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Abstract 

This study investigated the effects of butterfly pea (Clitoria ternatea) and lavender 

(Lavandula angustifolia) flower powders on the physicochemical properties of cereal bars 

and evaluated optimal baking conditions. Four formulations were prepared: control, 

butterfly pea, lavender, and a 1:1 mixture, baked at 100℃ for 2 h or 140℃ for 35 min. 

Color, moisture content, water activity, texture, and lipid peroxide value were analyzed. 

Bars baked at 140℃ for 35 min showed higher moisture content and lower hardness 

compared to those baked at 100℃ for 2 h. Overall, baking at a higher temperature for a 

shorter time better preserved desirable physicochemical properties in flower fortified 

cereal bars.  

1. Introduction 

Research on the incorporation of edible flowers into 

food products has increased due to their beneficial 

phytochemical content and potential to enhance food 

quality. Butterfly blue pea (Clitoria ternatea) and 

lavender (Lavandula angustifolia) have been reported to 

reduce rancidity and extend shelf life by limiting lipid 

oxidation and microbial contamination during processing 

and storage (Firoozeei et al., 2021). Although these 

flowers have been widely studied in pharmaceutical and 

cosmetic applications due to their functional benefits, 

their use in food products, particularly snack items such 

as cereal bars, remains limited. Flowers contain various 

phenolic compounds which are thermolabile and 

sensitive to degradation during heat processing above 

100°C (Liazid et al., 2007).  

Therefore, this study investigated the effects of 

butterfly blue pea and lavender powders on the 

physicochemical properties of cereal bars and evaluated 

two baking conditions, 100°C for 2 h and 140°C for 35 

min, to determine the most suitable processing method. 

 

 

 

2. Materials and methods 

2.1 Cereal bars production  

Samples were prepared fresh prior to analysis using 

the developed formulation and processing method. Pre-

weighed unsalted butter was melted in a water bath at 

90°C and mixed with water, psyllium husk, sorbitol, and 

flower powder to form a slurry before incorporating 

puffed cereal. The mixture was baked in a gas oven at 

100°C for 2 h (T1) or 140°C for 35 min (T2) following 

Angrainy et al. (2023). The formulation was established 

through preliminary trials and a focus group discussion 

with eight participants, guided by key quality attributes 

reported by Samakradhamrongthai et al. (2021). An 

initial 5% flower fortification level (3.64 g) based on 

Pasukamonset et al. (2018) was not accepted, leading to 

further trials at levels below 5%. Based on the focus 

group outcomes, 1.75% (1.27 g) flower fortification level 

was selected for subsequent analyses. 

2.2 Physicochemical analysis  

2.2.1 Color analysis  

The cereal bars were cut into 3 × 3 × 3 cm3 cubes to 

be analyzed. The color was determined using the CIE L* 

a* b* system. The L* (lightness), a* (red intensity), and 

b* (yellow color intensity) values were measured at three 
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different points for each sample.  

2.2.2 Moisture and water activity  

The moisture content (MC) of cereal bars was 

measured by grounding and weighing 3 g of sample. The 

setting used was fast setting at 80°C. Water activity (aw) 

was determined using the water activity meter at 25°C. 

The analysis was performed in three replications for each 

sample.  

2.2.3 Lipid peroxide value 

Lipid peroxide value (PV) was determined according 

to Manzocco et al. (2020) at 0, 3, 6, 9, 12, 22, and 50 

days after baking. Lipid extraction was performed by 

mixing 0.1 g of sample with 0.3 mL iso octane, 

vortexing for 4 min, then adding diethyl ether, methanol, 

and iso octane (1.2:0.6:0.6), followed by vortexing for 20 

min. For PV measurement, 200 μL of extract was mixed 

with 3.2 mL methanol-1-butanol solution, 16.7 μL 

ammonium thiocyanate (3.9 M), and 16.7 μL iron (III) 

chloride hexahydrate (0.036 M), kept in the dark for 20 

min, and read at 510 nm using a NanoQuant plate reader. 

A standard curve was prepared using iron (III) chloride 

hexahydrate (0–100 ppm), and PV (mEq O₂/kg) was 

calculated as (Ac − As − I)/m × Ws × 55.84 × 2, where 

As is sample absorbance, Ac is control absorbance, I is 

intercept, m is slope, and Ws is sample weight. Samples 

were stored in transparent non vacuum plastic packaging 

at approximately 35°C in the dark to simulate non 

packaged conditions, and all analyses were performed in 

triplicate. The relation between different iron 

concentrations and absorbance was studied, and PV was 

calculated as follows: 

Where As is sample absorbance, Ac is control 

absorbance, I is the intercept of the standard curve, m is 

the angular coefficient of the standard curve, Ws is 

sample weight, and 55.84 is the iron atomic weight.  

2.3 Data analysis  

Data were analyzed using SPSS (IBM, USA) and 

first subjected to a normality test at a 5% significance 

level. For physicochemical properties, normally 

distributed data were analyzed using one way ANOVA 

followed by Tukey post hoc test, while non normally 

distributed data were analyzed using Kruskal-Wallis test 

followed by Dunn test with Bonferroni adjustment. 

Statistical significance was set at p < 0.05. 

 

3. Results and discussion 

3.1 Physicochemical analysis  

3.1.1 Color analysis 

Table 1 present the effects of baking temperature and 

flower concentration on cereal bar color. At 100°C, the 

control showed the highest L*, a*, and b* values, 

followed by lavender (LA), MIX, and butterfly pea (BP). 

A similar trend was observed at 140°C, where the 

control maintained the highest L*, a*, and b* values, 

while BP recorded the lowest a* and b* values. BP and 

MIX bars exhibited significantly darker blue coloration 

compared to control and LA samples (p < 0.05), 

attributed to anthocyanins in butterfly pea. Anthocyanins 

contribute orange to violet blue hues depending on 

concentration (Gamage et al., 2021). Butterfly pea 

contains higher anthocyanin levels (30.9 mg C3G/100 g) 

than lavender (0.58–38.43 mg C3G/100 g) (Gadouche et 

al., 2020), explaining its more intense color. Although 

lavender is naturally purple, drying causes anthocyanin 

degradation and browning. The sun-drying method used 

in this study may have further reduced anthocyanin 

content (Ghorbani et al., 2025). 

3.1.2 Moisture and water activity 

Figure 1 shows the moisture content of cereal bars 

under different baking treatments and flower 

concentrations. No significant differences were observed 

among concentrations within the same temperature. 

However, moisture content differed significantly 

between baking temperatures, with samples baked at 

Sample 
100oC 140oC 

L* a* b* L* a* b* 

Control Bars 56.77±0.77a,w 9.43±0.75a,w 36.27±1.10a,w 54.45±1.58a,w 7.79±0.16b,w 34.50±2.03a,w 

Butterfly Pea Bars 28.17±1.88a,y -1.06±0.21a,y 5.59±1.22a,y 26.84±0.62a,z -0.90±0.39a,y 6.04±0.39a,z 

LA Bars 49.75±0.08a,x 7.41±0.66a,x 31.01±1.37a,x 44.13±1.45a,x 6.52±0.67a,w 27.76±0.43a,x 

MIX Bars 29.37±1.25b,y -0.74±0.74b,y 9.85±0.80b,y 34.86±1.92a,y 1.72±1.28a,x 15.85±1.62a,y 

sig. 0.25 0.24 0.19 0.16 0.16 0.16 

Table 1. Color of cereal bars with the addition of edible flowers with different concentrations at 100°C and 140°C.  

Values are presented as mean±SD. Values with different superscripts (a, b) in the same column are statistically significantly 

different (p<0.05) between bars of the same formula baked at 100°C and 140°C. Values with different superscripts (w, x, y and 

z) are statistically significantly different between formulas at the same temperature (p<0.05). BP: Butterfly Pea, LA: Lavender, 

Mix: BP + LA mixture. 
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140°C showing higher values than those baked at 100°C. 

The highest moisture content was recorded in BP at 

140℃ (13.56%), followed by MIX, control, and LA at 

140℃, while all samples baked at 100°C showed lower 

values (7.07–8.03%). Water activity results (Figure 2) 

indicated a significant difference among samples at 

100℃, where the control had the highest value 

(0.77±0.00) and MIX the lowest (0.59±0.01). No 

significant differences were observed at 140°C.  

Cereal bars typically contain 10–15% moisture and 

water activity between 0.1 and 0.7 

(Samakradhamrongthai et al., 2021). The higher 

moisture at 140°C is attributed to the shorter baking time 

(35 min) compared to 100°C (120 min). Rapid heating 

promotes crust formation, reducing water loss, whereas 

prolonged heating allows greater moisture evaporation 

(Rahman et al., 2021). Flower addition influenced 

moisture retention, particularly at 140°C. BP samples 

showed higher moisture content than control and LA, 

likely due to their crude fiber content (15.78 – 19.66%), 

which enhances water absorption (Kovitvadhi et al., 

2024). Dietary fiber has hygroscopic properties that 

improve water retention (Sabziparvar et al., 2022), 

explaining the greater moisture in BP-fortified bars. 

3.2.3 Lipid peroxide value  

Figures 3 and 4 show significant differences in 

peroxide value (PV) among samples at both baking 

temperatures on day 0. The highest initial PV was 

observed in BP at 140°C (8.65±0.12 mEq O₂/kg), while 

control 100°C, BP 100°C, and LA 100°C were not 

detectable. By day 3, the highest PV was recorded in 

control at 140°C (14.75±0.24 mEq O₂/kg), whereas MIX 

at 100°C showed the lowest value (2.21±0.24 mEq O₂/

kg). On day 9, control samples at both temperatures were 

the first to exceed 30 mEq O₂/kg. Peroxide value 

indicates primary lipid oxidation products formed when 

reactive oxygen species react with free fatty acids, 

leading to rancidity (Barden and Decker, 2016). Values 

below 10 mEq/kg indicate freshness, while 20–40 mEq/

kg correspond to noticeable rancidity (Gilbraith et al., 

2021). 

PV increased progressively over 50 days, reaching 

approximately 60 mEq O₂/kg. Bars baked at 140°C 

showed higher and more rapid increases in PV compared 

to those baked at 100°C, consistent with findings that 

higher roasting temperatures accelerate lipid oxidation 

(Liu et al., 2019). All samples baked at 140°C exceeded 

10 mEq O₂/kg by day 3 and 15 mEq O₂/kg by day 6. 

Figure 1. Moisture content of cereal bars. Results are presented 

as mean±SD. Bars with different superscripts (a, b) in the same 

column are statistically significantly different (p<0.05) 

between bars of the same formula baked at 100°C and 140°C. 

Bars with different superscripts (x, y and z) are statistically 

significantly different between formulas at the same 

temperature (p<0.05).  

Figure 2. Water activity of cereal bars. Results are presented as 

mean±SD. Bars with different superscripts (a, b) in the same 

column are statistically significantly different (p<0.05) 

between bars of the same formula baked at 100°C and 140°C. 

Bars with different superscripts (w, x, y and z) are statistically 

significantly different between formulas at the same 

temperature (p<0.05).  

Figure 3. Lipid peroxide value of cereal bars formulated with 

different edible flower concentrations at 100℃ for 120 min for 

50 days. BP: Butterfly Pea, LA: Lavender, Mix: BP + LA 

mixture. A peroxide value >30 mEq O₂/kg indicates the cereal 

bar has begun to develop a rancid aroma. 
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However, flower-fortified bars exhibited slower PV 

development than controls, indicating improved 

oxidative stability. This suggests that the addition of 

edible flowers contributed to extended shelf life 

compared to typical homemade cereal bars, which 

generally last up to one week (Shantamma et al., 2021). 

 

4. Conclusion  

This research demonstrated the optimization of the 

physicochemical properties of cereal bars through the 

incorporation of butterfly pea (Clitoria ternatea) and 

lavender (Lavandula angustifolia) flower powders under 

different baking conditions. The addition of edible 

flowers influenced color, moisture content, water 

activity, texture, and lipid oxidation, contributing to 

variations in product quality and stability. Baking at 140°

C for 35 min resulted in higher moisture content and 

reduced hardness compared to baking at 100°C for 2 h. 

These findings provide practical insights into the 

effective utilization of edible flowers as functional 

ingredients in cereal bar formulation and highlight high-

temperature short-time baking as a favorable processing 

method to maintain desirable physicochemical 

characteristics. 
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