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Abstract Commercial cellulase production has increased

in recent years and consistent research has been carried out

to improve levels of b-glucosidase. Bioprocesses have been

successfully adapted to produce this enzyme, with solid-

state fermentations as the best-suited technique involving

fungi. The aim of this study was to use leaves of tarbush

(Flourensia cernua), an abundant shrub of the Chihuahuan

Desert, as a carbon source for b-glucosidase production by

Aspergillus niger. During the solid bioprocess, this enzyme

reached its peak production at 36 h of culture with

3876.6 U/L. There is a particular interest in the substrate

composition because of the possibility of phenolic glyco-

sides having an important role in b-glucosidase production.

HPLC–MS analyses showed that glycosides were present

with the highest accumulation at 36 h of fungal culture.

Luteolin and apigenin glycosides [1.8 and 2.4 absorbance

units, respectively] were also detected and showed their

highest point of detection alongside the highest b-glu-

cosidase activity. No apparent changes in cellulose were

observed, while hemicellulose content decreased, which

could be related to production and activity of b-glucosi-

dase. This study shows that leaves of F. cernua are an

important raw material for b-glucosidase production and

give a source of compounds of added value which also may

have an important role for b-glucosidase production.

Keywords Phenolic compounds � Glycosides � Solid-state

fermentation � b-glucosidase � Fungal enzyme

Introduction

Lignocellulose is the most abundant polymer in nature and it

has received wide attention for its sustainable exploitation

(Wang et al. 2013). Its components are cellulose, hemicel-

lulose, and lignin, emphasizing the polysaccharides which

serve as raw material for high added-value compounds

extraction or production (Phitsuwan et al. 2013). In addition,

phenolic compounds are secondary metabolites produced by

a great variety of plants and consist of a variety of structures

classified into a number of major groups including phenolic

acids, flavonoids, lignans, and stilbenes, among others

(Celep et al. 2014). Kris-Etherton et al. (2002) mentioned

that they are natural constituents present in small amounts in

plants and food products. It has also been reported that this

shrub contains a large number of compounds capable of

displaying bioactive actions (de Rodrı́guez et al. 2012), such

as antimicrobial, insecticidal, cytotoxicity, and antioxidant

activity (De León-Zapata et al. 2016). Biotechnological

processes, such as fungal fermentation, have been proposed

to use natural resources that are widely available. In this

case, tarbush (Flourensia cernua) is a promising source for

obtaining compounds of high added-value (El-Bakry et al.

2015; De León-Zapata et al. 2016), and it has been previ-

ously studied for this purpose (Ventura et al. 2008). Interest

in the development of bioprocesses for the production or

extraction of bioactive compounds from natural sources has

increased in recent years due to the potential applications of
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these compounds in the food, chemical, and pharmaceutical

industries (Martins et al. 2011). In this context, solid-state

fermentation (SSF) has received great attention, because this

bioprocess can convert inexpensive agroindustrial residues,

as well as unpalatable forage plants, in a great variety of

valuable compounds, including bioactive phenolic com-

pounds (Sukumaran et al. 2009; Buck et al. 2015; El-Bakry

et al. 2015). As SSF involves the growth of microorganisms

on moist solid substrates in the absence of free-flowing

water, it is suitable for a process of such characteristics and

offers some advantages like the simulation of the natural

habitat of the microorganisms, leading to higher enzymatic

productivity (Hölker et al. 2004). In addition, the enzymes

produced using SSF are less susceptible to inhibition by the

substrate, and are more stable in terms of the effects of

temperature and pH, compared to submerged fermentation

processes (Thomas et al. 2013; Hansen et al. 2015). There

are a great number of enzymes that can be used for the target

of interest. Cellulase plays a key role in hydrolyzing b-1,4

glycosidic linkage in cellulose, a dominant component of

plant cell wall (Singhania et al. 2010; Yoon et al. 2014). The

three components of this enzyme pool: endoglucanase,

exoglucanase, and b-glucosidase, efficiently depolymerize

the cellulose chains in the lignocellulosic substrate to pro-

duce smaller sugar units that consist of cellobiose and glu-

cose. Fungi are the most suitable cellulase producers due to

its ability to produce a complete cellulase system. The

mechanism is as follows: cellobiohydrolases, also known as

exoglucanases, attack the crystalline ends of cellulose pro-

ducing cellobiose (Phitsuwan et al. 2013). Endoglucanases

split glycosidic bonds within the amorphous part of the

substrate (Yoon et al. 2014). Finally, the released cellobiose

is cleaved by b-glucosidases into glucose monomers (Liu

et al. 2012; Wang et al. 2013; Behera and Ray 2015). The

majority of microorganisms employed in cellulase produc-

tion in SSF are fungi, bacteria, and to a lesser extent acti-

nomycetes, which act under specific (aerobic and anaerobic)

conditions (Behera and Ray 2015). The b-glucosidase pro-

duction by solid-state fermentation depends on several fac-

tors such as substrate type, composition, temperature,

moisture content, and pH of the medium. According to

Pandey et al. (2000), the difficulty of monitoring and con-

trolling fermentation variables in SSF is perhaps the main

drawback of this process. Variations of pH during the fer-

mentation process are due to the metabolic activity of the

microorganisms and may be increased or decreased

according to the by-products released or the nutrients con-

sumed during the process. The advantage of SSF to achieve

goals is the low-tech fermentation system required plus the

possibility of carrying out the process on farms (Graminha

et al. 2008). For this study, a solid-state culture was carried

out to explore the b-glucosidase production while correlat-

ing phytochemicals available for the fungal growth. This is

the first stage in a project that aims to understand the rela-

tionship between phenolic glycosides and b-glucosidase

production by Aspergillus niger.

Materials and methods

Plant material

Leaves, petioles, and stems of F. cernua were collected in

the South of Saltillo, Coahuila Mexico (25�15007.3900N,

101�04040.6600W) during August 2015. This material was

dried at 60 �C in a drying oven and stored in an obscure

bag at room temperature until its processing. For this study,

only the leaves were used.

Strain, maintenance, and inoculum preparation

For spores propagation, A. niger strain GH1 belonging to the

DIA-UAdeC Culture Collection, Saltillo, Mexico was used;

it was maintained in a cryoprotected system of glycerol and

skim milk at -20 �C. 250 ml of a PDA medium enriched

with 0.5 g/L of soybean meal as an additional N source was

sterilized in ten Erlenmeyer flasks. Subsequently, an aliquot

of 40 lL of a spore suspension of A. niger GH1 was added

and incubated at 30 �C for 48 h. Then, the spores were

recovered using 0.1% Tween 80 and spores per mL were

calculated by counting them in a Neubauer chamber.

Solid substrate and preparation of fermentation

media

15 g of tarbush leaves were placed in aluminum tray reactors

(12.5 cm diameter 9 3 cm). A mineral medium with pH

adjusted to 5.5 was prepared. It was autoclaved at 121 �C for

15 min. The media content (g/L) were: 2.0 (NaNO3), 0.5

(KH2PO4), 0.25 (KCl), and 0.25 (MgSO4). Subsequently,

45 mL (=75% humidity) of medium was added to the trays

containing the leaves. Then, 3 9 108 spores of A. niger per g

of substrate were added. Fermentation was then carried out in

an incubator at 30 �C for 48 h. Recovery of the enzymatic

extract was carried out by the addition of 15 mL of 10 mM

citrate buffer at a pH of 4.6. Samples were recovered using

filter paper by a vacuum pump.

Analytical methods

Estimation of b-glucosidase activity of A. niger GH1

Eight hundred microliters of 0.1 M citrate buffer pH 4.6

were placed in test tubes. Subsequently, 100 lL of p-ni-

trophenyl-b-D-glucopyranoside (pNPG) 0.009 M were
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added as indicated by Vattem and Shetty (2003). The tubes

were incubated at 50 �C and 100 lL of diluted 1:10

enzyme extract were added. After 10 min, 100 lL of

0.1 M Na2CO3 were added to stop the reaction. The

released p-nitrophenol was measured by the absorbance

registered in a spectrophotometer at 400 nm. One unit of b-

glucosidase (U/L) was defined as the amount of enzyme

required to release one micromole of p-nitrophenol per

min, under the assay conditions. To carry out the mea-

surement of the activity of interest, enzyme and substrate

blanks and a reaction mixture were prepared.

Determination of hydrolyzable phenolic compounds

The measurement was carried out according to Wong-Paz

et al. (2015). 800 lL of the sample were mixed with

800 lL of Folin–Ciocalteu reagent (Sigma-Aldrich), sha-

ken and left for 5 min. Then, 800 lL of Na2CO3 (0.01 M)

were added and shaked, and left for 5 min again. Finally,

the solution was diluted with 5 mL of distilled water and

the absorbance was measured at 750 nm in a spectropho-

tometer (Helios Epsilon, Thermo Spectronic). Hydrolyz-

able phenolic compounds were expressed as gallic acid

equivalents per gram of vegetal material (mg GAE/g).

Determination of soluble protein

Soluble protein content was determined according to the

method of Lowry et al. (1951). The absorbance was mea-

sured in a spectrophotometer at 660 nm wavelength and

the soluble protein concentration was estimated by inter-

polation to the bovine serum albumin standard curve.

Lignocellulosic composition

Neutral detergent fiber (NDF), acid detergent fiber (ADF),

cellulose, and hemicellulose in the fermented material were

determined according to the methodology of Van Soest

et al. (1991). The difference between NDF and ADF values

gave the hemicellulose content of the fermented sample.

Profile of phytochemicals by HPLC–MS

Prior to injection, the samples were filtered through a

0.45 lm nylon membrane. The compounds were detected

by HPLC (Varian ProStar) using an autosampler, a ternary

pump, and a photodiode array detector at 320 nm. The

column used for separation was carried out with a Denali

C18 column (3.1 lm; 150 9 4.6 mm, Grace, USA) at

30 �C. Mobile phases were ethanol as wash phase (solvent

A), acetonitrile (solvent B), and 0.2% formic acid (solvent

C) in gradients, at a flow of 1 ml min-1 with an injection

volume of 10 lm. The gradients were applied as follows:

initial 3% B; 5–15 min, 16% B linear; 15–45 min, 50% B

linear. Then, the column was washed and reconditioned.

For mass spectrometry analysis, a Varian 500/MS equip-

ment with an ion trap, electrospray ionization (ESI), neg-

ative mode (M-H-), capillary voltage 90 V, and mass

range 100–2000 m/z was used (Ascacio-Valdés et al.

2016).

Results and discussion

b-glucosidase activity and phenolic contents

The maximum activity of b-glucosidase was detected at

36 h (3876.6 U/L) under the present culture conditions

(Fig. 1). It was also observed that from 0 to 24 h, no

enzymatic activity was detected. This activity was detected

at 30 h of culture with a value of 2109.06 U/L. Like most

desert plants, F. cernua has a wide array of complex

chemical compounds, which employs to deter herbivory, to

survive in harsh environments and defend against micro-

bial attack. The levels of these compounds in leaves vary

over years, seasons, development stage, and the location of

the plant (Estell et al. 2013). This could be related to the

immediate non-detection of enzyme activity during the first

few hours of the solid culture. Within this group of com-

plex compounds are the phenolic compounds and are

usually conjugated or linked with sugars and glycosides

(Vattem and Shetty 2003). This could represent a challenge

for the microorganism to metabolize them immediately;

however, the strain of A. niger used seems to be capable of

degrading these compounds. These results are in line with

findings of Ascacio-Valdés et al. (2016). There are other

reports on this enzymatic activity where different strains of

fungi were used in different solid substrates and the max-

imum production times were quite prolonged (Table 1).

In chromatographic and spectrometric analysis, several

glycosylated compounds were detected (Fig. 3) and it was

possible to partially identify some of them (Veitch and

Grayer 2008) in the fermented samples (Fig. 2; Table 2).

These compounds have been previously detected by De

León-Zapata et al. (2016) in leaves of F. cernua under

different treatment conditions. The main flavones found in

this study were luteolin and apigenin. These detections

reached their maximum peak at 36 h (Fig. 2) coinciding

with the maximum enzymatic activity of b-glucosidase.

After that time, both showed a significant decrease in the

enzymatic activity and in the accumulation of the com-

pounds afore mentioned. Considering its nature (glycosyl

hydrolase), it is possible that b-glucosidase might be

responsible for catalyzing the glycosidic bonds between the

phenolics compounds to release sugar molecules and their

aglycones. In addition to this enzyme, it is possible that
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other enzymes exerted their activity by degrading cellular

structures that led to the accumulation of the observed

compounds. Within the bioprocess, a probable effect of the

enzyme of interest was expressed when the caffeic acid-4-

o-glucoside was subsequently detected by the HPLC as the

sole molecule of caffeic acid (Fig. 4). The b-glucosidase

activity has been reported to have an effect on this type of

molecules (Dey and Kuhad 2014). Cui et al. (2016) doc-

umented the ability of this enzyme to disrupt the bond

present in naringin to later release an aglycone in a process

where fungal enzymes are used. Ascacio-Valdés et al.

(2014) observed that the presence of b-glucosidase was

obtained during the solid fungal fermentation of pome-

granate polyphenols. This can be associated with the work

of Vattem and Shetty (2003) who attributed the degrada-

tion of a type of glycosylated polyphenols to a b-glucosi-

dase. Thus, it is possible that degradation of this type of

glycosides is due to the effect of b-glucosidase or some

other type of glycosidase (Aguilar-Zárate 2016).

Phenols accumulated as the fermentation time increased.

It was observed that a significant concentration began to

occur after the first 6 h of incubation, with the maximum

accumulation registered at 36 h, with a content of only

2.54 ± 0.20 mg GAE/g. Hyder et al. (2005) reported

higher production (81 mg/g). The levels of the phenolic

content vary according to the type of plant used (Wong-Paz

et al. 2015). In this study, it is believed that variation of

phenol levels was due to the fermentation process to which
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Fig. 1 b-glucosidase production at 48 h of solid-state culture using Aspergillus niger GH1 on F. cernua leaves

Table 1 Comparison of highest production of b-glucosidase with different substrates and fungal strains

Strain Substrate Enzymes of interest Maximum

production time

References

Lentinus edodes Cranberry pomace b-glucosidase 20 days Vattem and Shetty

(2003)

Aspergillus niger Rice straw, sugarcane bagasse, and water

hyacinth leaves

Exoglucanase, endoglucanase, and

b-glucosidase

72 h Sukumaran et al.

(2009)

Trichoderma

harzianum

Corncob Exoglucanase, endoglucanase, and

b-glucosidase

96 h Gómez-Garcı́a

(2016)

Trichoderma

asperellum

Agave fibers Exoglucanase, endoglucanase, and

b-glucosidase

300 h Nava-Cruz et al.

(2016)

Aspergillus niger Flourensia cernua foliage b-glucosidase 36 h Present work
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the plant material was subjected. This increase can be

explained by the fungal degradation of plant cell compo-

nents with the corresponding release of phytochemicals

present in foliar cells of F. cernua; that is, that the fungus

could have polymerized and depolymerized phenolic

monomers and could even carry out a dimerization and

trimerization of these monomers, which could explain this

accumulation (De León-Zapata et al. 2013). When mea-

suring phenolic compounds, it is possible to record the

variation of the amounts of these and to find a relationship

between them, as well as the production of the enzyme of

interest. Many of these compounds have glycosylation

which can be degraded by b-glucosidase or other glyco-

sylases (Fu et al. 2008).

As noted above, a significant accumulation of luteolin

and apigenin glycosides occurred. Compared with data

obtained by De León-Zapata et al. (2016) by means of a

conventional extraction of F. cernua compounds, higher

levels of these glycosides were detected in the present

study, although quantification of them was not performed;

the levels reported were approximately 0.08 and

0.14 lAU, whereas in the present investigation, 1.8 and

2.4 AU (area units) of luteolin and apigenin glycosides,

respectively, were detected. Fu et al. (2008) reported that

it is possible to obtain these molecules and their glyco-

sides by extraction assisted by commercial hydrolytic

enzymes.

Extracellular protein production

Table 3 shows that extracellular protein concentration was

reached at 36 h of incubation with 3.16 ± 0.051 mg/g

(mean ± SD) and the lowest concentration was

1.62 ± 0.273 mg/g at 48 h. With these values and the

enzymatic activity of interest, b-glucosidase specific

activity was determined as shown in Table 3. The amount

of proteins determined could be due to the amount of

depolymerizing enzymes produced during the fermentation

period. There are many reports of the enormous potential

of A. niger on its hydrolytic nature towards heterogeneous

substrates. This strain is unable to use proteins or lipids as

immediate carbon sources for its growth, because they are

Fig. 2 Chromatographic profile of the extracts obtained from the fungal solid bioprocess. a Luteolin-7-O-rutinoside and b apigenin arabinoside–

glucoside at 48 h the fermentation

Table 2 Glycosides detected in the bioprocess by HPLC–MS

Compound Presence in bioprocess (h) Retention time (min) m/z Family

Luteolin-7-O-rutinoside 0–48 28.25 593 Flavone

Apigenin arabinoside–glucoside 0–48 30.19 563 Flavone

Caffeic acid-4-O-glucoside 6. aglycone at 30 36.06; 23.97 342.9 Hydroxycinnamic acid

4-Hydroxybenzoic acid-4-O-glucoside 6–42 44.52 298.9 Hydroxybenzoic acid

Delfinidin-3-O-(600-acetyl-glucoside) 30 23.06 506.9 Anthocyanin
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much more complex molecular structures than primary

carbohydrates, which are easier to metabolize as the

compounds mentioned previously (Lynd et al. 2002; Ven-

tura et al. 2008).

Lignocellulosic composition after fermentation

The bulk of the lignocellulosic matter of a plant consists of

cellulose (33–40%), hemicellulose (20–25%), and lignin

(15–20%) (Rani et al. 2014). These values, in general, are

higher than those found in the insoluble fraction of F.

cernua after 48 h of fermentation by A. niger; 14–24%

lignin, 16–23% cellulose, and 7–16% hemicellulose

(Fig. 5). As it is well known (Cruz and Sánchez 2000), the

difference between these types of fiber corresponds to the

hemicellulose content. The clearest change was observed in

the hemicellulose content as the bioprocess progressed.

This assertion was supported by Student’s t test in which

there is a statistically significant difference

(t0.05 = 1.8595[ t = -7.03), between the value of the

mean of time 0 with (12.4%) respect to the value of the

mean at time 48 (8.12%). The fungal strain used in the

current trial produces enzymes for degrading hemicellulose

as reported by Van Munster et al. (2014) and Grujic et al.

(2015) using different strains of Aspergillus niger (N402

and ATCC, respectively). In this case, it is more likely that

the glycosides are released in the course of the SSF process

and induce or stimulate the production of b-glycosidase

activity. This possible interaction between fiber-glycosides

may also be linked to the activation of other enzymes and

Fig. 4 Proposed hydrolytic scheme of caffeic acid-4-O-glucoside degradation by b-glucosidase to release caffeic acid

Fig. 3 Structures detected in the solid-state fermentation of A. niger GH1 by HPLC–MS
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that the fungus is capable of producing glycohydrolases,

carbohydrate esterases, endoxylanases, xylosidases, mana-

ses, mannosidases and arabinofuranosidases (Rani et al.

2014). Lu et al. (2010) reported the production of several

hydrolytic enzymes from a bioprocess where xylose was

the sole carbon source in the presence of an A. niger strain.

Along with this knowledge, the mere presence of cellulose

could induce b-glucosidase production, even though cel-

lulose content apparently was unaffected.

An important aspect of any process is the benefit of by-

products such as the availability of nutrients from F. cer-

nua for livestock (Estell et al. 2016). In this case, NDF

retained a higher level with respect to ADF (data not

shown), which is desirable in ruminant feeding (Cruz and

Sánchez 2000). In an earlier study (unpublished results),

Huerta (2015) found that the fungal fermentation of F.

cernua leaves increased the protein content from 9.05 to

21.78%. This is considered an enormous improvement in

the nutritional potential of this shrub for ruminant nutrition

(Mellado et al. 2007). The microbial exploitation of

lignocellulosic materials has become very important,

because many agroindustrial residues are generated or

there are renewable resources of a similar nature that can

be subjected to microbial action or biotechnological pro-

cesses (Villas-Bôas et al. 2002; Graminha et al. 2008).

Conclusions

In the present study, we investigated the ability of the A.

niger GH1 strain to degrade components of leaves of F.

cernua through the activity of the enzyme b-glucosidase. A

high amount of the enzyme was detected at 36 h of fer-

mentation. In addition, high values of extracellular protein

and the main glycosylated compounds detected as the

Apigenin arabinoside–glucoside and Luteolin-7-O-ruti-

noside detected by HPLC/MS reached their maximum

concentration at this time. Therefore, b-glucosidase is a

good candidate to be used in a series of biotechnological

processes in solid-state fermentations due to its hydrolytic

Fig. 5 Gravimetric

determination of cellulose (filled

diamond), hemicellulose (filled

square), and lignin (filled

triangle)

Table 3 Phenolic content, extracellular protein, and specific b-glucosidase activity quantified during the 48 h of solid bioprocess

Time (h) Phenolics content

(mg/g)

Extracellular protein

(mg/g)

Specific activity

(U/mg)

0 0.22 ± 0.004 0 0.00

6 1.62 ± 0.028 1.65 ± 0.091 0.00

12 1.70 ± 0.198 1.65 ± 0.01 0.00

18 2.21 ± 0.025 1.97 ± 0.202 0.00

24 2.30 ± 0.092 2.22 ± 0.071 0.00

30 2.34 ± 0.064 2.06 ± 0.081 3.07 ± 0.25

36 2.54 ± 0.202 3.16 ± 0.051 3.68 ± 0.983

42 2.21 ± 0.244 2.69 ± 0.0 2.89 ± 0.095

48 1.22 ± 0.064 1.62 ± 0.273 3.09 ± 0.577

Values are means with ±SD
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activity and, additionally, to the fact that in this system,

fungal growth closely resembles the growth seen in a

natural environment. Thus, in these processes, it is always

desirable to produce enzymes at low cost using high

amounts of solid substrates. This research is still underway

with the aim of elucidating the interaction of polyphenols

and lignocellulosic fibers of the plant used. It is likely that

the glycosylated phenolic compounds function as inducers

of the enzymatic activity of interest. It is feasible to use the

biotechnological resources available in the arid zones of

northern Mexico, such as the leaves of F. cernua to obtain

fungal b-glucosidase and at the same time accumulate

glycosides with high added value.
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Nuncio A, Rodrı́guez-Herrera R, Aguilar CN (2016) Agave

atrovirens fibers as substrate and support for solid-state fermen-

tation for cellulase production by Trichoderma asperellum. 3

Biotech 6:115

Pandey CR, Soccol D, Mitchell DA (2000) New developments in

solid state fermentation: I-bioprocesses and products. Process

Biochem 35:1153–1169

Phitsuwan P, Laohakunjit N, Kerdchoechuen O, Kyu K, Ratanakha-

nokchai K (2013) Present and potential applications of cellulases

in agriculture, biotechnology, and bioenergy. Folia Microbiol

58:163–176

Rani V, Mohanram S, Tiwari R, Nain L, Arora A (2014) Beta-

glucosidase: key enzyme in determining efficiency of cellulase

and biomass hydrolysis. J Bioprocess Biotech 5:1–8

Singhania RR, Sukumaran RK, Patel AK, Larroche C, Pandey A

(2010) Advancement and comparative profiles in the production

technologies using solid-state and submerged fermentation for

microbial cellulases. Enzyme Microb Technol 46:541–549

Sukumaran RK, Singhania RR, Mathew GM, Pandey A (2009)

Cellulase production using biomass feed stock and its applica-

tion in lignocellulose saccharification for bio-ethanol production.

Renew Energy 34:421–424

Thomas L, Larroche C, Pandey A (2013) Current developments in

solid-state fermentation. Biochem Eng J 81:146–161

Van Munster JM, Daly P, Delmas S, Pullan ST, Blythe MJ, Malla S,

Kokolski M, Noltorp ECM, Wennberg K, Fetherston R, Beniston

R, Yu X, Dupree P, Archer DB (2014) The role of carbon

starvation in the induction of enzymes that degrade plant-derived

carbohydrates in Aspergillus niger. Fungal Genet Biol 72:34–47

Van Soest PJ, Robertson JB, Lewis BA (1991) Polysaccharides in

relation to animal nutrition. J Dairy Sci 74:3583–3597

Vattem DA, Shetty K (2003) Ellagic acid production and phenolic

antioxidant activity in cranberry pomace (Vaccinium macrocar-

pon) mediated by Lentinus edodes using a solid-state system.

Process Biochem 39:367–379

Veitch NC, Grayer RJ (2008) Flavonoids and their glycosides,

including anthocyanins. Nat Prod Rep 25:555–611

Ventura J, Belmares R, Aguilera-Carbo A, Gutiérrez-Sanchez G,

Rodrı́guez-Herrera R, Aguilar CN (2008) Fungal biodegradation

of tannins from creosote bush (Larrea tridentata) and tar bush

(Flourensia cernua) for gallic and ellagic acid production. Food

Technol. Biotechnol. 46:213–217
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