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Citrus limetta peels: a promising substrate 
for the production of multienzyme preparation 
from a yeast consortium
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Abstract 

Citrus limetta peels (CLP), a waste material generated by juice industries, has scarcely been reported for the produc-
tion of yeast enzymes. The study was conducted to obtain a multienzyme preparation from a yeast consortium under 
solid-state fermentation of CLP. The substrate, CLP, was pretreated using either acid or alkali, and factors affecting pro-
duction of multienzyme were studied by generating two separate Plackett–Burman designs. Since, alkali-pretreated 
CLP yielded higher titers; therefore, significant factors affecting multienzyme preparation using this substrate were 
optimized by employing Box–Behnken design. The analysis revealed that under optimized conditions, i.e., cultivation 
of yeast strains for 72 h to alkali-pretreated CLP moistened with mineral salt medium having pH 5 yielded more than 
10 IU mL−1 of cellulase, xylanase, and amylase. The multienzyme was studied for its application to saccharify fruit 
and non-fruit wastes and for orange juice clarification. The data showed that the enzyme preparation could release 
3.03 mg L−1 h−1 of reducing sugars from various crude substrates and was able to reduce turbidity of orange juice 
by 11% with substantial decrease in viscosity and acidity. Hence, CLP appeared as a promising substrate to produce 
multienzyme preparation from yeast consortium.
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Introduction
Solid-state fermentation (SSF) or cultivation of microor-
ganism on solid materials in the absence of free water has 
remained a promising technology in eastern hemisphere 
of the globe for many centuries and is still considered 
as an attractive process for the countries like India and 
Pakistan (Manan and Webb 2017). Indeed, availability of 
agro-industrial wastes with the requirement of techno-
logically simple bioreactors renders the development of 
SSF-based processes to get due attention in such coun-
tries. Among various waste materials, brans, straws, 
bagasses, and fruits peels have been studied extensively 
as raw materials under SSF (Ferreira et  al. 2016); the 
choice of specific substrate, however, depends on the 
product and local agriculture practices.

The utilization of fruit peels as fermentation raw mate-
rial offers benefits for being cost-effective and can pro-
vide additional revenues to food-processing industries. 
Various literature reports (Li et al. 2015; Sagar et al. 2018) 
describe fermentative production of multienzyme using 
fruit peels such as those of Mango (Mangifera indica), 
Pomegranate (Punica granatum), Apple (Malus pumila), 
Mosambi (Citrus limetta), Banana (Musa acuminate), 
and Orange (Citrus reticulata). Pakistan being sixth 
largest citrus fruit producer can be benefitted by the 
development of fermentation processes based on fruit 
juice industry’s waste. Indeed, the cultivation area of 
citrus fruits in Pakistan has been increased from 33,000 
to 197,450 Ha in 2012; consequently the production 
reached to 115.52 million MT that accounts for 4% of 
global production (Yasin Ashraf et al. 2013). Hence, the 
country holds large citrus juice industries that generate 
waste including fruit peels in abundant quantities.

Open Access

*Correspondence:  msohail@uok.edu.pk
Department of Microbiology, University of Karachi, Karachi 75270, 
Pakistan

http://orcid.org/0000-0002-7208-9441
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40643-019-0278-0&domain=pdf


Page 2 of 15Shariq and Sohail ﻿Bioresour. Bioprocess.            (2019) 6:43 

The waste, peels of most of the citrus fruits, accounts 
for ~ 50% of total fruit weight (Oberoi et  al. 2010), but 
it does not attain any commercial importance and is 
largely used as cattle feed or disposed as municipal waste 
(Oberoi et  al. 2010; Sharma 2012). It contains ferment-
able sugars including glucose, fructose, and sucrose 
along with insoluble polysaccharides pectin and cellulose 
(Grohmann et al. 1995) with low levels of non-ferment-
able components such as lignin. Amongst citrus wastes, 
the waste of Citrus reticulata is a well-studied substrate 
for the enzyme and ethanol production under solid-state 
and submerged fermentation (Oberoi et al. 2011; Sandhu 
et  al. 2012); however, Citrus limetta has not been fre-
quently described, particularly under SSF.

Solid-state fermentation provides microorganism con-
ditions similar to their natural environment where mem-
bers in a consortium interact synergistically, and hence, 
complex substrates can be degraded effectively (Suther-
land 2001) and cellulosic ethanol can be obtained (Lynd 
et al. 2002). It has also been reported that one strain in 
a consortium utilizes toxic or undesirable by-product 
produced by the other strain (Herrero et  al. 1985), and 
hence, higher yields are obtained (Sadhu 2013). Moreo-
ver, the consortium yields multiple products in a single 
pot, such as, more than three plant cell wall degrading 
enzymes (PCWDEs) can be produced (Rehman et  al. 
2014). A heterogeneous enzyme preparation is benefit-
ted by integrated activities and co-operativity among its 
components, and is suitable to be applied to saccharify 
crude lignocellulosic substrates (Zhang et al. 2004).

Production of an enzyme under SSF is affected by a 
number of factors which are traditionally studied by 
labor- and time-intensive strategy in which one factor is 
varied at a time. Optimization of production of multiple 
enzymes from a single process without using statistical 
approaches cannot be carried out conveniently. Indeed, 
statistical tools for design of experiments (DoE) can be 
used to investigate the effect of different variables on the 
production of enzyme cocktails in relatively fewer num-
bers of experiments (Pirzadah et  al. 2014). DoE tools 
including Plackett–Burman design (PBD) and response 
surface methodology (RSM) have been employed earlier 
to produce pectinase from a yeast using commercially 
available pectin as substrate (Ahmed et al. 2019).

Penetration into solid substrates through hyphae ren-
ders fungi suitable organism to be utilized under SSF 
(Raimbault 1998). Yeasts, on the other hand, have been 
traditionally used for submerged fermentation pro-
cesses. The yeast-based SSF processes offer an advantage 
as these can be completed in a shorter duration and can 
be extended to proceed for consolidated bioprocessing 
to obtain ethanol directly from crude substrates (Shariq 
and Sohail 2018). Earlier, the yeast strains Saccharomyces 

cerevisiae MK-157 and Candida tropicalis MK-118 were 
co-cultured to produce cellulase and xylanase under SSF 
of sugarcane bagasse (Qadir et  al. 2018). In this manu-
script, the production of multienzyme preparation from 
a consortium of MK-157, MK-118 and C. tropicalis 
MK-160 under SSF of CLP is reported. The factors affect-
ing production of the enzyme cocktail were screened 
using PBD and the levels of significant factors were opti-
mized by employing Box–Behnken design (BBD) in RSM 
approach.

Materials and methods
Yeast consortium
Three of the indigenous yeast strains, C. tropicalis 
MK-118 and MK-160 and S. cerevisiae MK-157 were 
retrieved from the culture collection available in the 
lab of the corresponding author. MK157 was previously 
reported for its ability to produce endoglucanase (EG) 
(Shariq et  al. 2018) MK-160 for xylanase (Xyl) (Shariq 
and Sohail 2018), and MK-118 for EG, β-glucosidase 
(BGL) and Xyl production (Shariq and Sohail 2020). All 
the three strains were maintained on Sabouraud’s dex-
trose agar (SDA). The suitability of the three yeast strains 
to be co-cultured was evaluated by cross streaking on 
SDA plates.

Inoculum was prepared by separately inoculating the 
isolated colonies of MK-118, MK-157, and MK-160 in 
SDB, and incubating at 30  °C for 24  h with shaking at 
150 rpm. The density of cultures was checked at 600 nm 
against blank and maintained at 1.0 for inoculating in the 
medium of production. As given in DoE, either 0.25 or 
0.5 mL g−1 of substrate was transferred for multienzyme 
production.

Preparation of the substrate
Different fruit wastes including peels of Mango, Pome-
granate, Apple, Sweet Lime (CLP), Banana, and Orange 
were locally collected and chopped in 1–2  cm pieces, 
washed with excessive tap water to remove any chemi-
cal contaminants and residual sugars. After washing, the 
materials were solar dried and then placed in an oven at 
60  °C for overnight. Dried materials were ground and 
passed from 100 µm mesh size sieve.

Since, higher titers of the enzymes were obtained by the 
SSF of CLP, therefore, this waste was further exploited. 
Before its utilization for multienzyme production, CLP 
was pretreated separately with 0.5%, 0.75%, and 1% of 
sulfuric acid or sodium hydroxide by keeping the mate-
rial in acid or alkali (at the rate of 50  mL  g−1) at room 
temperature for 24 h. The slurry was then washed exces-
sively with tap water until the pH of the wash-through 
became neutral. The washed slurry was oven dried at 
60 °C and clumps were grinded to powder, if needed.
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Solid‑state fermentation
Solid-state fermentation was performed with 1  g of 
native and chemically pretreated CLP in 100  mL Erlen-
meyer flasks, sterilized by autoclaving for 30  min, and 
moistened with mineral salt medium (Qadir et al. 2018), 
or with 0.5% yeast extract and 0.5% peptone (YEP). 
The experiments were performed as given in statistical 
designs (PBD or BBD).

Initially, PBD was adopted for screening of significant 
factors that affected EG, BGL, Xyl, amylase, and pec-
tinase production from yeast consortium of MK-118, 
MK-157, and MK-160 under SSF of CLP. Two different 
PBDs (each comprised of 20 experiments) were gener-
ated separately for acid or alkali-pretreated CLP using 
Minitab 16 software for seven variables including four 
chemical factors (type of moistening agent, and its pH, 
moisture content, and pretreatment), two physical fac-
tors (temperature and incubation time), and one biologi-
cal factor (inoculum size). Each factor was adjusted at 
either high level or low level, i.e., temperature (30, 35 °C), 
moistening agent (MSM, YEP), pH (5, 7), moisture con-
tent (50, 80%), inoculum size (0.25, 0.5 mL g−1), pretreat-
ment (with acid/alkali or untreated), and incubation time 
(48, 72 h).

After performing experiments, crude enzymes were 
harvested and assayed for EG, BGL, Xyl, amylase, and 
pectinase activities, and responses were taken as IU mL−1 
of the enzymes. The data were analyzed using Minitab 
16. After analysis, the most significant factors affecting 
multienzyme production were identified.

At harvest, 10 mL of 50 mM sodium citrate buffer (pH 
4.8) containing 0.05% (v/v) tween 80 was added to fer-
mented CLP and placed in an orbital shaker at 100 rpm 
for 1  h. After filtration, CLP was separated and filtrate 
was centrifuged at 3000×g for 20  min and supernatant 
was taken as crude enzyme preparation.

Enzyme assays
EG, BGL, Xyl, amylase, and pectinase activities in crude 
enzyme preparation were assayed by measuring reduc-
ing sugars according to Miller (1959) by incubating 
25  μL of crude enzyme preparation with 25  μL of buff-
ered substrates at 35  °C for 30 min. Carboxymethyl cel-
lulose, salicin, beechwood xylan, starch, and citrus pectin 
(0.5% in 50 mM sodium citrate buffer, pH 4.8) were used 
as substrate for EG, BGL, Xyl, amylase, and pectinase. 
The reaction was quenched by boiling the mixture after 
adding 150 μL of dinitrosalicylic acid and chilling on ice 
for 5 min. The contents were diluted with 720 μL of dis-
tilled water and OD540 was taken. One unit of enzyme 
was defined as the amount of enzyme that liberates one 
micromole of reducing sugars equivalent to glucose or 

xylose or galacturonic acid in 1 min under standard assay 
conditions.

Saccharification
Different agro-industrial or fruit wastes including Sug-
arcane bagasse (SB), Banana peels, Mango peels, Apple 
peels, Orange peels, CLP, and Pomegranate peels were 
subjected to saccharification by multienzyme prepara-
tion, and results were compared with the saccharification 
of commercially purified substrates, carboxymethyl cellu-
lose (CMC), beechwood xylan, and pectin. Each substrate 
(1 g) was transferred to 50 mM sodium citrate buffer (pH 
4.8) containing 0.2% sodium azide and loaded with mul-
tienzyme preparation standardized with 10  IU  mL−1 of 
pectinase. Saccharification was accomplished at 35  °C 
with shaking at 100  rpm for 4  days by taking aliquots 
intermittently and analyzed for the amount of reducing 
sugars as given earlier (Rehman et al. 2014).

Clarification of orange juice
The multienzyme preparation was studied for its appli-
cation to clarify orange juice. Oranges were purchased 
locally and juice was extracted using manual screw 
type extractor. The enzyme preparation standardized as 
10 IU mL−1 of xylanase was added to 100 mL of juice and 
kept for 60 min at 35 °C in a water bath. After treatment, 
the enzyme was denatured by briefly boiling it for 5 min 
followed by centrifugation at 4000×g for 20 to remove 
pulp. Absorbance of the enzymatically treated juice was 
taken at 660  nm and compared with distilled water to 
calculate percentage transmittance. The viscosity of the 
juice was measured using Ostwald viscometer at room 
temperature by taking time of flow into consideration 
and using the formula as given Nagar et al. (2012).

Results and discussion
Fruit wastes largely remain under-utilized and hence 
offer prospect for being used as fermentation raw mate-
rial. Previously, SSF of Orange peels (Mantzouridou 
et al. 2015) and Apple pomace (Madrera et al. 2015) has 
been reported by employing the strains of S. cerevisiae, 
Hanseniaspora valbyensis, and H. uvarum, respectively. 
However, these and similar studies employed one or two 
strains of the yeasts to obtain one product. The produc-
tion of multienzyme preparation under SSF of a fruit 
waste by employing a yeast consortium has not been 
reported, so far.

Initially, the yeast strains, MK-118, MK-157, and 
MK-160, were cross streaked on SDA plates; as none of 
the strains showed any inhibitory effect, and therefore, it 
was perceived that these strains can be used to develop 
a consortium. As a first step, various fruit waste mate-
rials including peels of Mango, Pomegranate, Apple, 
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Sweet Lime (CLP), Banana, and Orange were utilized as 
a source of carbon under SSF and production of multi-
enzyme was investigated. The results showed that the 
highest titers of EG (26.64  IU  mL−1) were expressed 
when Mango peels were used as SSF substrate (Table 1). 
SSF of Banana peels and Apple peels did not produce 
appreciable amount of enzymes, whereas SSF of Orange 
peels gave 5.5, 7.7, and 2.3  IU  mL−1 of EG, BGL, and 
Xyl titers, respectively. In comparison, SSF of CLP 
yielded 9.03  IU  mL−1 of EG, 7.4  IU  mL−1 of BGL, and 
10.3 IU mL−1 of Xyl. On the basis of highest titers of EG, 
BGL, and Xyl, CLP was selected for further studies. The 
utmost possible literature survey did not show any report 
describing CLP for the production of PCWDEs.

Although, SSF processes using untreated substrates have 
been reported (Rehman et  al. 2014; Naseeb et  al. 2015), 
however, appropriate pretreatment process renders acces-
sibility of fermentable components of waste material to 
organisms (Deswal et al. 2011) and improves the yield sig-
nificantly (Qadir et al. 2018). In this context, the utilization 
of CLP was evaluated after its separate pretreatment with 
acid and alkali and multienzyme preparation was studied. 
In addition to pretreatment, seven factors affecting multi-
enzyme production by SSF of acid-pretreated or alkali-pre-
treated CLP were investigated using two separate PBDs.

Investigation of factors affecting production 
of multienzyme under SSF of acid‑pretreated 
and alkali‑pretreated CLP
The data obtained after analysis of PBD for SSF of acid-
treated CLP indicated that there was ~ 1.5-fold increase 
in the titers of individual activities of multienzyme 
preparation than that of un-optimized experiments. For 
instance, EG titers as high as 16.48  IU  mL−1 (Table  2) 
were obtained.

Moreover, the factors were screened for their signifi-
cant effect by analyzing the data and the main effect, 
regression coefficient, and T and P values of each variable 
(see Additional file  1: Table  S1) were determined. Typi-
cally, a lowest P value is associated with higher T value 
(Pirzadah et  al. 2014). The analysis highlighted that the 
studied factors affected individual activity of the enzymes 
in multienzyme preparation differently. Moistening 
agent and inoculum size were found significant for the 
EG production, while moistening agent alone was sig-
nificant for the BGL production. Incubation time along 
with moisture content had a significant role for pectinase 
production. Amylase production was found significantly 
influenced by inoculum size, pH, incubation time, and 
pretreatment of CLP with acid. While none of the factors 
had significant effect on xylanase production. Previously, 
Yahya et  al. (2016) did not get any significant factor for 
the production of amylase by A. tubingenses SY1 when 
nine factors were screened using PBD; it was argued that 
the robustness of the process interferes with the determi-
nation of the significant factor.

The significant factors explored in this study have been 
described for their pivotal role in fermentation process. 
For instance, inoculum size if kept at low level, affects 
the cell density drastically, whereas a higher inoculum 
may yield high cell density, but it results in rapid deple-
tion of nutrient thereby retards the productivity (Yoon 
et  al. 2014). Moistening agent and the level of moisture 
depend on type of organism and fermentation substrate. 
In their studies on pectinase production by Pseudozyma 
sp. under SSF of citrus peels, Sharma et al. (2014) dem-
onstrated that owing to their high contents of ferment-
able carbohydrates, such materials do not need to be 
moistened by higher level of moistening agents.

The data obtained after performing experiments as 
suggested by PBD for alkali-pretreated CLP indicated 
that the highest titers of EG, BGL, Xyl, amylase, and 
pectinase were found as 14.75, 18.5 L, 18.06, 17.86, and 
38.31  IU  mL−1 respectively (Table  3). It was evaluated 
that pretreatment was found statistically significant for 
the production of all the enzymes activities under SSF of 
alkali-pretreated substrate. For BGL and pectinase, mois-
tening agent and incubation time were also considered as 
significant factors. Moreover, Xyl and amylase produc-
tion were significantly influenced by pH and moistening 
agent, respectively (see Additional file 1: Table S2).

In general, temperature is regarded as significant envi-
ronmental factor that affects SSF or SmF, but in the cur-
rent study, temperature did not show any effect on the 
production of any enzyme under SSF of CLP. The ability 
of the strains of C. tropicalis used in the consortium to 
grow under a wide range of temperature may be consid-
ered to explain this observation (Shariq and Sohail 2018).

Table 1  Production of  endoglucanase (EG), β-glucosidase 
(BGL) and  xylanase (Xyl) by  consortium of  yeasts 
under  solid-state fermentation (SSF) of  some crude 
substrates

*The values represent mean of three replicates. The number with alphabet 
shows a significant standard deviation

Lignocellulosic material Enzyme activities 
(IU mL−1)*

EG BGL Xyl

Apple (Malus pumila) peels 4.14 1.50 5.20

Banana (Musa acuminate) peels 1.90a 2.20 1.80a

Mosambi (Citrus limetta) peels 9.00 7.40 10.30

Mango (Mangifera indica) peels 26.60a 0 4.40

Orange (Citrus reticulata) peels 5.50 7.70 2.30a

Pomegranate (Punica granatum) peels 18.90 0 0
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For further optimization of the enzyme production, 
one design (either for acid-pretreated CLP, design 1, or 
alkali-pretreated CLP, design 2) needed to be selected 
according to the objectives of the study. Two-way analysis 
of variance (two-way ANOVA) was performed to statisti-
cally prove which pretreated substrate is better for mul-
tienzyme preparation (see Additional file  1: Table  S3). 
F value and F critical value was correlated to determine 
any significant difference between the IU  mL−1 of the 
two designs. It was concluded that mean of IU mL−1 of 
the design 2 is greater than design 1, because F value is 
greater than F critical value. Furthermore, P value of the 
model is less than 0.05 which presented a definite sig-
nificant difference between IU mL−1 of the two designs. 
Hence, it can be concluded that alkali-pretreated CLP 
is a better substrate for multienzyme preparation than 
acid-pretreated CLP. This finding can be linked with the 
studies conducted by Qadir et  al. (2018) where damag-
ing effect of alkaline pretreatment on sugarcane bagasse 
was more pronounced than that of acidic pretreatment; 
consequently, fermentation of alkali-pretreated substrate 

yielded more enzymes. Therefore, in this study, RSM was 
performed for the optimization of factors affecting multi-
enzyme preparation under SSF of alkali-pretreated CLP.

Optimization of multienzyme preparation by yeast 
consortium under SSF of alkali‑pretreated CLP using Box–
Behnken design
Although, PBD offers useful observation about the vari-
able’s effects on a response, however, it does not pro-
vide actual values of every variable used optimally in a 
process. Therefore, BBD was employed to examine the 
interactive effect of factors on EG, BGL, and Xyl produc-
tion, and to determine optimal value of each variable. 
Four significant variables, i.e., incubation time, moisten-
ing agent, pretreatment, and pH, were studied. Pectinase 
and amylase production was also analyzed. Temperature, 
inoculum size, and moisture content (factors other than 
significant) were adjusted at 30 °C, 500 µL g−1, and 80%, 
respectively. A BBD design consisted of 27 experiments 
was generated with four variables (at three levels: − 1, 0, 

Table 2  Plackett–Burman for acid-pretreated substrate

SSF of acid-pretreated Citrus limetta was carried out by yeast consortium, factors affecting multienzyme PREPARATION were adjusted at two levels (temperature 30, 
35 °C; pH 5, 7; Moistening agent mineral salt medium or MSM, yeast extract and peptone; incubation time 48, 72 h; inoculum size 0.25, 0.5 mL g−1; moisture content 
50, 80%; pretreatment acid, no treatment, or nil), and the production of endoglucanase (EG), β-glucosidase (BGL), xylanase (Xyl), pectinase (PEC), and amylase (AMY) 
was taken as response
a  The values represent average of triplicate with insignificant standard deviation

Run order Experimental parameters Enzyme production (IU mL−1)a

Temperature 
(°C)

pH Moistening 
agent

Incubation 
time (h)

Inoculum 
size 
(mL g−1)

Moisture 
content 
(%)

Pretreatment EG BGL Xyl PEC AMY

1 30 7 MSM 48 0.25 80 Acid 5.62 8.75 8.85 12.24 3.09

2 35 7 YEP 48 0.25 50 Acid 7.40 11.87 14.58 3.80 6.09

3 35 5 YEP 72 0.25 80 Nil 9.22 14.85 11.12 26.46 17.86

4 30 5 MSM 72 0.5 80 Acid 3.95 6.09 17.02 27.09 14.07

5 35 7 MSM 48 0.5 50 Acid 12.54 20.25 7.10 18.41 9.79

6 35 7 YEP 72 0.25 50 Nil 9.37 18.50 11.36 15.67 12.97

7 30 7 YEP 72 0.5 80 Nil 10.95 15.59 12.01 18.64 17.02

8 30 7 YEP 48 0.5 80 Acid 11.56 13.51 3.50 10.46 6.65

9 35 5 YEP 48 0.25 80 Acid 12.54 10.83 3.83 10.94 2.26

10 35 7 MSM 72 0.25 80 Acid 11.75 11.99 18.20 15.92 8.56

11 35 5 YEP 72 0.5 50 Acid 16.48 15.54 25.13 6.84 25.47

12 35 7 MSM 72 0.5 80 Nil 9.66 12.62 8.88 25.56 13.42

13 30 5 YEP 72 0.5 50 Acid 12.57 15.00 24.67 11.21 21.37

14 35 5 MSM 48 0.5 80 Nil 7.65 8.33 14.26 14.59 17.66

15 30 5 MSM 72 0.25 50 Acid 0 11.72 16.60 5.64 14.94

16 35 5 MSM 48 0.5 50 Nil 11.84 12.48 14.65 8.83 15.58

17 30 7 MSM 72 0.25 50 Nil 5.18 12.46 7.39 14.39 9.72

18 30 7 YEP 48 0.5 50 Nil 14.75 12.93 17.22 14.09 16.57

19 30 5 YEP 48 0.25 80 Nil 12.62 13.67 18.06 14.10 16.28

20 30 5 MSM 48 0.25 50 Nil 6.01 8.53 15.09 10.40 13.42
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+ 1). The design matrix of the variables together with the 
experimental responses is shown in Table 4.

The response of experimental runs of EG, BGL, XYL, 
amylase, and pectinase activities varied from 0.96 to 
13.30, 0.888 to 16.5, 4 to 15.67, 0.917 to 14.01, and 
21.944 to 32.06  IU mL−1, respectively (Table 4). Experi-
ment number 20 and 22 showed highest protein titer, i.e., 
22.75 and 22.5 mg mL−1, while experiment number 9 and 

11 gave lowest protein titer, i.e., 11  mg  mL−1 (data not 
shown). It was observed that production of the enzymes 
was lower than compared to the activities obtained dur-
ing PBD, but BBD offers an exact value of each significant 
factor, and hence, this is proven as cost-effective method.

Additionally, the regression coefficient equations were 
calculated and production of EG, BGL, Xyl, and amylase 
was expressed as the second-order polynomial equations:

(1)
EG activity

(

IU mL−1
)

= 126.7− 127.3A− 0.125B− 23.60C + 1.07D

+ 26.47A2
+ 0.000295B2

+ 1.200C2
− 0.985D2

+ 0.1053AB

+ 11.35AC + 0.43AD + 0.0050BC + 0.0052BD + 0.431CD

(2)
BGL activity

(

IU mL−1
)

= −15.5− 54.7A+ 0.539B+ 15.1C − 26.25D

+ 79.6A2
− 0.00308B2

− 0.941C2
+ 0.423D2

− 0.260AB

− 12.00AC + 6.57AD + 0.0089BC + 0.0518BD + 3.01CD

Table 3  Plackett–Burman for alkali-pretreated substrate

SSF of acid-pretreated Citrus limetta was carried out by yeast consortium, factors affecting multienzyme preparation were adjusted at two levels (temperature 30, 
35 °C; pH 5, 7; moistening agent mineral salt medium or MSM, yeast extract and peptone; incubation time 48, 72 h; inoculum size 0.25, 0.5 mL g−1; moisture content 
50, 80%; pretreatment acid, no treatment, or nil), and production of endoglucanase (EG), β-glucosidase (BGL), xylanase (Xyl), pectinase (PEC), and amylase (AMY) was 
taken as response
a  The values represent average of triplicate with insignificant standard deviation

Run order Experimental parameters Enzyme production (IU/ML)a

Temperature 
(°C)

pH Moistening 
agent

Incubation 
time

Inoculum 
size 
(mL g−1)

Moisture 
content 
(%)

Pretreatment EG BGL Xyl PEC AMY

1 30 7 MSM 48 0.25 80 Alk 2.56 2.76 4.62 18.09 3.89

2 35 7 YEP 48 0.25 50 Alk 5.32 4.48 8.64 20.76 9.37

3 35 5 YEP 72 0.25 80 Nil 9.22 14.84 11.12 26.47 17.86

4 30 5 MSM 72 0.5 80 Alk 4.04 5.67 7.87 38.31 4.54

5 35 7 MSM 48 0.5 50 Alk 4.04 5.67 7.57 13.81 4.63

6 35 7 YEP 72 0.25 50 Nil 9.37 18.5 11.36 15.67 12.97

7 30 7 YEP 72 0.5 80 Nil 10.95 15.59 12.01 18.64 17.02

8 30 7 YEP 48 0.5 80 Alk 3.79 4.54 6.44 21.57 7.30

9 35 5 YEP 48 0.25 80 Alk 3.25 4.73 5.97 26.38 5.56

10 35 7 MSM 72 0.25 80 Alk 6.80 8.39 10.47 17.74 4.83

11 35 5 YEP 72 0.5 50 Alk 6.75 9.52 15.26 23.26 8.09

12 35 7 MSM 72 0.5 80 Nil 9.66 12.63 8.88 25.56 13.41

13 30 5 YEP 72 0.5 50 Alk 5.87 7.31 14.55 30.83 6.26

14 35 5 MSM 48 0.5 80 Nil 7.64 8.34 14.26 14.59 17.66

15 30 5 MSM 72 0.25 50 Alk 6.46 8.38 15.42 26.64 7.99

16 35 5 MSM 48 0.5 50 Nil 11.84 12.48 14.65 8.84 15.59

17 30 7 MSM 72 0.25 50 Nil 5.18 12.45 7.392 14.40 9.72

18 30 7 YEP 48 0.5 50 Nil 14.75 12.92 17.22 14.10 16.58

19 30 5 YEP 48 0.25 80 Nil 12.62 13.67 18.06 14.10 16.28

20 30 5 MSM 48 0.25 50 Nil 6.01 8.53 15.10 10.40 13.42
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where A, B, C, and D represent coded values for pre-
treatment, incubation time, pH, and moistening agent, 
respectively.

(3)
Xyl

(

IU mL−1
)

= 62.6− 131.5A− 0.169B+ 3.02C − 4.98D + 59.13A2

− 0.00156B2
− 0.575C2

− 0.794D2
+ 0.108AB− 0.30AC

+ 14.44AD + 0.0599BC − 0.0205BD − 0.288CD

(4)
Amylase

(

IU mL−1
)

= 39.4 − 138.4A+ 0.672B− 0.49C − 6.53D + 53.8A2

− 0.00681B2
− 0.806C2

+ 0.150D2
− 0.018AB+ 7.72AC

+ 3.57AD + 0.0624 BC − 0.0181BD + 0.778CD,

The EG, BGL, Xyl, amylase, and pectinase responses 
were analyzed through BBD which generated ANOVA 
for each enzyme that revealed that the model was 

Table 4  Box–Behnken design matrix for  production of  endoglucanase (EG), β-glucosidase (BGL), xylanase (Xyl), 
pectinase (PEC), and amylase (AMY) under SSF of Citrus limetta peels (CLP) by the yeast consortium

Alkali pretreatment to CLP was given using 0.5, 0.75 or 1% NaOH, incubation time varied 48, 72, or 96 h, pH adjusted to 5, 6, or 7, and moistening agent was used 
mineral salt medium (MSM) or yeast extract (YE) or both (MSM + YE)
a  The values represent average of triplicate with insignificant standard deviation

Run order Experimental parameters Enzyme production (IU mL−1)a

Alkali (%) Incubation time 
(h)

pH Moistening agent EG BGL XYL AMY PEC

1 0.5 48 6 MSM + YE 8.86 10.37 12.38 7.12 31.34

2 1 48 6 MSM + YE 1.97 5.54 5.98 6.65 31.23

3 0.5 96 6 MSM + YE 8.72 16.5 12.51 7.18 30.42

4 1 96 6 MSM + YE 4.36 5.42 8.69 6.28 22.64

5 0.75 72 5 MSM 3.64 2.85 5.36 4.41 21.10

6 0.75 72 7 MSM 4.12 3.43 6.67 7.97 26.39

7 0.75 72 5 YEP 3.76 2.04 5.35 3.89 21.94

8 0.75 72 7 YEP 5.96 14.65 5.5 10.56 30.73

9 0.5 72 6 MSM 5.7 13.12 15.67 14.02 29.42

10 1 72 6 MSM 1.24 3.84 6.41 9.92 26.49

11 0.5 72 6 YEP 6.40 15.62 5.56 10.26 34.39

12 1 72 6 YEP 2.37 12.91 10.74 9.74 32.6

13 0.75 48 5 MSM + YE 2.82 0.888 7.09 2.26 25.41

14 0.75 96 5 MSM + YE 4.467 4.24 3.56 0.92 24.79

15 0.75 48 7 MSM + YE 4.54 1.85 4.0 1.57 24.88

16 0.75 96 7 MSM + YE 6.68 6.06 6.22 6.22 28.92

17 0.5 72 5 MSM + YE 13.30 9.09 13.71 12.94 23.19

18 1 72 5 MSM + YE 0.92 9.56 9.14 3.67 30.77

19 0.5 72 7 MSM + YE 7.57 15.71 11.15 11.69 27.51

20 1 72 7 MSM + YE 6.53 4.17 6.28 10.14 27.51

21 0.75 48 6 MSM 2.09 3.87 4.56 1.65 22.64

22 0.75 96 6 MSM 4.15 2.77 5.64 3.29 24.53

23 0.75 48 6 YEP 2.42 3.24 5.86 4.13 20.61

24 0.75 96 6 YEP 4.98 7.12 4.97 4.04 30.57

25 0.75 72 6 MSM + YE 2.91 6.78 6.33 7.96 32.07

26 0.75 72 6 MSM + YE 5.34 2.78 6.40 6.82 28.34

27 0.75 72 6 MSM + YE 3.37 8.27 7.99 7.11 27.42
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significant (see Additional file 1: Table S4) as indicated by 
F value of 12.66, 39.259, 9.22, and 9.80, respectively, and 
small P value of the model (i.e., < 0.05). R2 values for EG, 
BGL, Xyl, and amylase were 92.67%, 91.92%, 91.49%, and 
91.96%, respectively, represent that the model can dem-
onstrate above indicated percentages of total variation, 
and hence, the models for EG, BGL, Xyl, and amylase 
have good correspondence with the experimental data 
(Salihu et al. 2011; Cui and Zhao 2012).

The contour plots and response surface plots were 
used for predicting enhanced production by anticipat-
ing the optimal values of different variables. According 
to the analysis of results obtained, it can be speculated 
that pretreatment with 0.5% NaOH and moistening 
agent 2 (MSM + YE) can be used to get more titers of 
EG (Fig.  1a, b). Additional file  1: Fig. S1a, b presents 
that 0.5% NaOH-pretreated substrate with moisten-
ing agent’s pH 6.7 is the best combination for EG pro-
duction. This finding was in agreement with Rahnama 
et  al. (2013), where 0.5% alkali-pretreated substrate 
was found a better substrate for cellulase and xyla-
nase production by Trichoderma harzianum SNRS3 
under SSF. Neutral pH was reported as optimal pH by 
Hmad et al. (2014) for the production of cellulase from 
filamentous fungus Stachybotrys microspora (mutant 
strain A19). The analysis of data revealed that there was 
an enhanced production of EG with an increase in the 
incubation time and 0.5% NaOH-pretreated substrate 
(Fig.  1c); however, a decline in EG production was 
observed upon further increase in NaOH (see Addi-
tional file 1: Fig. S1c). This can be explained as enzyme 
production reaches to maximum in log phase of the 
growth, and this finding was in agreement by Rosyida 
et al. (2015).

For the production of BGL, two factors NaOH pre-
treatment and moistening agent interacted in a way that 
under SSF of 0.5% NaOH-pretreated substrate mois-
tened with YEP, consortium of yeasts gave enhanced titer 
of BGL, while incubation time and pH were kept con-
stant (Fig.  2a). However, BGL production was adversely 
affected with an increase in the amount of NaOH for 
pretreatment (see Additional file  1: Fig. S2a). There was 
no significant relationship between pH and pretreatment 
variables (see Fig.  2b; Additional file  1: Fig. S2b), while, 
when 0.5% NaOH pretreatment was compared with incu-
bation time, plot showed that 80 h and above incubation 
time with 0.5% NaOH-pretreated substrate were consid-
ered as a better combination (Fig. 2c, Additional file 1: Fig. 
S2c). Brijwani et al. (2010) demonstrated maximum filter 
paperase activity of 10.7 FPU gds−1 and β-glucosidase of 
10.7  IU gds−1 within 96 h incubation time under SSF of 
wheat bran with optimized conditions of temperature at 
30 °C, pH of growth medium 7 and 70% moisture content. 

YEP (moistening agent 3) with pH above 6 and more than 
70  h incubation time showed best combination for BGL 
production (Fig. 2). Suwannarangsee et al. (2014) studied 
that yeast extract and initial pH of media had pronounced 
effect on the production of cell wall degrading enzymes by 
Aspergillus aculeatus BCC199.

The data further demonstrated that enhanced produc-
tion of Xyl can be achieved using CLP treated with 0.5% 
NaOH moistened with MSM while keeping incuba-
tion time and moistening agent’s pH constant (Fig. 3). A 
decline in production of Xyl was observed with moisten-
ing agents other than MSM and increase in the amount 
of NaOH for pretreatment purpose (see Additional file 1: 
Fig. S3a). Whereas, pH 5–6.5 was found appropriate if 
the cultivation was carried out until 85  h. Earlier, SSF 
of wheat bran for 72 h by Aspergillus fischeri was found 
appropriate for the production of cellulase free xylanase 
with the initial medium pH 9 (Tariq et  al. 2018). How-
ever, in the present study, increase in incubation time and 
media pH revealed decreased Xyl production (see Addi-
tional file 1: Fig. S3f ).

Likewise, moistening agent’s pH and pretreatment with 
alkali were the most promising factors for the produc-
tion of amylase by the yeast consortium (Fig. 4). Indeed, 
pretreatment with 0.5% alkali and moistening with MSM 
with pH ranged 6.5–7 appeared as suitable combinations 
for the production of amylase (see Additional file 1: Fig. 
S4).Whereas, under given conditions, incubation time 
of 58–90  h was deduced as good condition for the said 
enzyme production.

To summarize, the optimum levels of the factors were: 
NaOH pretreatment 0.5%, incubation time 72 h, MSM as 
moistening agent with pH 5 for EG, BGL, Xyl, and amyl-
ase. Under optimized conditions, the maximum activity 
of EG, BGL, Xyl, and amylase was predicted by the model 
as 10.93, 11.67, 15.40, and 13.23  IU  mL−1, respectively. 
Confirmation experiments were performed, and titers of 
EG, BGL, Xyl, and amylase were obtained as 9.56, 11.84, 
15.09, and 12.32 IU mL−1 (see Additional file 1: Table S5). 
The titers of EG obtained were similar to those were 
obtained by Qadir et  al. (2018) from a yeast co-culture 
using sugarcane bagasse as substrate. However, the cost 
of CLP would apparently be much lower than that of sug-
arcane bagasse and, hence, provides a merit to study this 
consortium further.

The model was declared as insignificant for pectinase 
production according to ANOVA evaluation as deter-
mined by large P value, i.e., 0.373 (see Additional file 1: 
Table S6) and lower R2 value (58.57%). Therefore, pecti-
nase production was not correlated with the change in 
variables.

Nonetheless, CLP appeared as promising sub-
strate for the production of multienzyme preparation; 
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however, technoeconomic assessment is needed prior 
to reveal feasibility of large-scale production as vari-
ous factors impede exploitation of such substrates at 

commercial level as discussed by (Chew et  al. 2017). 
Moreover, the extraction of any other enzyme of inter-
est from fermented CLP (Arshad et  al. 2014) through 
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recently developed reverse micelle technology (Sankaran 
et  al. 2019) or any other method that will aid to extend 
the product range, and hence, the cost can further be 
reduced.

Saccharification of crude substrates by the multienzyme 
preparation
The multienzyme preparation produced by the yeast 
consortium was evaluated for its ability to be utilized for 
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Fig. 3  Contour plots of XYL showing relationship between a moistening agent and pretreatment, b moistening agent’s pH and pretreatment, 
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the saccharification of crude substrates, particularly fruit 
peels. Since, the crude substrate vary in their composi-
tions, therefore, the multienzyme preparation was stand-
ardized for pectinase, xylanase, or cellulase preparation 

considering the major constituent of the substrate. The 
data demonstrated that when the multienzyme prepara-
tion (standardized at 10 IU mL−1 of pectinase) from the 
yeast consortium was applied to hydrolyze untreated 
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peels of Sweet Lime, Pomegranate, Apple, and Orange, it 
produced reducing sugars at the rate of 2.56, 1.23, 1.47, 
and 1.57  mg  mL−1  h−1, respectively. In the same man-
ner, the preparation standardized with xylanase hydro-
lyzed Mango peels and Banana peels at the rate of 0.433 
and 0.2 mg mL−1 h−1, respectively (see Additional file 1: 
Table  S7). The multienzyme preparation (standardized 
with cellulase) appeared as the most suitable for the 
saccharification of Sugarcane bagasse with the rate of 
3.033  mg  mL−1  h−1. The hydrolysis of all the substrates 
reached to maximum levels in 24 h except for the hydrol-
ysis of orange peels (see Additional file 1: Fig. S5). Hence, 
the reaction can be terminated in a shorter period of time 
compared to the findings by Naseeb et  al. (2015). The 
hydrolysis of pectin released the most amount of reduc-
ing sugars than that of any other substrate tested in this 
study that can be attributed to the pectinolytic poten-
tial of the enzyme preparation. The rates of hydrolysis 
of crude substrates were, however, higher than that of 
commercially purified CMC and Xylan. Possible syner-
gistic interaction among enzyme activities in the cocktail 
could be attributed to the efficient hydrolysis of crude 
substrate than that of purified substrates. Tariq et  al. 
(2018) observed a synergistic action of yeast xylanase 
over bacterial cellulase preparations for the hydrolysis 
of untreated Sugarcane bagasse. Degree of synergy also 
observed by Song et  al. (2016) when bioconversion of 
Corncob powder, Corn straw, and Rice straw were per-
formed by cellulase and xylanases’ mixture.

Clarification of orange juice
Citrus juices are popular throughout the world and con-
tribute to fulfill requirements for vitamin C. During juice 
extraction, presence of hemicelluloses, pectin, and starch 
imparts turbidity and viscosity (Lee et al. 2006) that need 
to be reduced to give juices sufficient clarity (Sharma 
2012). Pectinases are largely applied for clarification of 
juices, whereas a few reports describe role of xylanase 
in this regard (Sharma 2012). Interestingly, synergism 
between xylanase and pectinase is also known for its sig-
nificance in commercial application of the two enzymes. 
In this study, the multienzyme preparation was stand-
ardized to 10  IU  mL−1 of xylanase and its potential to 
clarify orange juice was investigated. The results obtained 
revealed that the turbidity of orange juice was reduced to 
11.19% within 2 h of incubation, which is in line with the 
findings of Nagar et  al. (2012) where 10.78% of pineap-
ple juice clarification was obtained by xylanase. However, 
the level of clarification was much lower than reported 
by Ahmed and Sohail (2019) using pectinase preparation 
from yeast, indicating need of further studies on the mul-
tienzyme preparation produced in this study. Viscosity 

of orange juice also reduced to 5.2 Pa.s from 6.4 Pa.s and 
acidity reduced to 0.64%.

Conclusion
Peels of Citrus limetta (CLP) found as the promising sub-
strate for the production of multienzyme preparation by 
a yeast consortium under solid-state fermentation. Pre-
treatment of CLP with alkali was proved better than acid 
pretreatment. The multienzyme preparation had poten-
tial to be applied for the saccharification of fruit- and 
non-fruit-based waste materials. In addition, the mul-
tienzyme preparation showed substantial efficacy in the 
clarification of orange juice.
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