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Abstract

Thai steamed cupcake has a short shelf-life at room temperature. To resolve the problem, this
research aimed to reveal the potential effects of powdered natural colourants, including turmeric, roselle
and green tea-based ingredients for controlling the quality of Thai steamed cupcake product during
storage at chilled temperature (4 °C). After production at 0 day, the sensory preferences in appearance
and texture of all steamed cupcakes containing powdered natural colourants were not significantly
different from the control treatment, which were moderately appreciated (P>0.05), but the odour,
flavour, and overall acceptability of turmeric steamed cupcakes were lower than those of other
treatments (P<0.05). This indicated that the sensory characteristics of turmeric steamed cupcakes should
be further improved. The texture analysis and colour measurement of all steamed cupcakes treated with
powdered natural colourants at the storage period of 0-2 days showed that the hardness and
fracturability increased, while the colour values changed. Additionally, the microbiological parameters of
all steamed cupcakes treated with powdered natural colourants met the standard of ready-to-eat bakery
products based on the storage period of 2 days at 4 °C, whereas the control treatment had an
unpleasant odour after 2 days. This investigation implies that the application of powdered turmeric,
roselle and green tea could be used as a promising approach of natural colouring and preservative for
controlling the quality of steamed cupcake product in Thailand.
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Introduction

Steamed cupcake product, called Khanom Pui Fai, is a traditional street dessert in Thailand. Its
characteristics are fluffy and light due to expanding like cotton wool after steaming (Pakditawan, 2016).
However, the problem of short shelf-life and food-borne pathogens remains, especially Bacillus cereus,
Escherichia coli, and Staphylococcus aureus, which might be found during storage at ambient
temperature because of intrinsic and extrinsic factors. To consider the risk hazard of each food pathogen,
B. cereus spores can germinate and grow out rapidly after heat treatment and produce emetic and
enteric toxins. Many strains of S. aureus produce staphylococcal enterotoxins, while certain strains of E£.
coli are used as a faecal contamination index of food sanitation (Angelidis et al., 2006; Dlubala et al.,
2021; Olaimat et al., 2021).

For this reason, the microbiological quality must be taken into account based on the standard
requirement of ready-to-eat food product. Artificial food colouring is generally used to improve the
appearance of desserts, and it has raised concerns due to adverse effects on consumer health because
certain chemicals are produced from highly toxic substances, and can cause human diseases and
mutations, which should be limited in the food ingredients (Ahmed et al., 2021; Kobylewski and
Jacobson, 2012). Currently, the application of plants for implementing various health care treatments and
food additives have been adapted (Mulat et al., 2020). A part of plant could be applied for development
of food products. For example, turmeric (Curcuma longa), roselle (Hibiscus sabdariffa L.), and green tea
(Camellia sinensis), were scientifically used as bioactive ingredients in foods due to antimicrobial activity
and antioxidant capacity (Azeez and Lunghar, 2021; Lim et al., 2020; Rashidinejad et al., 2021).
Even though the essential oil extracted from medicinal plants is generally used for controlling food-borne
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pathogens, the extraction procedures have high value and are inconvenient. Previous publications
revealed that juice extracted from plants could be applied for food and dessert products to improve the
microbiological and physicochemical quality (Gattuso et al., 2006; Lertnirundon and Mahidsanan 2020).
Boonkum and Mahidsanan (2021) demonstrated that turmeric and peppermint could be prepared as
either food ingredients or natural colourants to control the microbiological safety of Flatbread Roti
product. However, parts of turmeric, roselle and green tea have not been thoroughly investigated in
steamed cupcake quality, while the cold temperature might be used as a promising hurdle effect during
storage.

Thus, to extend the shelf-life of steamed cupcake product, the objective of this study was to
investigate the potential effects of turmeric, roselle and green tea-based natural colourants for
controlling the quality of Thai steamed cupcake product during storage at chilled temperature. Significant
product qualities including water activity, colours, texture, and microbiological criteria were assessed to
represent shelf-life for further development of steamed dessert products.

Materials and methods
Preaparation of three powdered natural colourants and Thai steamed cupcakes

Three plant powders including turmeric, roselle and green tea, were obtained from Suranakhon
market, Nakhon Ratchasima province, Thailand. The preparation steps were followed according to
Boonkum and Mahidsanan (2021). Each powdered material (200 g) was dissolved in hot water (1000 g)
and then filtered by sterile gauze. Afterward, each formulation of Thai steamed cupcake product was
prepared (Table 1). Those treatments were steamed at 100 °C for 7 min and then cooled at ambient
temperature for 10 min. Each sample was packed in polypropylene box and stored at chilled temperature
(4 °C). Sensory evaluation was conducted at 0 day. Meanwhile, the parameters of product quality,
including microbiological analysis and physicochemical characteristics were assessed at 0, 2, 4 and 6
days.

Table 1 Formulation of Thai steamed cupcake product with the different natural colourants

Treatments
Ingredients (g) Turmeric Roselle Green tea
Control steamed steamed steamed
cupcake cupcake cupcake
Cake flour 200 200 200 200
Sugar 175 175 175 175
Egg 100 100 100 100
Water 100 100 100 100
Lemon juice 5 5 5 5
Jasmine flavour 2.5 2.5 2.5 2.5
Pasteurised milk 51.5 51.5 51.5 51.5
Baking powder 2.5 2.5 2.5 2.5
Foaming agent & emulsifier (UFM SP) 10 10 10 10
Turmeric suspension - 10 - -
Roselle suspension - - 10 -
Green tea suspension - - - 10
Water 10 - - -

Sensory evaluation

The hedonic test was performed to evaluate the degree of overall liking for each sample at 0
day. Untrained consumers were recruited from the undergraduate students at Rajamangala University of
Technology Isan, Nakhon Ratchasima. Thirty consumers received four samples and were asked to rate
them according to degree of liking on a 9-point hedonic (strong dislike = 1 and strong like = 9). Samples
were placed on plates and identified with random three-digit numbers. Panellists evaluated the samples
in a testing area and were instructed to rinse their mouths with water between samples to decrease any
residual effect.
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Colour measurement

To analyse the colour values, the surface of each sample was evaluated using Chroma meter
model CR-410 (Konica minolta, Japan). The parameters L* (brightness), a* (redness/greenness), and b*
(yellowness/blueness) were recorded.

Texture analysis

The samples were prepared to a size 5x5x5 cm. Textural properties (hardness, fracturability and
stringiness) of samples were examined using a texture analyser model CT3 (BROOKFIELD, USA). The
texture profile was set with the two-bite compression test using the following operation conditions: No.
TA11/1000 25.4 mm dia.; maximum weight, 2 kg; distance, 33%; table speed, 1.00 mm/min; 2 bites.

Measurement of pH and water activity (aw)

To measure the pH value of each sample, 10 g of sample was diluted with 90 mL of distilled
water in a 250 mL beaker and homogenised for 1 min. The pH of the solution was measured after 15
min. The aw was measured using a Lab Master-aw neo machine (Novasina, Switzerland) at ambient
temperature.

Microbiological detection
The microbial load, including total viable count, yeasts and moulds, S. aureus B. cereus,
Salmonella spp. and E. coli., were quantified according to FDA-BAM (2001).

Statistical analysis

For each analysis, triplicate experiments were performed. The results were expressed as the
mean = standard deviation (SD). IBM SPSS statistics 22 (Armonk, New York, U.S.A) was used to perform
all statistical analysis. One-way analysis of variance (ANOVA) was performed, which was followed by
Duncan's multiple range test (DMRT) with an overall significance level set at 0.05.

Results and discussion
Sensory characteristics of steamed cupcakes

The product appearances and sensory characteristics of steamed cupcakes with various
treatments are presented in Table 2 and 3, respectively. On day 0, the sensory preference scores of each
treatment depended on their powdered natural colourants characteristics. In respect to appearance and
texture of all steamed cupcakes containing powdered natural colourants, they were not significantly
different from the control treatment (P>0.05), and those features were moderately appreciated (6.30-
7.33). By contrast, the odour, flavour, and overall acceptability of turmeric steamed cupcakes was
classified as neither like nor dislike level, which were lower than other treatments (P<0.05). This
abnormal score may be due to the pungent smell, especially ar-turmerone (2-methyl-6-(4-methylphenyl)-
2-hepten-4-one) (Sharifi-Rad et al., 2020).

Physicochemical characteristics of steamed cupcakes during storage

pH and aw are the major intrinsic factors in limiting or controlling the microbial growth of food
products. Therefore, the microbial activity affects certain undesirable quality changes and alters food
characteristics (Tapia et al., 2020). Considering all steamed cupcake products during storage for 4 days
at 4 °C, the pH values of all treatments were approximately 6.93-7.53, while the aw values were about
0.90-0.93 (data not shown). At the storage period of 0-2 days (Figure 1B and C), a decrease in the a* of
steamed cupcakes containing turmeric, roselle and green tea powder was observed (P<0.05), while the
b* of steamed cupcakes containing roselle and green tea powder decreased rapidly (P<0.05). This
phenomenon might be interpreted that the colour quality of natural colourants-based food product was
affected by light in a polypropylene box, while its percentage of light transmittance was approximately
85-90 (Omnexus SpecialChem, 2021). Thereby, World Health Organization (1998) suggests that natural
colourants requiring protection from light should be preserved in a light resistant packaging. However,
Figure 1A shows that the L* of all steamed cupcakes containing powdered natural colourants was not
significantly different during storage for 4 days (P>0.05). On day 6, all samples were not examined
because they had physical spoilages, especially an unpleasant odour was observed. Meanwhile, texture
profiles of each treatment were considered during storage. The hardness (Figure 2A) and fracturability
(Figure 2B) of all steamed cupcakes containing powdered natural colourants increased due to an increase
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in the storage time up to 2 days, whereas the stringiness (Figure 2C) of roselle and green tea steamed
cupcake was not significantly different during storage for 0-4 days (P>0.05). According to other studies,
these textural changes could be a result of the changes in product moisture (water loss) and the starch
retrogradation, resulting in a rapid recrystallisation of amylose, which causes the hardness characteristic,

slow recrystallization of amylopectin as well as staling process of cakes and bread (Culetu et al., 2018;
Marchetti et al., 2021).

Table 2 Physical characteristic of all steamed cupcakes during storage at chilled temperature

Storage time (Days)
Samples 0 ) a 6

Control

Turmeric steamed
cupcake

Roselle steamed
cupcake

Green tea steamed
cupcake
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Sensory Control Turmeric Roselle Green tea
preferences steamed steamed steamed
cupcake cupcake cupcake
Appearance 7.20+1.832 6.63+2.112 6.30+1.912 6.57+2.052
Colour 7.20+1.60° 6.67+1.92% 6.23+1.81° 6.83+1.46%
Odour 6.60+1.502 5.57+2.01° 6.57+1.632 6.13+1.74%
Flavour 7.10+1.302 4.97+2.13° 6.67+1.692 6.66+1.542
Texture 7.33+1.24° 6.57+1.742 7.30+1.322 7.33+1.322
Overall 7.50+1.112 5.87+1.94° 6.90+1.212 7.20+1.032
acceptability

Different letters in the same row indicate significant difference (P<0.05).
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Figure 1 The colour values, (A) L*, (B) a* and (C) b* of steamed cupcake with various treatments
during storage; white bar = day 0; red bar = day 2; and green bar = day 4. Different letters indicate
different (P<0.05) within the same natural colourant treatments during storage.
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Figure 2 Texture profile analysis, (A) hardness, (B) fracturability and (C) stringiness of steamed cupcake
with various treatments during storage; white bar = day 0; red bar = day 2; and green bar = day 4.
Different letters indicate different (P<0.05) within the same natural colourant treatments during storage.

Microbiological quality of steamed cupcakes during storage

As a matter of fact, steamed cupcakes had a short shelf-life because the water activity and pH
were 0.90-0.93 and 6.93-7.53, respectively. These conditions cause the growth of microorganisms,
especially a group of mesophiles and/or food-borne pathogens. Based on the standard of microbiological
safety in ready-to-eat bakery products (Centre for Food Safety, 2014; Thai Community product standard,
2009), the microbial combination criteria, such as total viable count, yeasts and moulds, S. aureus, B.
cereus, E. coli and Salmonella spp., were considered during storage (Table 4). The £ coli and
Salmonella spp. were not found in all samples. S. aureus was found to be <100 CFU/g in all steamed
cupcakes containing natural colourant powder, which was relevant to standard of ready-to-eat bakery
product. On day 2, the viable count of yeasts and moulds in the control treatment was 2.01x10* CFU/g
which met an unsatisfactory level, while the number of S. aureus was about 2.50x10? CFU/g which met
the limit level. In addition, an unpleasant odour was found in the control treatment after day 2. The total
viable counts and B. cereus of turmeric, roselle and green tea steamed cupcakes were approximately
<10* and <103 CFU/g, respectively, which satisfied the criteria of microbiological safety for 2 days, but
the day 4 had an unsatisfactory level. However, all steamed cupcakes containing powdered natural
colourants had physical spoilage at the storage period of 6 days. The consequence of steamed cupcakes
treated with powdered natural colourants was achieved, resulting in controlling hazardous food-borne
pathogens and extending the product shelf-life. Many studies have confirmed that the chemical
composition of turmeric, roselle, and green tea is rich in bioactive compounds with antimicrobial
properties. These medicinal plants could be applied as colouring agents and natural preservative in food
production to enhance the preservative functions. Turmeric contains curcuminoids, which include mainly
curcumin (diferuloyl methane), demethoxycurcumin, and bisdemethoxycurcumin. Green tea is a rich
source of epicatechin, epigallocatechin, epicatechin gallate, epigallocatechin gallate, catechin, gallocatechin gallate,
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catechin gallate, and gallocatechin. Roselle consists of phenolics, flavonoids and anthocyanins in which
generally posssess antimicrobial activity (Lim et al., 2020; Naz et al., 2010; Radi et al.,, 2017;
Siripatrawan and Noipha, 2012).

Table 4 Microbiological quality of steamed cupcake with various treatments during storage

Microbiological parameters Storage time (Days)

0 2 4

Total viable count (CFU/qg)

control (untreated sample) 2.00x10? 1.00x10? Not examined

Turmeric steamed cupcake 2.00x10? <100 <100
Roselle steamed cupcake 4.60x10? 1.50x10? 1.00x10*
Green tea steamed cupcake <100 3.40x102 4.80x10°
Yeasts and Molds (CFU/g)

control (untreated sample) 2.50x10? 2.01x10* Not examined
Turmeric steamed cupcake 1.00x10?2 4.00x10? 4.50x10?
Roselle steamed cupcake 1.40x103 2.50x10? 1.00x10?
Green tea steamed cupcake 2.50x10? 1.00x10? 1.50x10?
S. aureus (CFU/qg)

control (untreated sample) 2.00x10? 2.50x10? Not examined
Turmeric steamed cupcake <100 <100 <100
Roselle steamed cupcake <100 <100 <100
Green tea steamed cupcake <100 <100 <100

B. cereus (CFU/qg)

control (untreated sample) <100 4.50x10? Not examined
Turmeric steamed cupcake <100 <100 2.85x103
Roselle steamed cupcake 1.00x102 5.00x10? 2.55x10?
Green tea steamed cupcake 7.00x102 <100 1.00x107
E. coli (MPN/g)

control (untreated sample) <0.03 <0.03 Not examined
Turmeric steamed cupcake <0.03 <0.03 <0.03
Roselle steamed cupcake <0.03 <0.03 <0.03
Green tea steamed cupcake <0.03 <0.03 <0.03
Salmonella spp.

control (untreated sample) Not detected Not detected Not examined
Turmeric steamed cupcake Not detected Not detected Not detected
Roselle steamed cupcake Not detected Not detected Not detected
Green tea steamed cupcake Not detected Not detected Not detected

Not examined indicates that the sample was not examined because of spoilage.

Conclusion

The results of this study showed that the parameters of microbiological safety of all steamed
cupcakes treated with powdered natural colourants met the standard of ready-to-eat of bakery product
based on the storage period of 2 days at 4 °C, whereas a control treatment had a spoilage characteristic
of unpleasant odour within 2 days. The present investigation demonstrated that the application of
turmeric, roselle and green tea powder is a promising approach for controlling the physical and
microbiological quality of steamed cupcakes. Part of these plants could be further applied as a natural
colouring agent for substituting the use of artificial colouring for steamed cupcake product in Thailand.
However, sensory characteristics of turmeric steamed cupcake should be improved, while antioxidant
activity measurement should be evaluated in further study.
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