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Abstract. This study aimed to analyze the dough characteristics and
quality of puff pastry with corn flour as a partial substitute for wheat
flour. The use of local ingredients such as corn is important for
supporting food diversification and developing healthier bakery
products. An experimental method compared a control puff pastry
made with 100% wheat flour and a formulation containing corn flour
substitution. Samples were evaluated through microscopic
observation, Scanning Electron Microscopy (SEM), and nutritional
analysis. The results showed that corn flour substitution affected the
properties of puff pastry. Microscopic observations indicated that the
substituted product had higher porosity and less distinct layer
formation than the control, especially on the first day after baking.
During storage, the corn-based puff pastry exhibited an increase in
hollow structures, indicating changes in internal morphology. SEM
analysis confirmed differences in microstructure, with the control
sample displaying smoother, clearly defined layers, whereas the
substituted sample showed a more porous and irregular structure.
Nutritional analysis revealed that corn substitution increased
moisture, ash, and protein contents while decreasing fat and
carbohydrate levels compared with the control. Overall, corn flour
substitution influenced puff pastry texture and composition while

demonstrating potential for developing nutritious bakery products
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from locally available ingredients
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1. Introduction

Corn is one of the abundant food ingredients in Indonesia, but its use in premium processed products
such as puff pastry is still limited. With increasing public awareness of the importance of food
diversification and the use of healthier and more sustainable local ingredients, this study is very
relevant [1-2].

The use of substitute ingredients in food products has long been recognized to affect various
physical and organoleptic properties of the final product. In this case, the theory of ingredient
substitution states that changes in basic ingredients will have an impact on the structure and texture
of the product, which affects the quality and consumer acceptance. Partial substitution of the main
ingredients such as wheat flour with other ingredients such as corn in bakery and pastry products can
result in significant changes in the aspects of friability, softness, and layer-forming ability [3-4].

The use of corn as a substitute for wheat flour can be a solution to reduce dependence on imported
ingredients while increasing the added value of corn as a local commodity [5]. Corn has advantages
in terms of higher fiber content, vitamins, and a lower glycemic index compared to wheat flour, so it
can provide health benefits for consumers [6].

Recent research supports the importance of this innovation. Substitution of wheat flour with corn
up to 30% in bakery products can improve texture and nutritional value without significantly reducing
sensory quality [7-8]. These findings show the great potential of using corn in pastry products to create
products that are not only healthier, but also maintain the quality expected by consumers.

The urgency of this research is also based on the need for the food industry to continue to present
innovative products that respond to health and sustainability trends. By using the method of dough
characterization and texture analysis of puff pastry, this research can make a significant contribution
to the development of food processing technology that utilizes local ingredients. In addition to
strengthening the theory of the effects of ingredient substitution in bakery products, this research is
expected to pave the way for diversification of healthier pastry products with high potential in the
global market.

The contribution of this research is not only in a scientific context, but also in practical
applications, where the use of corn as a substitute ingredient can be an interesting alternative to be
developed in the future, both to meet the needs of consumers who are increasingly concerned about
health aspects and to support the sustainability of local food production.

2. Methods

This study employed an experimental design to evaluate the effects of partial substitution of wheat
flour with corn puree on the structural characteristics and quality of puff pastry. The experiment
compared a control formulation prepared with 100% wheat flour and a treatment formulation in
which a portion of the wheat flour was replaced with corn puree. The effects of the substitution were
evaluated through microscopic observation, Scanning Electron Microscopy (SEM), proximate
composition analysis, and antioxidant activity measurements. Samples were analyzed immediately
after baking (Day 0) and after five days of storage (Day 5) to evaluate structural changes during storage
[9-10].

2.1. Materials and Puff Pastry Formulation

Two puff pastry formulations were prepared: a control formulation containing 100% wheat flour and a treatment
formulation containing partial substitution with corn puree. The ingredients used consisted of wheat flour, corn
puree, egg, ice water, granulated sugar, salt, butter, and pastry margarine (korsvet). The detailed formulation is
presented in Table 1.
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Table 1. Formulation of puff pastry samples
Ingredients Control (g) Corn puree (9)

Wheat flour 500 350
Corn puree - 150
Egg 50 50
Ice water 250 130
Granulated sugar 15 15
Salt 7.5 7.5
Butter 50 50

Pastry margarine

(korsvet) 250 250

2.2. Preparation of Puff Pastry

Fresh corn kernels were steamed, blended, and filtered to obtain corn puree. Wheat flour, corn puree
(for the substitution treatment), granulated sugar, salt, egg, and ice water were mixed until a
homogeneous dough was obtained. Butter was then incorporated, and the dough was kneaded until
partially developed. Separately, pastry margarine (korsvet) was flattened and chilled in a freezer for
10 min. The dough was rolled to approximately 1 cm thickness, laminated with the chilled pastry
margarine, folded, and stored in a chiller for 15 min. The lamination process was repeated three times.
The laminated dough was then cut into 10 X 10 cm squares, shaped into diamond forms, baked for 40
min, cooled to room temperature, and subsequently prepared for microscopic, SEM, proximate, and
antioxidant analyses.

2.3. Research Instruments

The instruments used in this study included a light microscope and Scanning Electron Microscope
(SEM) for microstructural observation of puff pastry layers [11], laboratory equipment for proximate
analysis including moisture, ash, protein, fat, and carbohydrate determination [12], and conventional
bakery equipment for dough preparation and baking [13-14].

2.4. Data Collection

Microscopic observations were conducted on the inner layer, outer layer, upper surface, lower surface,
and cross-sectional structure of puff pastry samples. SEM analysis was performed at magnifications of
250%, 500x, and 1000X to evaluate changes in the internal microstructure during storage [15].
Proximate composition analysis included determination of moisture content (AOAC Method 925.10),
ash content (AOAC Method 923.03), protein content using the Kjeldahl method (AOAC Method
979.09), fat content using the Soxhlet extraction method (AOAC Method 920.39), and carbohydrate
content calculated by difference [16]. Antioxidant activity was determined using the DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical scavenging assay. One gram of sample was extracted with 10 mL
methanol and left overnight. The extract was filtered, concentrated using a rotary evaporator, and
reacted with 0.1 mM DPPH solution. After incubation for 30 min, absorbance was measured at 517
nm using a UV-Vis spectrophotometer, and antioxidant activity was expressed as ICsy values.

2.5. Data Analysis

The obtained data were analyzed descriptively and comparatively. Microscopic and SEM
observations were interpreted by comparing the structural characteristics of the control and corn
puree-substituted puff pastry samples at Day 0 and Day 5. The proximate composition and antioxidant
activity of both formulations were also compared to evaluate the effects of corn puree substitution on
the physicochemical properties of puft pastry [17-18].
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3. Results and Discussion

3.1 Microscopic Analysis

3.1.1 Inner Layer

Figure 1 shows the microscopic characteristics of the inner layer of the control and corn puree-
substituted puff pastry on Day 0 and Day 5. The control sample exhibited clearer laminated layers
immediately after baking, although small cracks were observed. After five days of storage, the
laminated structure became less distinct. In contrast, the corn puree-substituted puff pastry showed a
denser structure with fewer internal cavities on Day 0, whereas larger and more irregular pores
developed after five days of storage.

These observations indicate that substitution with corn puree altered the internal microstructure
of puff pastry by reducing the stability of the laminated layers and promoting greater porosity during
storage. This structural change is likely associated with the reduced gluten network resulting from
wheat flour substitution, leading to less uniform layer formation and increased cavity development.

Control 0 Day Control 5 Days

Corn 0 Day Corn 5 Days
Figure 1. Microscopic analysis from inner layer

3.1.2 Outer Layer

Figure 2 presents the microscopic characteristics of the outer layer of the control and corn puree-substituted puff
pastry on Day 0 and Day 5. The control sample showed relatively separated laminated layers immediately after
baking, while the layers became more compact and better defined after five days of storage. In contrast, the corn
puree-substituted puff pastry exhibited a relatively dense outer structure with limited pores on Day 0, whereas a
more porous structure with larger air cavities was observed after five days of storage.

These findings indicate that storage influenced the outer-layer microstructure of both formulations, with
more pronounced structural changes occurring in the corn puree-substituted puff pastry. The increased porosity
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is likely associated with the weaker gluten network caused by partial substitution with corn puree, resulting in
reduced layer integrity and greater cavity formation during storage.

Control 0 Da Control 5 Days

Corn 0 Day Corn 5 Days
Figure 2. Microscopic analysis from outer layer

3.1.3 Top Surface

Figure 3 shows the microscopic characteristics of the top surface of the control and corn puree-
substituted puff pastry on Day 0 and Day 5. The control sample exhibited a relatively smooth and
homogeneous surface immediately after baking, whereas a rougher and more irregular texture was
observed after five days of storage. Similarly, the corn puree-substituted puff pastry showed a relatively
smooth surface on Day 0, while the Day 5 sample exhibited a darker surface with more pronounced
roughness and visible dark spots.

These observations suggest that storage affected the surface morphology of both formulations by
increasing surface roughness and color changes. The more pronounced surface irregularities in the
corn puree-substituted puff pastry may be associated with moisture redistribution and structural
changes occurring during storage, which altered the surface appearance and texture of the product.

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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Control 0 Da‘ Control 5 Da‘s

Corn 0 Day Corn 5 Days
Figure 3. Microscopic analysis from top surface

3.1.4 Bottom Surface

Figure 4 illustrates the microscopic characteristics of the bottom surface of the control and corn puree-
substituted puff pastry on Day 0 and Day 5. The control sample exhibited a relatively smooth and
homogeneous surface immediately after baking, whereas a rougher texture was observed after five
days of storage. Similarly, the corn puree-substituted puff pastry showed a smoother and lighter-
colored surface on Day 0, while the Day 5 sample exhibited a darker appearance with a rougher
texture and more visible cavities.

These results indicate that storage affected the bottom surface morphology of both formulations,
with more pronounced structural changes occurring in the corn puree-substituted puff pastry. The
increased roughness and cavity formation may be attributed to moisture migration and the weaker
gluten network caused by partial substitution with corn puree, leading to reduced structural stability

during storage.

Control 5 Days

Corn 5 Days
Figure 4. Microscopic analysis from bottom surface
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3.1.5 Both Surface
Figure 5 presents the microscopic characteristics of both surfaces of the control and corn puree-
substituted puff pastry on Day 0 and Day 5. The control sample exhibited a relatively smooth and
uniform surface immediately after baking, whereas small cavities and slight surface disruption became
evident after five days of storage. Similarly, the corn puree-substituted puff pastry showed a smooth
and homogeneous yellowish surface on Day 0, while the Day 5 sample exhibited a darker brownish
appearance with a rougher surface and more pronounced cavities.

These observations indicate that storage promoted structural deterioration in both formulations,
particularly in the corn puree-substituted puff pastry. The darker color and increased cavity formation
suggest moisture redistribution and weakening of the laminated structure during storage, which may

be associated with the reduced gluten network caused by partial substitution with corn puree.
W T8 :

Corn 0 D-ay ‘ Corn 5 Days

Figure 5. Microscopic analysis from both surface

3.1.5 Corn 30%
In 30% corn, the puff pastry looks like it has layers but it is not so clear and tends to be abstract. The
cavity axis in the puff pastry looks small and not so hollow and is tighter. The results of microscopic
observations showed significant differences in the texture of the control puff pastry (100% wheat flour)
and the puff pastry substituted with corn. On the control day 0, the inner and outer layers of the puff
pastry had not yet formed perfectly, but began to look more layered on the 5th day. In contrast, the
puff pastry with corn substitution showed that on day 0, the layers were not hollow and less defined.
However, on the 5th day, the corn layer began to show more hollow and porous characteristics than
the control.

The interpretation of these results indicates that corn substitution affects the ability of the dough
to form the expected layers in puff pastry. This is in line with the theory that the difference in gluten
content between wheat flour and corn affects the ability of the dough to expand. Corn, which is low
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in gluten, has lower elasticity, so the dough cannot expand perfectly to form smooth layers like in
wheat flour-based puff pastry. Gluten is a protein responsible for the ability of dough to hold air and
form layers in bakery and pastry products [19-21].

However, over time (5 days), corn puff pastry showed an increase in layer formation and porosity.
This may be due to moisture absorption which causes the dough structure to develop further, although
the final result is not as good as the control. This also indicates that corn substitution can still produce
decent puff pastry, although not as smooth as products that use wheat flour entirely [22-23].

Corn 1 Corn 2 Corn 3
Figure 6. Microscopic analysis from corn 30%

3.2 Scanning Electron Microscope (SEM) Analysis
3.2.1 Control
Cross-section of puff pastry analyzed using Scanning Electron Microspy (SEM). SEM instrument is
most often used to study changes in the internal structure of puff pastry such as changes in cell size,
density, uniformity, which affect the sensory properties of puff pastry. Structural analysis using SEM
was carried out on the surface of “Puff Pastry” baked using a conventional oven with magnifications
of 250, 500, 1000 times and resolutions of 50, 100, and 200 with a depth of field of £4.5 mm.

Figure 7 shows the SEM analysis of the control puff pastry showing differences in the structure
of puff pastry aged 0 days and 5 days. At magnifications of 250, 500 and 1000 the structure and curves
of the puff pastry gradually decreased.
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JTM-FTUA 5.00KV 4.5mm x500 SE 10/18/2023

JTM-FTUA 5.00kV 4.5mm x1.00k SE 10/18/2023 JTM-FTUA 5.00kV 4.5mm x1.00k SE 10/18/2023 = 50.0um

(a) (b)
Figure 7.(a) Scanning puff pastry control 0 day (b) Scanning puff pastry control 5 days

3.2.1 Corn

The results of the SEM analysis provide a deeper picture of the changes in the internal structure of the
control and corn puff pastry. In the control puff pastry, the layer structure is seen more clearly with
more defined gaps, especially on the 5th day. In contrast, corn puff pastry at magnifications of 250,
500, and 1000 times showed that the layer structure tends to be more porous and abstract, with non-
uniform cavity sizes. The structure of corn on the 5th day showed an increase in porosity and clarity
of the layer, but not as good as the control.

This finding can be explained by the theory of the effect of ingredient substitution on the
microscopic structure of food products. Because corn has a higher starch content and lower gluten, its
structure tends to be more fragile and inelastic, making it difficult to form the smooth layers required
in puff pastry. The substitution of wheat flour with low-gluten ingredients resulted in a more porous
and less stable structure [24-26].
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Figure 8.(a) Scanning puff pastry corn 0 day (b) Scanning puff pastry corn5 days

3.3 Nutritional Content

From the analysis of nutritional content, puff pastry with corn substitution showed an increase in
water, ash, and protein content, but a decrease in fat and carbohydrate content compared to the
control. The increase in water content may be due to the ability of corn to absorb more water than
wheat flour, which directly affects the final texture of the product. The decrease in fat and
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carbohydrate content in corn puff pastry indicates that the use of corn can reduce the caloric value of
the product, which can be an added value in the context of healthy food products.

Table 2. The analysis of nutritional content

Water Ash Fat Carbohydrate Protein Antioxidant
content Content Content Content (%) Content Activity
(%) (%) (%) (%) IC50 Value
(ppm))
Control 3.30 0.41 31.09 58.42 6.77 38771.85
Corn 10.25 1.66 24.75 54.44 8.41 40626.86

The increase in protein content in corn puff pastry is a little surprising, considering that corn
generally contains less protein than wheat flour [27-28]. However, this may be explained by an
increase in the proportion of other components in the dough formula, or the presence of other factors
in processing that affect the final chemical composition.

Corn substitution in puff pastry affects several important aspects of the product, including texture,
layer structure, and nutritional content. This study was able to answer the research objective, namely
to understand the impact of corn substitution on the quality of puff pastry. Although corn puff pastry
is not fully able to match the structure of wheat flour-based puff pastry, these findings indicate that
substitute products still have commercial potential, especially in the context of developing healthier
local food products.

Substitution of wheat flour with corn in bakery products can increase nutritional value without
significantly reducing sensory quality [29][30]. In addition, these findings also strengthen the theory
of ingredient substitution in the food industry, which shows that changes in the composition of raw
materials will affect the overall physical and chemical properties of the product [31-32].

In a practical context, the results of this study provide a strong foundation for the food industry
to consider using corn as a substitute ingredient in pastry products. Although there are some challenges
in terms of layer structure and texture, further development in processing techniques can help
maximize the potential of corn as a basic ingredient for puff pastry.

4. Conclusion

The use of corn flour as a substitute for wheat flour in making puff pastry has a significant impact on
the structure and texture of the product. The results of microscopic analysis showed that puff pastry
with corn substitution had a less defined layer structure and higher porosity than the wheat flour-based
control puff pastry. However, after 5 days of storage, the corn puff pastry showed better development
of a hollow structure, although it was still not as smooth as the control puff pastry. Through SEM
analysis, it was seen that the microscopic structure of the corn puff pastry had non-uniform cavities
and porosity and was rougher than the control puff pastry. Over time, the corn structure tended to
become more porous, but did not show the formation of smooth layers that are characteristic of wheat-
based puff pastry.

In terms of nutritional content, puff pastry substituted with corn showed an increase in water,
ash, and protein content, while fat and carbohydrate content tended to be lower compared to the
control. This shows the potential of corn puff pastry as a lower-calorie food product, which may be
more in line with consumer trends that prioritize healthy food products. Although corn substitution
affects the texture and visual quality of puff pastry, this product still has potential for further
development. This study supports the theory that substitution of raw materials in food products can
affect physical properties, texture, and nutritional content. In the context of utilizing local food
materials and diversifying healthier food products, corn shows great potential as a viable alternative
raw material.
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