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Delay in the consumption of bakery products has contributed to the food waste problem,
which is a serious global issue. Delayed consumption or can be regarded as the ‘leftovers’
bakery products such as croissants and doughnuts are normally discarded due to the
impairment in texture or quality degradation causing them to taste not as good as fresh baked,
although the products still edible. Thus, this study aims to evaluate the physical and chemical
changes during the delaying of consumption of croissants and doughnuts at three (3) different
storage times (day 0, 1 and 2). The hardness of croissants and doughnuts had an increased
throughout storage time, with doughnuts have the higher hardness than croissants, with
175.63 % and 92.31 % increased, respectively. Carbohydrate was found as the major
component for croissants and doughnuts. Croissants and doughnuts recorded carbohydrate
content of (50.32-52.42 %) and (43.22-46.59 %), respectively, from day 0 to day 2. While
sugar profile analysis detected three types of monosaccharides sugars, which were fructose,
glucose and maltose for croissants and doughnuts. Thus, high content of carbohydrate and
monosaccharides that available in the leftovers doughnut and croissants suggest that it could
potentially be used as renewable resources for sugar recovery.

1. Introduction

According to Melikoglu & Webb, (2013) and Taylor (2012),
every year around the world, 1.2 million tonnes of bread in
various forms have been discarded. Unfortunately, 80 % of the
total wasted bread was still edible and disposed even before
their expiry date, or even worst have been mistakenly believed
as spoil and later were thrown away.

Due to short shelflife, bakery product has major changes in
physiochemical characteristics during its storage that effect on
aroma, taste, and texture (Haroon et al, 2016; Alibardi and
Cossu, 2016). The accumulation of these bakery waste can lead
to greenhouse gas (GHG) emission as their degradation is
biological. This large quantity of bakery waste affects natural
resources in terms of the nutrients, water, soil, and energy
disruption of biogenic cycles.

Bakery waste can be generated at different levels of the
supply chain as explained by (Joshi & Sharma, et al. 2011). It
initially started from the raw materials where it is discarded as
waste if it is unusable or delayed in processing and if the quality
is not on par with the standard requirement. Even if the
products were produced, but if it does not match the company
standards or spoil during storage, marketing, and
transportation, it will also be discarded as waste. While in the
production or manufacturing stage; equipment inefficiency,
spillage or improper handling, can also generate waste. Lastly,
some quantity of the product is also wasted at consumers’ end
due to improper use or delay in consumption. Even though
consumers were in the last tier, the waste can be generated due
to several factors, such as indecisive purchasing, storage
conditions, over preparations and uncertainty of shelf-life’s
term (Papargyropoulou et al., 2015). Besides that, other reasons
were the bread is out of date, looked bad, plate leftover, in
fridge/cupboard too long, cooked leftover, freezer burn and
went mouldy (Taylor, 2012).
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Bakery leftovers often happen at consumers’ end due to
improper use or delay in consumption. Bakery leftovers are also
generated mostly at bakeries, where most of the bakery
products are discarded even it is still edible. This is a common
practice at the bakery in order to provide only fresh products
daily.

One of the methods in managing bakery leftovers is utilizing
and converting it into other valuable products. Bakery leftovers
are very rich in carbohydrates in its formulation, mostly derived
from the wheat flour. Carbohydrate is a compound that
classified into monosaccharides, oligosaccharides, and
polysaccharides depending on their molecular weight or degree
of polymerisation and also digestible as well as non-digestible
property. It is a complex compound with the formula Ci(H20)xa
and can be broken down into smaller monomers of sugar
(monosaccharides or disaccharides) which can later be used in
other applications. Thus, sugar can be recovered from bakery
leftover through the hydrolysis of carbohydrates.

However, due to the various type of scenarios and also
source of which bakery leftovers could be generated, it is crucial
to know the effect of these variables on the physical and
chemical changes of bakery leftovers. Minimal changes in
chemical composition (especially in carbohydrate content) over
time will prove that bakery leftovers hold great potential as
renewable resources for sugar production. Hence, this study will
imitate one of the common scenarios that have contributed to
the bakery leftovers issue, which was delaying the consumption
of bakery products by consumers, and later discarded it even if
it is still edible. The study aims to evaluate any changes in terms
of physical and chemical compositions of bakery products
throughout time.

2. Materials and methods

2.1 Preparation of sample
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In this study, two different types of bakery products were
being selected, which were croissants (Figure 1) and doughnuts
(Figure 2) that were collected from two different local bakery
shops in Selangor, Malaysia.

Figure 1. Croissant

Figure 2. Ring-shape doughnut

They were kept in an airtight, see-through plastic container
at room temperature for a maximum of 2 days (48 hours) after
freshly baked. Three stages of storage time were chosen for the
samples to be analyzed; day 0 (freshly baked), day 1 (24 hours
after baked) and day 2 (48 hours after baked). The maximum
time frame of 2 days was chosen based on the report by Revell
& Revell, (2019). The report comprises the information on food
storage from multiple research conducted by the U.S.
government agencies, which stated that freshly baked croissant
can last 1-2 days (room temperature), 5-7 days (refrigerator)
and 1-2 months (freezer); while freshly baked doughnut can last
1-2 days (room temperature), 1 week (refrigerator) and 2-3
months (freezer).

Yeast and mold analyses that were carried out on day 1 and
day 2, have shown that both croissant and doughnut were in the
acceptable limit, which was 5 X 103 CFU/g as mentioned by
Hozov3, et al, (2002), where doughnut remained <100 CFU/g
for day 1 and day 2. Meanwhile, croissant reported <100 CFU/g
for day 1, but slightly increased on day 2 (150 CFU/g).
Nevertheless, the results were still within the safe limit,
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therefore croissant and doughnut were considered to be in good
and safe to consume condition. The croissants and doughnuts
were now recognised to be leftovers croissant (LC) and leftover
doughnut (LD).

2.2 Texture analysis

TA.XT2 texture analyser (Stable Micro System) was used for
texture analysis. The instrument was fitted with a probe set up
to record the force used to penetrate the sample. Each bakery
used different probe, where LC used knife edge and LD used 75
mm cylinder probe. The selection of the test method and probe
was based on “BAKERY PRODUCT Test Method” that is originally
builtinto Exponent Texture Analyzer software. The textural data
(force versus time) was analysed by the software to determine
the hardness of the samples.

2.3 Proximate analysis

Proximate analysis was performed for LC and LD based on
the AOAC method (A.0.A.C, 2000). Carbohydrate was
determined from the difference of moisture, ash, protein and fat
content. Moisture content was determined after oven drying at
105 °C for 8 h, while ash content was carried out using a dry
ashing method. The Kjeldahl method was applied to determine
protein content with a conversion factor of 6.25, and finally, fat
content was carried out by soxhlet extraction (FOSS SoxtecTM
2050).

2.4 Sugar profile analysis

Quantification and determination of the type of sugars in LC
and LD were performed via high-performance liquid
chromatography (HPLC) (Jasco, Japan) according to AOAC 16th
Ed: 977.20 sugar separation method. The type of column used
was Grace-Davison Prevail CarbohydrateES 5p (150mm x 4.6
mm). 75 %:25 % acetonitrile and ultrapure water were used as
the mobile phase, and the sample was injected at a flow rate of
0.9 mL/min. The standard curves of glucose, fructose, mannose,
galactose, and arabinose were prepared for reference. The yield
of monosaccharide was calculated using Equation 1.

Yield of monosaccharides (mg/g substrate) (9]

_ Mmono (mg/L) x VaqU—‘)
Wsubstrate (g)

Where,

Mmono: Concentration of monosaccharides
Vaq: Volume of aqueous phase

Weiubstrate: Mass of substrate

2.5 Statistical analysis

A two-way factorial for statistical analysis was carried out
using the Design of Expert (DOE), with a confidence limit of 95
%. All the data were presented in mean * standard deviation.

3. Results and discussion
3.1 Texture analysis

Texture is an important element for baked products as the
consumers prioritize physical conditions (appearance and
texture) before consuming them. In this study, hardness was
selected as the primary parameter for the texture analysis, as
croissant and doughnut are easily affected by the moisture from
the environment. Hardness can be defined mechanically and
sensory, as a force necessary to attain a given information on the
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texture as well as force required to compress a substance
between molar teeth or between tongue and palate (Szczesniak,
2002). Figure 3 exhibits the hardness trend of bakery products
against storage time. All bakery products increased in hardness
from day O to day 2.

Texture of bakery products was hugely affected by moisture
from the environment as starch was the major component in the
formulations. The modifications in the bakery products related
to starch behavior can be correlated to starch gelatinization and
retrogradation. This phenomenon also known as the
disorganization of the order of starch granules, swelling and
rupture of the granules, and reorganization of the disordered
molecules (Matignon & Tecante, 2017). Starch retrogradation
often leads to deterioration of food product quality, mainly
involving bread staling and aging of starch-containing desserts
(Berski, et al., 2018).

Overall, doughnuts (from producer 2) have the highest
hardness difference of 175.63 % (from day 0 to day 2) while
croissants (from producer 2) have the least difference with only
92.31 %. The physical nature of croissants which renders to be
less dense than doughnuts due to the laminating stage during
baking may have contributed to croissants having lower
hardness as compared to doughnuts. Furthermore, another
factor that might affect the hardness is moisture. Gray and
BeMiller (2003) explained that in freshly baked croissants and
doughnuts, there is a high moisture content on the inside and
low moisture content on the outside. During storage, water
migration happened from the inside to outer crust and later
diffuses to the environment which has less moisture. Previous
researchers have reported that the bread crumb firming during
storage also attributed due to starch to starch and gluten to
starch interactions (Goesaert et al., 2005, Goesaert et al.,, 2008).

Similarly, croissants and doughnuts which were also formulated
with starch (wheat flour), strengthen their starch-starch and
gluten-starch interactions due to water loss during storage.
Thus, this condition allows the products to harden as compared
to the initial condition.

3.2 Proximate analysis

Proximate analysis was conducted in order to determine
the changes in chemical composition at different storage times.
Table 1 shows the percentage of compositions of protein,
moisture, ash, fat and carbohydrate of croissants and doughnuts.
There were minimal changes in chemical compositions detected
during storage. Both croissants and doughnuts have shown high
content of carbohydrate from Day 0 to Day 2; 43.22-46.59 % and
50.32-52.42 %, respectively. This is expected since the major
component in the formulation of bakery products is starch
(compounds of carbohydrate) that originated from wheat flour.

From Table 1, the second major component was moisture,
27.49-24.63 % from day 0 to day 2 for croissant, and 28.82-
26.29 % for doughnut. Moisture is easily affected because of
starch in its formulation. The difference in moisture gradient
(inside of croissant and doughnut as well as in the environment)
has resulted in the loss of moisture from the bakery products
into the environment. Croissant has higher initial moisture (day
0) due to its hollow physical structure resulted from laminating
steps in its cooking preparation. Fat was the third major
component in croissant and doughnut, originating from butter
during dough preparation. Doughnuts recorded higher fat
content (17.70-17.64 % from day 0 to day 2), while croissant
10.64-10.77 % from day O to day 2. The higher fat content in
doughnut may be resulted from the cooking method, where
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Figure 3. Hardness of different bakery products (a) croissants (b) doughnuts, throughout storage time
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Table 1. Proximate analysis of croissant and doughnut from different bakery shop, at various storage time

Components (%)

Bakery Products Day Protein Moisture Ash Fat Carbohydrate
Croissant 1 0 8.98 £ 0.25 31.2+0098 1.00£0.16 10.67 £ 0.72 48.16 £ 0.19
1 9.31+0.44 35.82+091 1.00 £ 0.03 10.34 +0.89 43.54+0.03
2 8.83+0.11 26.52+£1.02 1.49 £ 0.68 10.57 £0.85 52.21+0.27
Croissant 2 0 9.47 £ 0.79 26.44 £ 0.47 0.99 £ 0.08 10.62 £ 0.33 52.49£0.93
1 9.02 +0.38 27.89 £0.92 1.48 £ 0.35 10.23£0.71 51.39+0.88
2 9.22+0.14 26.05+0.98 1.50 £ 1.06 10.98 £ 0.33 52.62+0.18
Doughnut 1 0 10.05 + 0.94 23.76 £ 0.84 1.49 £ 0.07 17.12 £0.92 47.59+0.71
1 9.94+1.02 25.54+£0.77 1.99 £ 0.03 16.18 + 0.44 46.37 £ 0.87
2 9.57 £ 0.54 24.57 £0.88 0.99 +£0.02 17.18 £ 0.83 46.75 +0.19
Doughnut 2 0 9.65+0.38 31.22+£1.02 2.00 £ 0.08 18.29 £ 0.92 38.85+0.82
1 9.77 £ 0.64 27.26 £0.75 197 +0.21 17.32+0.53 43.69 £0.77
2 9.99 + 0.89 24.68 £ 0.56 1.75+£0.39 18.10 £ 0.33 4642 + 042

doughnut requires a deep-frying process whereby the dough
may absorb a certain amount of fat from the frying oil. Whereas
for croissant, the fat components not only come from butter in
the dough but also during the laminating process, whereby
every layer would be spread with butter.

Minimal changes were observed for the composition values
of protein, carbohydrate, fat, moisture content and ash
throughout the storage, which indicate the values attained to be
almost similar with freshly baked products (Day 0). On day 2,
the average percentage of each component of croissant
(croissant 1 and 2) as well as doughnut (doughnut 1 and 2) were
calculated. It was found that carbohydrate was slightly higher in
croissants (52.42+0.29 %) than doughnuts (46.59%+0.23 %).
However, doughnuts contained a higher percentage of protein
(9.78+0.28 %) and fat (17.64+0.65 %) than croissants’ protein
(9.02+0.28 %) and fat (10.77+0.29 %). Meanwhile, croissants
showed a higher percentage of moisture (26.29+0.33 %) and ash
(1.49+0.01 %) as compared with doughnuts’ moisture
(24.63+0.08 %) and ash (1.37+0.54 %).

3.3 Sugar profile analysis

Sugar profile analysis was conducted in order to study the
sugar alteration during storage. Figure 4 displays three types of
monosaccharides detected in all bakery products, which were
fructose, glucose and maltose. Fructose is the major
monosaccharide for croissants and doughnuts. Croissants
recorded an average of 2.66-2.28 g/100 g fructose, 1.36-1.19
g/100 g glucose and 0.50-0.48 g/100 g maltose (from day 0 to
day 2). Meanwhile, doughnuts have an average of 0.88-0.90
g/100 g fructose, 0.47-0.49 g/100 g glucose and 0.45-0.58 g/100
g maltose (from day 0 to day 2).

Fructose and glucose were derivations of sucrose, a
disaccharide that is commonly found in sugar, which is one of
the materials used in the formulation of croissants and
doughnuts. Fructose and glucose were linked via a glycosidic
bond. Whilst maltose, also known as maltobiose or malt sugar is
a disaccharide formed from two units of glucose, connected by
a(1-4) bond. The presence of maltose in croissants and
doughnuts can be traced to the flour that was used in the
formulations, which originated from wheat.

4. Conclusion

Different bakery products have different formulations and
cooking methods that influence physical and chemical
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compositions. It was found that physical properties, especially
the hardness of croissant and doughnut were affected during
storage. Doughnuts have a higher hardness increment of 175.63
% (from day O to day 2) compared to croissants. From the
proximate analysis, carbohydrate is the major component of
croissants and doughnuts, and it was increased from day 0 to
day 2; 43.22-46.59 % and 50.32-52.42 %, respectively.
However, chemical compositions of croissants and doughnuts
have minimal changes over time. This finding is beneficial as it
indicates that the leftovers croissants and doughnuts still
retained its chemical composition throughout storage. The
finding also implied that, even in the form of leftovers, waste or
rejected products, the chemical compositions (especially
carbohydrate) within croissants and doughnuts, were almost as
similar as freshly baked. Although there have been changes in
the physical properties of croissants and doughnuts, the
chemical compositions matter more, which it potentially be
used for sugar recovery. These conditions have made leftovers
croissants and doughnuts as a potential renewable resource that
the carbohydrate in the leftovers can be utilized and converted
into other functional products.
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Figure 4. Sugars detected in (a) croissant and (b) doughnut
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