
ORIGINAL ARTICLE

Genotype contribution to the chemical composition of banana
rachis and implications for thermo/biochemical conversion

Mathias Florian Tiappi Deumaga & Thomas Happi Emaga &

Raphael Tchokouassom & Caroline Vanderghem & Mario Aguedo & Sébastien Gillet &
Nicolas Jacquet & S. Danthine & Deleu Magali & Aurore Richel

Received: 24 June 2014 /Revised: 25 January 2015 /Accepted: 27 January 2015
# Springer-Verlag Berlin Heidelberg 2015

Abstract Chemical composition of banana rachis from three
varieties (Grande naine, Pelipita, and CRBP969) was ana-
lyzed, and the genotype contribution to composition variabil-
ity was investigated. Wet chemistry and instrumental analysis
procedures (X-ray diffraction, 31P NMR spectroscopy, and
thermogravimetry) were used. Some significant differences
were found among the three genotypes: GN-AAA genotype
was found to be significantly the highest in ash fraction
(30.16 %) and the lowest in acid insoluble lignin (6.58 %) at
95 % confidence level. It showed also the highest content in
potassium (43.5 % in ash). Implication of compositional dif-
ferences on valorization efficiency by biochemical or thermo-
chemical pathways was investigated. For this purpose, corre-
lation coefficients between compositional characteristics and
yields in volatile compounds from pyrolysis and glucose
yields from enzymatic saccharification were analyzed. Ash
content was revealed to be the main drawback parameter for
volatile yields from pyrolysis (r=−0.93), while for glucose
yields during saccharification were limited mainly by the con-
tent in guaiacyl units of the lignin fraction (r=−0.98). How-
ever, a strong and positive correlation was established be-
tween the volatiles yield and the acid insoluble lignin content

(r=0.98) Thus, according to these observations and based on
their compositional significant differences, GN-AAAwas the
better candidate for bioconversion pathway while PPT-ABB
and CRBP969-AAAB samples were shown to be better can-
didates for thermochemical conversion pathway. This work
gives important preliminary information for considering ba-
nana rachis as an interesting feedstock candidate for
biorefinery.
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1 Introduction

The limits on the use of fossil resources for a sustainable
economy and concerns on their environmental impact have
caused a grown interest in research of alternative solutions.
Thus, many lignocellulosic biomass feedstock including
woody biomass, dedicated energy crops, and agricultural
wastes have been investigated as reliable, non-edible, and
eco-friendly resources. However, because of their different
origins, challenges are focusing at investigating key factors
(growth conditions, variety, tissue origin) that influence their
chemical composition and structural features, as they might
significantly affect their thermochemical or biochemical con-
version ability [1–5]. Banana is a herbaceous tropical plant
from the Musaceae family [6]. Edible varieties arose from
hybridization of Musa acuminata (AA) and Musa balbisiana
(BB) [7]. In spite of their great economic importance, mainly
for some developing countries where they are intensively
grown, banana and plantain generate large quantities of organ-
ic residues as leaves, pseudo-stems, corms, and rachis,
representing about 80 % of the total fresh plant weight. For
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the year 2012 in Cameroon, where banana is among the main
agricultural resources, production reached 1.4 million tons [8]
resulting in about 90,000 tons of dry residues. A few studies
have been carried out for chemical composition analysis of
different morphological parts of plants from the BDwarf
Cavendish^ variety [9–12]. However to date, genotype
contribution to their chemical composition has not yet been
explored. Banana rachis (Fig. 1a, b) has been shown to have
some interesting features as a lignocellulosic feedstock for
biorefinery [12, 13]. In this study, the genotype contribution
to chemical composition of banana rachis samples from three
varieties of different genotypes was investigated. We also
analyzed the implications of the chemical composition on
thermochemical and biochemical conversion routes. This
work will provide useful information for the setting of specific
biorefinery processes for banana rachis residues.

2 Material and methods

2.1 Plant materials

Rachises from mature banana bunches were collected at the
Banana Genetic Collection in CARBAP1 research center, in
Cameroon. Selected varieties for this study are described in
Table 1. The banana plants from which they were harvested
were grown in the same location with same environmental
conditions and handling operations.

2.2 Chemical composition analysis

The collected samples were chopped, oven-dried at 60 °C
until constant weight. Theywere further milledwith a hammer
miller (Model MFC CZ13, CULLATI) and sieved to particle
sizes less than 1 mm before analysis. Ash content (total and
residual) was determined by the TAPPI T211 om-02 method
described by Ehrman et al. [14]. Soluble minerals from ash
analysis were performed by the Analytical Chemistry Labora-
tory of Gembloux-Agro Bio-Tech (University of Liège, Bel-
gium). Nitrogen content was determined by the standard
Kjeldahl procedure (AOAC 984.13). A nitrogen-to-protein
conversion factor (4.4) was used. NDF, ADF, and ADL were
determined by the Goering and Van Soest procedure [15].
Extractives (water and ethanol) were quantified by the soxhlet
method [16, 17]. For the determination of neutral sugars, a
modified version of the classical Saeman’s hydrolysis proce-
dure [18] was used. It consisted in 1 h prehydrolysis at 30 °C
with 72 % H2SO4, followed by dilution to 4 % H2SO4 and 1 h
final hydrolysis at 121 °C (autoclave). Monosaccharides re-
leased where further quantified by gas chromatography
equipped with a flame ionization detector (GC-FID,

Hewlett-Packard Co.; column: HP1-methylsiloxane 30-m
length/0.32-mm diameter/0.25-μm film thickness, Scientific
Glass Engineering, S.G.E. Pty. Ltd., Melbourne, Australia).
Acid insoluble lignin and acid soluble lignin (ASL) were de-
termined by the method described by Sluiter et al. [19]. ASL
which represents the low molecular weight lignin fraction was
determined by UV absorption spectroscopy at 205-nm
wavelength (ʎ=110 L mol−1 cm−1).

2.3 31P nuclear magnetic resonance (NMR) lignin analysis

A comparative 31P NMR analysis of the lignin extracted by
formic/acetic acid solvent extraction procedure [20] was car-
ried out. The procedure described by Ragauskas et al. [21]
allowed the quantification of hydroxyl groups from the ali-
phatic regions and from aromatic H, G, and S lignin units
(p-hydroxyphenyl, guaiacyl, and syringyl). Spectra were ac-
quired after derivatization with 2-chloro-4,4,5,5-tetramethyl-
1,3,2-dioxaphos-pholane (TMDP) in the presence of pyridine,
with cyclohexanol as internal standard. CDCl3 was used for
the magnetic field lock, DMF as lignin solvent, and Cr(acac)3
as relaxation agent. Exactly about 20 mg of each sample was
analyzed with a Varian Unity 600-MHz instrument at 298 °K
(1600 scans, 90° pulse, 1.049-s acquisition time, and 25-s
relaxation delay). Internal standard peak was set at 144.8 ppm.

2.4 Thermo-gravimetric analysis (TGA)

TGA analyses were performed with a TGA/DSC1 instrument
from Mettler-Toledo (Greifensee, Switzerland). The pyrolysis
was conducted under a nitrogen flow of 20 ml/min. The ex-
periments were conducted in triplicate using 70-μl alumina
pans. The sample mass was precisely weighed around
10mg, and the thermograms were obtained over a temperature
range comprised between 40 and 600 °C at three different
heating rates (10, 25, and 100 °C/min) as described by
Hodgson et al. [1]. DTG proximate composition in terms of
moisture (40–105 °C), volatiles (105–550 °C), and char and
ashes (550–900 °C) was made. Kinetic analysis was per-
formed according to the following Friedman’s differential
and iso-conversional equation [22], where consideration of
reaction order is not necessary:

ln
dx

dt

� �
¼ ln Af xð Þ½ �−Ea

RT
with x ¼ W

Wi
ð1Þ

where wi=initial weight, w=weight loss at time t, A=pre-
exponential factor, Ea=activation energy, T=absolute temper-
ature (°K) and R=gas constant. Activation energies (Ea) over
the volatile’s pyrolysis regions were calculated by plotting
ln(dx/dt) against 1/T (°K) [3].Well-reliable activation energies1 Centre Africain de Recherches sur Bananiers & Plantains

Biomass Conv. Bioref.



were obtained as average of values with the multiple heating
rate procedure.

2.5 X-ray diffraction analysis

The cristallinity index (CrI) of the three extractives-free sam-
ples was determined isothermally by X-ray diffraction using a
D8 ADVANCE diffractometer (Bruker, Rheinstetten, Germa-
ny) (Cu Kα radiation source, λ=1.54178 Å at 40 kV and
30 mA) equipped with a Vantec (Bruker, Rheinstetten, Ger-
many) detector, and a TTK450 low-temperature chamber and
TCU 110 temperature control unit (Anton Paar, Graz, Austria)
connected to a circulating water bath (Julabo, Sellbach, Ger-
many). D-spacings were determined in the 1°<2θ<13° and
15°<2θ<27° ranges using the Bragg law. Only results from
the latter range were considered since no particular observa-
tion was made in the first one. Diffrac Plus Evaluation
14.0.0.0 program (Bruker, Rheinstetten, Germany) was used
to normalize and process the results. Crystallinity index was
calculated from XRD data by the peak-height method de-
scribed by Kurt et al. [23].

2.6 Water retention capacity

Water retention capacity was determined by a modified ver-
sion of the method described by Femenia et al. [24]. About
0.25 g of samples was suspended in 10 ml of distilled water
(instead of phosphate buffer) for 24 h at ambient temperature.
The tubes were further centrifuged at 1500 g for 5 min
(Beckman Coulter Allegra X-15R Centrifuge, Suarlée,

Belgium). Liquid supernatant was carefully removed and hu-
midity of remaining wet pellet was measured by oven drying
at 105 °C. Water retention ratio was determined relatively to
the dry weight mass of the samples.

2.7 Enzymatic digestibility

The enzymatic hydrolysis procedure used was described by
Jacquet et al. [25]. An enzymatic mixture of cellulase from
Trichoderma reesei (Celluclast 1.5 L, activity 30 FPU/ml) and
cellobiase from Aspergillus niger (Novozym 188, activity
295 CBU/ml) both purchased from Sigma-Aldrich (St. Louis,
MO, USA) was used. Enzyme loadings were 3 FPU/g and
7.37 CBU/g for cellulase and cellobiase, respectively. About
exactly 200 mg of samples was suspended in citric acid buffer
solution (0.05 M, pH 4.8) at a concentration of 4 g/l in 50-ml
screw-capped Duran bottles. Samples were incubated in a
water bath at 55 °C and continuously stirred at 400 rpm for
48 h. Samples conversion to glucose was measured by the
DNS colorimetric method at 540 nm UV absorption
wavelength.

2.8 Statistical analysis

The Tukey honestly significant difference (HSD) test, also
known as a t test, was used for the compositional comparison
of the three genotypes. Statistical differences were measured
at 95 % confidence level (P<0.05). Statistical analyses were
performed with Statgraphics Plus version 5.1 software.

Table 1 Botanical accession of the studied varieties

Variety Analysis code Species/genetic group Subgroup Origin Fruit type

Grande naine GN AAA Cavendish Asia (China/Vietnam) Dessert

Pelipita PPT ABB Pelipita Philippines Cooking banana

CRBP969 CRBP969 AAAB (hybrid plantain) CARBAP (Cameroon) Pseudo-plantain

Fig. 1 a Morphology of banana
inflorescence (picture by Tiappi
F., 2011) 1 banana bunch, 2 floral
peduncle, 3 rachis, 4 banana
fingers, 5 male bud. b Bunch
stalks released as waste from
banana harvesting stations
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3 Results and discussion

3.1 Variation in cell wall composition

Global chemical composition of the three rachis samples is
given in Table 2. Results are expressed as chemical compo-
nents in the lignocellulosic fraction (cellulose, hemicelluloses,
and lignin) and non-lignocellulosic fractions (ash, proteins,
along with solvent extractable compounds).

Concerning non-lignocellulosic components, GN-AAA
was shown to have significantly the highest total ash content
(30.16 %) while PPT-ABB and CRBP969-AAAB had similar
ash contents (29.05 and 29.04 %, respectively). No statistical
difference was observed for extractive and protein contents.

The ash contents observed for the three genotypes were
higher than values reported by Cordeiro et al. [12] for banana
rachis (26.8 % ash in rachis from BDwarf Cavendish^). That

difference with our samples might be related to specific
mineral inputs during the growth phase. Also, ash contents
in the three samples were far above ash content from other
herbaceous feedstock: 1.7–2.8 % in Miscanthus [1, 26, 27]
and 3.86 % in corn stover [28]. Elhassan et al. [29] reported
that because of their fast growth rate, bananas absorb and
accumulate in their cell wall important amounts of minerals
(free and structural minerals). Oliveira, et al. (2007) also
reported that the high ash content in the rachis can be probably
due to their function in nutrient transport from the corm to the
fruits.

Table 3 shows the results for ash elemental composition in
potassium, silicon, phosphor, calcium, magnesium, and sodi-
um for the three samples. Values obtained were generally
higher than observations made by Cordeiro et al. [12] in ba-
nana rachis (K: 28 %, P: 1.7 %; Si: 1.2 %, Mg: 0.3 %). GN
genotype was shown to be significantly high in potassium
(43.5 %) but the lowest in silicon (2.96 %) and phosphorus
(0.82 %) contents. CRBP969-AAAB sample was significant-
ly the highest in silicon (4.08 %) and the lowest in magnesium
(0.27 %) content. The sodium content was negligible for all
the samples analyzed. Unquantified fraction of ashes stands
for insoluble crystallized minerals. Potassium was shown to
be the major mineral in ash for all the samples. In fact, potas-
sium plays key role in enzyme systems activation, nutrient
absorption, and also plant resistance system to diseases [30].
Potassium contents in the three samples analyzed were signif-
icantly different regarding their genotype. GN-AAA sample
had the highest content (43.50 %), followed by PPT-ABB
(42.14 %) and CRBP969-AAAB (40.86 %). Those results
were in accordance with Sathiamoorthy and Jeyabaskaran
[30] who established that the requirement of potassium is
higher for triploids than tetraploids genotypes.

Contents in extractive compounds (Table 2) were shown to
be similar in all the samples analyzed at 95 % confidence
level. Values for water and ethanol extractives were similar
with observations from Cordeiro et al. [12] in banana rachis
residue (14.7 and 1.4 %, respectively). High content in water
extractives is commonly observed in herbaceous and soft-
wood biomass feedstock [31] and sometimes can be a serious

Table 2 Global chemical composition (%w/w of dry matter) for the three
banana varieties

GN-AAA PPT-ABB CRBP969-
AAAB

Non-lignocellulosic fraction

Total ash 30.16±0.10a 29.05±0.13b 29.04±0.20b

Water extractivesa 13.01±1.90a 13.53±0.07a 14.61±1.53a

Ethanol extractivesa 0.63±0.20a 0.61±0.11a 0.86±0.02a

Proteins 4.88±0.05a 4.92±0.09a 4.70±0.00a

Lignocellulosic fraction

Cellulose 36.28±0.45a 37.38±0.64a 37.11±1.37a

Hemicelluloses 17.78±2.97a 20.70±2.22a 19.51±3.76a

Acid insoluble lignins
(AIL)b

6.58±0.03a 7.45±0.04b 7.31±0.02c

Acid soluble lignins
(ASL)

2.06±0.01a 2.03±0.10a 2.17±0.02a

H/Lc ratio 10.98±1.29a 7.42±0.25a 8.80±1.30a

Relative composition (%) of the neutral sugars in extractives free material

Glucose 71.86±0.97a 70.02±0.51a 63.86±0.31b

Xylose 15.76±0.63a 16.00±0.29a 16.14±0.04a

Arabinose 6.84±0.17a 6.62±0.08a 7.38±0.27a

Mannose 2.53±0.06a 2.19±0.02b 1.67±0.02c

Galactose 2.52±0.07a 2.64±0.02ab 2.84±0.05b

Rhamnose 0.48±0.04a 0.63±0.00b 0.65±0.00b

Physical properties of crude samples

Water retention capacity
(%w/w)

12.87±0.48a 12.00±0.26a 11.66±0.41a

Crystallinity index (%) 55.73±0.72a 52.71±0.34a 55.59±1.18a

Values with the same letter are not significantly different at 95 % accord-
ing to the Tukey’s HSD test
a Values corrected from extracted ash and proteins
b Corrected for residual ash
c Holocelluloses (cellulose and hemicelluloses)/lignin (acid insoluble
lignin)

Table 3 Soluble mineral content (%w/w in ash) for the three banana
samples

GN-AAA PPT-ABB CRBP969-AAAB

Potassium 43.50±0.75a 42.14±0.08ab 40.86±0.11b

Silicon 2.96±0.33a 3.04±0.22a 4.08±0.14b

Phosphorus 0.82±0.01a 1.16±0.00b 1.16±0.01b

Calcium 0.7±0.02a 0.65±0.02a 0.76±0.01a

Magnesium 0.55±0.01a 0.52±0.00a 0.27±0.01b

Values with the same letter are not significantly different at 95 %
according to Tukey’s HSD test
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drawback for biochemical conversions. Table 4 gives the com-
position of water-extracted compounds. Minerals from crude
ash are shown to be the main extracted components. This
observation shows that most of the minerals are non-
structural thus easily extractable during pretreatment opera-
tions. PPT genotype extract had significantly the highest free
sugar content (3.52 %), while CRBP969 was the lowest
(0.19 %) among the three samples. Cordeiro et al. [12] report-
ed that free sugar content in water extracts was related to
starch hydrolyzed during water extraction.

Concerning the lignocellulosic fractions, cellulose and
hemicellulose contents were statistically similar for the three
genotypes analyzed at 95 % confidence level. Values of cel-
lulose ranged from 36.28 to 37.38 % and were higher than the
observation by Cordeiro et al. [12] for BDwarf Cavendish^
rachis. However, cellulose contents were in the range of
Miscanthus [27] and wheat straw [32]. Hemicellulose con-
tents ranged from 17.78 % in GN-AAA to 20.70 % PPT-
ABB. Medic et al. [28] observed similar content of hemicel-
luloses in corn stover (17.6 %) Glucose was the most abun-
dant monosaccharide in all the samples, followed by xylose
and arabinose (Table 2). CRBP969-AAAB was significantly
the lowest in glucose-relative content (63.86 %), while GN-
AAA and PPT-ABB were similar (71.86 and 70.02 %). For
the lignin content, the acid insoluble lignin fractions in the
three samples were statistically different: PPT-ABB was
shown to be the highest (7.45 %), followed by CRBP969-
AAAB (7.31 %) while GN-AAA was the lowest (6.58 %).
This observation implies that the content in acid insoluble
lignin increased with abundance of the balbisiana gene over
acuminata. Table 5 shows results of quantification of p-
hydroxyphenyl, guaiacyl, and syringyl units from extracted

lignin by 31P NMR. The H/G/S ratio for GN was 40/31/29
which represented the highest ratio in hydroxyphenyl and the
lowest in guaiacyl units, while CRBP969 (25/45/30) had the
lowest ratio of p-hydroxyphenyl units and the highest in
guaiacyl. Syringyl unit proportion was similar for GN,
CRBP969, and PPT (37/33/30) Table 6.

3.2 Implications for thermochemical biorefinery

Ash and lignin contents are among the principal factors
influencing most thermochemical conversion reactions [33,
34]. Table 7 gives correlation coefficients (r) established be-
tween yields in volatile compounds from pyrolysis and prin-
cipal samples characteristics. Quantification of degradation
compounds from thermogravimetric pyrolysis is given in
Table 6. Total ash content in crude samples from the three
genotypes was negatively correlated (r=−0.93) with the yield
in volatiles, and this was consistent with observationsmade by
Donnison et al. [1] and Monti et al. [33]. As illustration in
Table 6, the significantly higher ash content observed for the
GN genotype resulted in a lower yield in volatiles (65.23 %)
and the highest yield in char (28.38 %). High ash content in
biomass is also known a serious drawback since it may lead to
the fouling and corrosion of equipments during thermochem-
ical conversion [35, 36, 33]. Concerning the influence of the
lignin fraction, a positive correlation (r=0.98) was found be-
tween the AIL content and the volatiles yield. This observa-
tion was consistent with the negative correlation (r=−0.99)
found between the H/L ratio and the volatiles yield. Yang
et al. [37] analyzed pyrolysis of cellulose, hemicelluloses,
and lignin. They found that lignin pyrolysis was overall exo-
thermic and resulted in higher volatiles yield, mainly H2 and
CH4. He associated this behavior with the abundance of aro-
matic ring structures and methoxyl groups. This hypothesis is

Table 5 Phenolic, aliphatic, and carboxylic hydroxyl group contents in lignins (mmol g−1) analyzed by quantitative 31P NMR analysis and H/G/S
distribution

Aliphatic OH H G S Total carboxylic Total phenolics H/G/S ratio

GN-AAA 0.318 0.029 0.022 0.021 0.084 0.077 40/31/29

PPT-AAB 0.311 0.022 0.020 0.018 0.074 0.065 37/33/30

CRBP969-AAAB 0.314 0.018 0.033 0.022 0.070 0.080 25/45/30

Table 6 Degradation compounds from thermogravimetric analysis (%w/
w) and mean activation energy Ea (Kj mol−1)

Moisture Volatiles Char Eaa

GN-AAA 2.89±0.33a 65.23±0.39a 28.38±0.06a 61.55±6.92a

PPT-AAB 2.55±0.00a 68.16±0.46b 24.63±0.94b 58.91±5.77a

CRBP969-
AAAB

2.33±0.01a 67.14±0.11b 26.50±0.05ab 65.65±6.22a

a Calculated for the volatile’s degradation phase

Table 4 Global composition of water extractives (%w/w water
extractives)

GN-AAA PPT-ABB CRBP969-AAAB

Ash 63.57±0.01a 61.55±0.08b 61.32±0.27c

Proteins 6.17±0.05a 6.77±0.11b 5.68±0.10c

Free sugars 1.25±0.94a 3.52±0.22b 0.19±0.06a

Othersa 28.96±1.11a 28.00±0.21a 32.82±0.23b

Values with the same letter are not significantly different at 95 % accord-
ing to the Tukey’s HSD test
a Stands for uronic acids and tannins
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confirmed by the positive correlation (r=0.94) we found be-
tween the Syringyl unit contents and the volatiles yield as it is
characteristic of methyl-rich lignin residues.

3.3 Implication for biochemical biorefinery

Recalcitrance of biomass to bioconversion is known to be
notably affected by particle size, lignin content, crystallinity
index, and water retention values, as they influence enzyme
accessibility to biomass cell wall [2, 38, 39]. Results from
enzymatic hydrolysis to glucose of the three samples are pre-
sented in Fig. 2 and results from water retention capacity and
crystallinity index determination are given in Table 2. GN
exhibited the highest conversion percentage to glucose after
48 h (23.85 %), followed by PPT and CRBP969 with 21.54
and 16.56%, respectively. Moreover, it is well established that
guaiacyl-rich lignin fractions have a more branched structure,
a higher degree of polymerization and are more condensed,
thus leading to greater resistance during enzymatic hydrolysis
[40, 41]. This was consistent with our results as we found a

strong and negative correlation (r=−0.99) between conver-
sion yields and guaiacyl unit contents of lignin samples. Also,
water retention capacity (Table 2) was found to be correlated
positively (r=0.89) with enzymatic digestibility of the
samples.

Considering all these observation and from a relative ap-
praisal, GN-AAA sample was shown to be the best potential
candidate for bioconversion because of its low lignin content
in guaiacyl units, its greater water retention capacity, and larg-
er H/L ratio. On the other hand, PPT-ABB and CRBP969-
AAABwere relatively the best candidates for thermochemical
conversions mainly because of their lower H/L ratio and the
abundance of syringylic units in their lignin fractions.

4 Conclusion

The genotype contribution to chemical composition of banana
rachis residues was investigated. A strong influence on chem-
ical composition variability was established thus conditioning
their valorization through thermochemical pathway (yields in
volatiles) and also for bioconversion pathway (yields in glu-
cose). The GN-AAA genotype was found to be significantly
the highest ash content (30.16 %) and the lowest in AIL con-
tent (6.58 %) at 95 % confidence interval. Its ash fraction was
also shown to be the richest in potassium (43.5 %). A negative
correlation (r=−0.93) was established between the ash content
and the yield in volatile compounds produced during thermo-
gravimetric pyrolysis. During enzymatic bioconversion assay,
GN-AAA sample exhibited the highest conversion rate to glu-
cose (23.85 %) attributed to the lowest content in guaiacyl
units of its lignin fraction and its greater water retention ca-
pacity. Thus GN-AAAwas the better feedstock for bioconver-
sion pathway. The PPT-ABB sample was significantly the

Table 7 Correlation coefficient (r) between activation energy, volatiles
yield, and saccharification yield and different sample characteristics

Volatiles
yield

Saccharification
yield

Total ash (crude sample) −0.93 0.74

Acid insoluble lignin (AIL) 0.98 −0.63
Holocelluloses/AIL (H/L ratio) −0.99 0.42

p-Hydroxyphenyl unit content (H) −0.35 0.99

Guaiacyl unit content (G) 0.29 −0.98
Syringyl unit content (S) 0.94 −0.74
Cristallinity index (CrI) −0.79 −0.17
Water retention potential −0.45 0.89
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highest in AIL (7.45 %) and exhibited the highest yield in
volatile compounds during thermogravimetric analysis.
Strong positive correlations were established between the vol-
atiles yield and the AIL content (r=0.98). CRBP969-AAAB
exhibited the lowest enzymatic conversion rate to glucose
(16.56 %) attributed to the higher content in guaiacyl units
of its lignin fraction. Thus PPT-ABB and CRBP969-AAAB
samples were better candidates for thermochemical conver-
sion pathway.
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