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ABSTRACT • Isatis tinctoria and Isatis buschiana were evaluated as raw materials for pulp and paper produc-
tion. Chemical composition and morphological aspects of Isatis stalks were determined. Lignin contents of I. 
tinctoria and I. buschiana were 23.9 % and 19.9 %, respectively. -cellulose ratio was found to be 48.5 % in I. 
tinctoria and 32.9 % in I. buschiana. Fiber length, fi ber diameter, lumen diameter and cell wall thickness were 
measured and the obtained data was used to calculate felting rate, elasticity coeffi cient, rigidity coeffi cient, runkel 
index and F factor. Handsheets were produced from Isatis stalks, and physical and optical properties were deter-
mined. Breaking length, tear index and burst index values were higher for the beaten pulp than for unbeaten pulp, 
while brightness and whiteness values were higher in unbeaten pulp.

Key words: I. tinctoria, I. buschiana, chemical composition, pulp, paper

SAŽETAK • U radu su istražene mogućnosti upotrebe stabljike biljaka Isatis tinctoria i Isatis buschiana kao 
sirovine za proizvodnju celuloze i papira. Određeni su kemijski sastav i morfološka svojstva stabljike. Sadržaj 
lignina u stabljici I. tinctoria bio je 23,9 %, a u stabljici I. buschiana 19,9 %. U stabljici I. tinctoria utvrđen je 
udjel -celuloze od 48,5 %, a u stabljici I. buschiana taj je postotak iznosio 32,9 %. Izmjereni su duljina i promjer 
vlakanaca, promjer pore i debljina stanične stijenke, a dobiveni su podaci iskorišteni za izračunavanje brzine 
fi lcanja, koefi cijenta elastičnosti, koefi cijenta krutosti, Runkelova indeksa i F-faktora. Od stabljika biljaka Isatis 
tinctoria i Isatis buschiana proizvedeni su listovi papira kojima su zatim određena fi zikalna i optička svojstva. 
Utvrđeno je da je veće vrijednosti duljine lomljenja, indeksa cijepanja i indeksa pucanja imao papir od mljevene 
celuloze nego papir od nemljevene celuloze, dok je papir od nemljevene celuloze imao veće vrijednosti sjajnosti i 
bjeline.

Ključne riječi: I. tinctoria, I. buschiana, kemijski sastav, celuloza, papir
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1  INTRODUCTION
1.  UVOD

The growth of paper consumption leads to the in-
crease of the demand for fi brous material in pulp and 
paper industry (Daud and Law, 2010). Due to decreases 
in forests and increasing environmental awareness, 
seeking alternative non-wood raw metarials for paper-
making has been the subject of scientifi c interest (Kaldor, 
1992). Non-wood plant fi bers, such as bagasse, wheat 
and rice straws, bamboo and kenaf are being used in the 
manufacture of pulp and paper (Ashori et al., 2006). 
Search for new non-wood raw materials will lead to dis-
cover alternatives to wood-based raw materials. Cotton 
(Gossypium hirsutum) stalks (Gencer et al., 2001; Tutus 
et al., 2010a), Crambe orientalis and C. tataria (Tutus et 
al., 2010b), and tea (Camellia sinensis) wastes (Tutus et 
al., 2015) were evaluated for their chemical composition 
and fi ber characteristics. 

I. tinctoria L. (Brassicaceae) or woad is a bien-
nial or perennial herb growing up to 120 cm in height 
(Stoker et al., 1998a; Guarino et al., 2000). The fl owers 
are small and yellow in color, and the leaves are hastate 
with minute auricles (Guarino et al., 2000). I. tictoria 
is one of the sources of the blue dye indigo (Maugard 
et al., 2001) and was cultivated in the Mediterranean 
countries for centuries to produce indigo (Fréchard et 
al., 2001; Stoker et al., 1998b). Besides dyeing proper-
ties, phytochemical, biological and pharmacological 
investigations have been carried out on I. tinctoria due 
to its medicinal properties. Antibacterial, antifungal, 
antiviral and cytoinhibitory activities were screened 
from Isatis extracts and constituents were selected 
(Hamburger et al., 2002). I. buschiana is also a bien-
nial or perennial plant species, the fl owering time is in 
May-July and the fruits can be observed in June-Au-
gust (Davis, 1965). The herb can grow up to 98 cm in 
height (Comlekcioglu et al., 2014). In contrast to I. 
tinctoria, blue coloring dye could not be obtained from 
I. buschiana (Comlekcioglu et al., 2015).

The aim of this study was to determine the chem-
ical and morphological properties of I. tinctoria and I. 
buschiana stalks. Kraft-AQ pulping method of Isatis 
stalks was also investigated to evaluate the potential 
use of Isatis in pulp production.  To the best of our 
knowledge, this is the fi rst report evaluating the I. tinc-
toria and I. buschiana as a raw material for paper pro-
duction. Isatis stalks waste obtained from indigo pro-
duction is a sustainable fi ber source since the waste is 
not used for another purpose. This waste should be 
used in the paper industry in order to provide income 
for indigo producers.

2  MATERIALS AND METHODS
2.  MATERIJAL I METODE

2.1  The plant materials
2.1.  Biljni materijal

I. tinctoria was grown in Kahramanmaras/Tur-
key in 2013 using the seeds provided from the previous 
study (Comlekcioglu et al., 2014) and stalks were ob-

tained from the breeded I. tinctoria after 7 months. I. 
buschiana was collected from native fl ora in 2013 and 
identifi ed using Flora of Turkey and East Aegean Is-
lands (Davis, 1965).

2.2  Morphological properties of fi bers
2.2.  Morfološka svojstva vlakanaca

The fi ber lengths and widths, lumen diameters, 
and cell wall thicknesses, as the morphological proper-
ties of raw materials, were measured with a micro-
scope. To measure the fi ber morphologic properties of 
the specimens (0.5 mm thick and 2 cm long, parallel to 
the fi ber), the chloride method was performed (Wise 
and Karl, 1962). In this method, specimens were im-
mersed into chloride solution until they were defi bered. 
Fiber dimension variables were measured using Olym-
pus BX51 microscope with 10X ocular lens provided 
with a measuring scale. Fiber width and lumen diame-
ter were measured with a magnifi cation of 40X object 
lens and the fi ber length was measured with a magnifi -
cation of 10X object lens. Mean values were calculated 
from the measurement of 100 fi bers in each plant. The 
felting rate, elasticity coeffi cient, rigidity coeffi cient, 
runkel index and F factor were calculated by using the 
equations below (Tutus et al., 2010b):
Felting rate = Fiber length / Fiber diameter
Elasticity coeffi cient (%) = Lumen diameter / Fiber di-
ameter×100
Rigidity coeffi cient (%) = Cell wall thickness / Fiber 
diameter ×100
Runkel index = Cell wall thickness ×2 / Lumen Diam-
eter
F ratio (%) = Fiber length / Cell wall thickness ×100

2.3  Chemical properties of Isatis stalks
2.3.  Kemijska svojstva stabljika biljaka Isatis

Isatis stalks were prepared according to TAPPI T 
264 cm–07 for chemical analysis. Isatis stalks were 
analyzed for moisture, lignin, -cellulose, ash, etha-
nol-toluen-acetone solubility, cold and hot water solu-
bility and 1 % NaOH solubility in accordance with the 
applicable standards: TAPPI T 264 om–88, TAPPI T 
222 om–88, TAPPI T 203 os–71, TAPPI T 211 om–85, 
ASTM D1107 - 96, TAPPI T 207 om–88, TAPPI T 207 
om–88, respectively. Holocellulose and cellulose con-
tents of Isatis stalks were determined according to 
Wise’s chloride method (Wise and Karl, 1962) and 
Kurscher-Hoffer method (Browning, 1967), respec-
tively. The raw material samples, 5 g of oven-dried 
weight, were placed into a 500 mL Erlenmeyer fl ask, to 
which 200 mL of deionized water (having a tempera-
ture of 90 ºC) was then added, followed by 10 mL of 
acetic acid and 2.5 g of 80 % (w/w) NaClO2. An op-
tional 25 mL Erlenmeyer fl ask was inverted in the neck 
of the reaction fl ask. The fl ask was kept in a water bath 
at 90 ºC for 60 min, at which time 10 mL of acetic acid 
and 2.5 g of 80 % (w/w) NaClO2 were added with 
shaking. The 60 min cycle was repeated for up to 6 
cycles. At the end, the fl ask was stoppered and cooled 
with cold water to stop the reaction. The reaction mix-
ture was then fi ltered using a tared fritted disk glass 
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handsheets, with a grammage of 70±3 g/m2, were made 
by using Rapid Kothen RK-21 paper sheet former ac-
cording to TAPPI T 272 om-92. 

2.5  Determination of physical and optical 
properties

2.5.  Određivanje fi zikalnih i optičkih svojstava

The breaking length, burst index, tear index, bright-
ness, whiteness, opacity and yellowness were determined 
according to TAPPI T 494 om–88, TAPPI T 403 om–91, 
TAPPI T 414 om–88, ISO/DIS 2470, ISO/DIS 11475, 
ISO/DIS 2471 and ASTM E 313, respectively. 

3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA

3.1  Chemical composition
3.1.  Kemijski sastav

Table 2 shows the chemical properties and some 
solubility values of Isatis stalks and its comparison 
with several fi brous raw materials. Lignin contents of 
the studied Isatis stalks are comparable to hardwood 
and annual plants (20-24 %), and lower than softwoods 
(25-32 %). The holocellulose content of Isatis stalks 
were found as 67.1 and 70.1 %; most annual and coni-
ferous plants were found between 61-82 %. -cellulo-
se content of I. tinctoria (48.5 %) and I. buschiana 
(32.9 %) were found to be comparable to other non-
woods (Table 2). I. tinctoria and I. buschiana had hig-
her ethanol-toluen-acetone, alkali and water solubility. 
The higher solubility resulted in lower pulp yield and 
higher BOD load in the effl uent (Jahan et al., 2006).

3.2  Morphological characteristics
3.2.  Morfološka svojstva

Morphological characteristics of I. tinctoria and 
I. buschiana stalk fi bers and the comparison of several 
raw material fi bers are given in Table 3. The image of 
the fi bers is shown in Figure 1. The mean fi ber length 

thimble, washed with cold water and acetone, and 
dried at 105 ºC until the crucible weight was constant, 
and the holocellulose content was calculated. The cel-
lulose was obtained by refl uxing wood meal three 
times for 1 h with a 1:4 (v/v) mixture of nitric acid and 
ethanol. Three replicates were done for each experi-
ment, and mean values were used.

2.4  Pulping and handsheets
2.4.  Priprema celuloze i listova papira

Air dried Isatis stalks were cleaned and cut into 
pieces about 6-8 cm long. To determine the optimum 
pulping conditions, 4 cooking experiments were car-
ried out on Isatis stalks, using kraft-anthraquinone 
(AQ) processes. Pulping conditions are given in Table 
1. Pulping experiments were performed in 15-L electri-
cally heated laboratory rotary digester. At the end of 
pulping, the pulp was washed, disintegrated in a pulp 
mixer and screened on a 0.15 mm slotted plate. The 
pulp yield was determined as dry matter obtained on 
the basis of oven dried stalks. Screened pulp was beat-
en in a Hollander type beater to 55 ºSR freeness. Ten 

Table 2 Chemical composition of I. tinctoria and I. buschiana stalks and other raw materials
Tablica 2. Kemijski sastav stabljike biljaka I. tinctoria i I. buschiana te drugih sirovina
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Literatura

I. tinctoria 67.1 48.5 23.9 4.9 4.4 43.8 17.2 13.6 This study
I. buschiana 70.1 32.9 19.9 11.1 4.1 37.1 20.6 29.3 This study
A. membranaceus 76.7 49.8 23.6 5.5 - 29.4 8.5 7.2 Tutus et al., 2014
Poppy stalks / stabljike maka 79,8 51.7 19.2 4.7 - 30.4 10.4 5.1 Tutus et al., 2011
Cotton stalks / stabljike pamuka 75.6 39.8 18.2 2.5 6.1 30.9 14.3 11.7 Tutus et al., 2010a
Wheat stalks / stabljike pšenice 77.1 39.6 18.3 7.1 5.5 40.9 12.3 7.7 Tutus and Eroglu, 2003
Corn stalks / stabljike kukuruza 64.8 35.6 17.4 7.5 9.5 47.1 14.8 - Eroglu et al.,1992
Tea wastes / stpad od čaja 60.8 26.5 36.9 4.5 15.2 54.1 31.4 10.9 Tutus et al., 2015
Bamboo / bambus 70.5 43.3 24.5 1.4 3.9 25.1 6.5 - Deniz and Ates, 2002
Softwood / meko drvo 63-74 - 25-32 0.2-0.5 1-5.8 8-10 1-5 0.5-4 Kirci, 2006
Hardwood / tvrdo drvo 72-82 - 18-26 0.2-0.7 1-6.2 12-25 1-8 0.2-4 Kirci, 2006

Table 1 Pulping conditions for I. tinctoria and I. buschiana 
stalks
Tablica 1. Uvjeti pripreme celuloze od stabljika biljaka I. 
tinctoria i I. buschiana
Pulping conditions
Uvjeti pripreme celuloze
Active alkali / aktivne lužine 23 %
Sulfi dity / sulfi di 25 %
AQ charge / AQ udio 0 %, 0.1 %, 

0.3 %, 0.5 %
Cooking temperature / temperatura 
kuhanja

155 oC

Cooking time / vrijeme kuhanja 90 min
Penetration / prodiranje 30 min
Liquor to stalk ratio / omjer otapala i 
stabljika

5/1 (L/kg)
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Table 5 shows the relationships between paper 
physical properties and fi ber morphological properties. 
Increases of fi ber length and decreases of cell wall thick-
ness have a signifi cant effect on paper physical proper-
ties. Burst, tear and double fold strength increase with 
the increase of fi ber length. With the increase of cell wall 
thickness, burst and double fold strength decrease, while 
tear strength increases (Dinwoodie, 1965).

3.3  Pulp yield
3.3.  Prinos celuloze

Due to similar chemical composition and morpho-
logical characteristics of I. tinctoria and I. buschiana, 
the pulp and paper studies were performed by mixing 
the stalks of both Isatis species. In this study, the fi rst 
pulping trials of Isatis stalks were performed using soda-
AQ; however, pulp yield was found to be low. The val-
ues of delignifi cation rate and screened yield were low; 
however, the screen reject value was high for the pulp 
obtained using soda-AQ (data not shown). Therefore, 
Isatis stalks were cooked by kraft-AQ at 23 % active 
alkali and 25 % sulfi dity. As shown in Table 6, the in-
crease of the AQ charge to 0.5 % also increased the total 
pulp yield to 34.93 %. Anthraquinone (AQ) is used as a 
digester additive in the production of pulp by alkaline 
processes, as well as by the Kraft, the alkaline sulfi te or 
the Soda-AQ processes. The anthraquinone is a redox 
catalyst. The reaction mechanism may involve single 
electron transfer. AQ oxidizes the reducing end of poly-
saccharides in the pulp, i.e., cellulose and hemicellulose, 
and thereby protects it from alkaline degradation (peel-
ing) (Samp, 2008). The conditions were selected just to 
evaluate the pulping potentials of Isatis stalks as raw 
material. It is, therefore, necessary to optimize the con-

of I. tinctoria and I. buschiana stalks was less than that 
of both softwood (2.7-4.6 mm) and hardwood (0.7-1.6 
mm) fi bers. The fi ber width of Isatis stalks was less 
than that of hardwood fi bers (20.0-40.0 μm), however 
comparable to wheat and cotton stalks, golpata fronds 
and C. cardunculus (Table 3). The lumen width of Isa-
tis stalks was found to be higher than that of wheat 
straw, and less than that of C. cardunculus. The fi ber 
parameters calculated with the fi ber characteristics are 
given in Table 4. Felting power is widely used to deter-
mine the suitability of raw material for paper produc-
tion (Tutus et al., 2015). The felting power of I. tincto-
ria and I. buschiana were 39.7 and 38.1, respectively, 
and these values were close to the hardwoods. Al-
though the Isatis stalks would be classifi ed as short fi -
bers, overall morphological properties of I. tinctoria 
and I. buschiana stalk fi bers were found satisfactory 
for papermaking trials. 

Figure 1 Fibers of macerated samples from I. tinctoria (a) 
and I. buschiana (b) stalks
Slika 1. Vlakanca macerata stabljike (a) I. tinctoria i (b) I. 
buschiana

Table 3 Fiber characteristics of I. tinctoria and I. buschiana stalks and other raw materials
Tablica 3. Svojstva vlakanaca stabljike I. tinctoria i I. buschiana te nekih drugih sirovina

Wheat straw
Slama pšenice

Cotton stalks
Stabljike pamuka

Golpata fronds
Listovi golpate

Cynara 
cardunculus I.tinctoria I. buschiana

Fiber length, mm
Duljina vlakanaca, mm 0.7 2.1 1.7 1.3 0.6 0.6

Fiber width, μm
Širina vlakanaca, μm 13.2 9.7 10.0 18.8 15.7 15.9

Lumen width, μm
Širina pora, μm 4.0 - - 9.1 8.8 7.5

Wall thickness, μm
Debljina stijenki, μm 4.6 - - 4.8 8.6 8.7

Reference
Literatura

Deniz et al.,
2004

Reddy and Yang, 
2009

Jahan et al., 
2006

Gominho et 
al., 2001 This study This study

Table 4 Comparison of fi ber parameters of I. tinctoria and I. buschiana stalks with hardwoods and softwoods (Alkan et al., 
2003; Istek et al., 2009; Tutus et al., 2014)
Tablica 4. Usporedba parametara vlakanaca stabljike I. tinctoria i I. buschiana s vlakancima tvrdoga i mekog drva (Alkan i 
sur., 2003.; Istek et al., 2009.; Tutus et al., 2014.)

Felting rate
Brzina fi lcanja

Elasticity coeffi cient
Koefi cijent elastičnosti

Rigidity coeffi cient
Koefi cijent krutosti

Runkel index
Runkelov indeks

F factor
F-faktor

I. tinctoria 39.7 47.2 26.4 1.1 150.1
I. buschiana 38.1 47.5 26.8 1.2 142.2
Softwoods
Meko drvo 60-80 55-75 13-20 0.3-0.8 400-580

Hardwoods
Tvrdo drvo 40-55 35-55 15-35 0.5-1.8 150-300
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ditions in further investigations. As a comparison, the 
pulp yield of golpata fronds (Jahan et al., 2006), C. car-
dunculus (Gominho et al., 2001), cotton stalks (Akgul 
and Tozluoglu, 2009) were 36.2 %, 47 %, 37.98 %, kiwi 
pulp screened yield 44.39 % (Gencer, 2015) and Sor-
ghum pulp screened yield 44.87 % (Gencer and Sahin, 
2015), respectively.

3.4  Physical and optical properties
3.4.  Fizikalna i optička svojstva papira

Handsheets were produced from Isatis stalk pulp 
to determine their physical and optical properties. The 
measured physical and optical properties are given in 
Table 7. According to the results, higher values of the 
breaking length, tear index and burst index were recor-

Table 5 The relationship between paper physical properties and fi ber morphological properties (Bostanci, 1987; Bektas et al., 
1999; Istek et al., 2009)
Tablica 5. Odnos fi zikalnih svojstava papira i morfoloških svojstava vlakanaca (Bostanci, 1987.; Bektas et al., 1999.; Istek et 
al., 2009.)

Relationships
Odnosi

Burst strength
Čvrstoća pucanja

Tear strength
Čvrstoća 
cijepanja

Double fold strength
Čvrstoća dvostruko 

savijenog papira

Paper density(*)
Gustoća papira (*)

Fiber length increases
Duljina vlakanaca se povećava + ++ + -

Cell wall thickness increases
Debljina stijenke se povećava - + -- --

Cell wall thickness decreases
Debljina stijenke se smanjuje + - ++ ++

Fiber length / fi ber width increases
Duljina /širina vlakanaca se povećava +

Fiber curl increases
Uvijenost vlakanaca se povećava -- + + -

(*): Porosity, air permeability, water holding capacity and bulkiness are inversely proportional to density./ Poroznost, propusnost zraka, 
sposobnost zadržavanja vode i voluminoznost obrnuto su proporcionalni gustoći. 
(+) Positive effect / pozitivan utjecaj. (++) Certainly positive effects. / Sigurno pozitivan utjecaj.
(-) Negative effect. / Negativan utjecaj. (--) Certainly negative effects. / Sigurno negativan utjecaj.

ded for the beaten pulp than for the unbeaten pulp, whi-
le brightness and whiteness were higher in unbeaten 
pulp. In this study, AQ charge further increased the 
breaking length and burst index, while it decreased the 
tear index. In beaten pulp, 0.1 % AQ charge improved 
the brightness and whiteness by 6.3 % and 10.02 %, 
respectively, and decreased the yellowness by 2.3 %. 
The physical properties of a pulp sheet are closely re-
lated to morphological properties of pulp fi ber (Young, 
1981). The breaking length, tear index and burst index 
of cotton stalks (Jimenez et al., 2007) were 4.4 km, 
0.26 mN·m2/g and 2.13 kPa·m2 /g, respectively. The 
breaking length, tear index and burst index of Paulow-
nia elongata paper sheets were 1.66 km, 2.1 mN·m2/g 
and 1.15 kPa·m2/g (Ates et al., 2008), respectively. 

Table 6 Cooking conditions and pulp yield of Isatis pulp
Tablica 6. Uvjeti kuhanja i prinos celuloze od stabljika I. tinctoria i I. buschiana

Cooking No
Kuhanje broj

AQ charge, %
AQ udio, %

Screened yield, %
Prinos prosijavanja, %

Screen reject, %
Škart prosijavanja, %

Total yield, %
Ukupni prinos, %

1 0 23.9 0.67 24.57
2 0.1 25.37 0.72 26.09
3 0.3 27.77 0.77 28.54
4 0.5 31.09 3.84 34.93

Table 7 Physical and optical properties of hand sheets made from beaten and unbeaten pulp
Tablica 7. Fizikalna i optička svojstva ručno izrađenih listova papira od mljevene i nemljevene celuloze

Cooking no
Kuhanje broj

Breaking 
length
Duljina 

lomljenja km

Tear index
Indeks 

cijepanja
mN·m2/g    

Burst index
Indeks 

pucanja 
kPa·m2/g

ISO 
Brightness

ISO sjajnost, 
%

ISO 
Whiteness
ISO bjelina 

%

ISO Opacity
ISO nepro-

zirnost
%

ISO 
Yellowness
ISO žutilo % 

Unbeaten pulp / Nemljevena celuloza
1 1.118 1.12 0.62 26.03 33.92 98.81 33.49
2 1.849 0.88 0.96 26.67 34.22 99.33 32.6
3 1.962 0.82 1.01 26.73 34.45 99.88 33.18
4 2.059 0.85 0.92 26.63 34.28 99.88 34.03

Beaten pulp / Mljevena celuloza
1 3.091 1.14 1.98 23.64 30.35 99.77 33.2
2 3.330 1.03 2.17 25.22 33.73 99.65 32.44
3 3.984 1.06 2.56 24.46 31.54 99.78 33.34
4 3.808 0.90 2.62 23.58 30.71 98.65 34.71
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These values were comparable with the properties of 
Isatis paper sheet strength.

4  CONCLUSIONS
4.  ZAKLJUČAK

Using non-wood raw materials has become a cri-
tical issue in regions with inadequate forest or wood 
resources. Therefore, evaluating the potential agricul-
tural fi ber sources as raw material for pulp and paper 
industry has received considerable attention. I. tincto-
ria is a well known plant as an indigo dye plant. I. tin-
ctoria is an annual plant that grows in 7-8 months after 
the sowing. To the best of our knowledge, I. tinctoria 
and I. buschiana were evaluated as raw material for 
making pulp and paper for the fi rst time in this study. 
As a conclusion, holocellulose, -cellulose and lignin 
in Isatis stalks were comparable to hardwood and seve-
ral non-wood plants. It was found that physical strength 
was higher in beaten pulp, while optical properties 
were higher in unbeaten pulp. Although higher solubi-
lities and lower felting coeffi cient will cause lower 
pulp yield and strength properties, Isatis stalks can be 
used for paper production when mixed with long fi b-
rous materials. Besides, Isatis stalks can be used inste-
ad of wheat stalks in pulp and paper production as they 
have similar chemical and morphological properties. 
When considering the shortage of raw material in pulp 
and paper industry, the use of Isatis stalks with softwo-
od pulp would contribute signifi cantly to an economic 
supply of raw material for pulp and paper production. 
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