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Abstract 

Croissants and doughnuts are among the largest of pastry wastes, which if not properly 

disposed of might affect the environment due to its biological degradation. Due to high 

amounts of carbohydrates and sugars in its formulation, croissants and doughnuts are 

suitable sources for recovery of total reducing sugar via enzymatic hydrolysis. In this 

study, the effect of different levels (0.1-1%) of enzyme concentrations (w/w%) were 

investigated on the leftover of croissants and doughnuts. It was found that as enzyme 

concentration increased, the yield of total reducing sugar also increased. The enzyme 

concentration of 1% recorded the highest total reducing sugar (4.71±0.54 g/L) for 

doughnuts, while the enzyme concentration of 0.7% recovered the highest total sugar yield 

of 5.30±0.03 g/L. 

1. Introduction 

Bakery waste is one of the major contributors to 

global food waste, which is about 1.2 million tones were 

disposed of every year (Melikoglu and Webb, 2013). 

According to Adhikari et al. (2006) due to its biological 

degradation, bakery waste may cause the released of 

hazardous gas, such as methane and carbon dioxide that 

indirectly leading to Green House Gas (GHG) emission. 

Most of the bakery wastes are rich in carbohydrates 

and sugars in its formulations, along with very short 

shelf life, making it a potential raw material for 

producing valuable products. Various type of end 

products has been obtained by using bakery wastes as 

renewable raw materials, such as sugars, biofuel, 

enzymes, acids and aromatic compounds. However, only 

a few studies have been carried out on utilizing bakery 

wastes for sugar production. The common method in 

recovering sugar from bakery wastes is via enzymatic 

hydrolysis. This method considered to use less energy 

and requires mild environment condition along with low 

toxicity, utility cost as well as reduce corrosion when 

compared to acid hydrolysis (Sun and Cheng, 2002). 

Holck et al. (2011), Menezes et al. (2009), and  

Ramirez-Coutino et al. (2006) proved that enzymatic 

hydrolysis is efficient and produced a high yield of 

sugars compared to acid hydrolysis or autohydrolysis. 

Recent studies on optimization of enzymatic hydrolysis 

of bakery wastes in producing sugars were carried out by 

Demirci et al. (2017) and Hudečková et al. (2017). 

Among the wide ranges of sugar, total reducing 

sugar is a type of sugar that has a free aldehyde or a 

ketone group, which allows the sugar to act as a reducing 

agent (Kunz et al., 2011). Generally, all 

monosaccharides are reducing sugar, while only some 

are disaccharides. During a chemical reaction, the 

aldehyde and ketone group within reducing sugar 

molecule can donate an electron to other molecule 

causing the chemical changes. These changes might 

affect the colour and taste of the food, through a process, 

known as Maillard reaction (Foist, 2018). Hence, by 

determining the yield of reducing sugar recovered via 

enzymatic hydrolysis will provide a better understanding 

of the reaction mechanism between various bakery 

wastes. 

Although there were some studies utilized bakery 

waste for recovering sugar, most of its were utilizing 

white bread as raw materials out of many of bakery 

wastes products. Each bakery wastes product has 

different formulations. Therefore, this study is focusing 

on recovering total reducing sugars from leftover 

croissants and doughnuts. The aims of this research are 

to study the effect of enzyme concentration on the total 
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reducing sugar recovery during enzymatic hydrolysis of 

leftover croissants and doughnuts. 

 

2. Materials and methods  

2.1 Raw materials 

Croissants and doughnuts were obtained from a local 

bakery in Selangor, Malaysia and left in room 

temperature that had passed its shelf life (three days). 

The raw materials showed no signs of mold growth. 

Initially, doughnuts leftover were characterized via 

proximate analysis using the AOAC method (AOAC, 

2000) to determine its carbohydrate compositions 

(AOAC, 2000). The carbohydrate content of croissants 

was found to be 50.07±2.49% while for doughnuts, 

44.94±1.69%. 

Afterwards the raw materials were ground to powder 

form using laboratory knife mill,  and then vacuum 

packed before being stored at -20˚C until use. All 

analysis were done in triplicate (n=3). 

2.2 Enzyme 

Sigma 10113 Amyloglucosidase produced from 

Aspergillus Niger was purchased from Sigma Scientific. 

The enzyme unit is 120 U/mg. 

2.3 Enzymatic hydrolysis 

For the enzymatic hydrolysis, 1.5 g of  substrate was 

mixed with 30 ml of distilled water in the Erlenmeyer 

Flask at various levels of enzyme concentrations (0.1, 

0.3, 0.5, 0.7, 0.9, 1.0 w/w%), were added and the pH of 

the slurry was adjusted to pH 5.5 using 1 mol L-1 H2SO4 

or NaOH solutions. The flasks were placed in the 

incubator shaker (200 rpm) for 24 hours at temperature 

of 55°C. The enzyme activity was ended by heating of 

the suspension at 80˚C for 5 mins. 

2.4 Total reducing sugar analysis 

The reducing sugar content was determined using 

dinitrosalicylic acid method (Chaplin and Kennedy, 

1986). A diluted hydrolysate sample (0.2 mL) was 

combined with  2 mL DNS acid solution. Next, the 

sample was placed in boiling water for 10 mins and then 

cooled to room temperature. The absorbance at 570 nm 

was recorded. The standard curve was prepared 

following the same procedure by replacing the sample 

with glucose (Klinchongkon et al. 2017).  

2.5 Statistical analysis 

Design Expert software (Stat Ease Corp, USA) was 

used to study the effect of independent variables, enzyme 

concentration (w/w substrate) on croissants and 

doughnuts leftover. In this study, total carbohydrates 

were selected as the response. 

3. Results and discussion 

3.1 Total reducing sugar analysis 

Figure 1 displays the total reducing sugar from the 

enzymatic hydrolysis of croissants and doughnuts 

leftover. Initially, the trends for enzyme concentrations 

0.1% until 0.5%, were quite similar for both pastry 

products. Increased of the total reducing sugar was 

parallel with the addition of enzyme amyloglucosidase. 

During this phase, known as the starch hydrolysis 

(saccharification), dextrin was produced by breaking 

down the α-1,4-glycosidic bond in the middle of amylose 

and amylopectin chain and saccharified by 

amyloglucosidase to obtain monomeric sugars (glucose). 

The increasing amount of total reducing sugar was 

expected as increasing the enzyme concentration 

increases the availability of enzymes per unit substrate, 

more mass transfer and enzyme transport to the surface 

of the starch granules. All these factors can directly lead 

to high conversion efficiency. The same trend was 

discovered by Chen et al. (2008), in the enzymatic 

hydrolysis of maize straw polysaccharide to produce 

reducing sugar, it was found that the amount of enzyme 

per substrate increased resulted in higher hydrolysis 

yield.  

However, in this study, there was a slight difference 

in the amount of total reducing sugar trend as the enzyme 

concentration increased. Leftover croissants showed a 

somewhat sharp increase in the total reducing sugar at 

the enzyme concentration 0.5% to 0.7%. The highest 

total reducing sugar for leftover croissants was recorded 

at 0.7% enzyme concentration (5.30±0.03 g/L). 

Nonetheless, a further increase in enzyme concentration 

had caused a decrease in the total reducing sugar yield. 

This may be due to less substrate available for enzyme 

attack, thus decreasing the conversion efficiency. 

On the other hand, the total reducing sugar trend for 

doughnuts leftover displayed a continuous insignificant 

increase throughout the enzyme concentration of 0.5% 

until the maximum enzyme concentration was added. 

Sufficient enzyme dosage and low substrate 

concentration is one possible explanation for why little 

difference in hydrolysis yield was observed at different 

enzyme concentration. The highest total reducing sugar 

obtained from enzymatic hydrolysis of doughnuts was 

4.71±0.54 g/L from enzyme concentration of 1%. 

The divergence of total reducing sugar results for 

both leftover croissants and doughnuts possibly can be 

related to the variation of these pastry formulations. 

Generally, the amount of flour required in the 

formulation is more for croissants than doughnuts. Also, 

higher carbohydrate content (based on the proximate 
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analysis) of leftover croissants (50.07±2.49%) over 

doughnuts (44.94±1.69%), had significantly contributed 

to a higher total reducing sugar produced through the 

enzymatic hydrolysis.  

 

4. Conclusion 

 The croissants and doughnuts leftover (0.05%, w/v) 

have been hydrolyzed into total reducing sugar, 

5.30±0.03 g/L and 4.71±0.54 g/L respectively. As being 

one of the most abundance wastes, pastry products have 

high potential as renewable resources. Using enzymatic 

hydrolysis process, it is proven that pastry leftover can 

be used as raw materials for recovering potential value-

added food ingredient (sugar) or as a raw material for 

further renewal process, such as in biofuel production. 
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(a) (b) 

Figure 1. Total reducing sugar from the enzymatic hydrolysis of (a)  leftover croissants (♦) and (b) leftover doughnuts (■) at 

different enzyme concentrations. 
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