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Acrylamide is a carcinogen that forms in foods processed at high temperatures. In this study, acrylamide contents of 30 local snacks commonly consumed by the three ethnic groups (Malay, Chinese, and Indian) in Singapore were analysed by using liquid chromatography-tandem mass spectrometry (LC-MS/MS). These snacks were chosen because they were consumed regularly by people of different classes and age groups in Singapore. Our results showed that the average content of acrylamide in Indian snacks (102.23 ng/g) was higher than those in Malay (75.14 ng/g) and Chinese snacks (70.78 ng/g). The high acrylamide levels in several snacks was probably due to the processing methods and the usage of acrylamide-inducing raw materials. Same snacks prepared by different manufacturers contained different levels of acrylamide, suggesting the possibility of acrylamide reduction in these snacks. This study provides an insight into the acrylamide levels of snacks commonly consumed by the three different ethnic groups in Singapore.
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INTRODUCTION

Acrylamide is a chemical compound that has existed for as long as humans have started to utilize heat to cook food. The main pathway for acrylamide formation is the Maillard reaction, which is made up of a series of complex reactions. Formation of acrylamide begins with a condensation reaction between reducing sugars and amino acids (mainly asparagine) (1, 2). Hence, acrylamide is usually found in carbohydrate-rich foods, such as biscuits, potato chips, and French fries, dry heated at temperatures above 120°C (3–5). It has been reported that fried potato, a common snack consumed in China, contained a maximum acrylamide level of 4,126.26 μg/kg (6). Gas chromatography-mass spectrometry (GC-MS) and liquid chromatography-mass spectrometry (LC-MS) are two common methods for acrylamide analysis (7, 8). LC-MS methods are deemed to be more efficient and are easier to carry out. LC-MS acrylamide analysis methods are usually carried out using a triple quadrapole mass spectrometer and applying electrospray ionization (ESI) (3). In 2002, researchers from Swedish National Food Administration and University of Stockholm discovered the occurrence of acrylamide in food and this sparked an interest in the scientific community to research on various topics about acrylamide in food. Many factors, including the starch-containing ingredients, cooking times, cooking temperature, and even the type of leavening agent, have been reported to affect the amount of acrylamide in a given food. Therefore, many studies have been conducted to investigate the mechanism of formation of acrylamide and ways to reduce acrylamide in food (1–3, 9).

Acrylamide have considerable neurotoxic effects on humans and this have been shown by various studies (2, 10, 11). For example, one study investigated the health effects of tunnel workers exposed to a chemical grouting agent containing acrylamide (12). It was revealed that exposure to the grouting agent did result in workers having peripheral nerve system symptoms. Acrylamide is classified as a probable human carcinogen by the International Agency for Research on Cancer (IARC). Studies showed that dietary acrylamide intake is associated with esophageal cancer risk and lymphatic malignancies risk (13, 14). Apart from neurotoxic effects, the reproductive toxicity, hepatotoxicity and immunotoxicity effects have been investigated and reported in animals as well (2, 10, 11). Hence, it is of utmost importance to determine the level of acrylamide in food.

Snacking, defined as the act of eating at other times besides the main meal times, is increasingly becoming a major part of our diet. People across all age groups in Europe and United States of America are snacking at least once a day (15). A cross-sectional study, which looked at the eating behaviors of American adults, reported that the percentage of energy intake from snack consumption between lunch and dinner or snack consumption that displaced meals increased (16). In Singapore, a similar trend is also observed where the percentage of Singaporean adult residents that snacked twice or more per week increased from 18.9% in 2004 to 27.1% in 2010 (17). It was also reported that Singaporeans were consuming more sugar from food like confectionery and desserts (18).

Existing cross sectional surveys conducted in Singapore suggest that ethnicity might be a factor affecting eating habits and health in individuals (17, 18). Furthermore, Singapore is a multi-ethnic country and each of the three main ethnic groups (Malay, Chinese, and Indian) in Singapore consume different types of snacks (19–24). Therefore, it would be necessary to explore the different snacks consumed by different ethnic groups in Singapore.

Snacks are playing an increasingly major role in our diet. However, there is limited research on the level of acrylamide in local Singapore snacks. Hence, the objective of this study is to determine the acrylamide level in local snacks commonly consumed by the three major ethnic communities in Singapore.



MATERIALS AND METHODS


Snack Samples

In total, 30 local snacks (of 3 samples each) were analysed for acrylamide content. Ten snacks representative of each ethnic group were purchased. There were three replicates for each snack and each replicate was of a different brand or was purchased from a different location or shop. All samples were homogenized using a Waring blender (Waring BB250S, Waring Commercial, CT, USA) and stored at −20°C before further analysis.



Reagents and Standard Solutions

Stock solutions of acrylamide and labelled acrylamide (both 1.0 mg/mL in deionized water with 0.1% formic acid) were purchased from Scientific Resources (Analisa Resources, Malaysia). Both solutions were diluted with acetonitrile (Optima™ LC/MS Grade, Fisher Scientific, Waltham, MA, USA) to prepare calibration standards in the range of 0 to 1,000 ng/mL. Labelled acrylamide was diluted with 0.1% formic acid to prepare a standard solution of 5 μg/mL. For the sample cleanup procedure and LC-MS/MS analysis, hexane (Merck, KGaA, Darmstadt, Germany), anhydrous magnesium sulfate (Merck, KGaA, Darmstadt, Germany), sodium chloride (Merck, KGaA, Darmstadt, Germany), primary secondary amine (PSA) (Merck, KGaA, Darmstadt, Germany), acetonitrile (Optima™ LC/MS Grade, Fisher Scientific, Waltham, MA, USA), methanol (Optima™ LC/MS Grade, Fisher Scientific, Waltham, MA, USA), and ultrapure water from a Milli-Q IQ 7000 water purification system (Merck, KGaA, Darmstadt, Germany) were used.



Sample Cleanup

The sample cleanup procedure to determine acrylamide contents in snacks was based on the quick, easy, cheap, effective, rugged, and safe (QuEChERS) method (25). Homogenized snack samples (1.0 ± 0.1 g) were weighed into a 50 mL centrifuge tube and 100 μL of labelled acrylamide (5 μg/mL in 0.1% formic acid) was added. Then, 5 mL of hexane, 10 mL of ultrapure water and 10 mL of acetonitrile were added and vortexed. Next, 4 g of magnesium sulfate and 0.5 g of sodium chloride were added into the mixed sample solution. To prevent formation of crystalline agglomerates, the centrifuge tube was immediately shaken and vortexed for 1 min. The centrifuge tube was then centrifuged at 5,000 rpm for 5 min. The top (hexane) layer was removed using a glass pasteur pipette and 1 mL of the middle layer was placed into a 2 mL centrifuge tube containing 150 mg of magnesium sulfate and 50 mg of PSA. The centrifuge tube was immediately vortexed and centrifuged at 5,000 rpm for 1 min. After centrifugation, the supernatant was transferred into a 2 mL amber vial for LC-MS/MS analysis.



Liquid Chromatography–Tandem Mass Spectrometry (LC-MS/MS) Analysis

Samples were analysed on a Shimadzu CBM-20A HPLC system (Shimadzu Corporation, Kyoto, Japan) that consists of a degasser, quaternary pump, autosampler, and temperature controlled oven coupled to a Shimadzu LCMS-8050 triple quadrupole MS detector (Shimadzu Corporation, Kyoto, Japan). Separation of acrylamide was carried out on a Synergi Hydro-RP column (150 mm × 3 mm, 4 μm particle size) with a SecurityGuard Catridges C18 guard column (4 mm × 2 mm i.d.) (Phenomenex Inc., California, USA). The mobile phase was ultrapure water and methanol (99.5:0.5, v/v) at a flow rate of 0.2 mL/min. The oven temperature was 40°C and the injection volume was 10 μL. The Electrospray Ionization (ESI) source was operated in positive mode with an interface temperature of 300°C, desolvation line temperature of 250°C, and heat block temperature of 400°C. The nebulizing gas flow was 1 L/min, whereas the gas flow for heating and drying was 10 L/min. The transitions monitored for acrylamide was 72 > 55 and 72 > 27.1 while the transitions monitored for labelled acrylamide was 75 > 58.1 and 75 > 30.1. The dwell time for each transition was 247 ms. All samples and spiked samples were injected in duplicates. The calibration curve was constructed by plotting the response ratio (peak area for acrylamide: 72 > 55/peak area for labelled acrylamide: 75 > 58.1) against acrylamide concentration.



Linearity, Recovery, and Sensitivity of Method

Prior to analysis, the method for acrylamide analysis was tested with respect to linearity, recovery and sensitivity. The method showed good linearity over a range of 0–1,000 ng/mL and the correlation coefficients for all the standard curves were >0.98 (data not shown). Three snack samples (one from each ethnic group) were spiked with different concentrations of acrylamide in duplicates (Table 1). Table 1 shows that the recoveries of the spiked samples ranged from 92.2 to 101.3%. The limit of detection (LOD) and the limit of quantification (LOQ) were determined by injecting five different low concentrations of acrylamide standards (0.1, 0.2, 0.3, 0.4, and 0.5 ng/mL) in triplicates. The LOD was evaluated to be 0.14 ng/mL based on a signal/noise ratio of 3:1 while the LOQ was evaluated to be 0.35 ng/mL based on a signal/noise ratio of 10:1.


Table 1. Spiking level (ng/g) and average recoveries (%) of spiked samples.
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Data Analysis

Results were analysed using single factor ANOVA to determine whether there were significant differences among different ethnic groups. Single factor ANOVA was also performed to determine whether there were significant differences between different preparation methods.




RESULTS

In the present study, acrylamide contents of 30 snacks (of 3 samples each) which are commonly consumed by three ethnic groups, i.e., Malay, Chinese, and Indian, in Singapore were analysed. The detailed information of the snacks can be found in Supplementary Figure 1 and Supplementary Table 1. Figure 1 shows the average acrylamide levels in the 30 snacks (of 3 samples each) consumed by the three ethnic groups. The average level of acrylamide in Indian snacks (102.23 ng/g) was higher than that in Malay snacks (75.14 ng/g) and Chinese snacks (70.78 ng/g).


[image: Figure 1]
FIGURE 1. Average acrylamide contents (ng/g) ± standard errors in snacks consumed by three ethnic groups.


Table 2 shows the acrylamide levels and preparation methods of 10 commonly consumed Malay snacks. Among them, Odeh Odeh_3 contained the highest amount of acrylamide (679.69 ± 15.42 ng/g) while Kueh Salat_2 was acrylamide-free. Table 3 shows the acrylamide levels and preparation methods of 10 commonly consumed Chinese snacks. Ang Ku Kueh_3 had the lowest level of acrylamide (2.59 ± 0.42 ng/g) while Ear Biscuit_1 had the highest level of acrylamide (402.66 ± 7.68 ng/g). Table 4 shows the acrylamide levels and preparation methods of 10 commonly consumed Indian snacks. Gulab Jamun_3 had the lowest level of acrylamide (1.93 ± 0.09 ng/g) while Peanut Balls_1 had the highest amount of acrylamide (1039.41 ± 19.98 ng/g).


Table 2. Acrylamide levels (ng/g) in commonly consumed local Malay snacks with three replicates.
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Table 3. Acrylamide levels (ng/g) in commonly consumed local Chinese snacks with three replicates.
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Table 4. Acrylamide levels (ng/g) in commonly consumed local Indian snacks with three replicates.
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With reference to the single factor ANOVA analysis, there was no significant difference between the three ethnic groups in terms of the acrylamide contents of snacks (p-value of 0.687 > 0.05). However, the different preparation methods of snacks have a significant impact on the acrylamide contents of snacks (p-value of 4.15 × 10−9 <0.05). Specifically, the following pair of preparation methods have a significant impact on the acrylamide contents of snacks: baked and steamed; baked and boiled; baked and heated, roasted; steamed and boiled, steamed and deep-fried, steamed and pan-fried; steamed and heated, roasted; boiled and deep fried; deep-fried and heated, roasted.



DISCUSSION

Acrylamide is found in many food sources, especially deep-fried or baked snacks (26). As more and more Singaporeans consumed sweet desserts and snacks (17, 18), it is of utmost importance to know the acrylamide contents in the commonly consumed snacks by Singaporeans. The Food and Agriculture Organization/World Health Organization (FAO/WHO) estimated the average acrylamide intake for the general population to be around 0.3 to 0.8 μg per kilogram of bodyweight per day (27). Therefore, the tolerable daily intake (TDI) is 21–56 μg for a 70 kg human.

In this study, 30 commonly consumed snacks (of 3 samples each) were analysed for acrylamide content. Among these snacks, 8 snacks, including 2 Malay snacks, Kueh Dadar_3 and Odeh Odeh_3, 2 Chinese snacks, Ear Biscuit_1 and Ear Biscuit_3, and 4 Indian snacks, Murukku Mixture_2, Peanut Balls_1, Peanut Balls_2, and Peanut Balls_3, had acrylamide levels more than 210 ng/g, which exceeded TDI if 100 g of the snacks were consumed.

The average level of acrylamide in Indian snacks was higher than that in Malay and Chinese snacks. This could be attributed to their preparation method. For Indian snacks, they were prepared by using deep-fried or roasting methods. Murukku Mixture and Murukku, two common Indian snacks, are usually prepared by frying the rice flour mixture in hot oil heated up to 180°C (28). Therefore, both snacks contained high levels of acrylamide due to heating starch-containing ingredients at high temperatures. Ear Biscuit, a Chinese snack, and Rempeyek, a Malay snack, which are prepared by deep-frying, had higher levels of acrylamide. Our results are consistent with previous studies showing that deep-fried food had a higher amount of acrylamide (29). Compared to baked goods, fried goods largely contained a higher level of acrylamide (30). Michalak et al. (31) reported that deep-fried croquettes generally had higher acrylamide content compared to pan-fried croquettes. Other studies showed that the level of acrylamide in fried goods and baked goods such as biscuits were generally higher compared to other food products (6, 32).

Among the 10 snacks, the Peanut Balls, one of the Indian snacks, purchased from 3 different shops contain a very high level of acrylamide with a maximum value of 1,039.41 ng/g. The high levels of acrylamide present in Peanut Balls are probably due to the following factors. Peanut Balls are made by pouring hot jaggery, which is sugarcane syrup, over the roasted peanuts (33). The high temperature of roasting peanuts and heating jaggery could contribute to the high acrylamide levels in Peanut Balls. On the other hand, Phaeon et al. (34) recently reported that a maximum amount of acrylamide (4,011 ng/g) was found in jaggery. Moreover, the main amino acid present in jaggery is asparagine, which reacts with reducing sugars to form acrylamide (34). The main carbohydrate in jaggery is sucrose (35). The decomposition of sucrose under high heat might have contributed to the high acrylamide content in Peanut Balls in two ways. Firstly, it produces neo-carbonyls that facilitates acrylamide formation (36). Secondly, it produces reducing sugars that could participate in the Maillard reaction (37). Although peanuts are not high in asparagine, it contains other amino acids that could be precursors for the formation of acrylamide (38).

Kueh Dadar and Odeh Odeh are two commonly consumed Malay snacks. The main ingredients used in making Kueh Dadar is coconut milk and palm sugar syrup, while for Odeh Odeh, one of the main ingredients used is palm sugar syrup too. Therefore, the presence of palm sugar syrup in Kueh Dadar and Odeh Odeh may explain the high levels of acrylamide. Like jaggery, palm sugar syrup contains acrylamide with a maximum content of 225 ng/g (34). Similarly, the main amino acid in palm sugar syrup is asparagine (34). Additionally, for Kueh Dadar, it uses coconut milk to prepare. The main amino acid in coconut milk is glutamic acid (39). It has been reported that glutamic acid could be a possible acrylamide precursor because during heating of coconut milk, it was observed that only glutamic acid decreased as the amount of acrylamide increased (40).

Same snacks prepared by different manufacturers contained different acrylamide levels (41). This is probably due to several factors such as the different types of raw material used or the different heating temperature and time applied during the cooking process. Our study also shows that the acrylamide contents of snacks was significantly influenced by different preparation methods. Although it is not possible to eliminate acrylamide completely from food, we can reduce acrylamide levels by choosing appropriate raw materials, adding additives, and altering processing conditions. The level of reducing sugars and asparagine in the raw materials have a major impact on the resulting acrylamide level in food. The content of these two compounds in raw materials vary with the climate and storage conditions, fertilization techniques and the manufacturing processes (2, 42). For example, the level of asparagine in cane syrup was slightly different when purchased from a different province (34). Choosing raw materials with lower content of reducing sugars and asparagine would lower the acrylamide content in food.

The addition of additives like asparaginase, lysine, glycine, antioxidants, vitamins and salt solutions are known to reduce acrylamide formation (1, 2). It was reported that the addition of asparaginase into whole wheat flour reduced the formation of acrylamide in the resulting bread crisp by 88% (43). The addition of glycine into whole wheat flour also reduced the formation of acrylamide in the resulting bread crisp by more than 30% (43). Urbančič et al. (44) investigated the effect of adding rosemary extract, a natural antioxidant, to sunflower oil before frying of potato fries and it was observed that the acrylamide level in potato fries decreased by 37%.

The reduction in acrylamide formation can also be achieved by changing the processing conditions such as heating temperature and time, pH, and water content of food (1, 2). Increased frying temperature and time lead to an increase in acrylamide content in potato fries (9). A similar trend was also observed in baked fries, where the acrylamide content increased with baking temperature and time (45). Hence, heating temperature and time could be controlled to decrease acrylamide content in food. Other processing conditions like the type of frying oil used for deep-frying and the number of frying cycles influences the level of acrylamide in food (46). This could explain why the same snacks prepared by different manufacturers like Murukku, contained different acrylamide levels. In general, boiled or steamed foods contain traces of acrylamide. However, in this study, snacks such as Odeh odeh, which is prepared by boiling, contained a maximum acrylamide level of 679.69 ng/g. A decrease in pH of foods can reduce acrylamide by preventing the formation of the Schiff base, which is an intermediate compound to form acrylamide (47). Previous studies have shown that lower acrylamide contents existed in bakery products with lower pH (4). Moreover, the addition of citric acid before heating potatoes in an oven decreased acrylamide formation in the potatoes (45).

Other methods, i.e., using sugarcane syrup with a lower level of asparagine to prepare Peanut Balls, could be applied to reduce the acrylamide levels. Asparaginase could also be added into flour to reduce the acrylamide content of Ear biscuit. Mitigation strategies for acrylamide and the effects of these strategies on the acrylamide levels of the snacks could be explored in future studies.



CONCLUSION

Thirty local snacks (of 3 samples each) commonly consumed by the three ethnic groups in Singapore were analysed. The acrylamide levels for Malay, Chinese and Indian snacks ranged between not detected to 679.69, 2.59–402.66 and 1.93–1,039.41 ng/g, respectively. In general, the acrylamide levels of local snacks consumed in Singapore were low. Eight snacks had an acrylamide level more than 210 ng/g, which exceeded TDI if 100 g of the snacks were consumed per day. Compared to Chinese and Malay snacks, Indian snacks had a higher average acrylamide level, probably because Indian snacks were generally prepared by using deep-fried or roasting methods. Same snacks prepared by different manufacturers contained different acrylamide levels. Therefore, it could be possible to reduce the acrylamide contents of snacks by changing the processing conditions or choosing raw materials containing lesser acrylamide. Further mitigation strategies are needed to reduce the acrylamide levels in commonly consumed local snacks and foods.
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Snacks Acrylamide level (ng/g)  Preparation method

Boondi_1* 24.84+0.98 Deep-fried
Boondi_2* 16.61 +0.00 Deep-fried
Boondi_3" 48.73 £0.52 Deep-fried
Gulab Jamun_1 377027 Deep-fried
Gulab Jamun_2 6.43£0.34 Deep-fried
Gulab Jamun_3 1.93 £0.09 Deep-fried
Laddu_1 7.46 +0.66 Deep-fried
Laddu_2 4.80£0.24 Deep-fried
Laddu_3 3.43+0.26 Deep-fried
Masala Vadai_1 57.95 +0.87 Deep-fried
Masala Vadai 58.11 £ 1.85 Deep-fried
Masala Vadai_3 28.23 +£0.71 Deep-fried
Medu Vadai_1 3040 £0.23 Deep-fried
Medu Vadai_2 26.56 + 0.47 Deep-fried
Medu Vadai_3 25.00 % 1.50 Deep-fried
Murukku mixture_1 69.85 £ 1.63 Deep-fried
Murukku mixture_2 282.81+2.08 Deep-fried
Murukku mixture_3 1424 +3.38 Deep-fried
Murukku_1 12414 £2.41 Deep-fried
Murukku_2 15.49 £2.09 Deep-fried
Murukku_3 183.06 £ 1.59 Deep-fried
Pakoda_1 82.20 + 6.41 Deep-fried
Pakoda_2 56.63 £ 0.75 Deep-fried
Pakoda_3 126.85 + 8.90 Deep-fried
Peanut Balls_1 1089.41 & 19.98 Heated, roasted
Peanut Balls_2 275.34 £ 0.68 Heated, roasted
Peanut Balls_3 356.50 + 12.14 Heated, roasted
Roasted Chickpeas_1 30.94 +£0.78 Roasted
Roasted Chickpeas_2 38.31£0.37 Roasted
Roasted Chickpeas_3 28.86 + 1.68 Roasted

Values are expressed as mean + SD. *1,2,3 are purchased from 3 different manufacturers.
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Snacks

Kuih Bingka Ubi_1*
Kuih Bingka Ubi_2"

Kuih Bingka Ubi_8"
Harum Manis_1

Harum Manis_2

Harum Manis_3

Curry Puff_1

Curry Puff_2

Curry Puff_3

Jemput Jemput Pisang_1
Jemput Jemput Pisang_2
Jemput Jemput Pisang_3
Kueh bahulu_t

Kueh bahulu_2

Kueh bahulu_3

Kueh Dadar_1

Kueh Dadar_2

Kueh Dadar_3

Kueh Salat_1

Kueh Salat_2

Kueh Salat_3

Odeh Odeh_1

Odeh Odeh_2

Odeh Odeh_3
Rempeyek _1
Rempeyek_2
Rempeyek_3

Ongol Ubi_1

Ongol Ubi_2

Ongol Ubi_3

Acrylamide level (ng/g)

4.69 £+ 0.00
7.66 +0.64
4.40 £ 0.46
44.02 £ 4.07
4939 £2.14
16.31 £0.16
105.28 + 1.31
16.48 £ 2.09
113.71 £ 1.83
12.66 + 0.37
2116+ 3.41
95.89 & 5.40
7.66 +1.41
7.87+094
1081 £2.28
16.82 £+ 0.82
13.69 £ 0.25
389.00 + 18.47
553+1.06
N.D.
4.50 +0.49
117.40 + 4.92
54.66 £ 0.69
679.69 + 15.42
128,53 £7.91
204.08 + 7.31
95.87 £ 2.46
19.67 £2.77
5.76+0.76
3.27 £0.18

Preparation method

Baked
Baked
Baked
Steamed
Steamed
Steamed
Deep-fried
Deep-fried
Deep-fried
Deep-fried
Deep-fried
Deep-fried
Baked
Baked
Baked
Pan-fried
Pan-fried
Pan-fried
Steamed
Steamed
Steamed
Boiled
Bolled
Bolled
Deep-fried
Deep-fried
Deep-fried
Steamed
Steamed
Steamed

Values are expressed as mean  SD. *1,2,3 are purchased from 3 different manufacturers.

N.D. refers to not detected.





OPS/images/fnut-08-764284-t003.jpg
Snacks Acrylamide level (ng/g) Preparation method

Ang ku kueh_1* 314035 Steamed
Ang ku kueh_2* 1450+£185  Steamed
Ang ku kueh_3 2594042 Steamed
Butterfly Fried Dough Pastry_1 68.16 +0.71 Deep-fried
Butterfly Fried Dough Pastry_2 20984020  Deep-fried
Butterfly Fried Dough Pastry_3 50,60 +0.12 Deep-fried
Ear Biscuit_1 402.66 + 7.68 Deep-fried
Ear Biscuit_2 63.96 +3.82 Deep-fried
Ear Biscuit 3 38558 £302  Deep-fiied
Gem Biscuit_1 20014 £847  Baked
Gem Biscuit_2 106.11£495  Baked
Gem Biscuit_3 10896100  Baked
Heong Piah_1 167.57 £2.71 Baked
Heong Piah 2 61.00 +8.02 Baked
Heong Piah_3 118.08 +1.83 Baked
Red Bean Fried Dough Pastry_1 2426 £081 Deep-fried
Red Bean Fried Dough Pastry 2~ 3383+0.79  Deep-fried
Red Bean Fried Dough Pastry 3 5151 £0.74 Deep-fried
Salty Green Bean Pastry_t 1342£040  Baked
Salty Green Bean Pastry_2 2046+£0.78  Baked
Salty Green Bean Pastry_3 37.50 £0.91 Baked
Soon Kueh_1 1401£039  Steamed
Soon Kueh_2 11.19£078  Steamed
Soon Kueh_3 24484245  Steamed
Wheel crackers_1 9.35+1.54 Deep-fried
Wheel crackers_2 9.05+0.68 Deep-fried
Wheel crackers_3 585+ 1.04 Deep-fried
Wife Pastry_t 30824216  Baked
Wife Pastry_2 29,67 £0.37 Baked
Wife Pastry_3 25,80 +0.32 Baked

Values are expressed as mean + SD. *1,2,3 are purchased from 3 different manufacturers.
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Kueh Dadar _8 Replicate 1
Kueh Dadar_3 Replicate 2
Ear Biscuit_1 Replicate 1
Ear Biscuit_1 Replicate 2
Peanut Balls_3 Replcate 1
Peanut Balls_3 Replicate 2
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