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Abstract

New soybean protein �bres (SPF) are biconstit-

uent �bres containing 5−23% of soybean pro-

teins and 77−95% of polyvinyl alcohol (PVA). 

Soybean proteins used for the manufacture of 

SPF are by-products of the soybean oil produ- 

ction. �e chemical and supramolecular struc-

ture of soybean proteins, the process of manu- 

facture SPF �bres, and their properties are de-

scribed in the article. �e expected biodegra-

dability of SPF is based on the well-known bio-

degradability of soybean proteins and polyvinyl 

alcohol as well on the biodegradability of the 

�lms made from soybean proteins and polyvi-

nyl alcohol. Yarns made from 100% SPF and 

100% cotton, and fabrics made from 100% co- 

tton �bres and from cotton �bres in warp and 

SPF in we� were buried for 21 days in humus 

soil with temperature 30 °C, relative humidi-

ty 65% and pH 6. �e conditions under which 

rapid biodegradation of pure cotton textiles 

took place induced only a slight decrease of me-

chanical properties of the SPF yarn. ATR FT−

IR spectra displayed a reduction of intermolec-

ular hydrogen bonds between protein-protein, 

PVA−PVA and protein−PVA segments and, 

consequently, the increase of disorientation in 
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the upper layers of soybean protein �bres. �e 

content of SPF in we� direction was responsible 

for the prolonged retention of mechanical prop-

erties and structure of the fabric as a whole. 

Keywords: phytoprotein �bres, soybean protein 

�bres (SPF), polyvinyl alcohol (PVA), degrada-

tion
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1 Introduction

New soybean protein �bres (SPF) used in ex-

periments are the only commercially produced 

�bres containing soybean proteins at the mo-

ment [1]. �ey are synthetic composite �-

bres composed of 77−95% of polyvinyl alcohol 

(PVA) and 5−23% of soybean proteins, which 

are in fact the residue a�er the extraction of oil 

from the seeds of Glycine Max L soybean. �ese 

�bres are primarily designed for garments. 

Commercially available, beside yarns made 

from 100% SPF, are also the blends with cotton, 

viscose, lyocell, silk, cashmere, wool and polyes-

ter �bres [1, 2].

Synthetic composite �bres can contain not only 

soybean proteins but also other kinds of plant 

proteins, such as proteins extracted from pea-

nuts (ardil proteins) or from the seeds of cot-

ton [3, 4]. 

�e content of proteins in soybean seeds is 

about 37−42% and is substantially higher than 

that in milk (3.2%), corn grains (10%) and pea-

nuts (25%) [5]. Soybean proteins are used for 

food and fodder, and in industry for production 

of adhesives, emulsions, inks, pharmaceuticals, 

plastics and even textile �bres. �ey are becom-

ing more and more important for the produc-

tion of biodegradable foils where they solve the 

problem of water absorption and low strength 

in wet state by cross-linking proteins with palm 

oil or stearic acid [6] or by adding polyvinyl al-

cohol [7].

�e amino acid composition of soybean pro-

teins (Table 1) resembles the amino acid com-

position of keratin more than that of �broin 

(Figure 1). Soybean proteins contain two amino 

acids, isoleucine and histidine, which are not 

present in wool keratin. However, soybean pro-

teins have practically no cystine bonds, which 

are important intermolecular covalent bonds 



Tekstilije iz novih sojinih proteinskih vlaken (SPF) 215

Tekstilec, 2011, letn. 54, št. 10–12, str. 213–227 

Table 1: Amino acids content in soybean protein in comparison to wool keratin and silk �broin
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Figure 1: Content of acidic, basic and neutral amino acids in soy-

bean proteins, keratin of wool and silk �broin
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between peptide molecules in keratin. Namely, 

the content of cystine in soybean proteins is un-

der 0.1%. Soybean proteins contain amino ac-

ids of acidic nature with pronounced negative 

charge (31.63 %), amino acids of basic nature 

(24.05%), which have positive charge and at-

tract oppositely charged molecules, and non-po-

lar proteins (37.06%) (Figure 1). Soybean pro-

teins are most soluble within pH range from 1.5 

to 2.5 and above pH 6.3, and least soluble with-

in pH range from 3.75 to 5.25 while being prac-

tically insoluble in the zone of izoelectric point 

at pH 4 to 5.  

Soybean proteins are composed of globulins 

(about 90%) and albumins. Globulins are the 

proteins with high molecular weight, hardly 

soluble in water, but soluble in diluted salt so-

lutions, while albumins are the proteins with 

low molecular weight and soluble in water 

[8]. Proteins, which are used for �bres forma-

tion, are globular proteins with predominant 

β-conglycinin (30−50% of seed proteins) and 

glycinin (30% of seed proteins). β-conglycinin is 

a heterogenous glycoprotein composed of three 

subunits (α’, α, β), which contain amino acids 

asparagines, glutamine, arginine and leucine. 

Subunits are non-covalently linked by electro-

static interactions and hydrogen bonds without 

any disulphide bonds. Glycinin is a large hex-

amere composed of acidic and neutral polypep-

tides [9].

Peptide segments in globular soybean proteins 

are interconnected by hydrogen bonds and elec-

trostatic interactions. Conformational modi�-

cations of globular soybean proteins during the 

process of denaturation, which means the mod-

i�cations of quaternary, tertiary and secondary 

structure of proteins, and reduction of the incli-

nation of denatured proteins to form aggregates 

are important for the preparation of a stabile 

and properly viscous spinning dope as well as for 

drawing, orienting and crystallizing proteins in 

formed �bres [9]. Denaturation of soybean pro-

teins is induced by alkalis, heat and enzymes. 

Alkalis can also initiate the depolymerisation of 

molecules by cleaving amide bonds. �e process 

of controlled denaturation of proteins is there-

fore highly important for the mechanical proper-

ties of soybean �bres, particularly for their ten-

sile strength. Unfavourable conditions in terms 
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Table 2: Comparison of physical and chemical properties of new soybean protein �bres (SPF) in comparison to 

cotton, viscose, silk and wool [1]

Cotton Silk Wool

 

 

in dry state

Heat resistance

Yellowing 

at about 

brown 

a#er long 

-

C 

Strength 

down 

a#er long 

-

C 

when 

C 

of temperature, pH value, concentration of salt, 

urea, organic solvents and reduction agents in 

the process of denaturation can induce the deg-

radation of proteins and the change of colour. 

In order to decrease the inclination of protein 

molecules to form aggregates, Boyer [13] pro-

posed the addition of xanthate, which reacts 

with the amino groups of proteins and forms 

the carboaminditio groups (-NHCSSH). �e re-

sulting disulphide bond is not an intermolecu-

lar bond and its e#ect is mainly limited to the 

reduction of the spinning dope viscosity.

It is not a coincidence that polyvinyl alcohol 

has been found the most suitable synthetic pol-

ymer for the manufacture of new soybean pro-

tein �bres. Namely, the process of manufac-

turing PVAL �bres is similar to that of protein 

�bres: under similar conditions �bres are spun 

from solution, coagulated in a precipitating 

bath, oriented by drawing and crosslinked. Due 

to crosslinking, the water absorbency and de-

crease of the strength of �bres in wet state have 

been reduced. Today acceptable crosslinking 

processes include the crosslinking through ami-

no groups in protein by acetic anhydride (acety-

lation) or glutaraldehyde.   
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Cotton Silk Wool

level
Good

Good
level

Continuation of Table 2.

�e raw material for soybean protein �bres is 

soybean $akes, a by-product remaining af-

ter the extraction of oils and other fat substan- 

ces [14]. �e extracted soybean proteins are 

�rst soaked for 2−2.5 hours in alcohol solution 

with pH 8.4 and temperature between 40 and 

50 °C in order to obtain a solution with the soy-

bean proteins concentration about 15%. At the 

same time the 8−15% solution of polyvinyl al-

cohol (PVA) in distilled water with temperature 

79−97 °C is prepared for 100 minutes. �e ob-

tained solutions are mixed at a pre-determined 

ratio at temperature 80−95 °C for 40 minutes. 

�e prepared spinning dope is le� to mature 

for 180−200 minutes at temperature between 

50 and 70 °C to be released of air and �ltrated. 

�e next stage is the formation of �bres by us-

ing the wet spinning procedure. �e formation 

of �bres proceeds with the velocity of approx-

imately 30 m/min. In a coagulation sulphu-

ric acid bath with temperature 30−36 °C and 

with the addition of Na
2
SO

4
, a �lament cable is 

formed which is then drawn in the air and in 

the water solution of Na
2
SO

4
 with temperature 

43.5−55 °C. �ermo-setting of drawn �laments 

proceeds through �ve chambers with tempera-

tures 121/211/228/240/230°C. A�er that, the 

�laments are subjected to acetylation, scouring 

and application of �nishing agents [4].

�e described process has several variants, 

which di#er in the method of spinning dope 

preparation, spinning velocities, concentrations 

and temperatures.

In the formed �bres the molecules of proteins 

link crosswise with the molecules of polyvinyl al-

cohol by hydrogen bonds, which enables orien-

tation and crystallization of proteins during the 

process of drawing. �e morphological structure 

of �bres is composed of a less oriented sheath 

and a well-oriented micro�brillar core. �e �-

bres contain about 10% of hydrophilic groups in 
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amorphous regions [15], which absorb the mois-

ture well. Table 2 presents physical properties of 

new soybean protein �bres in comparison with 

cotton, viscous, silk and wool �bres. 

In respect of moisture regain, SPF can compete 

with cotton �bres, however, in wet state their 

speci�c breaking stress decreases by approxi-

mately 25% to 2.5−3.0 cN/dtex, which is com-

parable to a medium quality cotton. In respect 

of moisture regain, SPF can be compared with 

cotton �bres, but unlike cotton �bres, they are 

thermoplastic with high sensitivity to temper-

atures above 100 °C. �eir advantage is good 

stability in acids and alkalis (except in sodium 

hydroxide) and under sunlight. 

Soybean proteins are cheap and renewable 

raw material. Considering the capacity of soy-

bean proteins and polyvinyl alcohol to decom-

pose, new soybean �bres are supposed to be 

biodegradable and therefore ecologically accept-

able [16]. Soybean protein �bres contain about 

5−23% of soybean proteins, which are decom-

posed by microorganisms and enzymes. Pep-

tide bonds in proteins are especially susceptible 

to enzymatic degradation. �e biodegradation 

of proteins to CO
2
 and water takes place a�er 

previous hydrolysis of peptide bonds in proteins 

during which large macromolecules transform 

into smaller ones that can be broken down by 

the metabolism of microorganisms. Since soy-

bean proteins contain a very low percentage of 

cystine (0.1%), they are practically insuscepti-

ble to enzymes, such as proteases, esterases, li-

pases and all others, which have a speci�c e#ect 

on disul�de bonds. Polyvinyl alcohol, repre-

sented in soybean protein �bres with a 77−95% 

share, is the only known water soluble and bi-

odegradable synthetic polymer. It is completely 

degraded by Pseudomonas O−3 bacteria. Seve- 

ral strains of these bacteria, which can degrade 

PVA, have been found in the soil although bio-

degradation of PVA in the soil is very restrict-

ed. Microorganisms, which degrade PVA, are 

present almost exclusively in the environments, 

which are constantly contaminated with PVA 

polymer [17]. �e enzymes of dehydrogenase 

and oxidase degrade C−C bonds in a PVA mol-

ecule [18]. 

�e study of the course of aerobic biodegrada-

tion of composite �lms made from soybean pro-
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Figure 2: Scanning electron microscope views of raw SPF: cross section (magni�cation 3000-x) and longitudi-

nal view (magni�cation 1000-x)
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teins with addition of 10−30% of PVA have re-

vealed that the higher is the percentage of PVA 

the longer is the time of biodegradation of a 

composite �lm [19]. PVA, which is added in 

order to enhance mechanical properties in wet 

state, reduces the hydrophilicity of such �lm 

and, consequently, retards its biodegradation. 

PVA can also represent a barrier, which pre-

vents microorganisms, enzymes, moisture and 

oxygen to penetrate into a polymer [20]. 

Besides external conditions (the presence of 

suitable enzymes and microorganisms, proper 

temperature, humidity and pH value), the bio-

degradation process depends also on the mor-

phological structure (crystallinity) and quan-

tity of residual auxiliary agents, which have 

adhered to the material during production and 

cannot be removed completely during the �n-

ishing process [21]. 

�e study focused on the properties of textiles 

containing soybean protein �bres, particular-

ly to their inclination to biodegrade as a whole. 

In terms of wearing comfort, such blends, due 

to the combination of the properties of cellulose, 

proteins and polyvinyl alcohol, are very inter-

esting for thermal comfort and care of garments 

[22]. No researches about the biodegradability 

of new soybean protein �bres have been pub-

lished until now.
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Figure 3: FT-IR spectra of SPF and PVAL �bres (a) and of burried 

SPF yarns (SPY) for 0, 11 and 21 days (b)
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2 Experimental part

�e study focused on the behaviour of spinning 

yarns and fabrics made from new soybean pro-

tein �bres under the conditions of controlled bi-

odegradability:  

 – SPF yarn from 100% new soybean protein �-

bres with linear density 15 tex (Harvest SPF 

Textile Co., Ltd.),

 – CO yarn from 100% cotton with linear den-

sity 19 tex,

 – CO/SPF fabric from 100% cotton with linear 

density 28 tex in warp and SPF yarn in we�, 

2/2 twill weave,

 – CO fabric from 100% cotton yarn with linear 

density 28 tex, 2/2 twill weave.

Both fabric samples had the warp density 30 

ends/cm and we� density 28 picks/cm.

Laboratory experiments were performed in 

compliance with SIST EN ISO 11721-1 stand-

ard [23]. Commercial soil (humus), rich with 

microorganisms, was used in experiments. �e 

soil humidity 60±5% was maintained during 

experiments by regularly spraying the soil with 

tap water. �e temperature of soil was 25−30 

°C and its pH 6. �e samples of yarns and fab-

rics were buried in the soil at the same time and 

then gradually removed from the soil a�er 2, 

7, 11, 16 and 21 days. Prior to further experi-

ments, the samples were washed in water and 

immersed in ethanol for 30 minutes in order to 

stop the activity of microorganisms, and a�er 

that the samples were air-dried.

Tensile properties of the samples were measured 

on Instron 5567 dynamometer in compliance 

with SIST EN ISO 2062 standard for yarns and 

SIST EN ISO 13934 standard for fabrics. Prior 

to making any measurements of the yarn ten-

sile properties in wet state, the yarns were im-

mersed in distilled water with added wetting 

agent for 1 hour at room temperature. �e ten-

sile properties of yarns were analysed by using 

DINARA program [24]. 

�e appearance of �bres, yarns and fabrics was 

monitored and photographed by Jeol JSM 6060 

LV scanning electron microscope and Nikon 

SMZ 800 stereomicroscope prior to testing bio-
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Figure 4: Scanning electron microscope views of SPF �bres before (le�) and a�er 21 days (right) in the soil
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degradation in the soil and a�er it.

�e chemical structure of soybean protein �-

bres was investigated by means of FTIR/ATR 

spectra on the Spectrum GX (Perkin Elmer) 

equipped with the Michelson interferometer 

and Spectrum 5.01 so�ware.

3 Results and discussion

Pure SPF yarn was made from cotton-type �-

bres with linear density 1.27 dtex and mean 

length 39.5 mm. �e cross-section of �bres was 

bean-shaped with diameter 11−20 μm along the 

longer diagonal and 6−7 μm along the shorter 

diagonal (Figure 2). Smooth surface imparted 

high lustre to the �bres. Small grooves could be 

noticed on the surface. �e �bres had thermo-

plastic character with melting point at 224 °C. 

It is known that proteins have typical absorp-

tion peaks within the range of frequencies 

1636−1680 cm−1 and 1533−1559 cm−1 attri- 

butable to peptide bonds in the backbone of 

protein molecules as well as to the absorption 

of intermolecular interactions which arise from 

the secondary, tertiary and quaternary struc-

ture of proteins and overlap each other. �e 

FT-IR spectrum of soybean protein �bres (Fig-

ure 3a) displays the absorption at frequency 

1642.47 cm−1, which can be attributed to the vi-

brations of –NH− bonds in amide I, and at fre-

quency 1534.94 cm−1, which can be attributed 

to the vibrations of –NH− bonds in amide II. 

�e absorption band at frequencies 1241–1472 
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Table 3: Breaking force and breaking elongation of CO and SPF yarns buried in soil

Cotton yarn Soybean protein yarn Cotton yarn Soybean protein yarn
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Figure 5: Surface views of burried fabrics in soil

cm−1, which is present also in the spectrum 

of soybean protein �bres, is attributed to the 

stretching of bonds (C)O−O and C−N as well 

as to the bending of bonds N−H in amide III 

groups [19]. �e FT-IR spectrum of pure PVAL 

�bres Kuralon (Kuraray Co., Ltd.) has a typi-

cal absorption peak at frequency 3292, which 

is attributed to the stretching of bonds in O−H 

groups [19]. It is much more di+cult to ascer-

tain whether hydrogen bonds exist between 

soybean molecules and PVA molecules as the 

absorption of these bonds overlaps with the ab-

sorption of hydrogen bonds between water and 

protein or PVA molecules which can be recog-

nized in a wider absorption band (Figure 3a) 

[19] at frequencies 2918−3565 cm−1.   

�e ATR FT-IR absorption spectra of soybean 

protein �bres (Figure 3b) re$ecting the chemi-

cal structure in the soybean protein �bres sur-

face layer exhibit the decrease in the intensi-

ty of absorption peaks of soybean protein �bres 

that were buried in the soil for 11 and 21 days. 

A much more pronounced peak decrease with-

in the frequency range 3000−3600 cm−1 can be 

noticed a�er the �rst 11 days. �is phenome-

non can be attributed to chemical changes relat-

ed with the decrease of the number of hydrogen 

bonds between protein−protein, PVA−PVA and 
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Figure 6: Scanning electron microscope photograph of soybean pro-

tein �bres a�er 21 days burried in soil (magni�cation 1000-x)

-

-

Table 4: Breaking force and breaking elongation of woven fabrics samples

CO CO

d
ay

av
er

ag
e

av
er

ag
e

av
er

ag
e

av
er

ag
e

protein−PVA molecules, which enables the dis-

orientation of segments in amorphous regions.

Water a#ected the tensile properties of the 

yarns made from 100% soybean protein �bres: 

the speci�c breaking stress was 2.16 cN/dtex in 

dry state and only 1.58 cN/dtex in wet state. 

�e elasticity of the yarn increased in wet state 

leading to a lower modulus of elasticity and 

higher breaking elongation, which was 37.75% 

in dry state and 42.05% in wet state.

�e behaviour of the soybean protein �bres 

was investigated a�er 2, 7, 11, 16 and 21 days 

of having been buried in the soil with tempera-

ture 30 °C, relative humidity 65% and pH 6. Bi-

odegradation of the cotton yarn was practical-

ly completed in the �rst seven days when only 

small separate particles of the yarn could be 

found in the soil. A�er 11 days the cotton yarn 

was completely degraded without any visi- 

ble remains in the soil. �erefore, it was possi-

ble to measure the tensile properties of the cot-

ton yarn only a�er the �rst removal from the 

soil, which means a�er two days. 

Small grooves on the surface of soybean protein 

�bres make this surface much more favour-

able for the existence of microorganisms and 

their penetration deeply into the �bres than a 

smooth surface. A�er 21 days, the quantity of 
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Figure 7: Stress-elongation curves for cotton (CO 0 = 0 days, CO 2 = 

2 days, CO 7 = 7 days) and cotton/SPF (SPF 0 = 0 days, SPF 21 = 21 

days) woven fabrics; all fabrics were measured in we� direction
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microorganisms on the surface of �bres (Figure 

4) was small and, what is important, no dam-

ages on the surface could be noticed. 

�e changes of mechanical properties of the 

yarns buried in the soil are presented in Table 

3. A�er 2 days of having been buried in the soil, 

the breaking force of the cotton yarn decreased 

by almost 40% and the breaking elongation by 

almost 35%. A�er 21 days of having been bur-

ied in the soil, the mechanical properties of 

the SPF yarn did not change substantially: the 

breaking force decreased by 1.6% only and the 

breaking elongation by 1% only. We can assume 

that the biodegradation of the soybean protein 

�bres did not already start a�er 21 days.

�e fabric samples were buried in the soil for 2, 

7, 11, 16 and 21 days at the same time and un-

der the same conditions as the yarn samples. In 

dependence of how long the fabrics were buried 

in the soil, their appearance changed: brown-

ish spots appeared on the surface due to the de-

veloping colonies of fungi on �bres (Figure 6). 

�inning of the cotton yarns was noticed with 

all fabrics. �e change of the thickness of cot-

ton yarns is clearly visible (Figure 5). Certain 

changes, such as loosening of connections be-

tween yarns, could be noticed on the cotton fab-

ric a�er 11 days. However, a�er 16 days and es-

pecially a�er 21 days, damages and tears were 

visible on the pure cotton fabric, while the CO/

SPF fabric remained undamaged and had only 

a slightly loose appearance.  

A�er one week the fabric made from pure cot-

ton lost its mechanical strength and broke up 

into pieces when touched. A�er 21 days small, 

separate fragments remained from the fabric. 

�e cotton/SPF fabric degraded at a slower rate 

than the cotton fabric, and also lost its strength 

at a slower rate. As a result of rapid degrada-

tion, the cotton yarns were getting thinner in 

warp direction and became prone to tearing in 

we� direction.

Changes on the surface of CO/SPF fabrics be-

came visible a�er 21 days of having been bur-

ied in the soil (Figure 6). A great number of col-

onies of fungi and bacteria could be noticed on 

the surface of the cotton yarns as well as on the 

surface of the SPF yarns. �e degradation of the 

cotton yarn was noticed, whereas the SPF yarn 

remained undamaged.
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J. Agric. Food Chem
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�e cotton fabric likewise the cotton yarns de-

graded at a faster rate than the cotton/SPF fab-

ric. �e strength of the cotton/SPF fabric de-

creased in dependence of the time spent in the 

soil (Figure 7). A�er 7 days the breaking force 

in we� direction decreased by 12% and a�er 21 

days by almost 22% (SPF 21 curve in Figure 7). 

Such decrease can be attributed to the degra-

dation of the cotton yarn in warp direction re-

sulting in the decrease of interactions between 

warp and we� which leads to lower resistance 

of fabric to stretching in the entire deformation 

zone (lower modulus). 

4 Conclusion

New soybean protein �bres are biconstituent �-

bres formed from a homogenous blend of wa-

ter solutions of proteins and polyvinyl alco-

hol by wet spinning process. �ey contain only 

5−23% of soybean proteins, which are linked to 

the molecules of polyvinyl alcohol by hydrogen 

bonds. �eir chemical structure is homogenous. 

�e �bres are eco-friendly, manufactured from 

partly renewable raw materials, which remain 

a�er soybean oil production. 

Unlike soybean protein �bres known in the 20th 

century which were made from 100% soybean 

proteins, new soybean protein �bres, due to the 

predominant share of a synthetic polymer poly- 

vinyl alcohol, excel in the properties typical for 

synthetic �bres: they are thermoplastic with 

good mechanical properties in wet state. 

In respect of thermal comfort, the combination 

of the properties of cellulose, protein and syn-

thetic �bres makes the textiles made from soy-

bean protein �bres and cotton �bres interesting 

for the manufacture of garments. 

�e results of the study of soybean protein �-

bres behaviour in humus soil show that the con-

ditions under which pure cotton textiles de-

grade rapidly do not induce the biodegradation 

of new soybean protein �bres. A�er 21 days of 

having been buried in a slightly acid (pH 6) soil 

with temperature 30 °C and relative humidity 

65%, when the degradation of cotton �bres was 

practically completed, the mechanical proper-

ties and appearance of soybean protein �bres 

deteriorated only slightly. 
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