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Abstract

Tarts are a popular bakery product primarily made with wheat flour and butter. The objective of this study was to
investigate the feasibility of using lotus seed flour and Riceberry rice flour as substitutes for wheat flour in pomelo tart
formulations. It also examined the effects of replacing butter with camellia seed oil and assessed the shelf life of the
product. The experiment was conducted using a Completely Randomized Design (CRD), yielding nine tart formulations
by varying the proportions of wheat, lotus seed, and Riceberry flours. Subsequently, the levels of camellia seed oil
that could replace butter at 0%, 25%, 50%, 75%, and 100% were investigated. Results indicated that a formulation
using a 50:50 ratio of lotus seed flour to Riceberry flour could fully replace wheat flour (100%) without compromising
product quality, and that camellia seed oil could replace up to 50% of the butter, resulting in increased protein content,
reduced fat, and lower cholesterol levels in the final product. In addition, the developed pomelo tart could be stored
in polypropylene (PP) packaging and laminated foil bags (PET/AL/PE) for more than 35 days, whereas the control
formulation containing 100% wheat flour exhibited a shelf life of only 30 days due to microbial contamination exceeding
the food safety standard. The primary cause of this deterioration was associated with the increased moisture content

in the control formulation, which facilitated microbial growth and accelerated product quality degradation.

Keywords: Pomelo tart, camellia seed oil, lotus seed flour, riceberry flour, butter substitution
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Table 1 Tart Formulations with Varying Amounts of Lotus Seed Flour and Riceberry Flour (9 Formulations).

Ingredients (g) F1 F2 F3 F4 F5 F6 F7 F8 F9
All-purpose flour 250 125 125 - - - - - -
Lotus seed flour - 125 - 250 125 150 300 -
Riceberry flour - - 125 - 250 125 150 - 300
Bread flour 50 50 50 50 50 50 0 0 0
Tapioca flour 20 20 20 20 20 20 20 20 20
Milk powder 20 20 20 20 20 20 20 20 20
Butter 200 200 200 200 200 200 200 200 200
Icing sugar 65 65 65 65 65 65 65 65 65
Egg yolk 1 1 1 1 1 1 1 1 1
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Table 2 Pomelo Tart Formulations (5 Recipes) with Varying Butter : Camellia Seed Oil Ratios (200:0, 150:50, 100:100,
50:150, and 0:200).

Ingredients (g) F1(Control) F2 F3 F4 F5
Lotus seed flour 150 125 125 125 125
Riceberry flour 150 125 125 125 125
Tapioca flour 20 20 20 20 20
Milk powder 20 20 20 20 20
Icing sugar 65 65 65 65 65
Egg yolk 1 1 1 1 1
Butter 200 150 100 50 0
Camellia Seed Oil 0 50 100 150 200
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Table 3 Characteristics of pomelo tart dough before and after baking, moisture content, and water activity.

Characteristics of Characteristics of pomelo The ratio of Moisture Aw
pomelo tart dough tart after baking formulation (%)
"\ F1 Control 6.27 + 0.22° 0.60 + 0.22°
q ‘ AF(250) : BF(50) :
LS(0) : RF(0)
Vot F2 6.23 + 0.60° 0.62 + 0.02°
% AF(125) : BF(50) :
LS(125) : RF(0)
F3 6.18 + 0.49° 0.57 + 0.02°
AF(125) : BF(50) :
LS(0) : RF(125)
F4 6.27 + 0.63° 0.56 + 0.02°
AF(0) : BF(50)
LS(250) : RF(0)
F5 6.17 £ 0.22° 0.58 + 0.02°
AF(0) : BF(50) :
LS(0) : RF(250)
F6 5.63 + 0.39" 0.54 +0.11°
AF(0) : BF(50)

LS(125) : RF(125)
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Table 3 Characteristics of pomelo tart dough before and after baking, moisture content, and water activity (Cont.)

Characteristics of Characteristics of pomelo The ratio of Moisture Aw
pomelo tart dough tart after baking formulation (%)
A~ | F7 470 £ 0.03° 0.50 + 0.02°

AF(0) : BF(0) :

LS(150) : RF(150)

F8 5.17 + 0.50° 0.53 + 0.02°

AF(0) : BF(0) :

LS(300) : RF(0)

F9 3.69 + 0.26° 0.50 + 0.02°

AF(0) : BF(0) :
LS(0) : RF(300)

" AF= All-purpose flour ; BF= Bread flour ; LS= Lotus seed flour and RF= Riceberry flour
** Means in the same column with different letters are statistically different (p<0.05)

" Means in the same column are not statistically different (p>0.05)
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Table 4 Textural Characteristics of Pomelo Tart Products (9 Formulations).

F Brittleness (kgf) Cohesiveness (-)

Fracturability (kgf)

Gumminess (kgf) Hardness (N)

1 6.86 + 0.28° 1.63 + 0.06™
2 8.06 + 0.43" 1.75 + 0.13°
3 8.06 + 0.43" 1.75 + 0.08°
4 10.63 + 0.67° 1.62 + 0.05%
5 8.24 + 1.52 1.67 £ 0.19%
6 10.42 + 1.12° 1.67 + 0.07™
7 9.53 + 0.55% 1.56 + 0.03°
8 7.82 +1.07% 1.51 +0.08°
9 7.88 + 1.73% 1.65 + 0.06™

0.07 = 0.00° 44.69 + 1.56% 238.56 + 19.08"
0.06 + 0.00° 51.60 + 2.65% 276.49 + 26.84°
0.06 + 0.00° 54.10 + 4.95° 278.91 + 31.32°
0.09 % 0.01° 62.53 + 3.04° 391.01 + 48.92°
0.05 + 0.01° 42.22 + 6.22° 219.47 + 26.26"
0.07 £ 0.01° 63.43 + 2.35° 369.97 + 47.32°
0.05 + 0.01° 62.66 + 6.94° 366.31 + 29.51°
0.05 £ 0.01° 51.38 + 5.97" 285.70 + 86.79"
0.05 + 0.01° 43.48 + 2.18% 256.47 + 26.56°

*¢ Means in the same column with different letters are statistically different (p<0.05)

" Means in the same column are not statistically different (p>0.05)
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Table 5 Color values (L*, a*, b*), moisture content, water activity, and cholesterol levels of pomelo tart products

prepared by substituting butter with 0, 50, 100, 150, and 200 grams of camellia seed oil.

F L* a* b* Moisture (%) Aw Cholesterol (mg)
1 52.96+1.47° 1.95+0.13" 15.7120.13*  7.29 + 0.33° 0.54 + 0.02° 39.67+0.58°
2 51.47+1.87° 2.20+0.29" 14.70+0.31° 6.45 + 0.05° 0.48 + 0.01° 32.17+0.01°
3 49.20+1.48% 2.29+0.31° 14.55+1.33° 5.96 + 0.03° 0.42 + 0.01° 29.67+ 1.15°
4 43.47+3.18" 2.87+0.18° 14.070.57° 5.89 + 0.19° 0.41 % 0.01° 27.00 +0.58°
5 43.310.28" 3.0420.09° 13.43+0.30° 5.97 + 0.38° 0.41 % 0.02° 26.67+ 1.15°

*° Means in the same column with different letters are statistically different (p<0.05)

" Means in the same column are not statistically different (p>0.05)
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Table 6 Chemical and textural properties of three formulations of pomelo tart.

Formula 1

Formula 2 Formula 3

Energy (Kcal)

480.40 + 0.44°

479.67 + 0.66°

479.44 + 0.83°

Protein (g) 7.88 + 0.05° 7.85+0.01° 8.31 £ 0.08°
Fat (g) 26.01 + 0.02° 26.03 + 0.34° 25.46 + 0.11°
Cholesterol (mg) 40.33 + 1.53° 39.64 + 0.58% 29.67 + 1.15°
Total Carbohydrate (g) 53.70 + 0.10° 53.22 + 0.37° 54.34 + 0.02°
Dietary Fiber (g) 3.81+0.02° 3.91 +0.02° 410 £ 0.10°
Ash () 1.21 £ 0.01° 1.48 + 0.07° 1.53 + 0.01°
Texture

Brittleness (kgf) 6.45 + 0.74° 9.28 +1.70° 10.50 + 0.80°
Cohesiveness (-) 1.34 + 0.09° 1.45 + 0.09%° 1.62 +0.14°
Fracturability (kgf) 0.06 + 0.02° 0.07 + 0.01% 0.13 + 0.04°
Gumminess (kgf) 40.02 + 1.66° 62.25 + 6.39° 64.32 + 8.50°

Hardness (N)

214.57 + 9.45°

369.82 + 29.31°

440.64 + 29.20°

** Means in the same row with different letters are statistically different (p<0.05)

" Means in the same row are not statistically different (p=0.05)
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Table 7 Micobial evaluation of pomelo tart products packaged in 100-gram polypropylene (PP) bags and laminated
foil bags (PET/AL/PE) was measured after storage at 25°C for 35 days (n=3).

Storage time Sample Part TVC () Y&M E. coli S. aureus
0, 5, 10, 15, 20, 25 F1 PP bag ND ND ND ND
PET/AL/PE ND ND ND ND
F2 PP bag ND ND ND ND
PET/AL/PE ND ND ND ND
F3 PP bag ND ND ND ND
PET/AL/PE ND ND ND ND
30 F1 PP bag 4.20+0.75 145+ 1.19 1.45 +0.19 145+ 4.10
PET/AL/PE ND ND ND ND
F2 PP bag 3.50 + 0.53 ND ND ND
PET/AL/PE ND ND ND ND
F3 PP bag 3.50 + 0.25 ND ND ND
PET/AL/PE ND ND ND ND
35 F1 PP bag 6.12 £ 0.75 1.45 +0.75 1.45 +0.75 145+ 0.75
PET/AL/PE 6.12 £ 0.43 ND ND ND
F2 PP bag 4.20 £ 0.53 1.45 + 1.80 1.45 £ 1.80 1.45 + 1.80
PET/AL/PE 5.85 + 0.13 ND ND ND
F3 PP bag 5.60 + 0.27 ND ND ND
PET/AL/PE 5.90 + 0.33 ND ND ND

*ND = NOT Detected
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Table 8 The peroxide value (PV) of pomelo tart products packaged in 100-gram polypropylene (PP) bags and

laminated foil bags (PET/AL/PE) was determined on day 0 and day 35 of storage at 25°C.

PP bag (meq/kg) PET/AL/PE (meq/kg)
Storage time
F1 F2 F1 F2 F3
o™ 0.0 £ 0.0 0.0+ 0.0 0.0+ 0.0 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0
35 6.0 £ 0.0° 8.0+ 0.0° 10.0 £ 0.0° 2.0 £0.0° 4.0+00° 6.0 £ 0.0°

** Means in the same row with different letters are statistically different (p<0.05)

" Means in the same row are not statistically different (p=0.05)
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