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Abstract 
Spent Saccharomyces cerevisiae is a by-product of 

bioethanol fermentation. The spent yeast is abundant in 

valuable components which can be used for many 

applications. One of the ways to prepare yeast extract 

is through enzymatic hydrolysis which is by rupturing 

the yeast cell walls using exogenous enzymes under 

certain conditions that promote the leakage of 

intracellular compounds. To date, enzymatic 

hydrolysis of spent S. cerevisiae derived from the 

production of sago bioethanol is yet to be thoroughly 

explored. In the present study, we examine the 

feasibility of enzymatic hydrolysis of spent S. cerevisiae 

generated from sago bioethanol fermentation. The 

effect of two enzymes namely alcalase and cellulase 

and their concentrations (0.1-0.5% (v/v) on the release 

of protein and carbohydrate in the hydrolysate was 

also investigated.  

 

Additionally, the surface morphology of the hydrolysed 

yeast cells was observed using a Scanning electron 

microscope (SEM). Our results showed that the optimal 

concentration of alcalase and cellulase for enzymatic 

hydrolysis of spent S. cerevisiae was 0.4% (v/v) and 

0.5% (v/v) respectively. In addition, cellulase was 

found to be more superior than alcalase with respect to 

the protein content in the hydrolysate. The enzymatic 

hydrolysis of spent yeast by alcalase and cellulase 

yielded improvements of 1.1 to 1.8-fold and 3.5 to 5.6-

fold of protein and total carbohydrate concentration 

respectively in comparison to that achieved via 

autolysis. It was evident from the SEM analysis that 

there was a notable change in the surface morphology 

of the lysed yeast cells indicating the lysis of the yeast 

cells throughout the enzymatic hydrolysis. In summary, 

the current work provides useful insights into the 

strategies of valorising spent S. cerevisiae generated 

from sago bioethanol production. This will further help 

the development of value-added products from the 

waste, hence promoting a sustainable economy besides 

reducing the environmental impacts associated with 

the disposal of spent S. cerevisiae.  
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Introduction 
Spent Saccharomyces cerevisiae is a major by-product of the 

brewing industry. The spent yeast is rich in protein, essential 

amino acids, RNA, vitamin B and minerals, making it as a 

promising source for the production of yeast extract14,32. 

Yeast extract refers to the soluble portion of yeast cells after 

the separation of the insoluble components33. It has been 

reported to possess biological properties such as antioxidant 

properties. Besides that, the yeast extract is also used as a 

source of peptides for value-added functional foods and as a 

component for microbiological growth media21. In addition, 

yeast extract has also been widely used as a flavouring agent 

and flavour enhancer in food industry6. To date, spent S. 

cerevisiae is typically used either as a low-cost protein 

source in animal feed formulations or is discarded to the 

environment causing severe ecological impacts15,26.  

 

There is a growing interest in valorising the spent S. 

cerevisiae for various applications. One of the ways to derive 

the yeast components is by enzymatic hydrolysis. Enzymatic 

hydrolysis is an efficient method in yeast extract production 

since it offers higher process specificity compared to 

conventional processes9.  Enzymatic hydrolysis is performed 

by adding exogenous enzymes that accelerate the rupture of 

yeast cell wall22. Furthermore, these enzymes also increase 

the activity of endogenous enzymes in releasing intracellular 

compounds, resulting in hydrolysates of superior sensorial 

quality and improved functional and biological functions 

with minimal salt content30,31.  

 

An alternative to increase the bioactivity of ingredients at a 

reduced cost would be through the use of commercial 

enzyme pools for enzymatic production of bioactive 

peptides from complex feedstock mixtures25. Several studies 

have reported the use of commercial lytic enzymes such as 

pancreatin, flavourzyme, brauzyn, papain, lyticase and 

alcalase for lysing yeast cells4,21,33. These enzymes have one 

or more of the following activities: proteolytic activity 

(proteases or peptidases), RNA degrading activity 

(nucleases), or deaminase activity (deaminases)8,9,33.  

 

Most of previous reports on enzymatic hydrolysis in the 

literature focused on the use of either fresh yeast or spent 

yeast from brewing fermentation. In general, there is still 

scarce information on the valorisation of spent S. cerevisiae 

derived from bioethanol fermentation using agricultural 
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waste such as sago fibre. The production of bioethanol from 

sago fibre has been reported in the literature2. Looking at the 

potential of sago bioethanol in the future, it is also crucial to 

investigate the possible direction of the waste generated 

from the sago bioethanol production in order to ensure the 

sustainability of the whole process.  

 

Previously, we reported the utilisation of sago bioethanol 

liquid waste for production of an industrial biocatalyst20. We 

have also explored the feasibility of autolysis of spent S. 

cerevisiae derived from the bioethanol fermentation19. The 

work serves as an important stepping stone for valorising the 

solid waste from sago bioethanol production. Nonetheless, 

there are still more strategies that need to be explored for 

valorising spent S. cerevisiae as autolysis may have some 

limitations due to low titre of yeast hydrolysate. 

 

The aim of the current work is to investigate the feasibility 

of enzymatic hydrolysis of spent S. cerevisiae derived from 

sago bioethanol fermentation. The study focuses on the 

effect of two enzymes namely alcalase and cellulase and 

their concentrations on the hydrolysis of the spent S. 

cerevisiae on the basis of protein and carbohydrate 

concentration in the yeast hydrolysate. In general, this work 

provides useful insights into the recovery of spent S. 

cerevisiae that can be used for production of various value-

added products.  

 

Material and Methods 
Microorganism: Commercial Saccharomyces cerevisiae 

was used in this work for bioethanol fermentation. 

 

Enzymes: Two types of enzymes namely alcalase (EC 

3.4.21.14) (Millipore, USA) from Bacillus licheniformis and 

cellulase (EC 3.2.1.4) (Sigma-Aldrich, Denmark) from 

Trichoderma reesei were used in the enzymatic hydrolysis 

of spent S. cerevisiae in this work. 

 

Pre-treatment and hydrolysis of sago fibre: Sago fibre 

was supplied by Herdsen Sago Mill, Sarawak and it was used 

as the feedstock for bioethanol fermentation. The pre-

treatment procedure was based on a published protocol.2. 

The fibre was initially ground into powder prior to drying 

until a constant weight was achieved. Approximately, 7% 

(w/v) of sago fibre suspension was gelatinised at 90-100 °C 

for 30 minutes. Subsequently, the resulting slurry underwent 

liquefaction stage for another 30 minutes by adding 

Liquozyme® (Novozymes, Denmark) at 2 µl/g.  

 

The suspension was constantly stirred for 30 minutes to 

ensure homogeneity between enzyme and substrate. The 

suspension was allowed to cool down and 1 µl/g of 

Spirizyme® (Novozymes, Denmark) was added for the 

saccharification stage.  

 

Following that, the suspension was incubated for overnight 

at 50 °C. Sago fibre hydrolysate (SFH) was recovered from 

the residual lignocellulosic fibre by filtrating the suspension 

through a fabric mesh filter.  

 

Bioethanol fermentation: Bioethanol fermentation by S. 

cerevisiae was carried out in 500 mL Erlenmeyer flasks with 

a working volume of 250 mL. The fermentations were 

performed in triplicate. The fermentation media consisted of 

SFH supplemented with 5 g/L yeast extract (Oxoid, UK). 

The initial pH was adjusted to 5.5. The yeast cultures were 

incubated on an orbital shaker at 150 rpm shaking speed and 

at room temperature for 48 hours. An aliquot of the culture 

broth was taken every 8 h during the fermentation in order 

to quantify the residual glucose and bioethanol. Following 

the bioethanol fermentation, the culture broth was 

centrifuged at 4 °C for 10 minutes at 3000 rpm in order to 

recover the pellet which consisted of spent S. cerevisiae.  

 

Enzymatic hydrolysis: The enzymatic hydrolysis of spent 

S. cerevisiae was carried out following the methods 

described by Takalloo et al30 and Xie et al35. The yeast slurry 

from the bioethanol fermentation was subjected to 3 washing 

processes in order to remove any fermentation residues7. The 

yeast suspension with a final concentration of 14% (w/v) 

was placed in 100 mL Erlenmeyer flasks and the flasks were 

immersed in a shaking water bath (Digital Precise Shaking 

Water Bath, Daihan, Korea). The flasks were shaken at a 

shaking speed of 100 rpm for 96 h. The hydrolysis with 

alcalase was performed at 55 ºC and at an initial pH of 7.030 

whilst hydrolysis using cellulase was performed at 55 ºC and 

at an initial pH of 5.524.  

 

Two portions of the sampled suspension were withdrawn at 

different time intervals during the enzymatic hydrolysis for 

the analysis of protein, carbohydrate and surface 

morphology. The first portion was centrifuged immediately 

with the pellet retrieved proceeded for the morphological 

analysis. The second portion of the sampled suspension was 

used for the quantification of protein and carbohydrate 

concentration of the hydrolysate. The sample was initially 

heated at 100 ºC for 5 minutes to halt the enzymatic activity. 

Then, the sample was centrifuged at 3000 rpm for 10 

minutes in order to obtain the supernatant, which was then 

used for the protein and carbohydrate analysis. 

 

Protein assay: The protein content of the hydrolysate was 

assayed based on Lowry method by using bovine serum 

albumin as a standard18.  The diluted hydrolysate was mixed 

with 100 µL of 2 N NaOH before the mixture was heated at 

100 °C for 10 minutes. Then, 1000 µL of freshly mixed 

Lowry solution was added and left for 10 minutes. The 

mixture was then incubated for another 30 minutes at room 

temperature in a dark environment after being incubated 

with 100 µL of diluted Folin reagent. The absorbance of the 

samples was measured using a spectrophotometer 

(Shimadzu UV Mini 1240 UV-vis) at a wavelength of 750 

nm. The absorbance values were then translated into 

equivalent protein concentration based on an established 

protein standard curve.  
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Carbohydrate assay: The carbohydrate concentration of 

the hydrolysate was determined according to a modified 

phenol-sulphuric acid assay1. The hydrolysate was diluted 

before mixing it with 1 mL of 5% (v/v) phenol. Then, the 

mixture was mixed evenly before the addition of 5 mL of 

96% (v/v) concentrated sulphuric acid. The samples were 

left to cool in a water bath for 15 minutes at 25-30 °C. 

Following that, the absorbance of the suspension was 

measured at 490 nm using a spectrophotometer. The total 

carbohydrate concentration of the sample was determined 

based on an established glucose standard curve. 

 

Scanning electron microscopy: The morphological 

changes of the hydrolysed yeast cells were observed using a 

Scanning electron microscope (SEM) (JSM-IT500HR, 

JEOL, Japan) referring to a modified protocol17. The 

hydrolysed cells were fixed using 2.5% glutaraldehyde 

solution for 30 minutes at 4 °C. Then the samples were 

rinsed using sterile distilled water for 5 minutes. The rinsing 

was repeated 3 times. The fixed samples were gradually 

dehydrated with a series of ethanol gradients (25%, 50%, 

70%, 95%, 100%) for 15 minutes for every concentration. 

Then, the samples were dried in a desiccator before attaching 

them on carbon tape on the cover slips. The cover slips were 

mounted on aluminum sample stubs and the samples were 

observed under the microscope with a magnification of 

5000x. 

 

Statistical analysis: The results were analysed using 

Student’s t-test using Microsoft excel. The results were 

regarded as significantly different when the p-value was less 

than 0.05. 

 

Results and Discussion 
Effect of different enzymes and their concentrations on 

protein concentration of yeast hydrolysate: The effect of 

using different enzymes namely alcalase and cellulase and 

their concentrations on the hydrolysis of spent S. cerevisiae 

generated from sago bioethanol fermentation was evaluated 

in terms of the protein released in the hydrolysate. Figures 1 

and 2 show the profiles of protein concentration of the yeast 

hydrolysates obtained from the hydrolysis using alcalase and 

cellulase at different time intervals. The concentration of 

both enzymes during the hydrolysis was varied from 0.1 to 

0.5% (v/v).    

 

The results showed that in general, the hydrolysis using both 

enzymes have shown positive results where the protein 

concentrations in the hydrolysates were found to increase 

over time. This suggests that the hydrolysis of spent S. 
cerevisiae due to the action of alcalase and cellulase took 

place resulting in the release of protein in the hydrolysate. 

The highest protein profile for alcalase was shown by the 

hydrolysates derived from the hydrolysis using 0.4% (v/v) 

alcalase with the maximum peak of 12092.5 µg/mL after 72 

hours of hydrolysis. The values represent an increment of 4-

fold as compared to the control samples. Increasing the 

alcalase concentration to 0.5% (v/v) however, was found to 

result in a negligible difference of the maximum peak of 

protein concentration.  

 

In the hydrolysis of spent yeast by cellulase, as shown in 

figure 2, there was a gradual increase of the protein profiles 

when the enzyme concentration was increased from 0.1 to 

0.5% (v/v). The maximum profile was shown by the 

hydrolysis using 0.5% (v/v) cellulase with the maximum 

peak of 19760 µg/mL representing an increment of 1.6-fold 

over the maximum peak achieved in the hydrolysis using 

alcalase. This suggests the superiority of cellulase over 

alcalase in releasing the protein content from the lysed yeast 

cells. 

 

 
Figure 1: Change of protein concentration of hydrolysates over time. The hydrolysate was derived from the 

hydrolysis using alcalase at different concentrations [0.1%-0.5% (v/v)] 
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Figure 2: Change of protein concentration of hydrolysates over time. The hydrolysate was derived from the 

hydrolysis using cellulase at different concentrations [0.1%-0.5% (v/v)] 

 

The degradation of the yeast cell in general is achieved by 

the synergistic activity of yeast endoenzymes and 

exoenzymes added33. Consequently, the recovery of the 

intracellular components from the lysed yeast cells strongly 

depends on this action. The choice of enzymes and their 

concentrations plays important roles in the enzymatic 

hydrolysis. Alcalase is a serine protease produced by 

Bacillus licheniformis27. The enzyme acts as an 

endopeptidase, in which it selectively cleaves peptide bond 

between amino acids within proteins in a particular position 

resulting in the rupture of the cytoplasmic membrane and the 

leakage of intracellular substances29,33.  

 

As a result, the protein is released into the hydrolysates as 

the enzymatic hydrolysis progresses. The hydrolysed 

proteins are rich in non-glycosylated soluble proteins and 

free amino acids originating from cytoplasm10. Meanwhile, 

cellulase is a carbohydrate enzyme derived from 

Trichoderma reesei which contains (1→3)-β-glucanase 

activity. β-1,3-glucanases hydrolyse the cell walls by 

breaking down glycosidic bonds in β-1,3-glucans which is 

the main constituents of the yeast cell wall12,28. 

 

The concentration of the enzyme influences the degree of the 

hydrolysis as well as the solubilisation of protein11. This can 

be seen in the present work where there was a consistent 

increase of the protein concentration when the enzyme 

concentration was increased from 0.1 to 0.5% (v/v). As the 

enzyme concentration increases, greater number of 

substrates bind to the active sites of the enzyme, forming 

enzyme-substrate complex which further increases the 

reaction rate until the maximum point where all the active 

sites of the enzyme have been bound to the substrate5. 

Further increase in the enzyme concentration beyond the 

saturation point will have no significant influence on the 

enzymatic hydrolysis.  

 

The efficiency of alcalase in hydrolysing spent yeast cells as 

reported in this work is in parallel with the several findings 

reported in the literature. Alcalase was reported to be more 

superior than papain in hydrolysing spent Baker’s yeast35. 

Moreover, the efficiency of alcalase in producing yeast 

hydrolysates with an antioxidative properties was also 

reported30.  

 

In the same work, alcalase is also revealed as one of the most 

effective proteases in recovering the intracellular content 

from the yeast cells. Meanwhile, the use of cellulase for 

hydrolysing spent yeast cells has also been reported in the 

literature. In a study by Garcia12, high release of free glucose 

was observed when cellulase was used in hydrolysing the 

yeast cell wall.  

 

Previously, we reported the feasibility of autolysis for 

recovering protein and carbohydrate from spent S. cerevisiae 

obtained from sago bioethanol19. The maximum recovery of 

protein from spent S. cerevisiae via enzymatic hydrolysis 

using alcalase and cellulase as reported in the current work 

was found to be 1.1 to 1.8-fold higher than that obtained via 

autolysis.  

 

This can be associated with the fact that autolysis only 

depends on the action of endogenous enzymes whilst in the 

enzymatic hydrolysis by either alcalase or cellulase, both 

exogenous and endogenous enzymes play roles in the yeast 

cell degradation resulting in higher recovery of the yeast 

intracellular components.  
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Figure 3: Change of total carbohydrate concentration of hydrolysate over time. The hydrolysates was derived from 

hydrolysis using alcalase at different concentrations [0.1%-0.5% (v/v)] 

 

 
Figure 4: Change of total carbohydrate concentration of hydrolysate over time. The hydrolysate was derived from 

hydrolysis using cellulase at different concentrations [0.1%-0.5% (v/v)] 
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carbohydrate concentration of yeast hydrolysate: Similar 

to protein, the amount of carbohydrate released in the yeast 

hydrolysate can be associated with the degree of the 

enzymatic hydrolysis and hence it is referred to as one of the 

important indicators. Figures 3 and 4 illustrate the change of 

total carbohydrate of hydrolysate derived from the 

hydrolysis using alcalase and cellulase conducted at 

different enzyme concentrations throughout 96 hours of 

hydrolysis. 

The results showed that in general, there was a notable 

increase of total carbohydrate concentration during the first 

72 hours of hydrolysis conducted using both alcalase and 

cellulase. Prolonging the hydrolysis to 96 hours, however, 

resulted in a minimal change of the total carbohydrate 

concentration. Moreover, increasing the enzyme 

concentration from 0.1 to 0.5% (v/v) also results in an 

increase of the total carbohydrate released in the 

hydrolysate. The variation of the performance of the two 

aforementioned enzymes in releasing protein and 
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carbohydrate can be associated with their different 

efficiencies in degrading the yeast cells and different 

recovery levels of the intracellular components.  

 

Furthermore, different type of exogenous enzyme added to 

the hydrolysis may result in the variation of the synergistic 

activity with the yeast endoenzymes, which consequently 

may influence the protein and carbohydrate content in the 

hydrolysate. The maximum profiles of total carbohydrate 

concentration were achieved in the hydrolysis conducted 

using 0.4% (v/v) alcalase and 0.5% (v/v) cellulase where the 

highest peaks were 5817 µg/mL and 3684 µg/mL 

respectively. The values were found to be 5.6 and 3.5-fold 

over that achieved via autolysis as reported in our earlier 

work19.  

 

Saccharomyces cerevisiae has cell wall consisting of 80 to 

90% polysaccharides with the main components of glucans 

and mannoproteins which make up 15 to 30% of the dry 

mass of the cell34. The increasing amount of carbohydrates 

released into the hydrolysates can be associated with the 

decomposition of components in cell walls by the enzymes 

which led to the rupture of the intact cell wall structure 

followed by the collapse of cytoplasmic membrane and 

leakage of intracellular substance33. 

 

Therefore, an increased total carbohydrate content in the 

yeast, hydrolysate is to be expected. Unlike autolysis where 

the release of carbohydrates occurs in two phases, 

degradation of structural carbohydrates during the 

enzymatic hydrolysis starts from the beginning of the 

process33. The results from the present work are in 

agreement with some of previous works that reported the 

release of carbohydrate in the hydrolysate upon the 

hydrolysis of spent yeast using proteases8,12,33.   

 

It can be concluded here that alcalase and cellulase are 

suitable to be employed for hydrolysing spent S. cerevisiae 

derived from sago bioethanol fermentation with their 

suggested concentrations of 0.4% (v/v) and 0.5% (v/v) 

respectively. Further increase of the enzyme concentrations 

may not just increase the cost of the process but also may 

result in minimal benefits of the recovery of protein and 

carbohydrate. Our results also showed that 72 hours are the 

optimal duration of the hydrolysis of spent S. cerevisiae by 

both alcalase and cellulase with regards to the release of 

protein and carbohydrate in the hydrolysate.

 

  (a)       (b)         (c)      (d)     (e) 

 
Figure 5: Changes of surface morphology of yeast cells treated with alcalase at (a) 0.1% (v/v); (b) 0.2% (v/v);  

(c) 0.3% (v/v); (d) 0.4% (v/v) and (e) 0.5% (v/v). Magnification is 5000 times 
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  (a)       (b)         (c)      (d)     (e) 

 
Figure 6: Changes of surface morphology of yeast cells treated with cellulase at (a) 0.1% (v/v); (b) 0.2% (v/v);  

(c) 0.3% (v/v); (d) 0.4% (v/v) and (e) 0.5% (v/v). Magnification is 5000 times 

 

Prolonging the incubation period during hydrolysis may be 

disadvantageous since it may increase the cost and risk of 

contamination owing to the development of pathogen such 

as Clostridium sp. which prefers protein-rich and low 

oxygen condition that is found during the yeast hydrolysis3. 

Similar to our prior work19, it was also shown that upon the 

enzymatic hydrolysis of spent S. cerevisiae, the 

concentration of protein in the hydrolysate was found to be 

higher than carbohydrate. This is consistent with the fact that 

protein is the primary component of yeast extract30. 

 

Morphological analysis of hydrolysed yeast cells: In 

addition to the protein and carbohydrate analysis of the 

hydrolysates, which serve as the important indicators of the 

hydrolysis, morphological analysis of the hydrolysed yeast 

cells was also conducted. Figures 5 and 6 show the 

morphological changes of the yeast cells during the 

enzymatic hydrolysis using alcalase and cellulase. 

 

It is clearly shown that the yeast cells had an ellipsoidal 

shape with a plump and smooth surface at 0 hour in all cases. 

The yeast cells that were subjected to alcalase and cellulase 

hydrolysis, on the other hand, changed drastically in their 

appearance and cell volume over the course of the 96-hour 

incubation period. The cells became flattened, shriveled up 

and became severely deformed, losing their plump and 

mellow appearance. In figure 5, some of the yeast cells when 

treated with alcalase at 0.1% and 0.2% (v/v) still appeared in 

spherical shape during the 24 hour of hydrolysis. However, 

the yeast cells from the hydrolysis using other concentrations 

of alcalase began to flatten and distort at this hour.  

 

In contrary to the yeast cells from the hydrolysis using 

cellulase (Figure 6), the yeast cells started to flatten after 24 

hours of hydrolysis in all cases. These results suggest that 

the enzymatic hydrolysis facilitated by alcalase and cellulase 

caused the morphological change of the surface structure of 

the yeast cells which can be linked to the gradual degradation 

of cell wall during the process. It is observed that in general, 

the yeast cells treated with cellulase showed more prominent 

damage as compared to those treated by alcalase. This is in 

line with the high release of protein content than that 

catalysed by alcalase as discussed earlier.  

 

The yeast cell wall, which has a thickness of 100-150 nm, 

drives the main function in establishing and maintaining the 

cell morphology and structural integrity against cell 

lysis16,34. The loss of cell wall components predominantly 

comprised of β-glucans and mannoproteins will alter the 

wall porosity, hence allowing intracellular macromolecules 

should be released13. During the enzymatic hydrolysis, the 

cell wall comes into a direct contact with the external culture 
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media, triggering a sequence of biological activities in the 

cell to adapt to the changing environment.  

 

The external hydrolysing enzymes breakdown the cell 

membrane components, causing holes to appear in the cell 

membrane. As a result, the cell becomes porous and large 

amount of the intracellular components are released into the 

surrounding media34. This in turn, causes wrinkling of the 

cell wall and subsequently reduction of the cell diameter 

throughout the lysis. The results obtained in our work are in 

accordance with those reported in the literature8,23,30. In 

summary, the morphological analysis here confirms the lysis 

of spent S. cerevisiae due to the use of alcalase and cellulase 

in the hydrolysis as described earlier. 

 

Conclusion 
In summary, this work has demonstrated the feasibility of 

enzymatic hydrolysis of spent S. cerevisiae derived from 

sago bioethanol fermentation using alcalase and cellulase. It 

has been shown that the optimal concentrations of alcalase 

and cellulase in this work were 0.4% (v/v) and 0.5% (v/v) 

respectively. Cellulase was found to be more superior than 

alcalase with respect to protein concentration of the 

hydrolysate.  

 

The use of alcalase and cellulase in the enzymatic hydrolysis 

of spent S. cerevisiae yielded improvements of 1.1 to 1.8-

fold and 3.5 to 5.6-fold of protein and total carbohydrate 

concentration respectively in comparison to that achieved 

via autolysis as reported in our prior work19. Future work 

should consider the effect of coupling alcalase and cellulase 

on the hydrolysis of spent S. cerevisiae derived from sago 

bioethanol fermentation.  
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