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Abstract: Since 2019, the price of dragon fruit has often plummeted during
peak harvest periods, causing farmers to delay harvesting or even discard the
fruit into rivers. Various studies have been conducted to optimize the
utilization of its bioactive compounds, such as proteins, fats, organic acids,
and minerals, to address this issue. One such approach is utilizing dragon fruit
peel as flour. This study aims to determine the optimal substitution percentage
of dragon fruit peel flour (TKBN) in waffles to improve their quality through
De Garmo's effectiveness test. Four levels of wheat flour substitution with
dragon fruit peel flour were applied: 0% (P0), 3% (P1), 6% (P2), and 9% (P3),
each replicated four times. The results showed that increasing the substitution
of dragon fruit peel flour decreased the moisture and fat content in waffles,
while protein, fiber, ash, and carbohydrate content increased. All organoleptic
variables declined as the substitution level increased. It was concluded that a
6% substitution of dragon fruit peel flour significantly increased fiber, protein,
carbohydrate, and ash content while reducing fat content, although the fat
reduction was not statistically significant.
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Introduction the river (Frilanda et al.,, 2022). The problem can be

resolved through various studies optimising the

Agricultural waste worldwide is estimated at 2
billion tonnes per year (Singh et al., 2021). While in
Indonesia agricultural waste production reaches 51.546
million tonnes of dry matter per year consisting of rice
straw, corn, soybean, peanut and sweet potato straw
(Fitriansyah, 2024). Agricultural waste in Indonesia is
generally burned directly and then the ashes are
sprinkled on local agricultural land or used as animal
feed (Fitriansyah, 2024), but data on agricultural waste
from vegetables and fruits has not yet been recorded.

In Indonesia, agricultural waste does not only come
from crop residues, but can also come from fruits or
vegetables that are deliberately not harvested by farmers
during the peak harvest period when the price of
agricultural commodities is falling (Abidin, 2025). Since
2019, one of the agricultural commodities that often
drops in price during the peak harvest period is dragon
fruit, so farmers delay the harvest period or throw it into
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utilisation of bioactive compounds contained therein
such as proteins, fats, organic acids and minerals (Singh
et al., 2021; Liu et al., 2023). Especially for dragon fruit
plants, some of the research that has been done includes
the use of dragon fruit skin as flour in food products
such as milk pie (Rahmah et al.,, 2022), dried bakpia
(Nirmalawaty & Mahayani, 2020) and cookies
(Triwulandari et al., 2017, Kumalasari & Devira, 2024),
natural colouring (Regilia et al., 2024), preserving food
products (Oktiarni et al., 2012; Nirmalawaty &
Mahayani, 2020) and identifying the presence of borax
(Darmawati et al., 2023; Novianty, 2023).

The utilisation of dragon fruit peels in the form of
flour added or substituted in food products has often
been applied because of its easy manufacturing process,
besides that red dragon fruit peels have higher free
radical scavenging activities than the fruit flesh and
contain betalains in addition to anthocyanins. Betalain
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is a pigment that is only found in plants from the order
Caryophyllales, and does not experience damage when
extracted at 1000C. Betalains consist of betasianin and
betaxanthin (Rebecca et al., 2008).

In general, the results of previous studies show that
the more dragon fruit skin flour (TKBN) added or
substituted, the higher the fibre content and antioxidant
activity in food products (cookies, pancakes and cakes)
but there is a decrease in the level of panelist preference
(Ho & Latif, 2016; Lianawati & Warsito, 2019; Rahayu,
2021; Bimo et al., 2022; Chumroenvidhayakul et al., 2023;
Rahmah et al., 2022). In these various studies, the
determination of the recommended number of TKBN is
not proven empirically, only adjusted to the researcher's
hypothesis. Empirical proof can be done through the de
Garmo method effectiveness test (Degarmo, 1984).
Based on this test, the best treatment is determined
based on a combination of sensory tests, physical and
chemical properties of food products. This research
aims to determine the best TKBN substitution
percentage for waffles as an effort to improve their
quality through the de Garmo effectiveness test.

Method

Sample Preparation

The research was conducted at the Integrated Food
Laboratory, Faculty of Vocational Studies, Universitas
17 August 1945 Surabaya from May to June 2024. The
treatments consisted of 4 (four) levels of wheat flour
substitution with TKBN, namely 0% (P0), 3% (P1), 6%
(P2), and 9% (P3) with 4 replications. The waffle
formulation is presented in table 1. Preparation of
dragon fruit flour refers to Nirmalawaty et al. (2020). The
observation variables consisted of physicochemical
properties  test, including crispness  (texture,
penetrometer method), moisture content (OAOC, 2005),
fat content (Soxhlet method - semi-automatic), total ash
content (muffle furnace method 600-1000C), protein
content (AOAC, 1970), carbohydrate (by difference) and
organoleptic test which includes the level of panelist
preference for colour, aroma, taste and texture.

Table 1. Formulations Waffle

. Treatments
Ingredients 0 Pl = P
Margarine 100g 100g 100g 100g
Liquid milk 75ml 75ml  75ml 75ml
Egg 2pcs  2pcs  2pcs 2 pcs
Wheat Flour 175g 169.7¢g 1645g 1593 ¢
Dragon Fruit Peel Flour 0g b525g 105g 157¢g
Whipped Cream 75ml 75ml 75ml 75ml
Baking Powder 8¢g 8¢g 8¢g 8¢g
Vanilla lg lg lg lg

Sugar 100g 100g 100g 100g
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Sensory test data were transformed using the MSI
method before analysis of variance using the RAL
method followed by a t-test at the 95% confidence level.
The recommended treatment is done through the
determination of Effectiveness Test (Degarmo, 1984).
The formulas of effectiveness value (NE), productivity
value (NP) and Effectiveness Test are as follows:

_ NPH — NTKH

NE = NTBK — NSH

- NP = NE X BV 1)

Effectiveness Test = ), NP, + Y NP, + Y, NP, @

NE = value of each treatment in organoleptic,
physical and chemical tests.

NPH = average value of observations of each
treatment in organoleptic, physical and
chemical tests.

NTKH = the smallest value of each treatment in
organoleptic, physical and chemical tests.

NTBH = the largest value of each treatment in
organoleptic, physical and chemical tests.

NSH = best and worst average difference value of
each treatment in organoleptic, physical and
chemical tests.

NP = productivity value of each treatment in
organoleptic, physical and chemical tests.

BV = Weight of each treatment in organoleptic,
physical and chemical tests.

2. NP, =Total NP of each organoleptic test treatment.

2.NP, =Total NP of each physical test treatment.

Y NP; = Total NP of each chemical test treatment

Result and Discussion

Physicochemical Test

Physicochemical tests observed included moisture
content, texture, protein, fat content, fibre and ash
content and carbohydrates. The results of laboratory
analysis showed that TKBN substitution had a
significant effect on all physicochemical variables (Table
2) where the increasing TKBN substitution decreased the
moisture content and fat content of the waffle, while the
protein, fibre, ash and carbohydrate content increased.

The moisture content of waffle decreases with the
greater the percentage of TKBN substitution of waffle.
The highest waffle moisture content in the control
treatment is 24.06% and the lowest in the P3 treatment is
2217%. The moisture content of both the control
treatment and TKBN substitution met the quality
standards of semi-wet cakes, which is a maximum of
40% (SNI 01-2973-2011). The results of this study are in
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line with Ho et al. (2016) research on cookies where the
increase in TKBN substitution decreased the moisture
content and water activity (aw). The decrease in water
activity is due to TKBN having a fibre component that is
able to retain a certain amount of water, thus reducing

Table 2. The Results of Laboratory Analysis
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the amount of water available. A decrease in water
content has a positive impact on the shelf life of food
products, considering that low water content will inhibit
microbial activity in breaking down carbohydrates
(Rahmah et al., 2022).

Treatment Moisture Content (%)  Texture (g/cm?)  Protein (%) Fat (%) Ash (%) Fiber (%) Carbohydrates (%)
PO 24.0585 a 11945 a 22447a  0.3865a 1.2842a 04763a 72.0693 a
P1 24.0158 b 11840 b 25950b  0.3860a 1.3447b 0.5535b 71.6808 b
P2 23.6510 ¢ 116.00 c 27293c 0.3580ab 1.3855c 0.6798c 71.8763 ¢
P3 22.1680 d 105.25d 3.0205d  0.3205b 1.6445d 0.7757d 72.7815d

The texture/softness of the waffle was determined
by the penetrometer method, where the lower the
pressure resistance on the product, the depth of the
penetrometer needle penetrates the waffle deeper,
resulting in a higher level of softness. The results
showed that the level of tenderness of the waffle was
influenced by the percentage of TKBN substitution,
where the greater the percentage of TKBN substitution,
the harder the waffle. This is due to the reduced
percentage of flour in the dough so that it will affect the
glutenisation process where the reduced gluten in the
dough will reduce the ability to hold gas so that it cannot
form the desired dough structure (Nirmalawaty &
Mahayani, 2020; Triwulandari et al., 2017).

Based on Table 2, the protein content in dragon fruit
peel flour waffles in all treatments averaged 2-3% and
there were significant differences between treatments,
where the greater the substitution of dragon fruit peel
flour, the higher the protein content. Simangungsong
(2014) stated that the protein content of TKBN was 8.98
1 0.01%, while Hotmaida et al. (2020) obtained a smaller
protein value of 6.38% and Aprilia et al. (2021)
mentioned 5.08%. This difference may be due to the type
of dragon fruit and the processing method. TKBN
substitution also significantly affected the carbohydrate
content of waffles (Table 2) where the average
carbohydrate content of waffles was 72.1%. The same
thing was obtained by Hotmaida et al. (2020), while
Ramil et al. (2021) obtained a greater value of 73.8%. The
presence of these carbohydrates indicates the potential
presence of starch in TKB, which contains amylose and
amylopectin. Unfortunately, information on amylose
and amylopectin in YKBN is still very limited (Hotmaida
& Sutrisno, 2020).

Fat is a macronutrient component that determines
the quality of a food product. Substitution of dragon
fruit peel flour had a significant effect on the fat content
of waffles, where the fat content decreased with
increasing percentage of dragon fruit peel flour
substitution (Table 2), where the lowest fat content was
obtained in the P3 treatment but not significantly
different from the P2 treatment. This is in line with the

research of Chumroenvidhayakul et al. (2023) where the
addition of TKBN by 1%, 2%, and 5% b/b of cookie
dough significantly increased the phenolic content and
total betasianin and antioxidant activity, while reducing
malondialdehyde and dietary advanced glycation end
products (dAGE). The addition of TKBN resulted in
reduced starch digestibility, hydrolysis index and
glycaemic index.

Fibre content in TKBN substituted waffles was
highest in P3 (9%) at 0.77% (Table 2). This is in line with
research Ho et al. (2016), which showed that cookies
with the addition of white dragon fruit peel flour had
higher fibre content than the control. Dragon fruit skin
contains 69.3% insoluble dietary fibre (IDF) and 14.8%
soluble dietary fibre (SDF) (Jamilah et al., 2011). Dietary
fibre is part of plant material in food that is resistant to
enzymatic digestion (Debnath et al., 2025; Fadillah et al.,
2024) so dragon fruit skin is good for human health
because it is one of the natural functional food
ingredients that has a high total dietary fibre so that the
more it is used, the higher the fibre content of dragon
fruit skin flour waffles.

As with fibre, protein and carbohydrate content,
ash content increased with increasing TKBN
substitution (Table 2). Unlike root flours such as mocaf,
TKBN has a high ash content. This ash content is closely
related to the mineral content in dragon fruit skin. The
high mineral content in dragon fruit skin is influenced
by evaporation during the drying process, where the
more water evaporates, the more minerals are left
behind and the ash content will increase (Hotmaida &
Sutrisno, 2020; Septian et al., 2024).

Organoleptic Test

All organoleptic test data (colour, taste, texture, and
aroma) were transformed using the MSI (Method of
Successive Interval) method before variance analysis
was performed because organoleptic test data are
ordinal data (Nur, 2019; Suparno et al., 2022). TKBN
substitution resulted in a colour change from brownish
yellow to reddish brown in the waffles. The appearance
of a reddish colour in dragon fruit peel flour substitution
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is due to the presence of natural pigments anthocyanins
and betanins in sufficient quantities. The betanin content
in dragon fruit peel extract was 9.44 £ 0.01 mg/ g sample,
while the anthocyanin content was 19.21 + 0.01 mg/g
sample (Khoo et al., 2022; Fadiyah et al., 2024), whereas
Nizori (2020) reported that the anthocyanin content in
dragon fruit peel extract was 6.03 + 0.45 mg/50 samples.
The betanin and anthocyanin content in dragon fruit
peel is higher than that in the fruit flesh. However,
dragon fruit peel has lower antioxidant activity as a free
radical scavenger compared to the fruit flesh (Khoo et
al., 2022; Bhagya Raj et al., 2022).

Table 3 shows that the panelists' preference
decreased with increasing substitution of dragon fruit
peel flour. The highest level of preference for waffle
colour was observed in treatment PO, where the higher
the percentage of dragon fruit peel flour substitution, the
darker/brown the waffle colour became (Figure 1). This
is due to anthocyanins being highly sensitive to pH
changes and heat (Nizori, 2020; Amrih et al., 2023).

Table 3. Organoleptic Waffle Test

Treatment Colour Texture Taste Aroma
PO 40a 42a 34a 39a
P1 39a 42a 42Db 38a
P2 39a 3.8 ab 42Db 39a
P3 32b 34b 35a 29b
30 -
25 4
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Figure 1. Histogram of panelists' percentage of preference for
waffle colours

The TKBN production process refers to Rizkiana et
al. (2024) research, where the temperature used was
60°C for approximately 20 hours. Nasrullah et al. (2020)
mentioned that anthocyanin pigments are stable at
temperatures ranging from 40 to 50°C with heating
times of 30, 45, and 60 minutes. If the heating process is
carried out over a longer period of time, pH changes
occur, leading to the degradation of anthocyanin
pigments from the aglycone form to chalcone
(colourless) (Nizori, 2020; Amrih et al., 2023).

The panelists' preference for waffle texture
decreases as the substitution of dragon fruit peel flour
increases; however, the panelists still accept the waffle

September 2025, Volume 11, Issue 9, 479-486

texture up to a 6% substitution (Table 3). Increasing
dragon fruit peel flour substitution altered the waffle
texture from soft to hard, as shown in Figure 2. This is
because red dragon fruit peel contains high levels of
fibre, with a soluble dietary fibre to insoluble dietary
fibre ratio of 1:3.8 to 1:4.68 (Hernawati et al., 2018;
Jamilah et al., 2011).
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Figure 2. Histogram of panelists' percentage of preference for
waffle texture

The results of the transformation of panelists'
preference levels for waffle taste show that the highest
average was obtained in treatments P1 and P2, where
treatments P1 and P2 were significantly different from
treatments PO and P3 (Table 3). This means that panelists
can still accept waffle taste with a 6% substitution of
TKBN, as concluded by Bimo et al. (2022) in chiffon
cake. This decrease in liking level was caused by a
slightly bitter and astringent taste due to the increasing
substitution of dragon fruit peel, as found in the study
by Nirmalawaty et al. (2020) on dried bakpia. This bitter
taste arises due to the presence of tannins, alongside
alkaloids, steroids, and saponins (Noor et al., 2016),
which are associated with glycoproteins (Kumalasari &
Devira, 2024; Bhagya Raj et al., 2022).

The panelists' preference for the aroma of waffles
treated with PO, P1, and P2 was not significantly
different, and all three were significantly different from
P3 (Table 3), indicating that the aroma of waffles with
substitution above 6% was not preferred by the
panelists. In the treatment with 9% TKBN substitution,
an unpleasant aroma was detected compared to the
other treatments. This unpleasant aroma is likely caused
by the action of lipoxygenase enzymes interacting with
oxygen naturally present in red dragon fruit, specifically
in its skin, as well as the activity of lipoxygenase
enzymes that can oxidise unsaturated fatty acid chains
(Kumalasari & Devira, 2024; Adelina et al., 2025).

Effectiveness Test
The effectiveness value Degarmo (1984) was
determined to establish the optimal TKBN substitution

in food products, particularly waffles. In physical-
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chemical tests, TKBN substitution significantly affected
all variables, where a higher substitution percentage
resulted in a decrease in moisture content, texture
(waffle softness), and fat content, while increasing
protein, ash, fibre, and carbohydrate content. All
organoleptic test variables were influenced by TKBN

September 2025, Volume 11, Issue 9, 479-486

substitution (Table 2). Treatment P3 was less preferred
in terms of colour, texture, taste, and aroma, but
substitution up to 3% was still preferred because it
produced colour, texture, and aroma that were not
significantly different from the control, and even
resulted in a better taste (Table 4).

Table 4. Effectiveness Test of Waffles on Various TKBN Substitutions

Variable 0% 3% 6% 9%

BV NE NP NE NP NE NP NE NP
Colour 0.31 1.19 0.37 0.88 0.28 1 0.31 0 0
Aroma 0.1 1 0,1 0.6 0.06 0.48 0.05 0 0
Taste 0.26 1 0.26 0.53 0.14 0 0 0.18 0.05
Texture 0.33 0 0 0.63 0.21 1 0.33 0.19 0.06
Subtotal 0.73 0.68 0.69 0.11
Penetrometer 0.56 1 0.56 0.93 0.51 0.76 0.42 0 0
Moisture Content 0.44 0.98 0.01 1 0 0.78 0.1 0 0.44
Subtotal 0.57 0.51 0.52 0.44
Protein 0.13 0 0 0.45 0.06 0.62 0.08 1 0.13
Fat 0.14 0 0 0.01 0 0.43 0.06 1 0.14
Fiber 0.24 0 0 0.26 0.06 0.68 0.17 1 0.24
Carbohydrates 0.18 0.65 0.12 1 0.18 0.82 0.15 0 0
Ash 0.3 0 0 0.17 0.05 0.28 0.08 1 0.3
Subtotal 0.12 0.36 0.54 0.82
Total 141 1.56 1.75 1.37

The weighting of each variable was then Conclusion

determined based on a survey of the panelists. The
panelists stated that the colour of the waffle was the
most important variable in the organoleptic test,
followed by texture, taste and aroma. In the physical-
chemical test, the panelists stated that texture (softness
measured using a penetrometer) was more important
than the moisture content of the waffle, and mineral and
fibre content were the most important variables because
the panelists hoped that through the substitution of
TKBN, the fibre and mineral (ash) content in flour-based
food products could be increased. Based on the de
Garmo effectiveness test, the highest productivity value
(NP) for the organoleptic and physical tests of waffles
was obtained in the control treatment (P0), while
treatment P3 (9%) had the highest productivity value
(NP) from the sum of the chemical tests. After combining
the results of the three tests (organoleptic, physical, and
chemical), treatment P2 (6% substitution) had the
highest value, which was 1.75 (Table 4). Based on the
effectiveness test, the TKBN substitution rate for waffles
is 6% of the wheat flour requirement. This
recommendation aligns with the findings of Bimo et al.
(2022) on chiffon cake and (Nirmalawaty & Mahayani,
2020) on dried bakpia. A higher percentage of TKBN
substitution, as concluded by several other researchers,
such as Kumalasari & Devira (2024), which is 31%, can
be applied if wheat flour is mixed with flour from
legumes or tubers other than TKBN.

The maximum substitution limit of dragon fruit
peel flour in waffles is 6% because the waffles are still
preferred and have a physical appearance that is not
different from the control treatment. Compared to the
control treatment, the substitution of 6% dragon fruit
peel flour significantly increased the fibre, protein,
carbohydrate, and ash content while also reducing the
fat content, although not significantly statistically.
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