: stirring speed = 40 rpm, 
and stirring time = 10 minutes. Post-treatment 
sedimentation time was 10 minutes, after which 
samples were taken and preserved for analysis of 
TSS, oils and fats, BOD5, COD, pH, phenols, and 
TPH. The effluent samples were analyzed in an 
accredited Laboratory under the requirements 
of ISO 17025.

RESULTS AND DISCUSSIONS 

Table 2 presents the results obtained in 
the determination of fat and the percentage 
concentration of fatty acids. The data shows 
that paiche skins have high-fat content, 
approximately 45% which is higher than those of 
sheep with values 30%-40% [10]. Other species, 
for example, cattle (2-4%) and goats (12-15%) 
have relatively lower fat concentration [11]. 

Table 2: Results of characterization of fatty acid types in raw and tanned skin

Types of fatty acids

Types of fatty acids expressed as %

Paiche 
skin 

crude

Tanned paiche leather - 
Sample D

Tanned paiche leather 
- Sample CP-6

Saturated fatty acids 20.53 6.38 --

Monounsaturated fatty acids 11.63 3.30 --

Polyunsaturated fatty acids 7.65 0.54 --

Fat percentage 45.00 11.30 11.00

The removal of fats for the tanning of 
conventional hides is done during pre-tanning 
operations, including unhairing using alkaline 
substances [4, 12]. In the case of fish skins, 
the use of sulphides and alkalis leads to the 
removal of scales and pigments from the skins 
[13, 14], for this reason, in the present research 
this procedure was removed, as the aim of this 
project is to preserve the natural color and 
pattern of paiche skin, so degreasing process 
was done after soaking. 

The difficulty in the degreasing process 
is that most of the natural fat is available in 

the dermis and is contained within fat cells, 
whose walls consist of a protoplasmic envelope 
inverted in reticular tissue. Hence, degreasing 
involves the release of fat from cell confinement 
and for this, it is necessary to achieve the 
diffusion of degreasers in the skin that has a 
three-dimensional tissue of collagen fibers. 
The diffusion includes transport of degreasing 
chemicals into the skin, emulsification of fat 
and the removal of emulsified fat [15]. One of 
the most effective ways used for fat removal in 
the tanning industry is the degreasing process 
using organic solvents, emulsifiers and/or a 
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mixture of them [11, 15]. The organic solvents 
used are kerosene [15], petroleum, diesel oil, 
trichloroethylene, and perchloroethylene [16]. 
An alternative to these materials, developed 
in recent years, is the use of enzymes, that are 
used for soaking, liming, deliming, degreasing 
and bating [16]. Protease and lipase are the 
main enzymes commercialized, making possible 
to decrease the amount of organic solvents and 
emulsifiers in the effluents, contributing to the 
efficiency of the degreasing process.

It is important to point out that a process 
of yellowing occurs when fats are not removed 
sufficiently, it is produced because of the 
oxidation of polyunsaturated fatty acids, which 
have two or more double bonds that are easily 
oxidized and converted to hydroxyperoxides, this 
process is produced by heat, light and humidity, 
and is favoured by the action of bacterial 
degradation [17, 18], responsible of giving off 
the fishy smell [19, 20]. The results of the tests A 
and B presented good characteristics in tanned 
leather, nevertheless, after some days of finished 
the process, yellowing and giving off of fishy smell 
was observed in the tanned leather obtained in 
these processes, which meant that fats had not 
been removed enough. Thus, it was discarded 
to continue researching on the application of 
probiotics, as the defects presented by the 
skins implied the use of a larger quantity of this 
product, which increased the cost of the scaling 
process. 

So, processes C and D were developed 
considering the emanation and oxidation of 
fats observed after tanning, that is why in these 
processes was considered a resting time after 
pickling, thought to evaluate the emanation 
of fats, in order to remove them in a second 
degreasing. Test C consider two weeks of resting 
time, and D, one week, because of the great 
emanation and oxidation of fat observed during 
resting time in process C, so results in process D 
seemed to be better, as finished leather does not 
show a significantly yellowing or fishy smell, these 
results were proved with fat analysis and odour 
tests. As result, the percentage of fats in tanned 
leather from process D decreased significantly 
compared to raw leather, establishing a fat 
content of 11.3%. The recommended fat level 
for leather according to G. John (1997) is in the 
range of 4-10%. Table 2 lists the percentage 

of polyunsaturated fatty acids as 7.65%. The 
removal of fat using degreasing formula D 
resulted in a tanned skin with a concentration of 
polyunsaturated fatty acids of 0.54%.

The detail analyses of the sensory odour 
test are listed in Tables 3, 4 and 5 while Figures 1, 
2 and 3 present the graphical representation of 
the data. It is observed that Judge 1 established 
significant differences between the negative 
control and the samples A and B. Comparing 
samples from tests A and B, both with mode 4 
(highly perceptible) as calification, correspond 
to the tanned samples that presented high 
yellowing, the negative control, with calification 
2 (slightly perceptible), is a sample without fishy 
smell coming from a vegetable tanning. Sample C 
does not present significant differences with the 
negative control after almost three months have 
elapsed since its tanning. Sample D (assayed 
after one month of tanning) presents significant 
differences with respect to others, its valuation 
being 1, imperceptible, establishing significant 
differences regarding the negative control and 
the C sample. Regarding Judge 2, statistical 
analysis indicates that there are significant 
differences between the A, B, and negative 
control samples. The statistical mode for each 
of them was 3, 4 and 1, respectively. Sample 
C with mode 2 and sample D with mode 1, do 
not present significant differences with respect 
to the negative control, however, sample D and 
sample C present significant differences between 
them. Statistical analysis for Judge 3 indicates 
that samples A, B, C, D present modes 4, 4, 3 and 
1 respectively, which differ significantly from the 
negative control presented by mode 2. Samples 
A and B are significantly different from sample C 
and this is statistically different from sample D.
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Figure 1. Results obtained by Judge 1 in the odour sensory test

Table 3: Analysis of the results obtained by Judge 1 Test Tukey HSD/Kramer

TUKEY HSD/KRAMER alpha 0.05
group me n ss df q-crit

Negative control 2.2222 9 1.5556
Sample A 3.3333 9 6.0000
Sample B 3.4444 9 4.2222
Sample C 2.3333 9 2.0000
Sample D 1.0000 9 0.0000

  45 13.7778 40 4.039

Q TEST
group 1 group 2 me std err q-stat lower upper p-value mean-crit Cohen d

Negative control Sample A 1.1111 0.1956 5.6796 0.3210 1.9013 0.0022 0.7902 1.8932
Negative control Sample B 1.2222 0.1956 6.2476 0.4321 2.0124 0.0007 0.7902 2.0825
Negative control Sample C 0.1111 0.1956 0.5680 -0.6790 0.9013 0.9943 0.7902 0.1893
Negative control Sample D 1.2222 0.1956 6.2476 0.4321 2.0124 0.0007 0.7902 2.0825

Sample A Sample B 0.1111 0.1956 0.5680 -0.6790 0.9013 0.9943 0.7902 0.1893
Sample A Sample C 1.0000 0.1956 5.1117 0.2098 1.7902 0.0070 0.7902 1.7039
Sample A Sample D 2.3333 0.1956 11.9272 1.5432 3.1235 0.0000 0.7902 3.9757
Sample B Sample C 1.1111 0.1956 5.6796 0.3210 1.9013 0.0022 0.7902 1.8932
Sample B Sample D 2.4444 0.1956 12.4952 1.6543 3.2346 0.0000 0.7902 4.1651
Sample C Sample D 1.3333 0.1956 6.8155 0.5432 2.1235 0.0002 0.7902 2.2718

Figure 2. Results obtained by Judge 2 in the odour sensory test
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Table 4: Analysis of the results obtained by Judge Nº2 Test Tukey HSD/Kramer

TUKEY HSD/KRAMER alpha 0.05
group me n ss df q-crit

Negative control 1.6667 9 6.0000
Sample A 3.2222 9 1.5556
Sample B 3.3333 9 6.0000
Sample C 2.2222 9 5.5556
Sample D 1.0000 9 0.0000

  45 19.1111 40 4.039
Q TEST

group 1 group 2 me std err q-stat lower upper p-value mean-crit Cohen d
Negative control Sample A 1.5556 0.2304 6.7514 0.6250 2.4862 0.0002 0.9306 2.2505
Negative control Sample B 1.6667 0.2304 7.2336 0.7361 2.5973 0.0001 0.9306 2.4112
Negative control Sample C 0.5556 0.2304 2.4112 -0.3750 1.4862 0.4425 0.9306 0.8037
Negative control Sample D 0.6667 0.2304 2.8935 -0.2639 1.5973 0.2635 0.9306 0.9645

Sample A Sample B 0.1111 0.2304 0.4822 -0.8195 1.0417 0.9970 0.9306 0.1607
Sample A Sample C 1.0000 0.2304 4.3402 0.0694 1.9306 0.0298 0.9306 1.4467
Sample A Sample D 2.2222 0.2304 9.6449 1.2916 3.1528 0.0000 0.9306 3.2150
Sample B Sample C 1.1111 0.2304 4.8224 0.1805 2.0417 0.0123 0.9306 1.6075
Sample B Sample D 2.3333 0.2304 10.1271 1.4027 3.2639 0.0000 0.9306 3.3757
Sample C Sample D 1.2222 0.2304 5.3047 0.2916 2.1528 0.0048 0.9306 1.7682

Figure 3. Results obtained by Judge 3 in the odour sensory test

Table 5: Analysis of the results obtained by Judge 3 Test Tukey HSD/Kramer

TUKEY HSD/KRAMER alpha 0.05
group me n ss df q-crit

Negative control 1.8889 9 6.8889
Sample A 3.7778 9 1.5556
Sample B 3.8889 9 0.8889
Sample C 2.6667 9 2.0000
Sample D 1.0000 9 0.0000

  45 11.3333 40 4.039
Q TEST

group 1 group 2 me std err q-stat lower upper p-value mean-crit Cohen d
Negative control Sample A 1.8889 0.1774 10.6458 1.1722 2.6055 0.0000 0.7166 3.5486
Negative control Sample B 2.0000 0.1774 11.2720 1.2834 2.7166 0.0000 0.7166 3.7573
Negative control Sample C 0.7778 0.1774 4.3836 0.0611 1.4944 0.0276 0.7166 1.4612
Negative control Sample D 0.8889 0.1774 5.0098 0.1722 1.6055 0.0086 0.7166 1.6699

Sample A Sample B 0.1111 0.1774 0.6262 -0.6055 0.8278 0.9917 0.7166 0.2087
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Sample A Sample C 1.1111 0.1774 6.2622 0.3945 1.8278 0.0007 0.7166 2.0874
Sample A Sample D 2.7778 0.1774 15.6556 2.0611 3.4944 0.0000 0.7166 5.2185
Sample B Sample C 1.2222 0.1774 6.8885 0.5056 1.9389 0.0002 0.7166 2.2962
Sample B Sample D 2.8889 0.1774 16.2818 2.1722 3.6055 0.0000 0.7166 5.4273
Sample C Sample D 1.6667 0.1774 9.3934 0.9500 2.3833 0.0000 0.7166 3.1311

The “imperceptible” rating given by the 
three judges for the sample from process D in the 
odour test would be supported by the decrease 
in the percentage of polyunsaturated fats and 
fatty acids achieved by the applied degreasing 
process. As observed in the sensory test, the 
three judges establish significant differences 
between samples C and D, which would mean 
that oxidation of polyunsaturated fatty acids 
could have originated over time in process C, 
making the difference in smell perceptible. 

Thus, resting time was established in one 
week, and further processes were tested to 
evaluate the amount of degreasing products. 
Process CP-6 and CP-8 increase the amount of 
degreasing surfactant to 18 % (w/w), and diesel 
oil to 6 % and 8 % respectively (Table 2). The 
results obtained for fat content in CP-6 indicate 
that the removal is slightly higher than process 
D. In addition, the paiche leathers from CP-8 
were lighter (absence of yellowing) compared 
with those obtained in previous processes, 
indicating a further removal of fat, so degreasing 
was established at 8 % (w/w).

Figure 4. Samples of skins corresponding to tanning processes A and D respectively

The results of physical-mechanical 
properties presented in Table 6 show the 
evaluation of tear resistance, tensile strength 
and elongation percentage for tanned leather, 
values are within the standards as established 
by the technical norms and recommendations 
for manufacturing of footwear and articles 
of clothing and leather goods. The shrinkage 
temperature determined for skins tanned 
in this research with phenolic compounds 
syntan sulfonic and glutaraldehyde remains 
within the recommended minimum values for 
leather (>75%) [21]. Tanning with alternative 
agents replacing chromium, in many cases, 
is not comparable to this metal because 

of the weak cross-linking capacity of these 
substitutes [5, 22]. Researchers have reported 
earlier that the contraction temperatures for 
tanning with synthetic tanning agents such as 
polymerized phenols in the range of 75-85°C 
and glutaraldehyde in the range of 80-85°C [23]. 
The properties attained in tanned leather make 
it viable for use in the manufacture of footwear, 
clothing and leather goods. Figure 5 presents the 
prototypes elaborated with the tanned paiche 
skins obtained in the framework.
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Table 6: Physical-mechanical characteristics of tanned paiche skins

PARAMETER

Application Range of 
values 

obtained for 
paiche leather

Test MethodsCasual 
Shoes1 Men Shoes2 Ladies

Shoes3 Clothing4 Leather goods5

Tear Resistance

Unlined: ≥ 
100 N

With lining: ≥ 
70 N

≥ 40 N ≥ 40 N
Greater 
than 20 

N*

Minimum 400 
N/cm 147 N -187 N NTP ISO 3377-

02:2008

Tensile strength ≥ 10.0 N/
mm2

≥ 15.0 N/
mm2 in 
splits

≥ 15.0 
N/mm2 
in splits

-- Minimum 2250 
N/cm2

9.79 N/
mm2/12.24 N/

mm2

NTP ISO 
3376:2012

Elongation at 
break

≥15% (→)
≥ 7% (↑) -- -- -- Maximum 50%. 76.40 -94.47% NTP ISO 

3376:2012

Shrinkage 
temperature At least 70°C to 75°C with a shrinkage of no more than 5%. Above 75°C: 

shrinkage 4%.
NTP 

291.036:2007

Odour -- -- -- -- --
Imperceptible 

to the fishy 
smell

Sensory Testing

1 NTP 241.023:2014. SHOES. Casual footwear. Railway applications - Requirements and test methods 
2 NTP 241.021:2015 FOOTWEAR. Men’s footwear. Railway applications - Requirements and test methods 
3 NTP 241.022:2015 FOOTWEAR. Lady’s footwear. Railway applications - Requirements and test methods 
4 NTP ISO 14931:2016. LEATHER: Guide for the selection of leather for clothing (excluding fur skins).
5 Gerhard, J. (1996). Possible defects in leather production
*leathers with tear resistance greater than 10 N can be used as long as attention is paid to the design and construction of the 
garment.

Figure 5. Items made with paiche skin preserving the pattern and color



A. SEGUNDO ESPADA, L. MARRUFO SALDAÑA, J. BARRA HINOJOSA, R. CONTRERAS PANIZO

130 Leather and Footwear Journal  20 (2020) 2

Finally, the effluents from tanning process 
were collected and characterized to determine 
its content of total suspended solids (TSS), pH, 
oils and fats, biological oxygen demand (BOD5), 
chemical oxygen demand (COD), phenols, total 
petroleum hydrocarbons, which are presented 
in Table 7. Different samples were evaluated. 
First, in order to compare the effectiveness of 
degreasing after pickling process, effluents of 
degreasing from process CP-8 (sample DP-8) and 
effluents of degreasing from a process without 
second degreasing (DP-F) were characterized. 
From the results, it was determined that sample 
DP-8 is more efficient removing fats than 
DP-F, as its results of oils and fats are higher. 
Besides, effluents from whole process CP-8, 
and treated effluents from this process were 
characterized. The treatment was then carried 
out at laboratory scale, including sedimentation, 

filtration and coagulation-flocculation, achieving 
the removal of polluting charge at acceptable 
levels by national legislation for effluents from 
tanneries to be discharged to the sewage system, 
according to DS N° 002-2003-PRODUCE for TSS, 
pH, BOD5. The values of COD and oils and fats 
were exceeded by 18 mg/L and 116.3 mg/L, 
respectively. Although the legislation for tanning 
liquid effluents does not include permissible 
values for phenols and hydrocarbons, the 
results obtained were compared with maximum 
admissible values established by the company 
that manages the potable water supply 
for Metropolitan Lima (SEDAPAL) and with 
permissible limits for refinery effluents regulated 
in DS N° 0.37-2008 -PCMO, respectively. With 
phenols, the values were not exceeded although 
the hydrocarbons exceeded the standard by 36.5 
mg/L.

Table 7: Results obtained in degreasing effluents from the tanning process and in the treated effluent

Parameter
Maximum 

permissible limit - 
sewer1

DP-82 CP-83 DP-F4
Treated 
effluent5

pH 6.0-9.0 5.30 4.19 5.70 6.11

Total suspended solids (mg/l) 500 2135.0 2500 2124 93

Oils and fats (mg/L) 50 11167.7 8318.2 9796.6 166.3

BOD5 (mg/L) 500 11270 9120 11500 358

COD (mg/L) 1500 33617 27366 25004 1519

Phenols *(mg/L) 0.5 -- 5.02 -- 0.21

Total petroleum 
hydrocarbons

** (C10-C40) (mg/L)
20 2622.1 2698.8 1571.2 56.5

1 Supreme Decree Nº 003-2002-PRODUCE - Peru
2 Sample of effluent of degreasing from process CP-8. 
3 Sample of effluent from whole process CP-8.
4 Sample of effluent of degreasing from process CP-F.
5 Sample of treated effluent from whole process CP-F.
* Maximum admissible values SEDAPAL
** Maximum permissible limit for refinery effluents D.S. N° 037-2008-PCMO

CONCLUSIONS 
The degreasing of paiche skins for 

tanning, preserving color and pattern, is a 
process that must be controlled in such a way 
to avoid the yellowing of the tanned skins and 
the giving off of fishy smell. In this research, 
optimal fat removal was achieved through the 
use of a mixture of 8% diesel oil, 18% degreasing 
surfactants, and 1.2% lipid enzymes in repetitive 
cycles before and after pickling. The level of fat 

in the tanned skins reached a concentration of 
11%, a value that ensures an imperceptible level 
of fishy odour. The shrinkage temperature of 
the tanned leather and its physical-mechanical 
properties were within the standards established 
and recommended for use in the manufacture of 
footwear, clothing and leather goods. Based on 
the results obtained, it is recommended to study 
more about another degreasing processes using 
enzymes and biodegradable products, in order 
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to improve the removal of fat and avoid the 
utilization of diesel oil in the degreasing process. 

The effluents from the tanning process 
present high levels of organic pollutants, 
which, although were reduced on a laboratory 
scale through sedimentation, sieving, and 
coagulation-flocculation processes could not 
reach the permissible limits in all the parameters 
of the standard for discharge of effluents to 
the sewage system, so the removal process 
must be complemented with other methods to 
improve it, above all, the high content of oils 
and fats that characterizes this process, even 
more so, if it is projected to be implemented in 
regions where the discharge of liquid effluents 
is made directly in water surfaces that involve 
much lower permissible limits. The tanning of 
Amazonian fish skins is an activity that should 
be considered as an important opportunity to 
value these resources; however, the skins should 
come from formal aquaculture activity to avoid 
depredating them. Also, the tanning must be 
scaled up including the treatment of effluents to 
avoid negative impacts on the environment.
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ANTIFUNGAL ACTIVITY OF LEATHER TREATED WITH Anethum graveolens AND Melaleuca alternifolia ESSENTIAL OILS AGAINST 
Trichophyton interdigitale 

ABSTRACT. Trichophyton interdigitale is a common fungus causing onychomycosis of the nail in humans. Plants are a rich source of bioactive 
compounds with antifungal properties used in various compositions in pharmaceuticals, cosmetics or various industrial products. In the 
present paper, the antifungal activity of two kinds of leathers was tested: ecologically processed sheepskin leather lining (Eco) and sheepskin 
leather lining processed with basic chromium salts (Cr), treated with Anethum graveolens and Melaleuca alternifolia essential oils. Dill 
(Anethum graveolens) essential oil rich in o-cymene (30.71%) and α -phellandrene (23.21%) and tea tree (Melaleuca alternifolia) essential oil 
rich in terpinene-4-ol (23.06%) were used. The results obtained in this study show that the essential oil of Anethum graveolens and Melaleuca 
alternifolia had a high antifungal effect against Trichophyton interdigitale. Tea tree and dill essential oils offer a much safer alternative 
protection against fungi as compared to synthetic compounds with adverse reactions to body and environment. The results of this study may 
have potential for use in developing applications for cosmetics, pharmaceuticals, obtaining leathers and textiles with selective bioproperties.
KEY WORDS: Anethum graveolens and Melaleuca alternifolia essential oil, antifungal activity, Trichophyton interdigitale, sheepskin leather 
lining

ACTIVITATEA ANTIFUNGICĂ A PIEILOR TRATATE CU ULEIURI ESENȚIALE DE Anethum graveolens ȘI Melaleuca alternifolia ÎMPOTRIVA 
Trichophyton interdigitale 

REZUMAT. Trichophyton interdigitale este un fung comun care provoacă onicomicoza unghiei la om. Plantele sunt o sursă bogată de compuși 
bioactivi cu proprietăți antifungice utilizate în diferite compoziții în produse farmaceutice, produse cosmetice sau diverse produse industriale. 
În lucrarea de față s-a testat activitatea antifungică pe două tipuri de piele: căptușeala din piele de oaie procesată ecologic (piele Eco) și 
căptușeala din piele de oaie procesată cu săruri bazice de crom (piele Cr) tratate cu uleiuri esențiale de Anethum graveolens și Melaleuca 
alternifolia. S-a folosit ulei esențial de mărar (Anethum graveolens) bogat în o-cimol (30,71%) și α-felandren (23,21%) și ulei esențial de 
arbore de ceai (Melaleuca alternifolia) bogat în terpinen-4-ol (23,06%). Rezultatele obținute în acest studiu arată că uleiurile esențiale de 
Anethum graveolens și Melaleuca alternifolia au avut un efect antifungic ridicat împotriva Trichophyton interdigitale. Uleiurile esențiale de 
arbore de ceai și mărar oferă o alternativă de protecție mult mai sigură împotriva ciupercilor, comparativ cu compușii sintetici, care prezintă 
reacții adverse pentru corp și mediu. Rezultatele acestui studiu pot avea potențial de utilizare în dezvoltarea aplicațiilor în produse cosmetice, 
farmaceutice, obținerea de piei și textile cu bioproprietăți selective.
CUVINTE CHEIE: ulei esențial de Anethum graveolens și Melaleuca alternifolia, activitate antifungică, Trichophyton interdigitale, piei ovine 
pentru căptușeli

L’ACTIVITÉ ANTIFONGIQUE DES CUIRS TRAITÉS AVEC DES HUILES ESSENTIELLES D’Anethum graveolens ET Melaleuca alternifolia CONTRE 
Trichophyton interdigitale

RÉSUMÉ. Trichophyton interdigitale est un champignon commun provoquant l’onychomycose des ongles chez l’homme. Les plantes sont 
une riche source de composés bioactifs aux propriétés antifongiques utilisés dans diverses compositions pharmaceutiques, cosmétiques 
ou divers produits industriels. Dans cet article, on a testé l’activité antifongique de deux types de cuirs : la doublure en cuir de mouton 
traitée écologiquement (Eco) et la doublure en cuir de mouton traitée avec des sels basiques de chrome (Cr), traités avec des huiles 
essentielles d’Anethum graveolens et Melaleuca alternifolia. L’huile essentielle d’aneth (Anethum graveolens) riche en o-cymène (30,71%) 
et α -phellandrène (23,21%) et l’huile essentielle d’arbre à thé (Melaleuca alternifolia) riche en terpinène-4-ol (23,06%) ont été utilisées. Les 
résultats obtenus dans cette étude montrent que l’huile essentielle d’Anethum graveolens et Melaleuca alternifolia ont eu un effet antifongique 
élevé contre Trichophyton interdigitale. Les huiles essentielles d’arbre à thé et d’aneth offrent une protection alternative beaucoup plus 
sûre contre les champignons par rapport aux composés synthétiques ayant des réactions indésirables au corps et à l’environnement. Les 
résultats de cette étude peuvent avoir un potentiel d’utilisation dans le développement d’applications dans les cosmétiques, les produits 
pharmaceutiques, l’obtention de cuirs et de textiles à propriétés biologiques sélectives.
MOTS CLÉS : huile essentielle d’Anethum graveolens et Melaleuca alternifolia, activité antifongique, Trichophyton interdigitale, peau de 
mouton pour doublures

* Correspondence to: Mariana Daniela BERECHET, INCDTP - Division: Leather and Footwear Research Institute (ICPI), Bucharest, 031215, 
Romania, marianadanielaberechet@yahoo.co.uk
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INTRODUCTION 

Plants are a rich source of bioactive 
compounds with antifungal properties used 
in various compositions in pharmaceuticals, 
cosmetics or various industrial products [1]. 
Medicinal plants have been used to treat various 
affections for thousands of years, because they 
are vast and diverse compositions of natural 
compounds that can have important selective 
bioproperties. The most important of these 
compounds are alkaloids, tannins, flavonoids, 
terpenoids, saponins and phenolic compounds. 
Researchers, pharmacists, doctors are interested 
in these compounds due to their bioactivity 
and low toxicity [2]. Many compounds were 
isolated from plants that could be used for the 
development of new compositions to inhibit 
growth of fungal pathogens with possibly new 
mechanisms of action [3]. Extensive studies have 
already been reported for the use of essential 
oils from plants as biocides in leather processing 
[4-9] and in the protection of footwear against 
the growth of microorganisms which are mainly 
responsible for the appearance of fungal 
infections on the nails [4, 10-13]. Considering 
the side effects of antifungal drugs obtained by 
chemical synthesis, remedies based on natural 
compounds are a safe choice for treating fungal 
infections. They have no side effects as have 
other medicines. Essential oils are a natural 
remedy to prevent and treat fungal infections. If 
used in optimal proportions, essential oils with 
antifungal properties are a natural way to cure 
fungal diseases of the foot such as athlete’s foot, 
or treat other demanding areas of the foot [4]. 
The use of essential oils in biological control 
against fungi is mainly due to their richness 
in antifungal substances [14-18]. Numerous 
studies have established the efficacy of Anethum 
graveolens essential oil from the Apiaceae 
family [1] and Melaleuca alternifolia essential 
oil from the Myrtaceae family [19] against fungi 
[20-22]. Many members from these families are 
economically useful for medicines, cosmetics 
and various commercial uses [23]. Previous 
studies on the essential oils of Apiaceae and 
Myrtaceae have shown that these plants have a 
wide range of biological activities, in particular 
antifungal and antimicrobial potential. The 
chemical nature of the main ingredients was 
directly related to this activity [24]. Several 

previous studies have focused on chemical 
composition and antifungal effect of Anethum 
graveolens and Melaleuca alternifolia essential 
oils. Thus, their rich content in monoterpenes, 
gives an antifungal, antioxidant and antimicrobial 
activity. These properties promise their use as 
a natural antifungal in various pharmaceutical, 
cosmetic, industrial applications [25, 26]. 
There is much interest to find antimicrobial 
and antifungal agents to treat the shoe lining 
leather. For example, Koizhaiganova et al. 
studied the leather treated with silver doped 
hydroxyapatite. Good antibacterial properties 
against S. aureus, B. subtilis, E. faecalis as Gram 
positive bacteria, E. coli, S. typhimurium, K. 
pneumoniae and P. aeruginosa as Gram negative 
bacteria and the yeast C. albicans were reported 
with the increasing concentration of Ag [27]. In 
our previous paper, we presented the antifungal 
and antibacterial effects of geranium, pine, and 
rosemary essential oils on the cotton and leather 
linings with good results [28]. This fungus causes 
onychomycosis (also known as tinea unguium, 
a fungal infection on the nail) and tinea pedis 
(skin infection on the feet causes by fungus) in 
humans [30-32].

The aim of this paper is to test the 
antifungal effect of the essential oil extracted 
from dill (Anethum graveolens) and tea tree 
(Melaleuca alternifolia) against Trichophyton 
interdigitale on sheepskin lining leather used 
in the production of footwear, to avoid the 
appearance of nail fungus or bad smell of shoes 
by using natural antifungal agents.

EXPERIMENTAL 

Materials and Methods 

Materials 

Anethum graveolens essential oil (EO) 
was acquired from S.C. Herbavit S.R.L. Oradea, 
Romania. Melaleuca alternifolia essential oil 
(EO) was acquired from S.C. Solaris Plant Radix 
S.R.L. Bucharest, Romania and Borron SE from 
Triderma SRL Bucharest. Sheepskin leather lining 
was processed at the National Research and 
Development Institute for Textiles and Leather 
– Division: Leather and Footwear Research 
Institute (INCDTP-ICPI), Bucharest. 
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Methods

Sheepskin Lining Leather

Sheepskin lining leather obtained by 
ecological processing without basic chromium 
salts (lining leather Eco) and sheepskin lining 
leather obtained by processing with basic 
chromium salts (lining leather Cr) were used. 
The samples of sheepskin lining leather were 
treated by immersion in 200% aqueous float with 
5% essential oil and 5% Borron SE, relative to 
the weight of the lining materials, at 25°C for 30 
minutes with stirring and then free dried at 25°C.

GC-MS Analysis

Chemical composition of essential oils 
was determined by Gas chromatography-Mass 
Spectrometry (GC-MS) with Agilent 6890 N 
and the majority constituent compounds were 
identified [29].

ATR-FTIR Analysis 

The chemical structures of investigated 
leather samples were analyzed by use of Fourier 
Transform Infrared Spectroscopy-Attenu ated Total 

Reflectance FT-IR/ATR spectrometer JASCO FT-IR 
4200. The spectra were accumulated from 16 scans 
in a range of 4000-400 cm-1 scale, with a scan speed 
of 2.2 KHz and a resolution of 4 cm-1, single-beam, 
with ATR accessory with diamond sensor.

Antifungal Activity Assessment

The antifungal activity was evaluated 
using Trichophyton interdigitale fungus. Figure 
1 shows the culture of 7-day-old Trichophyton 
interdigitale grown on Sabouraud dextrose 
agar culture medium and analyzed using an 
optical microscope. The tests were performed 
in accordance with ASTM D4576-86:2016 
– Standard Test Method for Mold Growth 
Resistance of Wet Blue and Wet White. In each 
Petri dish a Dextrose Agar Sabouraud culture 
medium was poured. Treated samples and 
control samples were placed in Petri dishes in 
the center of the surface of the culture medium, 
and then the culture medium was seeded in 3 
points around the sample with Trichophyton 
interdigitale fungus, as an equilateral triangle. 
Petri dishes were placed in thermo-hygrostat 
(Memmert) at the temperature of 30°C and were 
analyzed after 3, 7, 14 and 21 days.

          
Figure 1. Trichophyton interdigitale fungus, optical microscopy images, 40x 

Optical Microscopy Investigation 

Optical microscopy images were captured 
using a Leica stereomicroscope S8AP0 model 
with optical fiber cold light source, L2, with three 
levels of intensity, and 40X magnification.

RESULTS AND DISCUSSIONS 

GC-MS Analysis of Essential Oils

The major compounds identified 
in Anethum graveolens essential oil were 
o-cymene with an area percentage of 30.71%, 

and α-phellandrene with an area percentage 
of 23.21%; other compounds had lower area 
percentages [1, 29]. The GC-MS analysis in the 
case of Melaleuca alternifolia essential oil showed 
that the major compound was terpinene-4-ol 
with an area percentage of 23.06% [14] (Figure 
2). The chemical composition of tea tree essential 
oil consists largely of cyclic monoterpenes of 
which about 50% are oxygenated and about 50% 
are hydrocarbons [20].
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o-cimole α-felandren terpinene-4-ol

Figure 2. The main components of dill and tea tree essential oils
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ATR-FTIR Analysis of Leathers

Mid-infrared spectra for un-treated 
leather lining - Eco control and leather lining - 
Cr control and leather samples treated with dill 
or tea tree essential oil are shown in Figures 3, 
4 and 5. According to FTIR spectra from Figure 
3, the characteristic bands of sheepskin leather 
lining - Eco control (a) and sheepskin leather 
lining - Cr control (b) are observed. Vibration 
bands at 1449 cm-1, 2853 cm-1 and 3086 cm-1 
are attributed to hydrogen bonds of associated 

functional groups C-H and those at 1082 cm-1 
and 3318 cm-1 are attributed to hydrogen bonds 
of associated functional groups C-O [27]. Bands 
in the range of 3318-3307 cm-1 are related to 
O-H stretching. Peaks in the ranges of 1636-
1633 cm-1 (–C=C stretch), 1548-1547 cm-1 and 
at 1236 cm-1 are attributed to I, II and III amide 
bands, respectively. Peaks of the C-O band were 
observed at 1032 cm-1 in the case of sheepskin 
leather lining - Eco control, 1085-1082 cm-1 and 
1166-1655 cm-1 in all samples.

(a)
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(b)

Figure 3. ATR-FTIR spectra for (a) sheepskin leather lining - Eco control, and (b) sheepskin leather 
lining - Cr control

The chemical changes occurring in the 
functional groups in the leather lining treated 

with tea tree essential oils are shown in Figure 
4 compared to spectra for tea tree essential oil. 

Figure 4. ATR-FTIR spectra of tea tree EO, leather lining - Eco and leather lining - Cr treated with tea 
tree EO 

The treatment of sheepskin lining - Eco and 
sheepskin lining - Cr, respectively with tea tree 
essential oil leads to the evidence of absorption 
bands at 2958-2956 cm-1 (C–H stretch), 1449-
1448 cm-1 (C–H bending) specific for this EO 

[33]. The absorption band at 2919 cm-1 (-CH2- as 
well as from the asymmetric -CH(CH3) stretching 
vibration [34]) is shifted to 2925-2924 cm-1 in 
the case of treated leather lining samples. The 
band at 2877 cm-1 (-CH(CH2)-, symmetric and 
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asymmetric stretching vibrations) identified at 
tea tree spectrum [34] is found in the range of 
2856-2855 cm-1 in the spectra of leather samples 
treated with tea tree EO. The bands at 3318-3307 
cm-1, 1548-1547 cm-1 found in control samples 
are also observed at the treated samples with 
tea tree essential oil. The band at 1441 cm-1 

observed in the case of tea tree EO due the -CH2- 
and -CH3 scissoring vibration [34] is shifted in 
the range of 1449-1449 cm-1 for treated leather 
samples.

Figure 5 shows comparative spectra for 
dill EO, leather lining - Eco and leather lining - Cr 
treated with dill essential oil.

Figure 5. ATR-FTIR spectra of dill EO, leather lining - Eco treated with dill EO and leather lining - Cr 
treated with dill EO 

The FTIR analysis of treated lining leather 
samples with dill essential oil is accompanied by the 
shifting of wave number from 2953 cm-1 and 2922 
cm-1 (C–H stretch) assigned to EO to 2957-2955 
cm-1 and 2925-2924 cm-1. The characteristic band 
of EO from 2884 cm-1 assigned to CH3 stretching 
is moved to lower wave number (2874 cm-1) in the 
case of treated sheepskin lining Eco leather.

The bands at 3318 cm-1 and 3307 cm-1 (O-H 
stretching) from sheepskin lining - Cr spectrum 
and sheepskin lining - Eco spectrum are found 
in the treated samples with dill EO. The bands 
at 1644 cm-1 (–C=C stretch) and 1675 cm-1 (α-β 
unsaturated C = O stretch) [33] from dill EO are 
shifted to 1637-1637 cm-1 for treated samples.

The spectra presented in Figures 4-5 
confirm the presence of tea tree or dill essential 
oils in the sheepskin lining samples. 

Antifungal Activity against Trichophyton 
interdigitale

Samples of sheepskin leather lining 
- Eco control and treated with tea tree and 
dill essential oil was incubating at 30°C and 
the antifungal activity towards the grown of 

Trichophyton interdigitale was evaluated after 
3, 7, 14, and 21 days (Table 1). Antifungal 
activity against Trichophyton interdigitale was 
ranked with indicators between 0-5, where 0 
means that no microorganisms grew on the 
sample surface, 1 shows growth between 10-
20%, 2 between 30-45%, 3 between 50-75%, 
4 between 80-90% and 5 shows 100% growth 
of microorganisms on the evaluated sample 
surface. Control sheepskin leather lining - Eco 
samples show growth of microorganisms after 3 
days on 90% of leather surface and it increases at 
100% after 7 days. Sheepskin leather lining - Eco 
samples treated with tea tree essential oil show 
no growth of microorganisms after 3 days, 7 days 
and 14 days respectively, remaining without 
growth of Trichophyton interdigitale fungus on 
leather surface and on culture environment. 
After 21 days their growth covers 80% of the 
leather sample surface. Sheepskin leather 
lining - Eco samples treated with dill essential 
oil show no growth of microorganisms after  
3 days and 7 days, respectively. After 14 days the 
microorganism growth was 10% on the surface 
of leather and it did not evolve after 21 days. 
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Table 1: Sheepskin lining leathers - Eco treated with tea tree and dill essential oil tested against 
Trichophyton interdigitale fungus as compared with control samples 

Sample 3 days 7 days 14 days 21 days

Control 
sheepskin 

leather lining 
- Eco

Grading 4 5 5 5

Sheepskin 
leather lining 
- Eco with tea 

tree EO

Grading 0 0 0 4

Sheepskin 
leather lining 
- Eco with dill 

EO

Grading 0 0 1 1

Also, samples of sheepskin leather lining 
- Cr control and treated with tea tree and dill 
essential oil, respectively, were incubated at 
30°C for 3, 7, 14, and 21 days, respectively. After 
each test period, the antifungal activity was 
evaluated against Trichophyton interdigitale 
(Table 2). Control sheepskin leather lining - Eco 
samples show growth of microorganisms after 3 
days on 20% from leather surface and increases 

at 100% after 7 days. Sheepskin leather lining - Cr 
samples treated with tea tree essential oil show 
no growth of microorganisms on the leather 
surface after 21 days of exposure. Sheepskin 
leather lining - Cr samples treated with dill 
essential oil show no growth of microorganisms 
after 3 days and 7 days, respectively. After 14 
days, the microorganism growth was 100% on 
the surface of leather. 

Table 2: Sheepskin lining leathers - Cr treated with tea tree and dill essential oil tested against 
Trichophyton interdigitale fungus as compared with control samples

Sample 3 days 7 days 14 days 21 days

Control 
sheepskin 

leather lining 
- Cr

Grading 2 5 5 5

Sheepskin 
leather lining 
- Cr with tea 

tree EO

Grading 0 0 0 0

Sheepskin 
leather lining 
- Cr with dill 

EO

Grading 0 0 5 5
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In the case of treatment of leather 
- Eco samples with tea tree EO, a good 
resistance against Trichophyton interdigitale 
microorganism with zero growth after 14 days, 
and no microorganism growth on leather 
with Cr sample were recorded throughout the 
experiment. Tea tree essential oil compounds 
affected cell membranes in microorganisms 
and induced cell membrane rupture [23]. Tea 
tree oil has a broad spectrum of antifungal and 
antimicrobial activity [35] which can be mainly 
attributed to the major compound, terpinen-4-
ol [36, 37], through an action of penetrating the 
cell wall and cell membrane structures that stops 
the development of microorganisms [25].

Leather samples treated with dill essential 
oil has improved/better antifungal activity in 
the case of sheepskin leather lining Eco with 
zero growth of microorganism up to 7 days and 
an increase up to 10% surface coverage after 
14 days. Sheepskin leather lining - Cr has also 
no growth of Trichophyton interdigitale up to 7 
days and shows 100% increase after 14 days. In 
another study, it was reported that the dill seed 
essential oil (1.00 μL/mL) completely inhibited 
the growth of S. sclerotiorum fungus after 4 days 
of incubation due to the carvone and limonene 
content [22]. A completely inhibition of the 
growth of Trichophyton interdigitale species 
during 28 days on the sheepskin leather for 
lining finished with synthetic film was observed 
in the case of treatment with thyme essential 
oil [4]. The mechanism of the dill essential oil 
on the fungal inhibition could be explained by 
the low molecular weight and highly lipophilic 
compounds (terpene) that disrupt the fungus 
membrane [38]. In the case of tea tree essential 
oil, the fungal activity was assigned to the 
terpene-4-ol that exhibits antimycotic activities 
by disrupting cell walls, membranes and 
cytoplasm, which led to compromising fungal life 
processes [39]. 

A wide variety of essential oils have 
antifungal and antimicrobial properties and in 
many cases this activity is due to the presence 
of active monoterpenic constituents [40-
42]. Several studies have also shown that 

monoterpenes exert a membrane dam with 
effects of cell aging and stopping the development 
of microorganisms [25, 43]. Essential oils used 
in optimal proportions have selective bioactive 
properties and no side effects [44]. The antifungal 
activity of tea tree and dill essential oils against 
Trichophyton interdigitale makes it possible 
to develop antifungal compositions based on 
natural compounds for footwear, gloves and 
other specific products [44].

CONCLUSIONS 

The results obtained in this study show 
that the essential oils of Anethum graveolens and 
Melaleuca alternifolia had different antifungal 
effects against Trichophyton interdigitale 
depending on the tested period and type of 
leather tanning. The experiments showed that 
the tea tree essential oil totally inhibited the 
growth of Trichophyton interdigitale fungus on 
the sheepskin leather lining - Cr up to 21 days 
of exposure and on the sheepskin leather lining 
- Eco up to 14 days of exposure. The dill essential 
oil shown to enhance the growth inhibition of 
the Trichophyton interdigitale fungus up to 7 
days. The results are promising for treatment 
of lining leather with essential oils having a 
great importance for foot health and hygiene. 
Also, tea tree and dill essential oils could offer a 
much safer alternative protection against fungus 
as compared to synthetic compounds with 
adverse reactions to body and environment. 
The results of this study may have potential for 
use in application development in cosmetics, 
pharmaceuticals, obtaining leathers and textiles 
with selective bioproperties.
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NOVEL USE OF THE INTEL REALSENSE SR300 CAMERA FOR FOOT 3D RECONSTRUCTION
ABSTRACT. Foot three-dimensional (3D) reconstruction is increasingly used in real life at present; however, current 3D measuring devices are 
usually expensive and have a large volume. So they are limited used in a specific domain and feasible method for accurate, fast and low-cost 
foot 3D reconstruction are required. Since the Intel RealSense SR300 camera has advantages on 3D scanning, such as high efficiency, portable, 
low-cost and simple operation, this camera has been widely applied in multi-scenario, such as gaming. But its performance on foot scanning 
is still unknown. Thereby this study first aimed to design and develop a foot 3D scanning protocol based on the Intel RealSense SR300 camera 
and then to contrast this new method with a traditional one in terms of accuracy. Fifteen healthy adults without any foot deformity or foot 
disease participated and their feet were measured by our simulated measurements (SM) and manual measurements (MM). 13 variables 
were calculated and contrasted and their significant differences were assessed by Single-Sample T Test with significant level of 0.05 and 
confident interval of 95%. The results show that the SR300 presented a precise foot 3D reconstruction on the mean differences ranged from 
-1.3 mm to 5.2 mm; meanwhile eight of the thirteen foot parameters exhibited no significant differences between the two methods. Overall, 
these findings above demonstrate that the SR300 is a valid tool for foot 3D scanning and it can be widely applied in the both medical and 
commercial fields.
KEY WORDS: Intel RealSense SR300, foot 3D scanning, foot measurement, footwear customization

UTILIZARE NOUĂ A CAMEREI INTEL REALSENSE SR300 PENTRU RECONSTRUCȚIA 3D A PICIORULUI
REZUMAT. Reconstituirea tridimensională (3D) a piciorului este folosită din ce în ce mai mult în viața reală în prezent; cu toate acestea, 
dispozitivele de măsurare 3D actuale sunt de obicei costisitoare și au un volum mare. Așadar utilizarea este limitată la un anumit domeniu 
și este necesară o metodă fezabilă pentru o reconstrucție 3D a piciorului exactă, rapidă și cu costuri reduse. Întrucât camera Intel RealSense 
SR300 are avantaje în ceea ce privește scanarea 3D, cum ar fi eficiență ridicată, portabilitate, costuri reduse și operare simplă, această cameră 
a fost aplicată pe scară largă în mai multe domenii, cum ar fi jocurile. Însă performanțele acesteia la scanarea piciorului nu sunt cunoscute 
încă. Prin urmare, acest studiu a avut ca scop mai întâi de a proiecta și dezvolta un protocol de scanare 3D pentru picioare bazat pe camera 
Intel RealSense SR300 și apoi de a compara această nouă metodă cu una tradițională din punctul de vedere al preciziei. La studiu au participat 
cincisprezece adulți sănătoși fără deformări sau boli ale piciorului, efectuându-se măsurători simulate (SM) și măsurători manuale (MM) ale 
piciorului. S-au calculat și comparat 13 variabile, iar diferențele semnificative ale acestora au fost evaluate prin testul T cu un singur eșantion, 
cu un nivel de semnificație de 0,05 și un interval de încredere de 95%. Rezultatele arată că SR300 a prezentat o reconstrucție 3D precisă a 
piciorului, diferențele medii fiind cuprinse între -1,3 mm și 5,2 mm; pe de altă parte, opt dintre cei treisprezece parametri ai piciorului nu au 
prezentat diferențe semnificative între cele două metode. În general, aceste concluzii de mai sus demonstrează că SR300 este un instrument 
valid pentru scanarea 3D a picioarelor și poate fi aplicat pe scară largă atât în   domeniul medical cât și în cel comercial.
CUVINTE CHEIE: Intel RealSense SR300, scanare 3D a piciorului, măsurarea piciorului, personalizarea încălțămintei

UNE NOUVELLE UTILISATION DE LA CAMÉRA INTEL REALSENSE SR300 POUR LA RECONSTRUCTION 3D DU PIED
RÉSUMÉ. La reconstruction tridimensionnelle (3D) du pied est de plus en plus utilisée dans la vie réelle à l’heure actuelle ; cependant, les 
appareils de mesure 3D actuels sont généralement chers et ont un grand volume. Ils sont donc limités dans un domaine spécifique et une 
méthode réalisable pour une reconstruction 3D précise, rapide et peu coûteuse du pied est requise. Étant donné que la caméra Intel RealSense 
SR300 présente des avantages sur la numérisation 3D, tels qu’une efficacité élevée, un fonctionnement portable, peu coûteux et simple, cette 
caméra a été largement appliquée dans plusieurs scénarios, tels que les jeux. Mais les performances sur le balayage des pieds sont encore 
inconnues. Ainsi, cette étude visait d’abord à concevoir et à développer un protocole de numérisation 3D du pied basé sur la caméra Intel 
RealSense SR300, puis à comparer cette nouvelle méthode avec une méthode traditionnelle en termes de précision. Quinze adultes en bonne 
santé sans aucune déformation du pied ou maladie du pied ont participé et on a fait de mesures simulées (SM) et mesures manuelles (MM) 
sur leurs pieds. On a calculé et comparé 13 variables et leurs différences significatives ont été évaluées par le test T à échantillon unique avec 
un niveau de signification de 0,05 et un intervalle de confiance de 95%. Les résultats montrent que le SR300 présentait une reconstruction 3D 
précise du pied avec des différences moyennes variant de -1,3 mm à 5,2 mm ; d’autre part, huit des treize paramètres du pied ne présentaient 
aucune différence significative entre les deux méthodes. Dans l’ensemble, ces résultats ci-dessus démontrent que le SR300 est un outil valide 
pour la numérisation 3D du pied et qu’il peut être largement appliqué dans les domaines médical et commercial.
MOTS CLÉS : Intel RealSense SR300, numérisation 3D du pied, mesure des pieds, personnalisation des chaussures
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INTRODUCTION

With the development of computer vision, 
virtual reality technology has been applied 
to various fields of life, including aerospace, 
manufacturing, reverse engineering and medical 
treatment, etc. While, 3D model reconstruction 
is one of key technologies in field of virtual 
reality and it has been intensively concerned by 
researchers [1, 2].

In shoe-making industry, accurate, fast 
and low-cost 3D scanning protocol is required for 
foot measurements. Different from the manual 
measurement, it provides a standard process 
and obtains consistent outcomes. At present, 
the mainstream technology of 3D reconstruction 
includes scanning technology [3, 4], structure 
from motion technology [5], and reverse mould 
technology, etc. However, in the past studies, the 
equipment commonly features the large volume, 
high price, long scanning time, and higher 
technical requirements upon the operators. For 
example, Menato et al. [6] obtained the foot 3D 
model through a self-developed 3D scanning 
App on the smartphone platform, although its 
precision reaches 0.15mm, the time-consuming 
of creating foot 3D model is nearly 15 minutes. 
Novak et al. [7] used four charge-coupled device 
cameras to wrap around participants’ feet and 
scan with a laser line, requiring a huge and 
inconvenient walking stage with 4.7 m long and 
0.8 m wide. Further, Gao et al. [8] used an active 
marking method, in which the participants wore 
socks with markers, and used 10 CCD cameras to 
capture video of foot movements; this method 
has complex experiment procedures with a 
series of operations, and it’s hard to apply in 
real life. As shown above, most high-quality foot 
scanners are implausible regarding application. 
Hence, as an emerging depth camera, the 
Intel RealSense SR300 camera is a good tool 
which balancing convenience in use, clarity in 
visualization and accuracy in outcomes.

The SR300 may simultaneously capture 
the color, depth and other image information 
widely admitted in the real scenario, such as face 
direction recognition [9], robotic technology 
[10], gesture recognition [11], 3D model 
reconstruction, human body rehabilitation 
[12], and etc. As a result, we assumed whether 
this camera could be used in foot 3D scanning. 
Therefore, the objectives of this study were set 

as follows: 1. to develop a foot 3D reconstruction 
method with the Intel RealSense SR300 camera; 
2. to compare the result obtained in the new 
method with a traditional one to verify its 
accuracy.

EXPERIMENTAL 

Methods

Participants

Fifteen students (gender = 11 males,  
4 females; height = 1.73±0.14m; body mass = 
65.20±18.20 kg) from the Sichuan University 
were invited to this study. None of them had 
any types of foot deformities or foot diseases. 
All participants gave written informed consent 
before participation in this study.

Manual Foot Measurements (MM)

The methods used were in accordance 
with the guidelines developed by the research 
committee of Sichuan University. Before 
measuring, all participants’ feet were disinfected 
and dried. Participants sat on stools and put 
their right legs horizontally on other ones. The 
operator measured thirteen foot parameters 
on each participant’s right foot using a tape 
measure and a straightedge. There were three 
trials of MM for each foot parameter. All foot 
parameter definitions are as shown in Table 2 
and the foot coordinate system we established 
is provided in Figure 2.

Simulated Foot Measurements (SM)

The foot scanner (Figure 1) adopted 
the Intel RealSense SR300 camera as the core 
hardware equipment, while the SR300 is a short-
distance light coding 3D imaging camera [13-
15]. We adopted the Visual Studio 2015 as the 
development platform and the Intel RealSense 
SDK 2016 R2 as our 3D scanning component 
library [9, 16]. All configuration parameters of 
SR300 are shown in Table 1. The main theory 
of the Intel RealSense SR300 camera is shown 
below: during the 3D scanning, the SR300 emits 
the specific “structured light” to the object 
surface via the infrared laser projector, which 
will be accepted by the high-speed VGA Infrared 
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Camera after the object reflection. Due to the 
variable distances from the infrared ray to the 
object surface, the distances and locations of 
“structured light” captured by the Infrared 

Camera may vary [17]. It is feasible to calculate 
the space information on the object surface, and 
further restore the whole 3D space.

Table 1: Intel RealSense SR300 camera configuration parameters

Configuration Parameters

Scanning Mode HEAD

Scanning Range 40 cm~60 cm

Reconstruction Option TEXTURE and SOLIDIFICATION

Max Triangles 0 (no limitation)

Max Vertices 0 (no limitation)

Max Texture Resolution Width 1920

Max Texture Resolution Height 1080

Flop Preview Image False

Use Marker False

File Format OBJ

The foot scanner was mounted flush with 
the laboratory floor, and away from outside and 
windows, sunlight includes infrared light which 
may interfere with the depth imaging system; 
then we placed multiple diffuse lights around the 
foot scanner to improve the uniformity of the 
illumination and to avoid a too dark or corrupt 
scan color; besides, participants were asked to 
take off all foot ornaments before scanning, 
shiny or translucent portions of ornaments may 
corrupt the scan surface. Participants sat on 
stools about 70cm high and placed their right 
lower legs on the foot supporter in range of 
40cm to 60cm from the Intel RealSense SR300 
camera, the point cloud out of this range were 
automatically subtracted in head scanning mode 
(Table 1). They were instructed to remain as still 
as possible for the period of the SR300 scanning. 
Each foot was scanned for 50 seconds. A total 
of two successful trials were conducted for each 
participant and the foot scanner with 30 seconds 
of rest between trials and 2 minutes between 
each participant.

The following steps conducted for every 
frame of foot depth data during the working 
process: firstly, the foot depth data was 
transformed into the floating point cloud in 
meters; secondly, the bilateral filtering was 
used to carry out the denoising upon the depth 
floating point cloud, which could keep smooth 
at the edge; thirdly, the floating point cloud of 

plane-coordinate system were mapped into the 
SR300 camera coordinate system; finally, the 
point cloud of the SR300 camera coordinate 
system were restored into the global coordinate 
system. The whole working process for foot 3D 
reconstruction is shown in Figure 3.

The foot 3D reconstruction data exported 
from the foot scanner in the .obj file format 
accompanied with an OBJ Material file (.mtl) 
and a texture map file (.png). We imported 
these files in meters into software 3D Builder 
(V18, Microsoft, USA) and used the spilt function 
in software to cut the excessive part (foot 
supporter, etc) of the point cloud; then meshed 
the point cloud; afterwards, the texture mapping 
technology was used to render the foot point 
cloud mesh. We manually measured thirteen 
foot parameters (Table 2) on the 3D foot model 
using the measuring tool in software. There were 
also three trials of SM for each foot parameter.

Data Processing and Statistical Analysis

The outcomes used in this study were 
MM and SM. The differences between them 
were chosen as the primary value to verify 
foot 3D model accuracy because of its widely 
recognized effectiveness in foot measurements 
assessment [18]. To avoid potential errors, we 
used the averaged value with standard deviation 
for each parameter. Meanwhile, the significant 
differences were assessed by Single-Sample T 
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Test (H0: there are no significant differences 
between the two groups). All statistical analyses 

were operated under software SPSS (V21, IBM, 
USA) with significant level of 0.05 and confidence 
interval of 95%.

Table 2: Foot measurement parameter definitions

Location Parameter definition

Foot length Distance from pternion to acropodion

Foot width Maximum width in parallel with the x-axis

Arch length Distance from pternion to toe root on the y-axis

Waist girth The distance around the circumference of the foot from foot length center
Ball girth The distance around the circumference of the foot from toe root

Heel width The width measured from the pternion at the 40mm along the y-axis and in parallel with the x-axis

Heel to the fifth toe Distance measured from the heel to the fifth toe in parallel with the y-axis
Medial malleolus height Distance of medial malleolus on the z-axis

Lateral malleolus height Distance of lateral malleolus on the z-axis
Bimalleolar width Distance of medial malleolus and lateral malleolus on the x-axis

Ankle girth Horizontal girth at the foot and leg intersection
Heel to the medial malleolus Distance from pternion to medial malleolus at the xOy mapping point on the y-axis

Heel to the lateral malleolus Distance from pternion to lateral malleolus at the xOy mapping point on the y-axis

Intel RealSense SR300

270°

R2=15cm

H1=70cm

Figure 1. The self-developed foot scanner base on the Intel RealSense SR300 camera

X
Y 
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X

Y 
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Figure 2. Foot coordinate system
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RESULTS

Table 3 shows a foot 3D reconstruction 
result of one of the male participants with four 
various angles and in two styles (meshed and 
rendered images).

Descriptive statistics and differences of 
the thirteen foot parameters measurements 
obtained from the two methods are given in 
Tables 4. It can be seen that the maximum 
mean difference was 5.2 mm between the 

Start Enable 3D 
scanning

Set camera 
configuration

Initialize the 
camera

Scanning 
complate Acquire a frame

Transform into 
point cloud in 

meters

Choose file 
format and save 

file

No

Yes

Clean up End

Map into camera 
coordinate 

system

 Restore into  
global coordinate 

system

Release the 
frame

Bilateral filtering

Figure 3. Foot 3D reconstruction working process flowchart

MM and the SM. Only the performance on the 
measurements of arch length and ankle girth 
had the mean differences greater than 3.0 mm, 
other measurements had the value of mean 
differences between -1.3 mm and 1.2 mm. 
Statistical analyses showed that the performance 
on the measurements of arch length, medial 
malleolus height, lateral malleolus height, ankle 
girth and heel to medial malleolus failing to 
reach an P value of 0.05.

Table 3: An overview of foot 3D reconstruction

Location 3D mesh images 3D rendered images

Plantar side

Acrotarsium side
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Medial malleolus side

Lateral malleolus side

Table 4: Descriptive statistics and differences of thirteen foot parameters from the two methods 

Foot measurement
MM SM Differences

Mean Std. dev. Mean Std. dev. Mean Std. dev. P-value (H0: 
mean = 0)

Foot length 259.0 11.4 259.0 12.2 -0.1 2.7 0.986

Foot width 93.1 3.4 93.2 3.7 -0.1 1.1 0.818

Arch length 190.1 6.8 186.2 7.6 3.8 3.1 < 0.001

Waist girth 237.7 13.1 236.5 14.2 1.2 4.0 0.280

Ball girth 231.0 6.8 230.6 6.7 0.5 2.1 0.443

Heel width 69.1 4.8 69.5 5.7 -0.4 2.3 0.506

Heel to the fifth toe 209.0 10.8 209.8 9.6 -0.8 3.1 0.377

Medial malleolus height 84.1 3.3 83.6 3.2 0.4 0.4 0.001

Lateral malleolus height 73.5 5.1 74.7 3.6 -1.2 1.9 0.048

Bimalleolar width 77.6 5.0 77.3 4.9 0.3 1.4 0.489

Ankle girth 256.7 11.3 251.5 13.8 5.2 3.6 < 0.001

Heel to medial malleolus 68.0 5.6 69.3 5.4 -1.3 2.7 0.006

Heel to lateral malleolus 60.7 4.2 60.8 3.1 -0.1 1.4 0.803

DISCUSSION
The purpose of our study was to evaluate 

the performance of the Intel RealSense SR300 
camera in foot 3D reconstruction. Comparing 
MM with SM, we have shown that the SR300 
exhibits excellent performance for foot 3D 
reconstruction and possesses concurrent 
accuracy with the manual method in traditional 
foot measurements. Meanwhile, it dramatically 
shortens the 3D reconstruction time, achieves 
consistent outcomes and performs a higher 
robustness.

Although the P-value in Table 4 showed 
that the two methods had no significant 
differences in the major 8 parameters, other five 
foot parameters were reported with significant 
differences. However, most of the mean 
differences were smaller than the foot differences 
in sensitivity (the shoe last size difference that 
people can feel, generally 6 mm for men and 
2.08 mm for women [19]). We suggested that 
those significant differences might be attributed 
to two main reasons: smooth denoising and 
solidification. Smooth denoising upon the depth 
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image was used in filtering process which might 
lead to the most medially prominent point 
offset to an unreal location in the malleolus side 
measurements; meanwhile, for closed foot 3D 
model, we executed solidification orders, but it 
extends the surface curvature to fill the holes in 
foot 3D model surface.

The foot 3D reconstruction base on 
SR300 has fast, accurate and low-cost features. 
Therefore, this device may be put into use in the 
hospital, public community, and other places in 
large numbers, through foot 3D reconstruction 
made upon the feet of a large scale of population, 
a significant number of foot data may be 
obtained. Thereby, it may be prepared as per 
the foot big data, and the statistical analysis may 
be made in combination with the personal wear 
comfort data.

Although the current research results 
are promising, limitations existed and should 
be declared: firstly, the foot should be kept as 
still as possible while scanning and it might be 
difficult for children; secondly, rotational motion 
range of the SR300 on the foot scanner is 270° 
circumference, it is hard to obtain the front 
color and depth images of the acrotarsium side; 
thirdly, 3D model reconstruction is realized 
through the Color Camera and the Infrared 
Camera, it is required to obtain the color 
information and the depth information in the 
real space simultaneously [20, 21].

CONCLUSION

Overall, we approved that the Intel 
RealSense SR300 camera is a fast, accurate, and 
low-cost foot scanning protocol, with respect to 
the manual foot measurements protocol. We 
explored limitations and constraints may affect 
the foot 3D reconstruction result of the SR300. 
We also anticipated that it is likely to build a 
bridge between laboratory testing and practical 
application and can be widely applied in the 
both medical and commercial fields.
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DEVELOPMENT OF PROCESSES IN THE USE OF PEROXIDE AS AN INGREDIENT TO REDUCE FREE FORMALDEHYDE LEVELS IN THE SKIN
ABSTRACT. This study aims to reduce the levels of free formaldehyde in the skin. The material used is goat skin. The process is carried out by 
formaldehyde (formalin) tanning on pickled goat skin. Furthermore, skin that has been tanned with formalin is washed with peroxide (H2O2) 
0.5%, 1% and 2%. The formalin tanned skin produced was tested for formalin levels contained in the skin, then the data obtained was analysed 
by One Way ANOVA test. In addition, physical tests were carried out for the average value of tear strength and softness. The results showed 
that the higher the level of H2O2 used, the smaller the formalin content in the skin. The best results were obtained using 1% H2O2 which was 
0.12 ± 0.005 % (p <0.05) taking into account the safety aspects of H2O2. Furthermore, free formaldehyde levels of 0.045 mg/kg were obtained 
at 1% H2O2. The value of tear strength with formaldehyde is higher than that of chrome tanning while the softness value is still below that of 
chrome tanning. Therefore, the use of H2O2 can be considered in an effort to reduce the levels of formaldehyde contained in formaldehyde as 
an alternative tanner substitute for chrome minerals. 
KEY WORDS: reduce, formaldehyde, peroxide, skin

DEZVOLTAREA UNOR PROCESE DE UTILIZARE A PEROXIDULUI CA INGREDIENT PENTRU REDUCEREA NIVELULUI DE FORMALDEHIDĂ 
LIBERĂ ÎN PIELE

REZUMAT. Acest studiu își propune reducerea nivelului de formaldehidă liberă din piele. Materialul folosit este pielea de capră. Procesul se 
realizează prin efectuarea tăbăcirii cu formaldehidă (formalină) pe piele de capră piclată. Mai mult, pielea care a fost tăbăcită cu formalină 
este spălată cu 0,5%, 1% și 2% peroxid (H2O2). Pielea tăbăcită cu formalină obținută a fost testată pentru a determina nivelurile de formalină 
conținută în piele, apoi datele obținute au fost analizate prin testul One Way ANOVA. În plus, s-au efectuat teste fizico-mecanice pentru a 
determina valoarea medie a rezistenței la sfâșiere și moliciunea. Rezultatele au arătat că, cu cât este mai mare nivelul de H2O2 utilizat, cu 
atât conținutul de formalină este mai mic în piele. Cele mai bune rezultate s-au obținut utilizând H2O2 în proporție de 1%, și anume 0,12 ± 
0,005% (p <0,05), ținând cont de aspectele de siguranță ale H2O2. Mai mult, s-au obținut concentrații de formaldehidă liberă de 0,045 mg/
kg la utilizarea H2O2 în proporție de 1%. Valoarea rezistenței la sfâșiere a pielii cu conținut de formaldehidă este mai mare decât cea pentru 
pielea tăbăcită în crom, în timp ce valoarea moliciunii este încă sub cea obținută pentru pielea tăbăcită în crom. Prin urmare, se poate lua în 
considerare utilizarea H2O2 în efortul de a reduce nivelurile de formaldehidă ca o soluție alternativă de tăbăcire pentru utilizarea cromului.
CUVINTE CHEIE: reducere, formaldehidă, peroxid, piele

DÉVELOPPEMENT D’UN PROCÉDÉ D’UTILISATION DU PEROXYDE COMME INGRÉDIENT POUR RÉDUIRE LES NIVEAUX DE FORMALDÉHYDE 
LIBRE DANS LA PEAU

RÉSUMÉ. Cette étude vise à réduire les niveaux de formaldéhyde libre dans la peau. Le matériau utilisé est la peau de chèvre. Le processus 
est effectué par le tannage au formaldéhyde (formol) sur la peau de chèvre picklée. De plus, la peau tannée au formol est lavée au peroxyde 
(H2O2) en proportion de 0,5%, 1% et 2%. La peau tannée au formol a été testée pour déterminer les niveaux de formol contenus dans la peau, 
puis les données obtenues ont été analysées par le test One Way ANOVA. De plus, des tests physiques ont été effectués pour déterminer la 
valeur moyenne de la résistance à la déchirure et de la douceur. Les résultats ont montré que plus le niveau de H2O2 utilisé était élevé, plus la 
teneur en formol de la peau était faible. Les meilleurs résultats ont été obtenus en utilisant 1% de H2O2 qui était de 0,12 ± 0,005% (p <0,05) 
en tenant compte des aspects de sécurité de H2O2. De plus, on a obtenu des niveaux de formaldéhyde libre de 0,045 mg/kg en utilisant 1% 
de H2O2. La valeur de la résistance à la déchirure avec le formaldéhyde est supérieure à celle du tannage au chrome tandis que la valeur de 
douceur est toujours inférieure à celle du tannage au chrome. Par conséquent, l’utilisation de H2O2 peut être envisagée dans le but de réduire 
les niveaux de formaldéhyde comme solution de tannage alternatif aux minéraux de chrome.
MOTS CLÉS : réduire, formaldéhyde, peroxyde, peau
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INTRODUCTION 

The tanning process is a process that 
converts raw skin into finished skin to be used 
as raw material for making leather products. The 
leather tanning process consists of beam house 
operation, tanning, post tanning and finishing 
processes. These processes use various kinds 
of chemicals. Chemicals used in the tanning 
process should be environmentally friendly 
materials that are safe to use and safe for the 
environment. During this time the tanning 
process with chrome tanning materials is widely 
used to produce quality products. On the one 
hand, the use of chrome tanning material must 
be reduced from time to time because of the 
side effects of its use.

Some previous studies mention that 
chromium can damage the environment, is 
carcinogenic. Carcinogenic risk of chrome is due 
to the formation of Cr (VI) from Cr (III), therefore 
the first step that can be done is to reduce the 
formation of Cr (VI). [1] Vegetable material used 
in the retanning process can reduce the formation 
of Cr (VI) because the vegetable contains phenol 
compounds which will be oxidized first if there 
are free radicals or oxidizing agents. In addition 
to preventing the formation of hazardous 
compounds, another thing that can be done to 
form a better environment is to reduce the use 
of chrome as a tanning agent. Therefore, its use 
must be really considered, to maintain a better 
environmental sustainability. Much research 
has been done to be able to replace the chrome 
tanning material as a tanner material with good 
quality, of course, with existing developments.

The use of non-chrome tanning agents 
is very necessary in the context of substitution 
for the tanning process. One of the ingredients 
that can be used is formalin tanning material for 
garment articles. The use of tanning agents in the 
future can be developed for chrome substitution. 
However, based on international regulations the 
final leather product should have maximum ≤ 75 
mg/kg of free formaldehyde content. 

The common source of free formaldehyde 
found in leathers comes from tanning or 
retanning agents. Unreacted free formaldehyde 
becomes the primary source of formaldehyde 
detected in the leather. One of the desirable 
processes for aldehyde-tanned leather to reduce 
the formaldehyde content that have been 

studied is the modification of glutaraldehyde 
with polyurethane surfactant mixture solutions 
at different times. The formaldehyde content 
of mixture solution decreased by 5% when the 
solution mixed an hour later [2]. 

The use of formaldehyde as tanning agent, 
it is necessary to consider the presence of 
formaldehyde in the skin. Therefore it is important 
to reduce the presence of formaldehyde content 
in leather [3]. Taking advantage of the ability 
of polyphenols from vegetables to reduce the 
formaldehyde content of leathers treated with 
formaldehyde resins is an excellent example 
of clean technology in the tannery sector, 
especially given the known harmful nature of 
formaldehyde. Such measures help to achieve a 
more sustainable leather industry. 

The decrease in the formaldehyde 
content in leather retanned with formaldehyde 
synthesized resins by the dyeing process could be 
explained by the reaction between formaldehyde 
and the amino groups present in the dyes 
structure. It should be noted that the extent of 
this decrease is a function not only of the number 
of the amino groups present in the dyes but also 
of their relative reactivity with formaldehyde. 
The vicinity of other functionalities, such as –
OH, -N⁼N- and –NO2, to the amino groups can 
lead to the formation of relatively stable cyclic 
structures mediated by hydrogen bonds. When 
this occurs, the reactivity of this amino group 
with formaldehyde can decrease [4].

In addition to the availability of chrome 
substitutes, the thing to think about is the 
quality of the skin produced. Because after all 
the skin produced must have certain standards 
to be sold. Testing the physical quality of the 
skin must be considered in order to achieve the 
desired skin standard.

The existence of complaints of 
environmental security due to the use of chrome 
tanning materials encourage the search for 
chromic substitution materials, which can provide 
quality that resembles chrome tanned leather. 
This is of course by still paying attention to the 
safety standards for the use of these substitutes, 
in this case formaldehyde. Formaldehyde can be 
used as long as it can meet skin safety standards.
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EXPERIMENTAL 

Materials and Methods 

Instruments

Drum process, knife, pH indicator, bucket, 
and scales. 

Materials

6 pickle goats skin (5 SqFt/ 0,6 mm), 
formalin 70%, NaCl, water, wetting agent 
(Peramit MLN, Pulcra chemicals), Acid batting 
(Feliderm Bat AB, Stahl), Bleaching agent (NaOCl, 

Brataco), Oxalic acid, NaHCO3, Na-Formate, H2O2, 
Na-Bisulfit, dispersing agent (Coralon OT, Stahl), 
syntan (Tanicor PWB, Stahl), acrylic (Tergotan 
ESN, Stahl), sulphited oil (Derminol ASN, Stahl), 
Formic Acid, and fungicide (Preventol Cr, 
Lanxess). 

Tanning Process

The tanning process is carried out 
by pretanning on pickle goat skin using 
formaldehyde, then washing with peroxide at the 
presentation of 0.5%, 1% and 2%. Then proceed 
with tanning using a replacement tanning agent 
(syntan).

 
 

Wetting Back 

Washing H2O2 
(0,5%, 1%, 2%) 

Pre-Tanning 
(formaldehyde) 

 

Fixing 

 

Tanning (syntan) 

 

Pasca Tanning 

Figure 1. Tanning Process Diagram

Data Analysis

The results obtained (after fixing) were 
analyzed by the Different Test ANOVA, then 
continued with Independent Sample T-Test using 
the SPSS statistical 22 IBM. Further results from 
crust skin were analyzed using FTIR (Fourier 
Transmitted Infra Red). Furthermore, crust skin 
was also tested organoleptically to determine 
the value of tear strength and softness.

RESULTS AND DISCUSSIONS 

Formaldehyde Content

The bound Formalin content contained 
in the skin decreases when washing by using 
H2O2 (peroxide) starting from 0.5%, 1% and 2% 
as shown in Table 1. This shows that the higher 
the percentage of peroxide used in the end 
of tanning can reduce bound formalin levels 
detected. Results in Table 1 show that there was 
a significant difference (P <0.05) between 0.5%, 
1% and 2% peroxide use. Whereas between 1% 

and 2% peroxide use there was no significant 
difference (Independent Sample T-Test). 
Therefore, the best results used to produce the 
lowest formalin levels are enough to use 1% 
peroxide.

Table 1: Formaldehyde content on skin

H2O2 level Formaldehyde level (%)

0.5% 0.23 ± 0.01a

1% 0.12 ± 0.005b

2% 0.11 ± 0.0b

*Different superscript shows the significance different 
(P<0.05)

Skins with 1% H2O2 were tested for free 
formaldehyde levels and 0.045 mg/kg was the 
average result (meet the standard on Table 
2). Important reductions in the formaldehyde 
content of formaldehyde resin-treated leathers 
by the action of adequate scavengers will 
result in a more sustainable tanning industry 
not only from the environmental point of view 
but also from a human health viewpoint, given 
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the carcinogenic character of formaldehyde. 
This carcinogenic character fully justifies the 

application of the adequate formaldehyde 
scavengers in industrial processing of leather, 
textiles and construction materials [5].

Table 2: Free Formaldehyde content standards [6]
Countries/standards Free formaldehyde content (mg/kg)

Articles for babies Skin contact products Not contact by skin
China ≤20 ≤75 ≤300

European Union ≤20 ≤75 ≤200
America ≤20 ≤75 ≤300

Japan ≤20 ≤75 ≤300
Okeo-Tex Standard 100 ≤20 ≤75 ≤300

OKO Tex ≤20 ≤75 ≤300
SG Mark ≤50 ≤75 ≤150

ECO-Tex Standard 100 ≤75 ≤300
Australia ≤100 ≤1500

The most dominant reaction between 
formaldehyde and skin protein is the skin amine 
group from the amino acid lysine. The reaction 
between amines and formaldehyde forms a 

formation called methylol derivatives [7]. The 
bond between the skin amine group and the 
aldehyde as shown in Figure 2.

Figure 2. Aldehyde reaction with an amino group of skin proteins (P = protein) [8]

Apart from using peroxide on decrease 
formaldehyde content, gallic acid can be used [5]. 
When the presence of formaldehyde in leather is 
expected, gallic acid is a good option either in the 
final washing of the leather production process 
or as an alternative to formic acid as final fixing 
agent since it causes a marked reduction in the 
formaldehyde content. In most of the treatments 
with gallic acid, the formaldehyde content in 

treated leathers was below the limit for goods 
that are in direct contact with skin (65-75 mg/
kg).   

The values of formaldehyde reduction are 
somewhat higher due to the greater amount 
of mimosa extract applied. The change in the 
formic acid by the gallic acid as fixing agent 
resulted in a reduction of formaldehyde content 
that grew from 60% to 85%. This reduction was 
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even more pronounced if together with the 
effect of fixing with gallic acid, the action of the 
mimosa extract in the retanning process was 
considered. The effect of gallic acid in reducing 
the formaldehyde content in split leather 
retanned with melamine formaldehyde resin 
was more intense and occurred more quickly 
than that of the mimosa extract, probably due 
to the greater number of –OH groups amenable 
to reaction with formaldehyde in the gallic acid 
offered than in the mimosa extract. Therefore, 
gallic acid is suitable as formaldehyde scavenger 
in the leather industry, although further 
experiments should be carried out to check its 
effect on fastness properties (mainly to light and 
temperature) and leather shades [5].

Formalin is a toxic material that is harmful 
to the environment and health. Formalin can 
be used as tanning agent because it contains 
formaldehyde. Formaldehyde is one of the 
simple aldehyde tanners. Formaldehyde when 
used as tanning agent can produce white skin 
(wet white leather).

Formaldehyde has been used as a tanning 
agent and as a means of hardening proteins for 
many years. It is a remarkable tanning material 
that usually has its practical application as 
an adjunct to some other tanning agent. The 
predominant reaction between formaldehyde 
and hide protein is generally accepted to be with 
the amino acid, lysine. This is a typical amine-

formaldehyde reaction with the formation of 
the methylol derivatives [7]. The tannage yields 
leather with shrinkage temperature up to 80°C 
[8].

Global warming or the issue of “climate 
change” is pushing for a greener or cleaner 
industry both for leather, textile and paper 
processing. Green technology for chrome-
free tanning based on D-Lysine GTA has been 
developed. In the formaldehyde reaction with 
proteins, the first to be attacked is the amine 
group in the Lysine position between the polar 
groups of the peptide. The physicochemical 
properties of the skin are improved with respect 
to texture, hydrothermal stability, mechanical 
strength, resistance to collagenolytic activity, 
and also organoleptic properties [9]. The amino 
groups both lysine and hydroxyproline are 
involved in the glutaraldehyde tanning reaction. 
It is possible that D-Lysine has improved 
hydrothermal stability. Increased wrinkle 
temperature indicates increased stability of wet 
white skin [9].

The skin which is retouched with 
formaldehyde resin is then retreated with 
vegetable polyphenol components, indicating 
that the formaldehyde content in the skin 
produced is maintained below 16 mg/kg [3]. 
States that the formalin content in the skin is 
reduced by adding grape seed extract to the 
process of retanning [10].

Table 3: Physical characteristics of goat crust

Treatment Tear strength (kg/cm) Softness (mm)

Tanning formaldehyde (without washing) 34.81 4.2

Tanning formaldehyde (washing with peroxide) 29.27 4.27

Chrome tanning 24.52 6.37

Based on Table 3 it can be seen that 
tanning leather with formalin is able to produce 
crust leather with higher tear strength than 
chrome tanning for garment articles. While 
from the softness level, crust skin tanned using 
formalin is still low compared to chrome tanning. 
Tear strength without washing has a higher yield 
because free formalin is still contained in the 
skin, so the level of material strength in the skin 
is stronger than after washing with peroxide. 
However, the effects produced from the skin 
without washing formalin are less recommended, 

because there are certain standards that must 
be met by each skin product for tolerance of the 
formaldehyde content in the skin.

The main advantages of chrome tanning 
are high speed, low cost, light color, and excellent 
preservation of the hide protein. Chrome tanning 
rapidly took its place in the commercial world 
shortly after its discovery and became the most 
common method of tanning light leather [7].

Excessive formaldehyde should be 
removed by washing in order to avoid callouses 
on the grain. A further disadvantage consists 
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in the increased water-absorption of leathers 
treated with formaldehyde. However, a pure 
white colour of leather and a fine, closed 
appearance of grain are obtained [11]. 

In the tanning process using formaldehyde, 
a cross-linking occurs that forms a covalent bond 
between the aldehyde group (-CHO) with the 
NH2

+ group of the amino acids glycine, proline 
and hydroxyproline that form bonds with triple 
helix in skin collagen. However, the bond is lower 
because in formaldehyde the absorbability of the 
tanned material is not strong enough compared 
to the chromium tanning material which has a 
stronger absorption to form complex bonds [11].

FTIR Analysis

FTIR analysis of the sample is shown in 
Figure 3. Goat skin has several characteristic 

absorption bands. Strong bands at absorption of 
1451 cm-1 are characteristic of aromatic rings (C-C 
and C-H), while secondary C-O alcohol vibrations 
are at 1087 cm-1 [12]. The alkyne absorption 
band C = C is shown as a strong band in the wave 
region 1500-1675 cm-1 [13]. When viewed from 
the absorption of infrared radiation, there is 
no significant change between the absorption 
bands of the skin before and after washing with 
peroxide. However, there is a slight difference in 
the skin sample without the peroxide washing 
process (0% H2O2) where the C=N bond is still 
detected through absorption bands in the wave 
number region 1547-1551 cm-1 [12]. While in the 
process of washing peroxide 0.5%; 1% and 2%, 
the band size in the C=N bond constricts with 
increasing peroxide concentration.

Figure 3. FTIR spectra of goat skin with various H2O2 concentrations used in washing process (a) 0%; 
(b) 0.5%; (c) 1% and (d) 2%

Figure 3 shows the FTIR spectrum of goat 
skin with various concentrations of peroxide 
used in the washing process. Strong bands at 
1653 cm-1 are characteristic of C=O stretching 
vibrations around 1650-1900 cm-1. Schiff bases 
are formed due to the reaction between aldehyde 
bonds and amino groups. The functional 
group in this compound is the carbonyl group, 
C=O. The presence of hydrogen atoms makes 
aldehydes very easily oxidized. Aldehydes can be 

easily oxidized using all types of oxidizing agents 
[14]. Hydrogen peroxide (H2O2) is an inorganic 
chemical that has strong oxidizing properties. 
One of the advantages of hydrogen peroxide 
compared to other oxidizing agents is that it is 
environmentally friendly because it does not 
leave harmful residues [15].

Goat skin washed with 2% peroxide has 
the sharpest O-H vibrations. This shows that 
this sample has the most amount of O-H. These 
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results illustrate that hydrogen bonds that are 
bound to amino groups form stable structures. 
When this occurs, the reactivity of this amino 
group with formaldehyde can decrease [5]. The 
hydrogen bond increases for the oxidation of 
C-OH to C = O, this is known from the change 
in the O-H band around 2500-3300 cm-1 which is 
increasingly swooping with the addition of H2O2 
concentration (Figure 3). Therefore, the optimal 
concentration of peroxide used is 2%.

CONCLUSIONS 

The use of H2O2 of 1% can be used to reduce 
the content of formalin bound in tanned skin 
using formaldehyde. Tanning with formaldehyde 
tanning material can produce higher tear 
strength compared to chrome tanning material.

The use of formaldehyde as a tanning 
agent must still be considered and further 
developed for future research. This is because 
there are still a number of things that remain 
uncertain regarding environmental regulations, 
in addition to the formalin tanning material must 
be considered regarding its usefulness for various 
types of articles as a substitute for chrome.
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LOAD TRANSFERENCE WITH RUNNING SPEED IN NATURAL REAR-FOOT STRIKE MALE RUNNERS
ABSTRACT. The purpose of this study was to identify the influence of running speed on plantar pressure, and to use a load transfer algorithm 
to investigate the load transference in healthy recreational male runners who had a natural rear-foot strike pattern. Totally, 49 healthy males 
participated in this study, 39 of them (age 22.8 ± 1.8 years, weight 65.6 ± 7.9 kg, height 171.9 ± 4.0 cm) were identified as rear-foot strike 
runners. Data of pressure parameters, including maximum force, peak pressure, contact area and force-time integral (FTI) was recorded by 
Pedar-X insole plantar pressure measurement system at 8 different speeds (5, 6, 7, 8, 9, 10, 11, 12 km/h). The results indicated that with the 
increase of running speed, plantar pressure significantly increased under all foot regions except for the big toe. Faster running speeds resulted 
in significant lower FTI in all foot regions except for lateral midfoot and heel. Medial metatarsal, central metatarsal, and big toe were the main 
loading regions for rear-foot strike male runners during running. Load transferred from medial foot to lateral foot in transverse direction, and 
from toes to metatarsal, midfoot and heel in the longitudinal direction with increasing speeds. As a component of the spring mechanism, the 
arch played a key role in supporting and transferring loads. 
KEY WORDS: running, speed, load transfer, rear-foot strike, plantar pressure

TRANSFERUL DE SARCINĂ ÎN FUNCȚIE DE VITEZA DE ALERGARE ÎN CAZUL ALERGĂTORILOR DE SEX MASCULIN CARE ATING SOLUL CU 
RETROPICIORUL

REZUMAT. Scopul acestui studiu a fost de a identifica influența vitezei de alergare asupra presiunii plantare și de a utiliza un algoritm de 
transfer de sarcină pentru a investiga transferul de sarcină la alergătorii amatori sănătoși de sex masculin care au o tendință naturală de a 
atinge solul cu retropiciorul. În total, 49 de bărbați sănătoși au participat la acest studiu, 39 dintre ei (vârsta 22,8 ± 1,8 ani, greutatea 65,6 ± 
7,9 kg, înălțimea 171,9 ± 4,0 cm) au fost identificați ca alergători care ating solul cu retropiciorul. Datele parametrilor de presiune, cuprinzând 
forța maximă, presiunea maximă, zona de contact și integrala forță-timp (FTI) au fost înregistrate de sistemul de măsurare a presiunii plantare 
Pedar-X la 8 viteze diferite (5, 6, 7, 8, 9, 10, 11, 12 km/h). Rezultatele au indicat că odată cu creșterea vitezei de alergare, presiunea plantară a 
crescut semnificativ în toate regiunile piciorului, cu excepția degetului mare. Viteza de alergare mai rapidă a condus la o scădere semnificativă 
a FTI în toate regiunile piciorului, cu excepția zonei laterale și a călcâiului. Principalele regiuni în care s-au înregistrat presiuni mari în cazul 
alergătorilor de sex masculin care ating solul cu retropiciorul în timpul alergării au fost: zonele mediană și centrală ale metatarsienelor și 
degetul mare. Sarcina se transferă din zona mediană în zona laterală în direcție transversală, și de la degete la metatarsiene, zona mediană 
și călcâi în direcție longitudinală odată cu creșterea vitezei. Ca o componentă a mecanismului de arc, bolta plantară a jucat un rol cheie în 
susținerea și transferul presiunii.
CUVINTE CHEIE: alergare, viteză, transfer de sarcină, atingerea solului cu retropiciorul, presiune plantară

TRANSFERT DE CHARGE EN FONCTION DE LA VITESSE DE COURSE POUR LES COUREURS DU SEXE MASCULIN QUI TOUCHENT LE SOL AVEC 
L’ARRIÈRE-PIED

RÉSUMÉ. Le but de cette étude était d’identifier l’influence de la vitesse de course sur la pression plantaire et d’utiliser un algorithme de 
transfert de charge pour étudier le transfert de charge chez des coureurs amateurs du sexe masculin en bonne santé qui ont une tendance 
naturelle à toucher le sol avec l’arrière-pied. Au total, 49 hommes en bonne santé ont participé à cette étude, 39 d’entre eux (âge 22,8 ± 
1,8 ans, poids 65,6 ± 7,9 kg, taille 171,9 ± 4,0 cm) ont été identifiés comme des coureurs qui touchent le sol avec l’arrière-pied. Les données 
des paramètres de pression, y compris la force maximale, la pression maximale, la zone de contact et l’intégrale force-temps (FTI) ont été 
enregistrées par le système de mesure de la pression plantaire Pedar-X à 8 vitesses différentes (5, 6, 7, 8, 9, 10, 11, 12 km/h). Les résultats 
ont indiqué qu’avec l’augmentation de la vitesse de course, la pression plantaire a augmenté de manière significative dans toutes les régions 
du pied à l’exception du gros orteil. Des vitesses de course plus rapides ont entraîné une baisse significative de la FTI dans toutes les régions 
du pied, à l’exception du milieu du pied et du talon. Le métatarsien médial, le métatarsien central et le gros orteil étaient les principales 
régions de chargement des coureurs du sexe masculin qui touchent le sol avec l’arrière-pied pendant la course. La charge est transférée du 
pied médial au pied latéral dans le sens transversal, et des orteils au métatarsien, au milieu du pied et au talon dans le sens longitudinal à 
mesure que la vitesse augmente. En tant que composant du mécanisme à ressort, la voûte plantaire a joué un rôle clé dans le soutien et le 
transfert des pressions.
MOTS CLÉS : course, vitesse, transfert de charge, toucher le sol avec l’arrière-pied, pression plantaire
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INTRODUCTION

During the past few decades, running 
as a recreational activity has become one of 
the most popular exercises to maintain health. 
However, running could cause discomfort and 
injuries in the lower extremity and the foot [1, 
2]. A recent meta-analysis revealed that, the 
reported incidence rate of running-related injury 
ranged from 2.5 to 33.0 injuries per 1000 hours 
of running [3]. It can be suggested that the lower 
limb injuries are associated with excessive high 
speed running exposure [4, 5]. Furthermore, 
load distribution plays an essential role for the 
detection of injuries in the foot [6, 7]. Since 
running speed effects human biomechanical 
features, it is necessary to explore how running 
speed effects human bodies. 

The influence of running speed on plantar 
pressure has been reported in several previous 
studies. I-Ju Ho et al. found that the peak 
pressure significantly increased except for the 
medial forefoot and the hallux with the increase 
of running speed [8]. However, the plantar 
pressure was compared only in three speeds. 
Fourchet et al. compared the plantar pressure 
distribution in highly trained adolescent runners 
at low versus high running velocity [9]. But it 
is still unclear in the recreational adult male 
runners. Kernozek et al. reported that all plantar 
loading variables increased with the exception of 
contact area when treadmill running speed was 
increased from 2.24 m/s to 3.13 m/s [10]. Based 
on the aforementioned studies, it was found that 
the results of these studies had not reached a 
consensus. This could be due to the use of many 
different characteristics, such as the subdivisions 
of plantar location. An additional important 
point is that the potentially confounding 
influence of speed on pressure values was not 
consistently controlled. One of the influences 
was the foot-strike pattern. Previous research 
has revealed three different ways the foot can 
collide with the ground [11]: heel landing first 
(rear-foot strike, RFS), ball of the foot landing 
first (fore-foot strike, FFS) and the heel and 
ball of the foot land simultaneously (mid-foot 
strike, MFS). The three ways are different at 
foot landing, load transference and pressure 
distribution during running [12, 13], but these 
differences were not taken into account in the 
above studies. Since 75–80% of shod endurance 

runners were RFS [14], this study chose to focus 
solely on RFS. Likewise, little attention had been 
given to the possibility that different shoes used 
in these studies had effect on plantar pressure 
distribution in these studies. Unlike other 
studies, this study concentrated on recreational 
adult male runners with natural RFS pattern and 
further used standard shoes. In addition, a wide 
range of running speeds from 5 km/h to 12 km/h 
were selected as a supplementary for previous 
studies.

Old study had indicated to use algorithm 
and diagram to identify how the load transfer on 
foot in different situation [15-17]. Bus et al. used 
a load transfer diagram to show how plantar 
pressure was relieved when using forefoot 
offloading shoes in diabetic foot [15]. Mingyu 
Hu et al. designed an algorithm to quantify the 
plantar force transference in children from 2-6 
years [16]. In our study, it is the first time a load 
transfer algorithm is used to explore how the 
load transfers with the increase of running speed. 
Moreover, load transfer algorithm was improved 
in order to better suit this study. Many studies 
had investigated the influence of running speed 
on plantar pressure distribution, but how the 
plantar pressure distribution differences come 
and how the load transfers with the increase 
of running speed were still unclearly. The use 
of this load transfer analysis method can help 
reach a better understanding of the mechanisms 
of how the foot structure acts to transfer load in 
different foot regions.

Therefore, the purpose of this study was to 
identify the influence of running speed on plantar 
pressure, and to use a load transfer algorithm 
to investigate the load transference in healthy 
recreational male runners who had a natural 
rear-foot strike pattern. We hypothesized that 
faster running speed would result in an increase 
in plantar pressure measurements, and load 
may transfer along the transverse or longitudinal 
arch in anterior-posterior and medial-lateral 
directions.

METHODS

Participants 

In total, 49 healthy males (age 22.8 ± 1.7 
years, body mass 65.3 ± 7.8 kg, height 172.1 ± 
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3.8 cm), without known neurologic or lower 
extremity orthopedic pathology participated 
in this study. They were all right leg dominant 
recreational runners who ran about one hour 
per week. Informed consent was obtained from 
each participant, and the study was approved 
by the Ethics Committee of Sichuan University. 
According to Altman and Davis’s study [18], 
participants were defined into rear-foot strike 
and other foot strike pattern (mid-foot strike 
and fore-foot strike). 39 males (age 22.8 ± 1.8 
years, weight 65.6 ± 7.9 kg, height 171.9 ± 4.0 
cm) were identified as rear-foot strike and were 
focused on in this study. Plantar pressure factors 
were measured by Novel Pedar-X in-shoe system 
(Novel, Munich, Germany). Each pressure insole 
contained 99 capacitive sensors that were 
calibrated prior to data collection. The insole 
was flexible so that it could be easily placed into 
the bottom of the shoe. The sampling rate was 
set to a frequency of 50 Hz. All the participants 
were sized and fitted to a pair of standard shoes 
(Nike Free 5.0, Nike, America) to counter a 
possible bias of shoe type or shoe construction 
on the subjects’ running style. The shoes size 
was a US size 8. The shoes were purchased solely 
for Pedar data collection and had not been used 
for any other purpose. And the participants were 
requested to wear the same socks which were 
provided during the test. The treadmill (King 
Smith T211&T221, China) consisted of a walking 
surface of 1220×420mm and could be set to 
speeds from 0.0km/h to 16.0km/h accurately. 
As for Asian recreational male runners, during 
the pre-test, 5km/h was found to be the lowest 
speed that participants could jog. Meanwhile, 12 
km/h was the highest attainable speed for most 
participants found among Asian recreational 
male runners. Therefore, the range of running 
speed selected in this study was from 5 km/h to 
12 km/h.

Procedure

Plantar pressure factors were recorded 
as participants wearing the same socks and 
standard shoes ran on the treadmill at 8 different 
speeds (5, 6, 7, 8, 9, 10, 11, 12 km/h) with zero 
slope. Data of pressure parameters, including 
maximum force, peak pressure, contact area and 
force-time integral (FTI) was recorded by Pedar-X 
insole plantar pressure measurement system. 

Prior to testing, all participants were informed 
about the procedures. A warmup was instructed 
that would include regular stretches as well as 
running at a preferred speed so that participants 
could familiarize themselves with the treadmill 
and standard shoes. After the warmup, 
participants were requested to begin to run on 
the treadmill in a self-selected speed, allowing 
their foot strike pattern to be verified from the 
data collected. Next, treadmill settings were 
adjusted and data collected at each speed during 
participants’ running process. Participants were 
allowed one-minute acclimation period before 
data collection began. Data would be collected 
for 20 seconds at each speed respectively. A 
brief rest period was provided (approximately 
one minute) if the participants needed during 
the test.

Statistical Analysis 

For the analysis of plantar pressure 
distribution, plantar foot was divided into eight 
anatomical regions (Figure 1): big toe (BT), toes 
2-5 (T2-5), medial metatarsal (MM), central 
metatarsal (CM), lateral metatarsal (LM), medial 
midfoot (MMF), lateral midfoot (LMF) and heel 
(H). Analysis of in-shoe pressure data was done 
using Novel software. The right foot of each 
participant was used during statistical analysis 
[19]. For each runner, the mean plantar pressure 
parameters of the right foot were calculated 
based on five successful consecutive steps 
chosen from 20 seconds of treadmill running 
data. Statistical analysis was conducted by 
SPSS17.0. By application of Kolmogorov Smirnov, 
all data were found to be in normal distribution. 
A one-Way ANOVA was used to examine the 
differences in plantar pressure parameters for 
each region among the different running speeds. 
The level of α = 0.05 (p ≤ 0.05) was perceived as 
significant for statistical analyses. 
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Figure 1. Foot regions

Load Transfer Algorithm 

Plantar load transference has been 
explored to establish a correlation between the 
varied parts of the foot structure [16]. A load 
transfer algorithm was improved to quantify 
the plantar load transference with the running 
speeds increasing from 5 km/h to 12 km/h in 
healthy rear-foot strike male runners (Figure 3). 
The FTI is a measure of the force impulse or the 
load applied to the foot in a given region [20]. 
In this study, inter-regional force transfer was 
assessed by relative FTI using the load transfer 
algorithm. Relative FTI was the regional FTI value 
normalized to total foot FTI. Relative FTI (%) = 
100 × (FTI (foot mask) / ∑ FTI (foot mask)). Since 
the participants may change their gait patterns 
from jogging to fast running with the increase of 
running speed, the comparison of regional force 
impulses among different running speeds allows 
the calculation of load transfer from a region 
where load is reduced in one speed to a region 
where load is increased in comparison with 
another speed. Furthermore, load transference 
was divided into two parts, transference in 
longitudinal (anterior-posterior) direction 
and transference in transverse (media-lateral) 
direction, in order to observe the transference 
respectively. Certain rules for the calculation 
were formulated, as follows:

Four levels are defined following the 
anatomical structure along the longitudinal 
direction: toes (Level 1, BT and T2-5), metatarsal 
(Level 2, MM, CM and LM), midfoot (Level 
3, MMF and LMF) and heel (Level 4, H). The 
numbers in each foot region are the difference 
value of relative FTI between the two speeds 
(Figure 3).

Load transfer calculation starts within level 

from high value regions to low value regions. 
The transference is in transverse (medial-lateral) 
direction. After the transfer, the values in each 
region at the same level tend to equal (even in 
negative values). Load transfer occurs between 
adjacent anatomical regions first, and then 
between the further regions. After the transfer, 
the altered values of relative FTI is exhibited in 
the red color.

After the within-level transfer, load 
transfers cross level from high value regions 
to low value regions. The transference is in 
longitudinal (anterior-posterior) direction. After 
the transfer, the values in each region tend to 
zero. Load transfer occurs between adjacent 
anatomical regions first, and then between the 
further regions. After the transfer, the altered 
values of relative FTI is exhibited in the red color 
(generally is zero).

RESULTS

Significant differences were found in 
maximum force, peak pressure, contact area 
and FTI among different running speeds. The 
faster running speeds resulted in significant 
higher values at maximum force and peak 
pressure under all foot regions except for the 
big toe (Table 1, Figure 2). Peak pressure was 
concentrated in MM, CM and BT. Contact area 
was found significantly increased in T2-5, CM 
and LM with the increase of running speed (Table 
2).With the increase of running speed, significant 
lower values in FTI were found under all plantar 
regions except for LMF and H (Table 3). MM, CM 
and BT were the main loading regions for rear-
foot strike male runners during running.
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Figure 2. Peak pressure in 5km/h - 12km/h (p value: BT, p = 0.948; T2-5, p < 0.001; MM, p < 0.001; 
CM, p < 0.001; LM, p < 0.001; MMF, p < 0.001; LMF, p = 0.022; H, p < 0.001)

Load transferred along the transverse and 
longitudinal arch in anterior-posterior and media-
lateral directions (Figure 3). Force transference 
was only indicated between the 5 km/h and 
8 km/h groups, as well as the 8 km/h and 12 
km/h groups, shown in Figure 3. In the pre-test, 
5 km/h and 12km/h were found to the lowest 
speed and highest speed for Asian recreational 
male runners to keep running. Therefore, 5 km/h 
and 12 km/h were chosen as typically jogging 
and fast running condition. Meanwhile, 8 km/h 
was found to nearest the preferring speed in pre-
test. In the post hoc test, we found that when the 
speed raised up to 8 km/h, some of the plantar 
regions developed significant lower FTI values 
comparing with 5 km/h. Therefore, 5 km/h, 
8 km/h and 12 km/h were chosen as jogging, 
normal running and fast running speeds to show 
the load transference existing with the increase 
of running speed. Difference values of relative 
FTI (%) between 5 km/h with 8 km/h, and 8 km/h 
with 12 km/h were indicated in Table 4. Because 
FTI significantly decreased in BT, T2-5, MM, CM, 
LM and MMF, this study would focus on these 

regions to find how the load transfer. According 
to Figure 3, in the transverse direction, load 
transferred from BT to T2-5, from MM to CM 
and LM, from MMF to LMF (5 km/h to 8 km/h). 
In the longitudinal direction, load transferred 
from level 1 to level 2, level 3 and level 4, that 
was from toes to metatarsal, midfoot and heel. 
In other words, load transferred mainly from 
medial to lateral in transverse direction and from 
anterior to posterior in longitudinal direction 
with the increase of running speed.
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Figure 3. Force transference

Table 4: Relative FTI (%) and the difference value

Foot regions
speed

5 8 12 diff.5-8 diff.8-12

BT 19.7 16.6 15.3 3.1 1.3

T2-5 10.0 9.6 9.7 0.4 -0.1

MM 20.0 19.6 19.2 0.4 0.4

CM 17.1 17.7 18.3 -0.6 -0.6

LM 11.2 11.7 12.0 -0.5 -0.3

MMF 5.8 6.5 6.7 -0.7 -0.2

LMF 7.8 8.7 8.9 -0.9 -0.2

H 8.4 9.6 9.99 -1.2 -0.3

DISCUSSION
In this study, the plantar pressure of 

39 healthy rear-foot strike male runners was 
measured and their plantar load transfer were 
analyzed by a load transfer algorithm. The results 
showed load transferred along the transverse 
direction from medial part of the foot to lateral 
part of the foot, as well as along the longitudinal 
direction from toes to metatarsal, midfoot and 
rearfoot. The medial metatarsal, the central 
metatarsal and the big toe were the main 
loading regions for rear-foot strike male runners 

during running, and medial to lateral, anterior to 
posterior load transfer were typical. According to 
the above tracks, the load-transfer mechanism 
of healthy rear-foot strike Asian male runners 
was quantified.

With the increase of running speed, the 
foot had a stronger support to hold the body and 
generate the propulsion, which could result in 
higher impact on the foot. While maximum force 
and peak pressure were generally increased 
across all regions of the foot with the increase 
of running speed, it was disproportionately 
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increased more in the metatarsal area. As the 
main loading regions of the foot during running, 
maximum force and peak pressure of MM and CM 
increased greatly, as an average of 31.1%, 31.4% 
on MM and 37.0%, 41.6% on CM. In the forefoot, 
the highest peak pressure was found under MM, 
which was in accordance with De Cock’s work 
[21]. According to Figure 2, MM, CM and BT 
demonstrated higher pressure across all of the 
speeds, which might suggest that these regions 
had higher risks for stress fracture, especially at 
high speed running [22]. Running shoes should 
be designed to provide better protection to the 
metatarsal in order to avoid the injuries that can 
occur from excessive impact.

With the increase of running speed, FTI 
was found significantly decreased under all the 
plantar regions except for H. It was because that 
as an influence factor of FTI, the ground contact 
time decreased. With the increase of running 
speed, runners showed shorter stride and 
higher cadence at higher running speed, which 
indicated that time spent on one gait decreased. 
Moreover, the actual duration of stance and 
swing during running gait are variable depending 
on the running speed. Faster speeds results in 
decreased support and increased float periods 
[23], which suggested that the ground contact 
time on each foot decreased during running gait 
at higher speed.

Running used a spring mass model in 
the compliant lower limb in which muscles 
and tendons sequentially stored and then 
released energy during the stance phase [24, 
25]. As a component of the spring mechanism, 
the longitudinal arch had an important role as 
shock absorber for mechanical shock and load 
during human movement. The longitudinal arch 
of the human foot compressed and recoiled in 
response to being cyclically loaded. Foot suffered 
higher impact with the increase of speed, so the 
foot arch became flatter for absorbing shocks 
and made the contact area expanded. This is 
the reason for increase of contact area. Load 
transferred along the longitudinal direction from 
toes to metatarsal, midfoot and heel, which 
may also suggest that in higher running speed, 
the spring mechanism become more active 
to absorb loading forces and produce higher 
forward propulsion rather than the toes.

To our knowledge, this is the first study to 
use a load transfer algorithm to analyze the load 
transfer with the increase of running speed. The 
load transfer algorithm was also quite different 
from the old one. In Bus’s transfer algorithm [15], 
load transfer can only occur between adjacent 
anatomical regions. Because Bus’s studies were 
about how the custom-made insoles or forefoot 
offloading shoes relief the pressure, it would be 
more important to explore how the pressure 
is relieved in one foot region after another 
region. But in our study, load transfer occurred 
between adjacent anatomical regions first, and 
then between the further regions, which could 
show the origin of the load directly. In Mingyu 
Hu’s study [16], load could only transfer from 
positive regions to negative ones. But in our 
study, especially in the within-level transfer, 
load transferred from high value regions to low 
value regions, even could transfer from positive 
region to positive one, and from negative 
region to negative one. The improved load 
transfer algorithm was more proper to show the 
differences of load distribution for this study.

Breine [26] indicated a transition towards 
a more anterior foot strike pattern in shod 
runners with increasing speeds from 3.2 m/s 
(11.5 km/h) to 6.2 m/s (22.3 km/h). In our study, 
only one participant transferred from rear-foot 
stride pattern to non-rear-foot stride pattern. 
The reason might be that the highest speed 
observed in our study was 12 km/h, but Breine 
explored higher speed from 3.2 m/s (11.5 km/h) 
to 6.2 m/s (22.3 km/h) larger than this study. The 
change of foot strike patterns might occur more 
frequently in higher speed. Rear-foot strike Asian 
male shod runners might not change their foot 
strike patterns when the running speeds are less 
than 12 km/h.

There are a number of limitations to this 
study. A potential limitation might be the use 
of treadmill. Treadmill could control the speed 
accurately during the test. But it was known that 
running on the treadmill was associated with a 
lower magnitude maximum plantar pressure and 
a lower maximum plantar force in plantar areas 
[27]. The measurements on the treadmill could 
be accurately known but it was not equivalent 
to the measurements overground. Besides, 
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this study was conducted in healthy Asian 
recreational male runners with habitual rear-
foot strike pattern, and it was unknown if the 
findings would be replicated in fore-foot strike 
and mid-foot strike runners or non-Asians.

CONCLUSION

This study demonstrates the influence of 
running speed on plantar pressure, and show 
how the load transfer with the increase of 
running speed in rear-foot strike male runners. 
With the increase of running speed, maximum 
force and peak pressure significantly increased 
under all foot regions except for the big toe. 
Faster running speeds resulted in significantly 
lower FTI in all foot regions except for lateral 
midfoot and heel. MM, CM and BT were the 
main loading regions for rear-foot strike male 
runners during running. MM, CM and BT had 
higher risks for running-related injuries as these 
regions demonstrated highest pressure across 
all the speeds, especially at high speed running. 
Running shoes should be designed to provide 
better protection to metatarsal to avoid the 
injury. As a component of the spring mechanism, 
the arch played a key role in supporting and 
transferring loads. Load transferred along the 
longitudinal direction from toes to metatarsal, 
midfoot and heel, which suggest that in higher 
running speed, the spring mechanism becomes 
more active to absorb loading forces and produce 
higher forward propulsion rather than the toes. 
Load transferred from medial foot to lateral 
foot in transverse direction. These findings can 
improve our understanding of the structure-
function relationship of the foot, and reveal the 
need for special consideration in sports shoes 
design in order to increase comfort and avoid 
running-related injury.
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ANTIBACTERIAL COMPOUND BASED ON SILICONE RUBBER AND ZnO AND TiO2 NANOPARTICLES FOR THE FOOD AND PHARMACEUTIC 
INDUSTRIES. PART I – OBTAINING AND CHARACTERISATION

ABSTRACT. Taking into account the progress in science and technology, it has been and is still necessary to develop new innovative and 
high-performance materials. Globally, obtaining new advanced polymeric structures based on nanopowder-reinforced elastomers, with high-
performance properties, offers possibilities for developing new materials and expanding their field of application. At present, polymeric 
materials occupy a very important place in all areas of human activity, being part more and more of everyday life. The need to develop 
new materials with high-performance properties led to this paper, which describes the obtaining and characterization of a compound with 
antibacterial properties based on silicone rubber (silicone elastomer - ELASTOSIL) reinforced with nanoparticles with antifungal, antibacterial 
and antimicrobial properties (ZnO and TiO2). The dispersion of nanoparticles in the mass of the elastomeric compound has a decisive role in 
influencing its antimicrobial and antibacterial sterilization properties. The elastomeric compound based on silicone rubber with antibacterial 
and antimicrobial properties is obtained by vulcanization, and is characterized from a physical-mechanical, chemical and structural point of 
view, according to the standards in force. The antibacterial elastomeric compound reinforced with nanoparticles has potential uses in the 
food and pharmaceutical fields.
KEY WORDS: antibacterial compound, curing, silicone rubber, TiO2, ZnO

COMPOUND ANTIBACTERIAN PE BAZĂ DE ELASTOMER SILICONIC ȘI NANOPARTICULE DE ZnO ȘI TiO2 PENTRU DOMENIUL ALIMENTAR ȘI 
FARMACEUTIC. PARTEA I – OBȚINERE ȘI CARACTERIZARE

REZUMAT. Ținându-se cont de progresul în știință și tehnologie a fost și este necesară dezvoltarea de noi materiale inovative și performante. 
La nivel mondial, obținerea de noi structuri polimerice avansate pe bază de elastomeri ranforsați cu nanopulberi, cu proprietăți performante, 
oferă posibilități de obținere a unor noi materiale și de extindere a domeniului de aplicații ale acestora. În prezent, materialele polimerice 
ocupă un loc  foarte important în toate domeniile activității umane, luând parte din ce în ce mai mult la viața de zi cu zi. Necesitatea 
dezvoltării de noi materiale cu proprietăți performante a condus la prezenta lucrare, ce descrie obținerea și caracterizarea unui compound cu 
proprietăți antibacteriene pe bază de cauciuc siliconic (elastomer siliconic - ELASTOSIL) ranforsat cu nanoparticule cu proprietăți antifungice, 
antibacteriene și antimicrobiene (ZnO și TiO2). Dispersia nanoparticulelor în masa compoundului elastomeric are rol determinant în 
influențarea proprietăților de sterilizare antimicrobiană și antibacteriană a acestuia. Compoundul elastomeric pe bază de cauciuc siliconic cu 
proprietăți antibacteriene și antimicrobiene este obținut prin vulcanizare, urmând a fi caracterizat din punct de vedere fizico-mecanic, chimic 
și structural, conform standardelor in vigoare. Compoundul elastomeric antibacterian ranforsat cu nanoparticule are potențiale utilizări în 
domeniul alimentar și farmaceutic. 
CUVINTE CHEIE: compound antibacterian, vulcanizare, cauciuc siliconic, TiO2, ZnO

COMPOSÉ ANTIBACTÉRIEN À BASE D’ÉLASTOMÈRE DE SILICONE ET DE NANOPARTICULES DE ZnO ET TiO2 POUR LE DOMAINE 
ALIMENTAIRE ET PHARMACEUTIQUE. PARTIE I - OBTENTION ET CARACTÉRISATION

RÉSUMÉ. Compte tenu des progrès de la science et de la technologie, il a été et est encore nécessaire de développer de nouveaux matériaux 
innovants et performants. A l’échelle mondiale, l’obtention de nouvelles structures polymériques avancées à base d’élastomères renforcés par 
des nanopoudres, aux propriétés performantes, offre des possibilités pour le développement de nouveaux matériaux et d’élargissement de 
leur domaine d’application. Actuellement, les matériaux polymères occupent une place très importante dans tous les domaines de l’activité 
humaine, participant de plus en plus à la vie quotidienne. La nécessité de développer de nouveaux matériaux aux propriétés performantes 
a conduit à cet article qui présente l’obtention et la caractérisation d’un composé aux propriétés antibactériennes à base de caoutchouc 
silicone (élastomère silicone - ELASTOSIL) renforcé de nanoparticules aux propriétés antifongiques, antibactériennes et antimicrobiennes 
(ZnO et TiO2). La dispersion des nanoparticules dans la masse du composé élastomère joue un rôle déterminant pour influencer ses propriétés 
de stérilisation antimicrobienne et antibactérienne. Le composé élastomère à base de caoutchouc silicone aux propriétés antibactériennes 
et antimicrobiennes est obtenu par vulcanisation, et sera caractérisé d’un point de vue physico-mécanique, chimique et structurel, selon 
les normes en vigueur. Le composé élastomère antibactérien renforcé de nanoparticules a des utilisations potentielles dans les domaines 
alimentaire et pharmaceutique.
MOTS CLÉS : composé antibactérien, vulcanisation, caoutchouc silicone, TiO2, ZnO
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INTRODUCTION

Vulcanization of elastomers (silicone) 
is a main step that has a major impact on the 
final properties of the products [1, 2]. Both the 
quantity and the type of vulcanizing agent, the 
time, temperature and pressure of vulcanization, 
are important factors that control the degree 
of crosslinking, the properties of the finished 
product, thus leading to obtaining advanced 
compounds. These advanced materials based on 
silicone elastomers (silicone rubber), reinforced 
with nanopowders that have antibacterial, 
antifungal and antimicrobial properties, 
contribute to improving product quality, 
environmental protection and of course human 
health [3-7]. The dispersion of nanoparticles in the 
obtained mixture (elastomeric compound) has 
the decisive role in influencing its antimicrobial 
and antibacterial sterilization properties [8, 9].

Silicone elastomers - silicone rubber 
is generally preferred in the food and 
pharmaceutical fields because it does not contain 
substances that are not toxicologically acceptable 
(nitrile, styrene, chlorine, antioxidants and other 
restricted ingredients), and has characteristics 
such as high resistance to temperatures from 
-100°C to above +300°C. Higher temperatures 
than +300°C are specific to sterilization and 
therefore silicone elastomers are preferred by 
the above mentioned fields [10-15].

The aim of this work was to obtain an 
antibacterial compound based on silicone 
rubber - Elastosil R701/70-OH, filled with chalk, 
crosslinked with PD (dicumyl peroxide), stearin 
as plasticizer and reinforced with two types of 
nanoparticles - zinc oxide and titanium dioxide, 
made by mixing on an electric roller between its 
rollers (the rollers were cooled with water) [16-
19]. The obtained antibacterial compound was 
characterized in terms of physical-mechanical 
properties (hardness, residual elongation, tear 
strength), chemically by immersion in various 
media (three different immersion environments) 
and by FT-IR spectrometry, all according to 
standards in force.

EXPERIMENTAL

Materials 

The following materials were used to 
make the antibacterial compound based on 
siliconic rubber and nanometric particles: 
(1) Elastosil R701/70-OH – silicone rubber: 
polydimethylsiloxane with vinyl groups, dynamic 
viscosity over 9.000.000 mPa*s, in the form of 
paste, density – 1.32 g/cm2, colour – opaque; (2) 
stearin, white flakes, moisture - 0.5% max, ash – 
0.025 % max; (3) ZnO – zinc oxide microparticles: 
precipitate 93-95%, in the form of white powder, 
density – 5.5 g/cm, specific surface – 45-55 m2/g; 
(4) ZnO – zinc oxide nanoparticles: white powder, 
99.99% trace metals basis; (5) TiO2 - titanium 
dioxide nanoparticles: white nanopowder, assay 
≥ 99.5 % trace metals basis; (6) chalk: CaCO3 
precipitate – white powder, molecular weight 
100.09; (7) PD – di(tert-butylperoxyisopropyl) 
benzene: powder 40% with calcium carbonate 
and silica – Perkadox 14-40B (1.65 g/cm3 density, 
3.8% active oxygen content, pH 7, assay: 39.0-
41.0%).

Methods

Preparation of Antibacterial Compound and 
Characterization Methods

The antibacterial compound based 
on silicone rubber – Elastosil R701/70-OH, 
reinforced with nanometric particles TiO2 and 
ZnO, filled with chalk - CaCO3, plasticized with 
stearin and crosslinked with dicumyl peroxide 
- PD was developed by electric laboratory roll 
mill mixing, the rolls were water-cooled. The 
Elastosil R701/70-OH was plasticized between 
the rolls for approximately 2.5-3 minutes, then 
the stearin was added and mixing continued 
for approximately 2 minutes. After the ZnO 
microparticle was added and embedded into the 
mixture until homogenisation, for maximum 2 
minutes, the nanoparticles of TiO2 and ZnO were 
added, continuing to mix for 3 minutes until 
the nanometric component was embedded. 
Mixing continued for 3 minutes while adding 
the filler - CaCO3 and the dicumyl peroxide – PD 
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(last ingredient) was embedded for 2 minutes. 
The mixture is homogenized on the roll mill for 
maximum 2 minutes and taken off in the form 

of a 3-4 mm thick sheet. The order of adding 
ingredients was strictly observed, according to 
Table 1. 

Table 1: Formulations of antibacterial compounds based on silicone rubber reinforced with TiO2 and 
ZnO nanoparticles

Symbol MU
[g]

CS1
(control)

Sample
2

Sample
3

Sample
4

Silicone rubber (Elastosil R701/70-OH) g 150 150 150 150

Stearin (FLAKES) g 7.5 7.5 7.5 7.5

Zinc oxide (active powder)
Zinc oxide (nanoparticles)

g
g

6
-

4.5
1.5

3
3

1.5
4.5

Titanium dioxide (nanoparticles) g - 1.5 3 4.5

Chalk (CaCO3 - powder) g 15 15 15 15

Dicumyl peroxide (PD– 40% - on silica and CaCO3 powder substrate) g 11.25 11.25 11.25 11.25

The resulting antibacterial compound was 
subjected to rheological determinations (using 
a Monsanto rheometer – Figure 1), to establish 
the optimal curing time in the electrical press. 

From the rheological analysis made by 
comparing the samples it is found that the 
introduction of nanometric reinforcing agent 
- ZnO and TiO2 (with antiseptic, antifungal, 
antimicrobial role), does not influence the 
degree of vulcanization of the compound 
obtained. The samples obtained are similar to 
each other, compared to the control sample - CS1. 
Control sample CS1 does not contain nanometric 
reinforcing agent – Figure 2.

Figure 1. Monsanto rheometer used in 
rheological determination

Figure 2. Rheological analysis of samples – CS1 (control), sample 3, sample 4
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The specimens were made in an electric 
press (TP 600) between its plates, by the 
compression method (by pressing) at the preset 
parameters: temperature of 170°C, 2 minutes 
pressing at a pressure of 300 KN, 10 minutes 
cooling time (Figure 3).

The specimens obtained in the electric 
press after a stabilization of 24 hours at 
ambient temperature are then characterized, 
in compliance with the physical-mechanical 
standards:

•	 physically-mechanically (normal state 
and accelerated aging at 70°C for 168 h, 

SR ISO 188-2010): hardness (°ShA-SR ISO 
7619: 2011), residual elongation (100% 
- SR ISO 37-2012), tear strength (N/mm 
-SR ISO 37-2012);

•	 chemically (immersion in average media 
for 24 hours): ISO 1817: 2015, following 
both the volume variation (ΔV) and the 
mass variation (ΔM).

•	 structurally: double beam molecular 
absorption IR spectrometer in, in the 
range 4000-600 cm-1, using the Able 
Jasco 4200 FT-IR device equipped with 
ATR with diamond crystal.

Figure 3. Technological process of obtaining the antibacterial compound reinforced with ZnO and 
TiO2 nanoparticles

RESULTS AND DISCUSSIONS

Physical-Mechanical Characterization of Anti-
bacterial Compounds

The antibacterial compounds were tested 
from a physical-mechanical point of view after 

a stabilization for 24 h at room temperature, 
according to the standards in force (normal state 
and accelerated aging at 70°C and 168 h).

As a result of the physical-mechanical 
analysis performed according to Figures 4, 5 and 
6, the following are found:
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Figure 4. Hardness for antibacterial compounds reinforced with ZnO and TiO2 nanoparticles
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•	The hardness (Figure 4) of antibacterial 
compounds based on silicone elastomer in 
normal state, increases slightly compared to the 
control sample CS1. Increasing the amount of 
nanoparticles (ZnO and TiO2) added in the mass 
of the elastomeric compound, it is observed that 

the hardness values increase slightly. Due to the 
loss of plasticizer, the hardness of the samples 
decreased compared to the control sample, after 
they were subjected to the accelerated aging 
process at 70°C for 168h.
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Figure 5. Residual elongation for antibacterial compounds reinforced with ZnO and TiO2 
nanoparticles

•	 For residual elongation (Figure 5), 
the higher the percentage of reinforcing agent 
in the form of nanoparticles, the higher the 
residual elongation, thus demonstrating that the 
processing parameters are optimal. Similar to 
hardness, after subjecting the specimens to the 

accelerated aging process at 70°C for 168 hours, 
the values of the residual elongation decrease. 
Due to the loss of plasticizer, the values decrease 
by approximately 2.5% compared to the values 
of the specimens in the normal state.
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Figure 6. Tear strength for antibacterial compounds reinforced with ZnO and TiO2 nanoparticles
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•	  Tear strength (Figure 6) in the normal 
state increases in proportion to the amount of 
reinforcing agent added. The values obtained 
in the normal state are between 19.5-22.5 N/
mm, while after subjecting the specimens to 
the accelerated aging process, the values of tear 
resistance decrease, presenting values between 
16.5 and 20 N/mm.

Chemical Characterization of Antibacterial 
Compounds 

The chemical characterization of 
antibacterial compounds was performed 

by immersing them in various working 
environments: ethyl alcohol concentration 70%, 
distilled water and sunflower oil, for 24 hours at 
room temperature, in dark containers (brown, 
black), tightly closed (samples are completely 
covered by the work environment used and are 
immersed at a relatively equal distance from 
each other without them coming into contact 
with each other).

Mass variation – ΔM and volumetric mass 
– ΔV, after immersion in environments specific 
to the food, pharmaceutical and food fields are 
presented in Table 2.

Table 2: Mass variation (ΔM) and volumetric mass (ΔV) of antibacterial compounds reinforced 
with TiO2 and ZnO nanoparticles, in various environments

Material
CS1

(control)
Sample

2
Sample

3
Sample 

4

ΔM ΔV ΔM ΔV ΔM ΔV ΔM ΔV
Ethyl alcohol – 70% -0,75 -1,11 -1,2 -2,72 -1,19 -1,77 -1,34 -1,66

Distilled water 0,16 0,68 0,15 0,38 0,18 0,44 0,72 0,53

Sunflower oil -1,24 -1,59 -2,23 -3,54 -2,1 -3,26 -1,73 -1,85

The immersion of samples of mixtures 
based on silicone elastomer reinforced with 
nanopowders (ZnO and TiO2) in different specific 
media, presents the following results:

1. in ethyl alcohol, both the mass variation, 
ΔM, and the volumetric one, ΔV, 
present negative values, below ±2.8%. 
These values   indicate the extraction of 
substances – stearin and chalk – that 
take place in this work environment;

2. for both ΔM (mass variation) and 
ΔV (volumetric variation) the values   
calculated after a 24-hour immersion in 
distilled water are below 0.8%, which 
indicates an insignificant swelling of the 
tested specimens;

3. in the vegetable oil environment, the 
values   recorded for the mass and 
volumetric variation are negative, 
below ±3.6%, indicating, as in the case 
of specimens immersed in the ethyl 
alcohol, the extraction of substances 
such as unreacted crosslinking agent;

4. after immersing the samples in the 
media listed above, it is observed that 
their surface does not alter, they do 
not show color change (the color of the 

samples being gray) and do not swell, 
and no cracks or other non-conformities 
of the specimens are observed on their 
surface (taking into account that they do 
not come into contact with each other).

FT-IR Spectrometric Analysis

Samples were tested spectroscopically 
through FT-IR spectroscopy, using an Able 
Jasco 4200 FT-IR device coupled with ATR with 
diamond crystal and sapphire head and all the 
samples had as reference the spectrum recorded 
for the principal component – Elastosil R701/70-
OH (elastomeric rubber).

The IR frequencies (cm-1) and vibration 
attributions for the silicone rubber sample – 
Elastosil R701/70-OH are given in Table 3 and 
Figure 7. 

Table 3: IR frequencies and vibration 
attributions for the silicone rubber sample

Frequency Vibration attributions 

696
787.271
866.338
1007.12
1258.78

ʋ Si(CH3)3
ʋ Si(CH3)
Si(CH3)2 (r)
Si(- CH3 = CH2)
δ SiCH3
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Figure 7. IR spectrum recorded for Elastosil R701/70-OH (silicone rubber)

Control sample, CS1, has the following IR 
frequencies (cm-1) and vibration attributions – 
Table 4, and the IR recorded spectrum – Figure 8. 

Table 4: IR frequencies and vibration 
attributions for the control sample – CS1

Frequency Vibration attributions 

697.141
786.815
871.667
1006.66
1258.32
1451.17
2849.31
3361.32

ʋ Si(CH3)3
ʋ Si(CH3)
Si(CH3)3+ Si(CH2)2
Si(- CH3 = CH2)
δ SiCH3
ʋ CH3(CH2)16-CO- (stearic acid)
Si-O-C
ʋ (OH) linked

Figure 8. IR spectrum recorded for CS1 (control sample)

[A]

All the samples were tested from the point 
of view of FT-IR spectroscopy (Figure 9 – A and 
B) and overlapped spectra confirm the presence 
of the silicone elastomer Elastosil R701/70-OH 
by the intensity of the characteristic peaks, this 
being the main material. The silicone elastomer 

– Elastosil R701/70-OH represents the dispersed 
phase (in the largest quantity), the material in 
which the other ingredients are incorporated, 
and from the overlapping spectra, the presence 
of silicone groups is observed from the intensity 
of the characteristic peaks.
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CONCLUSION

The article presents the technology for 
developing antibacterial compounds based 
on elastomeric rubber - Elastosil R701/70-OH, 
reinforced with two types of nanoparticles, ZnO 
and TiO2, according to standards in force.

The physical-mechanical characterization 
after a stabilization for 24 h at room temperature, 
according to the standards in force, in normal 
state and after accelerated aging at 70°C and 
168 h, confirms the fact that the processing 
parameters are optimal. After the immersion 
process, it is observed that the samples do not 
undergo surface changes, do not show color 
change and do not swell, and on the surface they 

[A]

[B]

Figure 9. Overlapping spectra recorded for sample 3 [A] and sample 4 [B]

do not show cracks or other non-conformities. 
FT-IR spectroscopy, by superimposing the spectra 
of each sample separately with the control 
sample CS1, confirms the presence of Elastosil 
R701/70-OH silicone rubber, by the intensity of 
its characteristic peaks, this being the material 
in which the other ingredients are incorporated.

As a result of physical-mechanical, 
chemical and characteristics of FT-IR frequencies 
(cm-1) and vibration attributions of antibacterial 
compounds based on silicone elastomer, we can 
say that they have potential applications in the 
food and pharmaceutical field.
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MULTICRITERIA COMPROMISE OPTIMIZATION FOR LEATHER AND FUR SKIN MATERIALS TANNING TECHNOLOGY
ABSTRACT. The work is devoted to the study of the influence of electro-activated aqueous solutions on the technological cycle of leather 
and fur skin materials production and footwear made of them. The influence of electro-activated aqueous solutions on the physicochemical 
transformations of the structure of skin tissue collagen is exemplified by rabbit fur skins used for shoe production. The spectral characteristics 
of changes in the structure and chemical composition of dermal collagen are determined and optimal modes of tanning process of leather 
and fur skin materials based on multicriteria compromise optimization are determined.
KEY WORDS: electro-activated aqueous solutions, anolyte, catholyte, leather and fur skin materials, footwear

OPTIMIZARE MULTICRITERIALĂ A TEHNOLOGIILOR DE TĂBĂCIRE A PIEILOR ȘI BLĂNURILOR PRIN GĂSIREA UNEI SOLUȚII DE COMPROMIS
REZUMAT. Lucrarea este dedicată studierii influenței soluțiilor apoase activate electrochimic asupra ciclului tehnologic al producției de piele 
și blană pentru încălțăminte. Influența soluțiilor apoase activate electrochimic asupra transformărilor fizico-chimice ale structurii colagenului 
din țesutul pielii este exemplificată prin piei cu blană de iepure utilizate pentru producerea încălțămintei. S-au determinat caracteristicile 
spectrale ale modificărilor în structura și compoziția chimică a colagenului din stratul dermic sunt determinate, precum și metodele optime 
de tăbăcire a pielii și blănii pe baza optimizării multicriteriale prin găsirea unei soluții de compromis.
CUVINTE CHEIE: soluții apoase activate electrochimic, anolit, catolit, piele și blană, încălțăminte

OPTIMISATION MULTICRITÈRES DES TECHNOLOGIES DE TANNAGE DU CUIR ET DE LA FOURRURE VISANT À TROUVER UN COMPROMIS
RÉSUMÉ. Le travail est consacré à l’étude de l’influence des solutions aqueuses électro-activées sur le cycle technologique de la production 
du cuir et de la fourrure pour la production de chaussures. L’influence des solutions aqueuses électro-activées sur les transformations 
physicochimiques de la structure du collagène des tissus cutanés est illustrée par les fourrures de lapin utilisées pour la production de 
chaussures. On a déterminé les caractéristiques spectrales des changements dans la structure et la composition chimique du collagène 
dermique et les modes optimaux de processus de tannage des cuirs et des fourrures basés sur l’optimisation multicritère visant à trouver un 
compromis.
MOTS CLÉS : solutions aqueuses électro-activées, anolyte, catholyte, cuir et fourrure, chaussures
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INTRODUCTION

Technologies that provide the manufacture 
of leather and fur skin materials imply the retention 
of beneficial properties of both the skin tissues 
and its hair-covering, and ensure permanency of 
these materials during continuous exploitation 
of products made of them. The most toilful and 
time-consuming processes in the leather and fur 
skin manufacturing cycle are preparatory and 
tanning stages. These processes are carried out 
with significant water consumption, while water 
is acting as a solvent for chemical reagents, and 
their utilization requires significant costs in the 
future [1].

The most promising solution to the problem 
of reducing water consumption and material 

consumption of fur production are methods 
that activate chemical reagents in water such as 
usage of electric current. The effect of the latter 
is widely studied by a number of scientists [2, 
3], but the nature and action mechanism of the 
water being treated by electricity has not been 
sufficiently studied yet.

Liquid processes in the production 
of leather and fur skin materials are fully 
associated with the presence in the water 
solution of electrolytes formed in the result of 
the dissociation of ions of chemical formations 
in the protein structure, hydrolysis of bonds, the 
carriers of which are structural elements of the 
protein, as well as relatively free ions. At the same 
time, ions introduced with water as a solvent 
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of chemical components, in particular Na++Cl– 
ions, are involved. Natural (tap) and distilled 
water has minimal electrical conductivity in its 
structure, and electro-activated water (anolyte 
and catholyte) has 2-3 times greater electrical 
conductivity, that indicates that the conductivity 
in these solutions is provided not only by Na++Cl– 

but also by ions formed by the excess of mobile 
ions with a positive or negative charge that may 
be carried by groups with water molecules.

One of the most common forms of 
polymeric material study is their physical 
and mechanical testing, as their physical and 
mechanical properties are widely used in 
light industry to evaluate the quality of fully 
processed products. Studies of the relaxation 
and deformation characteristics of materials 
are of considerable scientific and practical 
interest. The results of such experiments allow 
to record simultaneously during one experiment 
the following kinetic curves [4]: the curve of 
development and relaxation and deformation in 
the sample, changes in its linear dimensions and 
hygroscopicity.

It is known [5] that objects with complex 
curvilinear surface shape (foot, shoe pad, shoe 
upper parts) are of the greatest complexity 
for design, because anatomical structure of 
the foot and the properties of the leather and 
fur skin materials from which the footwear is 
made must be taken into account in order to 
ensure their proper quality. However, in the 
conditions of production of leather and fur skin 
materials, most often according to the existing 
technological schemes and instructions it is not 
possible to determine the optimal combination 
of technological factors by which in particular 
case it is possible to achieve the maximum 
approximation to the required properties of 
the prefabricated leather component at the 
minimum cost of chemical materials.

Solving the problems of optimization and 
mathematical modeling of complex technological 
systems is characterized by significant particular 
characteristics due to the narrow application 
orientation of the obtained solutions, sometimes 
by the lack of sufficient information about the 
mechanisms occurring inside the system. At the 
same time the solution of such problems leads 
to the random nature of the change of optimality 
criteria and some factors with a considerable 

number of quality indicators (optimization 
criteria) and as well as to factors that are taken 
into account in optimization and modeling [6].

The applied methodology for solving 
these problem classes provides various 
recommendations for the nature of this study. 
According to the classical, i.e. theoretical and 
analytical approach [7], it is recommended to 
obtain a mathematical model and then, using it, 
to find the optimal conditions.

EXPERIMENTAL

Materials and Methods

Rabbit skins that differ in the way they 
had been made were selected as the object of 
the study. Thus, for the manufacture of skins 
at all stages of the technological cycle electro-
activated aqueous media was used. Skins, 
tanned by the standard technology were used to 
control the initial performance indicators of the 
dermis and to compare them.

The change in the structure and chemical 
composition of the rabbit dermis collagen was 
evaluated by the results of IR spectroscopy 
(Bruker TENSOR spectrometer) within the 
spectral range of 4000-400 cm-1. The test 
specimens were prepared in the form of a tablet 
which contained potassium bromine (KBr) with a 
sample of ground tissue 0.5-1 mg. The IR spectra 
of the studied materials were described on the 
basis of reference data [8–10].

The IR spectra of rabbit skin tissue in the 
range of 3800-2600 cm-1 and 1800-400 cm-1 
were studied. The nature of the interaction 
of the studied systems was evaluated by the 
disappearance, displacement and intensity 
change of the corresponding characteristics of 
bandwidths. The bandwidths in the IR spectra 
of the initial materials and the products of their 
interaction were assigned according to the 
bandwidths of the characteristic bonds of C – C 
atoms group and СН2.

The influence of the electrical conductivity 
of water on the basic chemical parameters of 
rabbit fur skin was evaluated by the content of 
fat in the skin tissue, its welding temperature 
and the indicator of the formation of dermal 
volume in samples that were tanned using the 
appropriate technologies [11].
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RESULTS AND DISCUSSIONS 

To make a quantitative study of changes 
in protein functional groups and skin-forming 
components within certain characteristic waves, 
the optical density was determined using the 
baseline method [8]. The bands of 2854 cm-1 and 
1454 cm-1 were selected as the internal standard 

due to the valence vibrations of the methylene 
groups - СН2 and carbon chain C-C groups (Fig. 
1). Characteristic wave frequencies for the 
collagen dermis of rabbit skin tissue that relate 
to the characteristic wave frequencies of certain 
functional groups or their interactions were 
taken into account.
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Figure 1. Experiment spectrum where the following substance was used in the technological 

processes: a – water formed in the result of passage of current on a negative electrode (anolyte); 
b – water formed in the result of passage of current on a positive electrode (catholyte); c – distilled 

water; d – technical water

Tables 1, 2 show the oscillation frequencies 
of characteristic groups that change in the skin 
tissue during the manufacturing cycle of fur 

production. In all cases the content of neutral 
salts per NaCl was the same and was equal to 
0.2 g/l.

Table 1: Optical density of skin tissue samples IR spectra in the range 3800-2600 cm-1

Water characteristics Optical density at wave frequency

Water source Electrical 
conductivity, μS/cm 3410 cm-1 3325 cm-1 3246 cm-1 3070 cm-1 2926 cm-1 2855 cm-1

Near anion electrode 
(anolyte) 2800 0,86 0,932 1,02 0,582 1,45 1,00

Near cationic electrode 
(catholyte) 1270 1,390 1,51 1,35 0,89 1,49 1,00

Distilled water 710 0,481 0,641 0,689 0,489 0,71 0,87

Technical water 750 0,894 0,975 0,867 0,59 1,45 1,00

Table 2: Optical density of samples IR spectra in the range of 1800-400 cm-1

Water characteristics Optical density at wave frequency

Water source
Electrical 

conductivity, 
μS/cm

1663 
cm-1

1539 
cm-1

1410 
cm-1

1335 
cm-1

1240 
cm-1

1166 
cm-1

1084 
cm-1

1036 
cm-1

633 
cm-1

Near anion 
electrode 
(anolyte)

2800 1,59 1,19 0,76 0,63 0,82 0,71 0,57 0,46 0,36

Near cationic 
electrode 
(catholyte)

1270 1,67 1,25 0,78 0,65 0,76 0,61 0,58 0,43 0,40

Distilled water 710 1,50 1,06 0,71 0,57 0,85 0,82 0,60 0,50 0,37

Technical water 750 1,58 1,17 0,75 0,64 0,84 0,77 0,61 0,51 0,41
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Based on the obtained data it can be 
stated that water of different origin affects the 
spectra of rabbit skin tissue differently in the 
range of the spectra of 3800-2600 cm-1 and 
1800-400 cm-1. These spectra are characteristic 
for dermis collagen tanned with basic chromium 
salts. Specific features of the spectrum include 
the appearance of 1663 cm-1 wavelength which 
is inherent to the valence oscillation C = O of 
medium intensity, and wave of 1036 cm-1 which 
is inherent to the deformation oscillation C – 
O – C of medium intensity, which corresponds 
directly to the aldehyde group and the product 
of its interaction with the carbon chain, resulting 
in the emergence of heat-resistant bonds. The 

appearance of thermo-resistant bonds of the 
dermis with chromium salt can be estimated by 
changing the optical density at a wavelength of 
1084 cm-1.

The study results proved  that the 
technological processes of production of leather 
and fur skin materials, such as wetting, pickling 
(using technical and distilled water), tanning, 
greasing and drying are significantly influenced 
by the general characteristics of water, that can 
be reduced to its electrical conductivity (Tables 
1-2), and the main indicators of the finished 
product (Fig. 2) with of the square values of the 
correlation ratio R greater than 0.8.
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R2 = 0,9084
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Figure 2. Water electrical conductivity effect on: a) skin tissue fat content; b) welding temperature; 

c) dermal volume formation 

Using water with different electrical 
conductivity as a solvent, it was discovered that 
it significantly affects the degree of the polar 
part of both soluble substances and directly 
hydrophobic and hydrophilic balance inside the 
dermis. This leads to different interactions of 
the functional groups both in solution itself and 
between the water-soluble compounds and the 
active groups that are present in the dermis. 
The result of this interaction is a change in the 
analytic characteristics of the skin tissue and 

the index of the dermis volume formation. The 
positive charge of amino groups can be stated 
on the basis of the existence of characteristic 
waves with length of 3410 cm-1 and 1663 cm-1 
especially in acidic environment during pickling 
(Fig. 3). With a certain electrical conductivity, 
the maximum value of the optical density can 
be observed. Increasing and decreasing leads 
to a deviation in the downward direction of 
the optical density when the wave oscillation 
frequency is of 3410 cm-1 and 1663 cm-1.
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Figure 3. Water electrical conductivity effect on optical density at the wave spectrum: a) 3410 cm-1; 

b) 1663 cm-1

Wavelengths of 3410 cm-1
 and 1663 cm-1 

are associated with the formation of hydrogen 
bonds, a great number of which significantly 
affects the dermal collagen welding temperature. 
The essence of these connections means that 
after breaking in one place, they are re-formed 
in another place, that provides to some extent 
the possibility of deformation and fixing of the 
residual deformation.

A distinctive feature of the process of 
forming heat-resistant bonds in the dermis is 

the result of several, at first glance, opposite 
reactions. First of all, the normal formation 
of heat-resistant bonds is due to the carboxyl 
group being included in the chromium complex. 
And the interaction of the fat molecule with 
the chromium complexes prevents the further 
formation of a heat-resistant bridge. Thus, the 
thermal resistance of the skin tissue decreases 
(Fig. 4).
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Figure 4. Relationship between dermal welding temperature and: a) the fat content; b) the content 

of chromium salts

However, this interpretation does not explain 
why the properties of the skin are restored 
during a short period of time after welding. 
This phenomenon is observed when the skin is 
being tanned with aldehyde compounds. The 
appearance of C-O-C groups with a wavelength 

of 1084 cm-1 (Fig. 5) in the structure of the derma 
is a consequence of the interaction of dialdehyde 
compounds with protein. The aldehyde groups 
appear due to the presence of a large number of 
oxidants or reducing agents in the catholyte and 
anolyte in the system respectively.
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Figure 5. Relationship between dermal welding temperature and optical density wavelength 1084 cm-1

The wavelength of 1663 cm-1 corresponds 
to the carbonyl groups, that is conditioned by 
their presence in proteins and fatty substances 
in the form of triglycerides. Meanwhile, this 
wave is characteristic for the fluctuations of the 
N-H protein groups, that can be manifested as 
a result of the transformation of the general 
restructuring of the protein structure in the 

spectrum (Fig. 6). The imprint of the restructuring 
(deformation under load) on the vibrations of 
the groups N – H and C = O, that corresponds to 
the model of change in the deformation of the 
tensile under load and after its removal allows us 
to confirm the correctness of the physical model 
to the full extent [11].
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Figure 6. Relationship between the carbonyl group in the peptide bond and deformation 
components, %: 1 - total deformation, R2=0,8883; 2 - plastic deformation, R2 = 0,5975;  

3 – plastic deformation, R2 = 0,8196; 4 - instantaneous deformation, R2 = 0,1341;  
5 - elastic deformation, R2 = 0,7061

Negative ОН– groups that are a part of 
the complex chromium sphere are dominated 
in catholyte, can result in the formation of 
neutral or negative charge tanner particles. The 
latter is most likely when using catholyte during 
tanning. Therefore, the negatively charged 
chromium molecule interacts with the positively 
charged NH2+ amino group, that results in the 
partial neutralization of the negatively charged 
chromium complex, freeing the coordination 
center in the chromium to interact with other 
groups having the ability of entering the complex 
sphere of chromium atoms. It is possible to form 
heat-resistant bonds in both cases that provide 
the effect of tanning (welding temperature 
increase). In the presence of trivalent chromium 
in a highly saturated with oxygen (in the form of 
ОН– ions medium), the processes of oxidation of 

hydrocarbons with the formation of aldehydes 
are possible, which form heat-resistant bonds, 
that are destroyed at a temperature in the 
aqueous medium above 65°C, and at a lower 
temperature below the specified level they are 
being restored. The appearance of such bonds 
is evidenced by the presence of C-O-C groups 
at wave frequencies of 1166 cm-1, 1036 cm-1 and 
1084 cm-1, that are the result of the interaction 
of dialdehyde compounds with the protein. The 
wave frequency of 1036 cm-1 can be partially 
attributed to the OH alcohol group (Fig. 7). 
Bearing in mind that the OH and C-O-C groups 
have a high affinity for the formation of complex 
compounds, it can be deduced that this effect 
(restoration of the sample after welding during 
cooling) causes the restoration of heat-resistant 
samples.
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The practical solution to the optimization 
problem is done almost approximate due to a 
large number of factors that are responsible 
for the results of manufacturing products and 
their quality. The methodology of multicriteria 
compromise optimization was used to final 
solution of the technology optimization problem. 
This methodology is used when there are more 
than two quality criteria according to which 
compromise optimization is performed [6].

Performing multicriteria compromise 
optimization requires finding a target function 
that looks like: 

( )
m

tar, r jr j
j

D W
2 2

=1

γ = 1− ⋅∑ ,        (1)

where tar, rγ  - is the value of the generalized 
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objective function for the r-th experiment 
experience, which in the case of finding the 

optimum tends to 0 ( tar, rγ → 0 ) and is a value of 

the proximity of this point to the hypothetical 
optimal value in coded form which is equal to 1;

jrD - reduced to the interval 0 ... 1 the value 

of the j-th response (quality criterion) in the r-th 
experiment experience, depending on the target 
quality selected for a specific criterion this value 
is calculated by different formulas;

jW  - weight of j-th quality criterion (response); 

practically equals to 
m
1

∑
;

m   - the number of quality response criteria.

To find a generalized criterion for the 
quality of leather and fur skin materials an array 
of data was created which consists of analytical 
indicators and indicators characterizing the 
porous structure and deformation properties. 
The results of the calculation are shown in 
Table 3.

Table 3: Basic data to calculate the objective response function
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Anolyte 25,4 0,76 308,1 76 81,55 38,37 137,05 2,9 5,3 9,6 1,4 4,6 0,09

Catholyte 20 0,70 254,5 67 34,51 34,46 96,39 1,4 2,9 5,4 1,1 1,9 0,21

Distillate 27,5 0,76 435,9 68 30,62 35,96 91,93 1,5 2,7 5,2 0,9 2,3 0,16

Technical 
water 31,4 0,83 499,6 66 29,92 34,13 92,21 1,7 1,9 4,6 0,9 1,9 0,26

As it is seen from the Table 3, the smallest 
value of the generalized quality criterion γ (0.09) 
is observed in the anolyte treatment method 
which corresponds to the point of the factor 
space closest to the hypothetically optimal one.

There is a generalized dependence 
between the objective function, which 

characterizes the porous structure of the 
skin tissue, its analytical parameters (fat 
content, chromium oxide, volume formation, 
derma welding temperature), deformation 
characteristics and electrical conductivity 
values of the water that was used (Fig. 9).
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Figure 9. Effect of electrical conductivity on a generalized objective function, which is characterized 
by: 1 - porous structure of skin tissue (R2 = 0.9298); 2 - analytical indicators of skin tissue (R2 = 

0,0927); 3 - spectral characteristics (R2 = 0,9205); 4 - deformation characteristics (R2 = 0,5613); 5 - 
generalized set of indicators inherent to rabbit skin (R2 = 0,6480)

The spectral characteristics do not define 
the quality of the material, but mainly reflect 
the presence of functional groups that affect the 
parameters that characterize the quality of the 
finished skin. The deviation of the generalized 
objective function, which characterizes the 
spectral and analytical characteristics of rabbit 
skin tissue, is not significant; that is why this 
optimization is not taken into account.

The porosity characteristics (curve 1) and 
the deformation characteristics (curve 4) of 
skin tissue made on the basis of technologies 
involving the use of electro-activated water 
(anolyte with an electrical conductivity of 2800 
μS/cm, catholyte with a catalyst of 2800 μS/cm) 
are most significantly influenced by the value 
of the generalized objective function (Fig. 15) 

with electrical conductivity of 1270 μS/cm) and 
not activated water (with electrical conductivity 
of 710-750 μS/cm). When searching for the 
optimum, the smallest values of the generalized 
objective function correspond to the anolyte.

The most significant contribution to the 
disclosure of the essence of transformations 
in the skin tissue derma in the process of 
its manufacture is made by its spectral 
characteristics and porosity characteristics.

The presence of C-O-C groups (Fig. 10), 
which arise from the interaction of electro-
activated water with the protein and the 
formation of aldehydes in the protein structure, 
which are subsequently transformed into simple 
heat-resistant ether bonds, has the influence on 
the overall objective function of the spectrum.
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Figure 10. Effect of electrical conductivity on the optical density of the spectrum waves, characteristic 
for the groups: 1 - C-O-C (R2 = 0.9937); 2 - N-H (R2 = 0.9059); 3 - C-H (R2 = 0.7564);  

4 - COO- (R2 = 0.,6402); 5 - generalized objective function (R2 = 0.9205)

The obtained optical density values (Fig. 
10), which are lower than 0 (curves 2–4), are 
extrapolated. They are not taken into account 
in the analysis because they are imaginary. 
Optical density limits at conductivity values up 
to 1260 μS/cm and greater than 2400 μS/cm are 
significant.

CONCLUSIONS

The treatment of leather and fur skin 
materials with electro-activated water in 
the technological cycle of their production 
significantly affects the quantitative indicators 
that objectively characterize the quality of the 
skin tissue (skin fat content, dermal welding 
temperature) and participate in the formation 
of skin structure (volume formation indicator), 
and also contributes to the elastic and plastic 
properties of the skin that must be taken into 
account when making footwear from materials 
with predicted properties.

The most probable reactions of the rabbit 
skin tissue using water with different conductivity 
characteristics when natural salt is present 
(industrial water), distilled water when table salt 
is present, and distilled water in the presence 

of table salt formed on the cathode and anode 
(catholyte and anolyte) are considered. The latter 
have shown their specificity in influencing the 
technological processes of fur skin production 
from rabbit skins. The properties of the finished 
skins depend entirely on the content of the 
components that may be the carriers of the 
electric charge.

The specificity of electro-activated water 
is that in the process of its manufacture in the 
anolyte an excess of electrons is observed, 
and in the catholyte, on the contrary, their 
lack is observed. This leads to the formation of 
compounds that have a reactive activity, that 
means that they interact with each other and with 
other active groups of collagen, which provides 
the appearance of cross-links in the irrigated 
derma that largely resistant to temperature as 
well as changing elastic and plastic properties 
of skin tissue. Thus, advanced technology can 
be used in industry as an effective method 
of leather and fur skin materials with specific 
properties tanning that can be predicted at the 
stage of their manufacture.
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CHARACTERIZATION OF NEW AND ARTIFICIALLY AGED PARCHMENTS
ABSTRACT. This study aims to characterize new and artificially aged parchments. Parchment samples of calf, sheep, goat and pig were 
exposed to artificial ageing at 70°C in 3 cycles: first cycle for 7 days, second cycle for 14 days and 21 days for the 3rd cycle. Thus, a treatment 
temperature of 70°C was selected to avoid sudden structural changes and rapid collagen denaturation. To evaluate the deterioration degree 
of parchments, the samples exposed to the first cycle were subjected to physical-mechanical, chemical tests and shrinkage temperature 
while the samples exposed to the second and 3rd cycle to physical-mechanical test. Depending on the ageing cycles significant changes were 
reported. The accelerated ageing of parchments degraded the physical-mechanical properties and lowered the shrinkage temperature. The 
behavior of sheep and goat parchment samples to accelerated ageing suggests a rather high deterioration in the hydrothermal stability. 
KEYWORDS: physical-mechanical properties, shrinkage temperature, parchment, collagen, accelerated ageing

CARACTERIZAREA PERGAMENTELOR NOI ŞI ÎMBĂTRÂNITE ARTIFICIAL
REZUMAT. Acest studiu își propune să caracterizeze pergamentele noi și îmbătrânite artificial. Probe de pergament de vițel, oaie, capră și 
porc au fost expuse la îmbătrânire artificială la 70°C în 3 cicluri: primul ciclu timp de 7 zile, al doilea ciclu timp de 14 zile și 21 de zile pentru 
al 3-lea ciclu. A fost selectată astfel o temperatură de tratare de 70°C pentru a evita schimbările bruște structurale și denaturarea rapidă a 
colagenului. Pentru a evalua gradul de deteriorare a pergamentelor probele expuse la primul ciclu de îmbătrânire au fost testate prin analize 
fizico-mecanice, chimice și temperatura de contracție, iar probele expuse la ciclurile II și III la analize fizico-mecanice. În funcție de ciclurile de 
îmbătrânire au fost raportate modificări semnificative. Îmbătrânirea accelerată a pergamentelor a produs degradări ale proprietăților fizico-
mecanice și ale temperaturii de contracție. Comportamentul probelor de pergament de ovine și caprine la îmbătrânirea accelerată sugerează 
o deteriorare destul de mare a stabilității hidrotermice.
CUVINTE CHEIE: proprietăți fizico-mecanice, temperatura de contracție, pergament, colagen, îmbătrânire accelerată

CARACTÉRISATION DES PARCHEMINS NOUVEAUX ET ÂGÉS ARTIFICIELLEMENT 
RÉSUMÉ. Cette étude vise à caractériser les parchemins nouveaux et artificiellement âgés. Des échantillons de parchemin de veau, mouton, 
chèvre et porc ont été exposés au vieillissement artificiel à 70°C en 3 cycles : premier cycle pendant 7 jours, deuxième cycle pendant 14 
jours et 21 jours pour le 3e cycle. Ainsi on a choisi une température de traitement de 70°C pour éviter les changements structurels soudains 
et dénaturation rapide du collagène. Des tests physico-mécaniques, chimiques et de température de retrait ont été utilisés pour évaluer le 
degré de détérioration des parchemins. Selon les cycles de vieillissement, des changements importants ont été signalés. Le vieillissement 
accéléré des parchemins a provoqué des dégradations des propriétés physico-mécaniques et de la température de retrait. Le comportement 
des échantillons de parchemins de mouton et de chèvre au vieillissement accéléré suggère une détérioration assez élevée de la stabilité 
hydrothermale.
MOTS CLÉS : propriétés physico-mécaniques, température de retrait, parchemin, collagène, vieillissement accéléré
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INTRODUCTION 

Used for writing purposes, parchment 
is a very stable biomaterial, but it has a major 
drawback: it degrades with time. One of the 
oldest materials of cultural interest, parchment 
can survive for long periods of time if proper 
conditions are maintained. A fascinating 
discovery in 1947, in the caves of Qumram, 
dating from the beginning of 250 B.C. up to 68 
A.D., has revealed one of the oldest preserved 
parchment manuscripts (Dead Sea Scrolls) 
[1]. These artefacts are a unique and non-
renewable resource whose protection requires a 
thorough knowledge about the materials, their 
deterioration processes and the factors that 
cause them. 

Studies on the damage of parchment have 
highlighted that their deterioration is due to 
environmental factors (temperature, humidity, 
light, pollution), biological factors (bacteria, fungi, 
rodents, insects) and chemical factors (acids, 
bases, oxygen, ozone, ultraviolet radiation) [2]. 
These factors cause numerous structural changes 
that must be understood scientifically to achieve 
appropriate restoration-conservation treatment 
with compatible materials. 

Throughout the centuries, the 
manufacturing technologies of parchment 
have varied. The pre-medieval parchment was 
lightly tanned with vegetable matter and in the 
medieval period alkaline limestone baths were 
used [1, 3]. Although parchment manufacturing 
technologies have been modernized, they are 
based on medieval recipes using alkaline lime 
solutions [4-6]. Due to the number of components 
introduced in the fabrication process, parchment 
is subjected during production to changes 
in the structure of collagen. The hierarchical 
structure of the collagen (molecules, fibrils, 
fibers) in parchment determines the mechanical 
properties of resistance. Parchments are complex 
systems consisting of collagen where added 
solids and liquids are dispersed or dissolved in 
the substrate. These solids and liquids interact 
with each other in different processing stages.

 Frequently handling the parchments by 
everyday use can result in mechanical damage. 
The processes of physical-chemical deterioration 
of the parchment structure have so far been little 
studied. In this study we aim to characterize new 
and artificially aged parchments by physical-

mechanical, chemical tests and shrinkage 
temperature.

EXPERIMENTAL 

For this study, parchment was prepared 
using technology inspired from ancient recipes 
at the Leather and Footwear Research Institute 
(ICPI) of the National Research and Development 
Institute for Textiles and Leather (INCDTP), 
Bucharest. In the current technological process 
of parchment manufacturing, skins preserved 
by salting [1, 4, 5, 7] were used. The first stage 
of skin processing, soaking, is done with clean 
water of about 22°C. After soaking and fleshing 
the liming operation is performed, 6-8% Ca(OH)2, 
whose main objective is the removal of the 
epidermis and hair. The skins are treated with a 
solution of lime for 3-4 days. The mechanical or 
manual fleshing is done before the second liming 
operation of about 2-3 days, 3-4% Ca(OH)2. Then, 
deliming and washing operations are performed 
and at the end the skin is stretched over a 
wooden frame and left to dry [8, 9]. 

The samples were cut with the help of a 
press knife 110 mm long and 30 mm wide for the 
elongation at a load of 10 N/mm2 and elongation 
at break, 80 mm long and 40 mm wide for the 
tensile strength, 120 mm long and 30 mm wide 
for the tear strength and for the dimensional 
stability the specimens were cut 80 mm long and 
60 mm wide, 50 mm long and 40 mm wide and 
square with the side of 40 mm.

The parchment samples underwent 
artificial ageing treatments by heating at fixed 
temperature. Parchment samples of calf (C), 
sheep (S), goat (G) and pig (P) were exposed to 
artificial ageing at 70°C in 3 cycles: first cycle for 
7 days, second cycle for 14 days and 21 days for 
the 3rd cycle. Thus, a treatment temperature of 
70°C was selected to avoid sudden structural 
changes and rapid collagen denaturation [10, 
11]. To evaluate the deterioration degree of 
parchments, the samples exposed to the first 
cycle were subjected to physical-mechanical, 
chemical tests and shrinkage temperature, while 
the samples exposed to the second and 3rd cycle 
to physical-mechanical test. 

Physical-chemical characteristics of new 
and artificially aged parchment samples (Table 
1 and Table 2) were determined according to 
standardised methods for obtaining moisture, 
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extractable substances, combined fat substances, 
total fat substances, total ash, total nitrogen, 
ammoniacal nitrogen, protein nitrogen and pH 
[12-16]. 

Shrinkage activity was evaluated by the SR 
EN ISO 3380: 2003 method. The method is useful 
in cases where the shrinkage temperature is 
below 100°C and it is used as a means of quality 
control in different stages of the technological 
process of manufacturing parchment. At 
INCDTP-ICPI, determination of the shrinkage 
temperature is performed with the Giuliani IG/
TG   equipment. The 50 mm long and 3 mm wide 
specimen is perforated and attached to the 
support hook. Before determining the shrinkage 
temperature, the specimen is conditioned 
by immersion in water for a few minutes for 
saturation. This will rehydrate the sample and 
facilitate the perforation by the two hooks. Then, 

it is immersed in the vessel filled with water. The 
vessel is then heated slowly at 2°C/min, and the 
shrinkage temperature is visually determined 
by an operator, this being identified with the 
moment when the specimen is contracted.   

The samples of parchments were also 
subjected to standardized physical-mechanical 
tests [17], before and after artificial ageing.    

RESULTS AND DISCUSSION

Chemical Characteristics

The chemical characteristics fall within the 
limits imposed. After artificial ageing (7 days at 
70°C) only humidity shows losses of 10 ± 2%. 
The other characteristics have no significant 
variations (Table 1 and Table 2).

Table 1: Physical-chemical characteristics of untreated parchments

No. Characteristics MU
Sample code/Values

 Goat             Calf            Sheep           Pig         

1 Moisture % 17.33 17.56 18.24 18.51

2 Extractable substances % 5.61 0.61 2.23 0.20

3 Combined fat ubstances % 1.66 0.70 3.30 0.72

4 Total fat substances % 7.27 1.31 5.53 1.02

5 Total Ash  % 2.20 3.87 1.98 9.42

6 Total Nitrogen % 18.52 17.90 17.43 15.18

7 Ammoniacal Nitrogen % 0.22 0.13 0.10 -

8 Protein Nitrogen % 18.30 17.77 17.32 15.18

9 pH % 6.2 6.3 6.2 6.8

Table 2: Physical-chemical characteristics of artificially aged parchments

No. Characteristics MU
Sample code/Values

  Goat           Calf             Sheep            Pig         
1 Moisture % 15.40 16.50 16.40 16.50

2 Extractable substances % 5.61 0.61 2.23 0.2

3 Combined fat substances % 1.66 0.70 3.30 0.72

4 Total fat substances % 7.27 1.31 5.53 1.02

5 Total Ash  % 2.20 3.87 1.98 9.42

6 Total Nitrogen % 18.52 17.90 17.43 15.18

7 Ammoniacal Nitrogen % 0.22 0.13 0.10 -

8 Protein Nitrogen % 18.30 17.77 17.32 15.18

9 pH % 6.2 6.3 6.2 6.8
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Effect of Accelerated Ageing on Thermal 
Stability

Shrinkage temperature is a standard 
feature of leather and parchment. When 
collagen fibers are heated in water, they contract 
in length at a specific temperature [6, 18-20], 
which depends on the strength or quality of 
the leather and the degree of its deterioration. 

Collagen fiber contraction represents the 
macroscopic manifestation of the process of 
thermal denaturation of collagen molecules, 
a process that results in the collapse of the 
structure of the triple helix, whose integrity 
is essential for maintaining the mechanical, 
structural, physical-chemical and functional 
properties of the collagen materials. 

Figure 1. Variation of shrinkage temperature before and after accelerated ageing treatment

In Figure 1 we can see a comparison 
of shrinkage temperature among parchment 
samples before and after accelerated ageing 
treatment at 70°C for 7 days.

Shrinkage temperatures showed a rather 
good hydrothermal stability for the untreated 
parchment samples; shrinkage temperature 
differs depending on the characteristics of the 
skin of the animal species (goat, calf, sheep 
and pig). 

The shrinkage temperature decreases by 
3-4 to 15-20% in the artificially aged samples 

compared to the control samples. From Figure 
1 we can observe in the case of calf and pig 
parchment samples a better withstand to the 
destabilizing effects, with only 2°C decrease. 
The sheep and goat samples were the least 
resistant to the ageing treatment, with a 
decrease of 8 to 13°C.

Physical-Mechanical Tests

The parchment sample were analysed 
from the physical-mechanical point of view, 
before and after artificial ageing (Table 3).

Table 3: Physical-mechanical characteristics of the goat parchment - sample G, for the untreated 
sample and after the accelerated ageing cycles (cycle I, cycle II, cycle III)

Characteristics 

Treatment

Thickness
mm

Elongation %
Tensile 

strength N/
mm2

Tear 
strength
N/mm

Dimensional stability (shrinkage) %

at a load 
of

10N/mm2

at 
break Length Width Surface Thickness

Sample G
untreated

a -  0.25     10 26 61.7 33.3
b - 0.24      8 24 53.3 44.4
average 9 25 57.5 38.8
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Parchment G exposed to artificial ageing

Ageing
7 days – 70°C

cycle I

a - 0.21       6 28 51.2 45.4 2.8 2.2 4.9 0
b - 0.22       4 28 54.8 40.9 2.3 1.7 4.0 0
average 5 28 53.0 43.1 2.5 1.9 4.4 0

Ageing
14 days – 70°C

cycle II

a - 0.25        6 30 87.2 43.5 3.2 3.0 6.0 0
b - 0.30      8 32 83.3 37.5 3.2 2.2 5.3 0
average 7 31 85.2 40.5 3.2 2.6 5.6 0

Ageing
21 days – 70°C

cycle III

a - 0.26      8 36 51.2 37.5 4.1 4.2 8.1 0
b - 0.25    8 30 46.8 28.6 3.8 3.3 7.0 0
average 8 33 49.0 33.0 3.9 3.7 7.5 0

From Table 3 it can be observed that 
the applied oxidizing ageing cycles lead to the 
following physical-mechanical changes:

- The elongation at a load of 10 N/mm2 
decreases by 56% after the first cycle, increases 
by 40% in the second cycle compared to the 
first cycle, increases by 14% in the third cycle 
compared to second cycle and in the third cycle 
it is close to the value of the untreated sample; 

- The elongation at break remains almost 
constant over the three cycles;

- Tensile strength decreases by 8% in cycle 
I as compared to control sample, in cycle II it 
increases by 38% as compared to cycle I, and in 
cycle III it decreases by 42% as compared to cycle 
II and by 15% as compared to control sample;

- The tear strength increases by 10% in 
cycle I compared to the control sample, in cycle 
II it decreases by 6% compared to cycle I, and 
in cycle III it reaches the value of the control 
sample;

- The decrease of the surface of the 
parchments after each cycle of thermal ageing is 
progressive.

These characteristics fall within the limits 
imposed by standards.

The analysis of the results shown in 
Table 3 has allowed the evaluation of the 
degradation state of the parchments. The results 
of the ageing behaviour showed that the ageing 
treatment at 70°C, in several cycles, produced 
a degradation of the physical mechanical 
properties of resistance that materialized also by 
lowering the shrinkage temperature by 2-10°C. 
This allowed us to select the parchment variants 
which showed the smallest dimensional change 
after artificial ageing (an essential requirement 
for the parchment used in the museum field, 
which ensures a stable behaviour, preventing the 
formation of tensions that lead to damage).

The calf parchment was characterized in 
the same way (Table 4).

Table 4: Physical-mechanical characteristics of the calf parchment - sample C, for the untreated 
sample and after the accelerated ageing cycles (cycle I, cycle II, cycle III)

Characteristics 

Treatment

Thickness
mm

Elongation %
Tensile 

strength 
N/mm2

Tear 
strength
N/mm

Dimensional stability (shrinkage) %

at a load 
of

10N/mm2

at 
break Length Width Surface Thickness

Sample C
untreated

a - 0.44     6 32 117.3 52.1
b - 0.44        14 32 104.2 54.9
average 10 32 110.7 53.5

Parchment C exposed to artificial ageing

Ageing
7 days – 70°C

cycle I

a - 0.49        6 30 90.9 32.2 3.2 3.4 6.6 6.0
b - 0.45        6 32 109.3 23.3 3.6 4.2 7.7 3.2
average 6 31 100.1 27.7 3.4 3.8 7.1 4.6

Ageing
14 days – 70°C

cycle II

a - 0.60      6 28 99.1 38.6 3.9 4.8 8.4 7.6
b - 0.54        8 32 130.6 48.4 3.9 4.3 7.9 9.7
average 7 30 101.1 43.5 3.9 4.5 8.1 8.6
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Ageing
21 days – 70°C

cycle III

a -0.62        8 28 113.5 66.2 4.2 4.8 8.8 7.6
b- 0.58        6 30 92.7 33.3 4.2 4.3 8.4 9.7
average 7 29 103.1 49.7 4.2 4.5 8.6 8.6

From Table 4 it can be observed that the 
thermal ageing cycles applied to sample C lead 
to the following changes in physical-mechanical 
resistance:

- The elongation at a load of 10 N/mm2 
decreases by 40% after cycle I then remains 
constant in cycles II and III;

- The elongation at break remains constant 
during the three cycles of ageing;

- The tensile strength remains constant 
during the three ageing cycles;

- The tear strength decreases by 48% after 
cycle I, increases by 36% in cycle II compared 
to cycle I, and in cycle III it increases by 12.5% 
compared to cycle II, and approaches the value 
of the control sample;

- Dimensional stability gradually decreases 
in cycles I, II and III.

The characteristics of the sheep parchment 
are presented in Table 5.

Table 5: Physical-mechanical characteristics of the sheep parchment - sample S, for the untreated 
sample and after the accelerated ageing cycles (cycle I, cycle II, cycle III)

Characteristics 

Treatment

Thickness
mm

Elongation % Tensile 
strength
N/mm2

Tear 
strength
N/mm

Dimensional stability (shrinkage) %
at a load 
of 10N/

mm2

at 
break Length Width Surface Thickness

Sample S
untreated

a - 0.56      6 24 40.6 13.2
b - 0.44 8 28 41.1 21.6
average 7 26 40.8 17.4

Parchment S exposed to artificial ageing

Ageing
7 days – 70°C

cycle I

a - 0.40    6 22 39.5 13.0 1.9 2 4.0 0
b - 0.38 6 20 34.7 7.5 2.5 2 4.8 2.9
average 6 21 37.1 10.2 2.2 2 4.4 -

Ageing
14 days – 70°C

cycle II

a - 0.32     8 30 40.2 12.8 3.2 3.7 6.8 3.1
b - 0.53         8 28 35.0 16.7 3.8 2.9 6.7 2.9
average 8 29 37.6 14.7 3.5 3.3 6.7 3.0

Ageing
21 days – 70°C

cycle III

a - 0.50    10 28 29.5 9.2 3.2 3.7 6.8 3.1
b - 0,37      12 26 29,1 7.3 3.8 2.9 6.7 0
average 11 27 29.3 8.2 3.5 3.3 6.7 -

From Table 5 it can be observed that 
the applied thermal ageing cycles lead to the 
following changes in physical-mechanical 
resistance:

- The elongation at a load of 10 N/mm2 
after cycle I is the same as the control sample, in 
cycle II it increases by 25% compared to cycle I; 
in cycle III it increases by 27% compared to cycle 
II and by 45% compared to cycle I; 

- The elongation at break decreases by 
19% in cycle I compared to the control sample, 
increases in cycle II by 28% compared to cycle I, 
and in cycle III is constant compared to cycle II;

- The tensile strength decreases by 9% in 
cycle I compared to untreated sample, in cycle II 

it increases, it is maintaining the same value as in 
cycle I, and then in cycle III it decreases by 22% 
compared to cycles I and II; 

- Tear strength decreases by 41% in cycle 
I compared to the control sample; in cycle II it 
increases by 31% compared to cycle I, and in 
cycle III it decreases by 56% compared to cycle II;

- Dimensional stability indicates a surface 
change after cycle I of 4.4%, which increases in 
cycle II and cycle III, at 6.7%.

The physical-mechanical characteristics of 
the pig parchment are presented in Table 6.
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Table 6: Physical-mechanical characteristics of the pig parchment - sample P, for the untreated sample 
and after the accelerated ageing cycles (cycle I, cycle II, cycle III)

Characteristics 

Treatment

Thickness
mm

Elongation %
Tensile 

strength 
N/mm2

Tear 
strength
N/mm

Dimensional stability (shrinkage) %
at a load 
of 10 N/

mm2

at 
break Length Width Surface Thickness

Sample P
untreated 

a - 0.75 6 26 62.3 59.0
b - 0.96 8 28 54.7 43.5
average 7 27 58.5 51.2

Parchment P exposed to artificial ageing

Ageing
7 days – 70°C

cycle I

a - 0.86 6 28 68.7 48.8 4.3 5.0 9.2 3.6
b - 0.86 8 36 69.3 43.8 4.8 4.6 9.3 0
average 7 32 69.0 46.3 4.5 4.8 9.2 -

Ageing
14 days – 70°C

cycle II

a - 0.57 6 30 51.4 36.4 5.4 5.5 10.5 5.3
b - 0.85 6 20 57.4 68.1 5.4 5.4 10.4 3.8
average 6 25 54.4 52.2 5.4 5.4 10.4 4.5

Ageing
21 days – 70°C

cycle III

a - 1.04 18 24 63.4 62.6 5.4 5.5 10.5 8.9
b - 0.92 6 30 73.4 57.3 5.4 5.2 10.2 3.8

average  12 27 68.4 60 5.4 5.3 10.3 6.3

From Table 6 it can be observed that 
the applied thermal ageing cycles lead to the 
following changes of physical-mechanical 
resistance:

- The elongation at a load of 10 N/mm2 
after cycle I remains constant compared to the 
control sample, and in cycle III it increases by 
41.6% compared to the control;

- The elongation at break after cycle I has a 
slight increase of 15.2% compared to the control 
sample (initially), and in cycle II and III it remains 
constant;

- The tensile strength in cycle I and III 
increases compared to the control by 15% and 
remains constant in cycle III;

- The tear strength remains almost 
constant comparing the values of the specimens 
with the same thickness;

- The modification of the surface of the 
parchments is important after cycle I of ageing 
and remains at the same value after cycles II 
and III.

CONCLUSION

In order to simulate a natural ageing 
process, we investigated the influence/ 
behaviour of accelerated ageing treatments on 
parchment samples and evaluated the effects 
generated. We have exposed new parchments 
of different animal species i.e., goat, calf, sheep 

and pig to artificial ageing at 70°C in 3 cycles: first 
cycle for 7 days, second cycle for 14 days and 21 
days for the 3rd cycle.

The results of the ageing behaviour 
showed that the ageing treatment at 70°C, in 
several cycles, caused a degradation of the 
physical mechanical properties of resistance 
that materialized also by lowering the shrinkage 
temperature. As the ageing cycle increases, there 
was a tendency in the values of the physical-
mechanical parameters to decrease.

The accelerated ageing treatments 
affected the shrinkage temperature of the 
parchment samples. The hydrothermal stability 
is most affected in sheep and goat parchment 
samples, it drastically decreased by 15-20% 
compared to the untreated samples. 

Therefore, it can be stated that the physical-
mechanical tests and shrinkage temperature are 
parameters that can indicate the evolution of the 
thermal destabilization processes in the collagen 
matrix.
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COTANCE NEWSLETTERS

Starting with January 2019, the COTANCE Council will issue a monthly COTANCE Newsletter with 
the purpose of promoting an improved image of leather to relevant decision makers and domestic 
stakeholders including Members of the European and National Parliament, Governmental authorities, 
Ministerial officers, Customers of the leather industry, Brands, Retail chains, Relevant NGOs, Designers, 
etc. The monthly newsletters present topics that tell the truth about a controversial aspect or a fact 
that is not well known by the general public to bring about a better understanding of leather and 
the European leather industry, as well as a positive predisposition to legislate in favor of the leather 
industry. The newsletters are available in seven languages at https://www.euroleather.com/index.php/
newsletter, and were also published in the 2019 issues as well as the first 2020 issue of Leather and 
Footwear Journal. Newsletters 4 and 5 are given below.

NEWS 4/2020 

 

Fossil-free power in all Swedish Tanneries        

EUROPEAN RESEARCH AREA

Products cannot be made without the use of energy. This includes the production of leather.

Twenty five years ahead of the target date set by the Swedish Parliament to make the country 
climate neutral, all Swedish tanneries have replaced fossil-based energy supplies with greener 
alternatives.
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Sweden’s aim of zero net greenhouse gas emissions, calls for all energy production to be fossil 
fuel-free by 2045, and Sweden’s tanners were quick to act. The country’s leather industry used different 
approaches to reach this important goal depending on whether the company was producing its own 
energy or purchasing energy from external suppliers. The solution: either bio-based energy sources or 
hydrothermal energy.

The fundamental difference between energy 
supply from fossil fuels and from biomass is that burning 
fossil fuels releases carbon that has been locked up in the 
ground for millions of years, while burning biomass emits 
carbon that is part of the biogenic carbon cycle (simply 
returning to the atmosphere, the carbon absorbed by 
plants as they grew).

• As early as 2012, one Swedish tannery replaced 
the use of oil for heating, with electricity from hydropower.

• Another turned to purchasing both their 
heat energy and electricity from an external supplier, 
generated using wood chips from the local area.

• Similarly, as a third example, a tannery started 
using biofuel-based steam for heating and electricity 
from exclusively renewable and fossil-free sources.

• The fourth and last Swedish tanner replaced its 
oil-based heater with a heater using biobased pellets, 
reducing its CO₂ emissions by 450 tonnes/year.
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An experiment in bargain hunting

Swedish tanneries use exclusively green power from renewable and fossil-free sources. In 
addition, all have implemented energy saving measures.

Sweden is a good example that illustrates how European tanneries act proactively to implement 
environmentally friendly measures.

   edited by    in collaboration with 

“Leather jackets for less than 70€, handbags and leather shoes at 
low discount prices”

The fact that such online deals are so abundant suggests that 
they must be a “good deal”, for the suppliers at least.

Our test buyers from the Association of the German Leather 
Industry (VDL) gave one such deal a try. 

In a few clicks, they landed on www.whoinns.com and found 
a leather jacket they liked. The price was down from 140€ to under 
70€, and with the product description (“medium-length hooded 
solid fashion autumn leather jacket”) and picture. this made it very 
tempting.

The lack of contact information and the negative ratings of 
the online platform were concerning, but how many consumers 
actually check such sources before buying? Probably not that 
many. With a few clicks, the jacket was ordered with an estimated 
delivery time of 15 to 20 days.

NEWS 5/2020 
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Tracking down Internet fraudsters

Three weeks later and nothing had arrived! Our test buyers 
enquired but were asked to wait a little longer. Five weeks after the 
purchase, they enquired again and received an answer… in Chinese. After 
six weeks, they said ‘STOP!’ and asked the credit card company to refund 
the money; a buyer has 30 days to recover the cost of a purchase if the 
item is not delivered. After seven weeks, a plastic bag arrived from China. 
The declared customs value said $17, below the threshold for customs 
controls.

So, what was in the bag? A 
jacket definitely, but certainly not a 
leather one. The label inside stated 
‘100% PVC’ and visually, this jacket 
looked like a cheap product, very 

different from the image shown on the website.
A complaint to the police about this deceptive commercial 

practice was met with only a shrug. At least the credit card 
company gave the money back.

All’s well that ends well? Not so fast…

Caution, health risk!

The jacket was then tested for compliance with EU law. 
The results showed that it contained a high concentration of 
Bis(2-ethylhexyl) phthalate, also known as DEHP, a plasticiser 
banned from general use under EU law, as well as carcinogenic 
Polyaromatic Hydrocarbons (PAHs) and other critical substances which, when disposed of, can harm 
the environment.

Consumers and authorities should act

Our bargain hunt has shown that consumers should always beware tempting offers from 
untrustworthy platforms, and always check the reliability of Internet suppliers. 

COTANCE and its member associations advocate for greater transparency and better rules 
for descriptions of leather products. We are committed to increasing consumer awareness of high-
quality genuine leather and that for the real thing, there are simply no serious offers below a certain 
price level.

   edited by    in collaboration with 
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News Release from the IULTCS

     16 June 2020 

ERRETRE and Leather Naturally Support the
IULTCS Young Leather Scientist Grant Programme 2021

The Executive Committee of the IULTCS is pleased to announce the 2021 grants to be awarded to 
three young scientists, under the age of 35, for research projects in the categories: Leather Research, 
Machinery / Equipment and Sustainability to be conducted at a recognized institution in 2021. 

Italy based leather technology provider and machinery 
manufacturer, ERRETRE S.p.a., confirmed support of the 2021 
YLSG programme of IULTCS in the category Machinery/Equipment. 
The grant is to encourage young leather students and scientists 
to run a leather research project in the areas of development of 
machines for leather processing, automation, chemical/physical 
analysis and environmental equipment. Mr Adriano Peruzzi from 
Erretre remarks: “Our company supports leather education and 
we strongly believe our sector needs young motivated people 
to implement innovation and face the challenges the industry 
is face during the coming years. Erretre is again proud to award 
one young scientist for the work on a remarkable research project 
on Machinery/Equipment and for the contribution to the leather 
industry.”

“Leather Naturally is proud to sponsor the Professor Mike 
Redwood Sustainability/Environment grant for another two years” 
said Egbert Dikkers, Chairperson. “With Leather Naturally’s focus 
on providing education to designers, brands and consumers, it 
was a logical step to sponsor this award and honour our founder 
Professor Mike Redwood.” Who is quoted as saying: “I wrote my first 
sustainability report in 1993 and those companies who have embraced 
the subject positively since then have all benefited from the solid 
science-based foundation it establishes when fighting competitive 
materials on environmental grounds. To pursue sustainability as an 
ongoing objective stimulates the leather industry to be dynamic and 
innovative. I am immensely honoured to be named in this grant and 
hope that it will allow candidates to feel free to challenge the industry 
with creative and unexpected ideas”.

2021 will be the seventh year of the grant, and IULTCS will 
provide the monetary sponsorship for a single sum of €1,500 grant to 

Basic Research; ERRETRE will sponsor the €1,000 grant for Machinery / Equipment and Leather Naturally 
the €1,000 sponsorship for the Professor Mike Redwood grant on Sustainability/Environmental. 

Michael Meyer, Chairman of the International Union of Research Commission (IUR) of IULTCS 
and Research Director at Freiberg (Germany) based FILK Leather Institute expressing his appreciation 
of the engagement: “We very much value the contribution of ERRETRE and Leather Naturally to our 

 Adriano Peruzzi, Erretre 

 Prof. Mike Redwood 
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YLSG programme. It is a vital instrument to encourage young leather scientists to acquire awareness 
and become more connected to the established research community of our industry. We have seen the 
programme growing stronger over the past years. Last year´s edition brought up numerous, ambitious 
applications to step forward with innovative ideas and sustainable technologies.” 

Application submission for the 2021 YLSG programme will open in September and Luis Zugno, 
President of IULTCS, asks young research talents of the industry to file courageous project ideas.

Details of the eligibility requirements are available on the IULTCS website (http://www.iultcs.
org/research-iur.php).

The IULTCS requests that readers of this announcement forward the information to those 
institutions and individuals who could benefit from the award.
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