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Abstract: Kumquat (Fortunella margarita) is a highly nutritious citrus fruit and used in traditional Chinese
medicine due to its therapeutic effect against diseases. Due to its phenolic compounds, kumquat demonstrates
high antioxidant activity and may, therefore, be evaluated as an ingredient to obtain functional foods. In this
study, kumquat fruit which was dried by different techniques (convection, microwave and vacuum) was partially
(10%, 20% and 30%) replaced with wheat flour in the formulation of biscuits. In this context, drying
characteristics of kumquat powders dried by different techniques as well as some physical (color, texture,
diameter, thickness, spreading ratio), chemical (moisture, ash, crude fat, crude protein, carbohydrate, energy,
total phenolic and phytic acid content) and sensory properties of the biscuits were investigated. The L* values
decreased, and a* and b* values increased with the usage of kumquat powder in the biscuit formulation. When
the kumquat fruit powder substitution rate increased from 0% to 30%; the total phenolic content of biscuit
samples increased from 746.18 μg GAE/mg to 2080.10 μg GAE/mg, while the content of phytic acid decreased
from 116.86 mg/100 g to 53.60 mg/100 g. 10% kumquat powder substitution provided the most suitable rate for
sensory acceptability of biscuits. The usage of kumquat powders in the production of biscuits may improve both
sensory properties and functionality of end products. Also, microwave and vacuum drying may be used as
suitable techniques to obtain kumquat powder.
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Özet: Kamkat (Fortunella margarita) yüksek besin değerine sahip bir narenciye meyvesi olup, hastalıklara karşı
terapötik etkisi nedeniyle geleneksel Çin halk tıbbında kullanılmaktadır. Fenolik bileşik içeriğiyle kamkat,
yüksek antioksidan aktivite göstermekte ve bu özelliği ile fonksiyonel gıda üretiminde potansiyel bir bileşen
olarak değerlendirilebilmektedir. Bu çalışmada, farklı tekniklerle (konveksiyon, mikrodalga ve vakum) kurutulan
kamkat meyvesi, bisküvi formülasyonunda buğday ununa (%10,%20 ve %30) ikame edilmiştir. Bu bağlamda,
farklı tekniklerle kurutulan kamkat tozlarının kurutma özellikleri ile üretilen bisküvilerin bazı fiziksel (renk,
tekstür, çap, kalınlık, yayılma oranı), kimyasal (nem, kül, ham yağ, ham protein, karbonhidrat, enerji, toplam
fenolik madde ve fitik asit içeriği) ve duyusal özellikleri araştırılmıştır. Bisküvi formülasyonunda kamkat tozu
kullanımı ile örneklerin L* değerleri azalmış, a* ve b* değerleri artmıştır. Kamkat meyve tozu ikame oranı
%0'dan %30'a çıktığında; bisküvi örneklerinin toplam fenolik içeriği 746.18 μg GAE/mg'dan 2080.10 μg
GAE/mg'a yükselmiş, fitik asit içeriği ise 116.86 mg/100 g'dan 53.60 mg/100 g'a düşmüştür. Bisküvilerin
duyusal olarak kabul edilebilirliği için en uygun oranı %10 kamkat tozu ikamesi sağlamıştır. Bisküvi üretiminde
kamkat tozlarının kullanımı, son ürünlerin hem duyusal özelliklerini hem de fonksiyonelliğini artırmıştır. Ayrıca,
kamkat tozu elde edilmesinde mikrodalga ve vakumlu kurutma uygun alternatif teknikler olarak kullanılabilir.
Anahtar Kelimeler: Kamkat, Fortunella margarita, mikrodalga kurutma, vakum kurutma, bisküvi
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1.

INTRODUCTION

Kumquat (Fortunella margarita Swingle) which is a citrus fruit, is a member of the
Fortunella genus in the Rutaceae family [1,2]. Edible peel and small fruits of kumquat are its
characteristics when compared to other citruses [2]. Most common species of kumquat can be
listed as nagami (Fortunella margarita), marumi (Fortunella japonica), meiwa (Fortunella
crassifolia), Hong Kong (Fortunella hindsii), Fortunella obovata and Fortunella polyandra
[2,3]. Usually, kumquats are consumed as fresh fruit or added to fruit salads as well as
beverages. Also, it can be used on the production of candy, sugar syrup, marmalade, wine,
liqueur and sauce [1-3]. Not only is kumquat rich in pectin, calcium, phosphorus, iron,
vitamins, dietary fiber, carotenoids, flavonoids and essential oils but also its antioxidant
capacity and phytochemical contents are high [3-5]. The composition of kumquat essential oil
which consists of mostly terpenes, have effects on aroma in addition to human health with its
phytochemical content [3,6]. It was determined that among the terpenes, the major compound
is limonene followed by myrcene and germacrene-D [2,7]. A number of studies reported that
essential oil content of kumquat has therapeutic effects on allergies, inflammatory diseases,
cancer, capillary fragility and arteriosclerosis [6,8]. The antioxidant activity of kumquat
consists of the synergistic effect of phenolic compounds and other phytochemicals. The
phenolic content of kumquat has a significant effect on also the radical scavenging activity
[8,9]. It was reported that 3',5'-Di-C-β-glucopyranosylphloretin (DGPP) is the major and
characteristic compound among kumquat phenolics which mostly consist of conjugated
flavonoids [1,10,11]. It was detected that DGPP and margaritene are the most effective
compounds on the antioxidant activity of kumquat [1,8].
Drying can be defined as removing the moisture content of the product with mass and heat
transfer [12]. The main purpose of the drying process is to protect the product from microbial,
enzymatic and chemical degradation by decreasing the moisture content [13]. It was
researched the new drying techniques including microwave and vacuum drying, because of
the long drying times and relatively high temperatures which often leads to thermal
degradation of the final products, in the convection drying process. In the literature, the
microwave drying had been recommended to protect product quality, to have a quick and easy
process with low energy, and to evaporate more moisture than convection [14-16]. In the
vacuum drying technique, oxidation reactions in the product can be reduced based on
removed oxygen with vacuum application, thus color, texture, aroma, taste, and quality
properties can be preserved [15]. Dried foods can be used as an additive in some products like
instant soups, baby foods and convenience foods with their condensed nutritional values
[12,15].
To the best of our knowledge, there is no available literature regarding dried kumquat powder
utilization in bakery products. Therefore, this study was designed to investigate the usage of
kumquat powder in biscuit production. The aim of this study was to 1) determine the effects
of different drying techniques (convection drying, microwave drying and vacuum drying) on
kumquat powders and biscuits, 2) determine the effects of different substitution rates (10%,
20% and 30%, w/w, based on the wheat flour used) of kumquat powders on some chemical,
physical and sensory properties of biscuits, and 3) develop a novel formulation of biscuits
with kumquat powders to obtain functional bakery products.
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2.

MATERIALS AND METHODS

2.1. Materials
Nagami kumquat fruits (Fortunella margarita) were obtained from Batı Akdeniz Agricultural
Research Institute (BATEM) in Antalya, Turkey. Wheat flour, powdered sugar, shortening,
fructose syrup, milk powder, salt, sodium bicarbonate and water were purchased from local
market in Konya, Turkey.
2.2. Production of Kumquat Powders
Kumquat fruits which were stored at 4°C until use, were washed and manually sliced as 2 mm
thick cylindrical shape, before the drying process. According to the results obtained from the
preliminary experiments, sliced fruits were dried by three different techniques (convection,
microwave and vacuum drying) with different norms.
To obtain kumquat powder with convection drying (CD), kumquat slices were lined up to
trays and dried in tray dryer (Eksis Lab., Isparta, Turkey) at 70°C for 2 hours 40 minutes. To
obtain kumquat powder with microwave (MD) and vacuum drying (VD), kumquat slices were
dried respectively in the microwave oven (LG SolarDOM, MP-9485, Seul, South Korea) at
360 W of microwave power for 50 minutes (MD), and in the vacuum oven (JSR, JSVO-60T,
Gongju, South Korea) at 70°C and 100 mmHg absolute pressure for 2 hours (VC).
To obtain the kumquat powders, all dried samples were milled with a laboratory-type grinder
(Alveo, Konya, Turkey), and sieved with 500 μm sieve. The kumquat powders were stored
until analysis in the glass jars at room temperature (24 ± 1°C).
2.3. Preparation of Biscuits
Control biscuits without additives were prepared according to modified AACC Method No:
10-54 with 100 g wheat flour, 42 g powdered sugar, 40 g shortening, 1.5 g fructose syrup,
1.25 g salt, 1 gr milk powder, 1.5 gr sodium bicarbonate and 21 ml water. According to 100 g
flour basis, 10, 20, and 30 gr kumquat powders obtained by 3 different drying techniques
(convection, microwave, vacuum drying) were replaced with wheat flour in the biscuit
formulation. Utilization ratios of kumquat powder replacements were determined with
preliminary experiments. The mixture including all ingredients was kneaded using a
laboratory type mixer (Kenwood KMX, Havant, UK) for 8 minutes, and the dough was
manually shaped into 55 mm diameter, 5 mm thickness circles. The biscuits were baked in an
oven (Vestel SF8401, Manisa, Turkey) at 160 ± 2°C for 15 min.
2.4. Physical Analysis
Colour parameters (L*, a* and b*) of the kumquat powders and biscuits were measured with
Minolta CR 400 (Konica Minolta Inc., Tokyo, Japan). After calibration of the instrument was
made with a white reference tile, the colour measurements were replicated six times from
different points for each sample.
Hardness and fracturability of biscuits were measured with texture analyzer (Stable Micro
Systems TA-XT Plus, Surrey, UK) after 24 hours. A three point bend rig probe was used for
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Texture Profile Analysis. The method used by Adeola and Ohizua [17] was modified and used
with a measurement speed of 3 mm/sec and a distance of 5 mm.
The diameter and thickness of the biscuit samples were determined with a calliper (Mitutoyo,
Kanagawa, Japan). Spread ratio was estimated by calculating diameter/thickness values.
2.5. Chemical Analysis
Moisture (AACC Method 44-19), ash (AACC Method 08-01), crude protein (AACC Method
46-12) and crude fat (AACC Method 30-25) contents of kumquat powders (dried by
convection, microwave, vacuum drying) and biscuit samples were determined using standard
methods [18]. The total carbohydrates contents of biscuit samples were calculated by
difference (100 – (protein + fat + ash + moisture)) according to Karaağaoğlu et al. [19].
Energy values of biscuit samples were calculated according to Karaağaoğlu et al. [19] by the
following formula: (4 *(carbohydrate% + protein%) + 9*(fat%)).
Total phenolic content (TPC) was determined spectrophotometrically by Folin-Ciocalteu
method. Initially, 4 gram powdered samples were extracted with 4 ml acidified methanol
solvent (HCl/methanol/water, 1:80:10, v/v/v) by shaking in water bath (24 ± 1°C) for 2 hours.
After the extraction, the samples were centrifuged at 3000 rpm for 10 minutes and the
supernatant was obtained [20,21]. 0.1 ml of supernatant, 0.5 ml of Folin-Ciocaltaeu reagent
(10%, v/v, in water) and 1.5 ml of sodium carbonate solution (20%, m/v, in water) were
mixed in the test tube, then the mixture was incubated for 2 hours at room temperature (24 ±
1°C) in the darkness. At the end of this period, the absorbance of the final solutions was
recorded with a spectrophotometer (Biochrom, Libra S60, Cambridge, UK) at 760 nm
wavelength. Total phenolic contents were expressed as gallic acid equivalent (micrograms of
gallic acid per gram of dry weight, GAE) [22,23].
The phytic acid content of samples was determined by a colorimetric method according to
Haug and Lantzsch [24]. For this purpose, phytic acid was extracted with 0.2 N hydrochloric
acid solution from the samples, then was precipitated with Fe III (ammonium iron (III)
sulfate) solution. After 2′,2-bipyridine solution was added, the absorbance was measured in a
spectrophotometer (Biochrom Libra S60, Cambridge, UK) at 519 nm wavelength and phytic
acid content was calculated [24].
2.6. Sensory Evaluation of Biscuit Samples
Sensory evaluation of biscuits was subjected by 12 untrained panelists healthy and
nonsmoker. Sensory evaluation criteria were determined as color, taste, odor, friability and
overall acceptability. Samples were coded with letters, and served to the panelists at random
evaluated using a five-point hedonic scale (1: dislike extremely, 2: dislike, 3: acceptable 4:
like and 5: like extremely). At last, all data were subjected to joint evaluation.
2.7. Statistical Analysis
The data obtained from the duplicate samples were evaluated with JMP (SAS Institute Inc.,
Cary, NC, USA) software. The averages of the obtained data were compared using the Tukey
HSD comparison test [25].
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3.

RESULTS AND DISCUSSION

3.1. Some Properties of Kumquat Powders
The effects of drying techniques on the color values and chemical properties of kumquat
powders and the comparison of kumquat powders with wheat flour are demonstrated in Table
1. As expected, the highest L*, and lowest a* and b* values were determined in the wheat
flour. Among the kumquat powders, the highest brightness and lowest redness were
determined in samples dried by microwave technique. Also, the minimum yellowness was
found in samples dried by vacuum technique. Similarly, Michalska et al. [26] investigated the
effect of drying technique on color parameters of plum powders and reported that samples
used microwave and vacuum drying had higher brightness than convective drying. Probably,
the lower process time and temperature applied during microwave and vacuum drying
resulted in changes in color parameters. Also, it was probably due to the inhibition of color
pigments oxidation in the vacuum drying technique.
Ash contents of kumquat powders varied between 2.15 and 2.18%. All kumquat powders
presented greater ash content compared to wheat flour. These high values are quite reasonable
owing to the fact that kumquat fruits have high mineral content. Protein contents of kumquat
powders changed between 0.98% (for CD) and 1.11% (for VD). As expected, wheat flour had
higher protein content than kumquat powders. The maximum total phenolic contents (TPC)
were found for MD and VD followed by CD, whereas the lowest TPC was obtained in wheat
flour. The reasons for the higher phenolic contents in both MD and VD are probably the high
temperature and vapor pressure inside the kumquat fruit cells during the drying process
[26,27]. Similar results were obtained by Michalska et al. [26] who reported the disruption of
cell wall might release the bounded phenolics. As mentioned in the literature, lower phenolic
content of CD suggesting the influence of the oxidation reactions of phenolics owing to the
fact that CD has high heat treatment at the long process time [27-29]. Wheat flour sample had
the highest phytic acid content, while the MD sample had the lowest (p < 0.05). Cereals and
legumes have higher phytic acid content than other plants [30]. In the studies of Alonso et al.
[31] and Mohamed et al. [32], it was reported that some processes such as autoclaving,
microwave, extrusion, and heat treatment reduced the phytic acid content in foods. These
reports could be correlated to our phytic acid results.
3.2. Physical Properties of Biscuit Samples
Table 2 presents the physical properties of kumquat powder substituted biscuit samples
produced by different drying techniques and substitution rates. The L* values of biscuits
significantly decreased with VD substitution. Also, higher rates of kumquat powders caused a
greater decrease in L* values. Lower brightness with higher substitution rates may be due to
the own color of kumquat powders. Significant variation in the brightness of biscuits was also
demonstrated by Can [33] and Demirel [34] who produced orange peel powder and citrus
albedo powder substituted biscuits respectively. In these studies, it was reported that
carotenoid and phenolic compounds of citruses caused enzymatic browning on biscuits and
resulted in the loss of brightness. The highest a* value (2.62) was shown by biscuits produced
with VD and the lowest (2.12) by biscuits produced with CD. It was determined that biscuits
produced with CD had the lowest yellowness. As expected, both a* and b* values of biscuits
increased with the increasing level of kumquat powder substitution due to the orange color of
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the fruit. Similar color results for substituted biscuits with pumpkin powder [35], orange peel
powder [33] and some citrus albedo powders [34] were reported in the literature.
Among biscuits produced with kumquat powders dried by different techniques, the most
positive effect on the hardness values of biscuits was observed when biscuits supplemented
with MD. It was observed that the substitution of VD to the biscuit resulted in increased
hardness values. It was determined that the increase in kumquat powder substitution rate in
the formulation led to a significant (p < 0.05) decrease in the both hardness and fracturability
of the biscuits. The reason for the decrease is probably the increase in hydrophilic compounds
like dietary fiber and pectin. Similarly, Aydın [35] reported that cookies with pumpkin
powder substitution had a decrease in hardness and fracturability values owing to the fact that
the gluten content of biscuit formulation decreased with pumpkin powder substitution. In
another study, it was reported that the hardness of the cookies increased with citrus powder
substitution [36]. The differences between studies could be related to the structural differences
of citrus fruit powders.
The most positive effects on the diameter, thickness and spread ratio were observed when
biscuits substituted with MD. The increase of kumquat powder substitution rate caused
decreased diameter and thickness, and increased spread ratio compared with the control
biscuit. It can be concluded that kumquat powder had positive effects on the physical
properties of biscuits owing to the fact that high spread ratio values are desirable for better
biscuit quality. Opposite to the current finding, the spread ratios of citrus powder
supplemented biscuits were found to decrease with the increased substitution rates in many
studies [36-39]. The differences between studies could be related to the dietary fiber content
differences of citrus fruit powders.
3.3. Chemical Properties of Biscuit Samples
Chemical composition of biscuits are presented in Table 3. There were no significant
differences (p > 0.05) in the contents of moisture, ash, crude fat, crude protein, carbohydrate
and energy in the dry matter among the biscuits produced with kumquat powders dried by
different techniques. Among substitution rates, the moisture content of biscuits changed
between 4.69% and 5.44%. The increase in the moisture content of biscuits may be due to
increased dietary fiber content and water holding capacity of samples, as mentioned by Aydın
[35]. Similar results were also reported by Demirel [34] who replaced citrus albedo powders
with wheat flour in biscuit formulation and by Tripathi et al. [40] who replaced orange
bagasse powder with wheat flour in biscuit formulation. Compared to the control biscuit, the
substitution rates had no significant effect on the ash content of all types of biscuits containing
kumquat powder. It was observed that the increase in kumquat powder substitution rate led to
a significant (p < 0.05) decrease in the protein content of the biscuits. The low protein content
of kumquat powders may reflect the protein content of the end products (Table 1). Significant
variation in the protein content of biscuits was also demonstrated by Demirel [34]. Also, Can
[33] determined a decrease in the protein content of biscuit samples with orange peel powder
substitution but reported that had no significant change in protein content by substitution of
orange peel powder. Compared to the control sample, kumquat powder substitution caused a
substantial (p < 0.05) decrease in the crude fat content and energy values on the biscuits.
When the substitution rates are compared among themselves, it was observed that the increase
of substitution rates increased the crude fat contents and energy values of biscuits. A similar
change of crude fat content for orange peel powder substitution [33] was reported in the
literature. Also, many studies concluded that supplementation of citrus powders led to a
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decrease on crude protein and crude fat contents of biscuit samples [37-41]. Generally, the
carbohydrate values of kumquat powder supplemented biscuits found higher than the control
biscuit. Similar findings were reported for citron powder [37], orange pulp and peel powder
[38] and orange peel powder [39].
Among applied drying techniques, total phenolic contents of biscuit samples changed between
1352 μg GAE/g (for CD) and 1451 μg GAE/g (for VD). When CD was used in biscuits, lower
total phenolic content was observed suggesting the influence of the drying temperature and
time on the total phenolic content. As expected, higher levels of kumquat powders caused a
greater increase in the total phenolic content of samples. The rich total phenolic content of
kumquat powders may reflect the total phenolic content of end products. Many studies
concluded that the addition of citrus fraction powders was one of the most effective methods
of improving total phenolic content [33,34].
Phytic acid contents of biscuits have varied in the range of 82.26 mg/100 g (for VD) to 86.10
mg/100 g (for CD), and drying techniques had no significant effect on phytic acid content.
However, increased substitution rates of kumquat powders caused a great decrease in the
phytic acid content of samples. Probably, the lower phytic acid content of kumquat powders
resulted in the lower phytic acid content of end products.
3.4. Sensory Scores of Biscuits
Figure 1 presents the sensory properties of kumquat powder supplemented biscuits.
According to the crude scores, kumquat powder supplementation in all drying techniques and
substitution rates resulted in an increase in color scores of biscuits. All of the drying
techniques and substitution rates provided similar results in terms of odor in biscuits.
Increased kumquat powder substitution rate had a negative influence on the taste, friability,
and overall acceptability of biscuits compared to the control sample. However, the highest
taste, friability and overall acceptability scores were obtained with biscuits containing 10% of
kumquat powder in all drying techniques among all samples. Biscuits produced with VD and
containing 10% kumquat powder were determined as superior in terms of individual sensory
properties.
4.

CONCLUSION

The usage of kumquat powder in the formulation improved the color properties of biscuits.
Usage of MD improved the physical properties such as diameter, thickness and spread ratio in
biscuit samples followed by CD and VD. On the other hand, kumquat powder substitution in
particular MD had a negative effect on textural properties such as hardness and fractuability.
Increased kumquat powder substitution resulted in a higher total phenolic content in biscuits.
MD and VD significantly increased the total phenolic content compared to CD. Compared to
the control biscuit sample, the increasing level of kumquat powder provided a significant
decrease in phytic acid content. Biscuits with 10% kumquat powder substitution had higher
preference levels for sensorial attributes.
It could be concluded that kumquat has significant potential as a natural additive to enhance
nutritional characteristics and sensory properties of foods. It is possible to make the
consumption of foods more beneficial and improve the functionality of end products by
kumquat powder. Microwave and vacuum drying techniques may be good alternatives in the
production of kumquat powder to enhance functionality.
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Table 1. Color values and chemical properties of kumquat powders dried by different
techniques
Wheat Flour

CD

MD

VD

Color values
L*
a*

92.48 ± 0.01a
-0.62 ± 0.01d

70.29 ± 0.02d
5.02 ± 0.01b

71.20 ± 0.02c
7.76 ± 0.04a

b*

11.12 ± 0.02d

62.00 ± 0.01a

71.94 ± 0.01b
4.68 ± 0.02c
55.96 ± 0.01b

55.28 ± 0.10c

Chemical properties
Moisture (%)
11.18 ± 0.06b
16.05 ± 0.67a
14.32 ± 0.34ab
15.62 ± 0.93ab
Ash (%)
0.62 ± 0.02b
2.18 ± 0.01a
2.18 ± 0.01a
2.15 ± 0.01a
Crude Fat (%)
0.92 ± 0.06a
0.77 ± 0.04a
0.81 ± 0.01a
0.77 ± 0.02a
Crude Protein (%)
11.44 ± 0.22a
0.98 ± 0.02b
1.04 ± 0.03b
1.11 ± 0.04b
TPC
819.53 ± 7.16c
6172.80 ± 52.65b
6568.74 ± 45.55a 6598.94 ± 14.54a
(μg GAE/g)
Phytic Acid
245.53 ± 8.59a
25.74 ± 0.38b
18.96 ± 0.52b
19.68 ± 0.47b
(mg/100 g)
Figures in the same column sharing a common letter in parenthesis are not significantly
different (p < 0.05).
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Table 2. Physical properties of kumquat powder substituted biscuit samples produced by different drying techniques and substitution rates
Hardness
Fracturability
Diameter
Thickness
L*
a*
b*
(g)
(mm)
(mm)
(mm)

Spread Ratio

Drying Technique
with CD

70.10 ± 0.02a

2.12 ± 0.04c

39.41 ± 0.05b

2337.76 ± 30.19b

36.72 ± 0.02a

58.60 ± 0.05a

6.20 ± 0.05a

9.50 ± 0.08b

with MD

70.20 ± 0.05a

2.50 ± 0.01b

40.00 ± 0.03a

1886.83 ± 14.97c

36.49 ± 0.03c

58.79 ± 0.06a

6.08 ± 0.07b

9.70 ± 0.12a

with VD

69.64 ± 0.13b

2.62 ± 0.04a

40.04 ± 0.09a

2420.66 ± 15.93a

36.66 ± 0.01b

57.94 ± 0.14b

6.18 ± 0.05ab

9.39 ± 0.09b

0

72.26 ± 0.01a

1.04 ± 0.01d

29.18 ± 0.06d

3243.32 ± 5.83a

37.58 ± 0.01a

58.45 ± 0.05b

6.55 ± 0.05a

8.92 ± 0.08c

10

70.42 ± 0.02b

1.92 ± 0.03c

38.26 ± 0.04c

1863.67 ± 20.06c

36.43 ± 0.02b

58.77 ± 0.17a

6.25 ± 0.08b

9.42 ± 0.16b

20

69.50 ± 0.18c

2.69 ± 0.01b

44.56 ± 0.05b

1750.02 ± 32.75d

36.28 ± 0.01c

58.57 ± 0.07ab

5.95 ± 0.05c

9.85 ± 0.08a

30

67.74 ± 0.06d

4.00 ± 0.06a

47.26 ± 0.07a

2003.33 ± 22.82b

36.19 ± 0.04d

57.98 ± 0.05c

5.85 ± 0.05c

9.93 ± 0.08a

Substitution Rate

Kumquat powder with different drying technique was added based on the wheat flour used (mean ± SD, %, w/w, dry basis). Figures in the same
column sharing a common letter in parenthesis are not significantly different (p < 0.05).
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Table 3. Chemical composition of kumquat powder substituted biscuit samples produced by different drying techniques and substitution rates
Crude
Moisture
Ash
Crude Fat
Carbohydrate
Energy
TPC
Phytic Acid
Protein
(%)
(%)
(%)
(%)
(kcal/100 g)
(μg GAE/g)
(mg/100 g)
(%)
Drying
Technique
with CD
4.82 ± 0.13a 1.43 ± 0.07a 17.08 ± 0.28a
3.71 ± 0.03a
72.98 ± 0.43a
460.41 ± 1.33a
1352.26 ± 6.09b
86.10 ± 1.44a
with MD

5.09 ± 0.22a

1.38 ± 0.08a

16.79 ± 0.33a

3.76 ± 0.03a

72.97 ± 0.51a

458.09 ± 1.12a

1447.78 ± 8.20a

82.82 ± 1.47a

with VD

4.98 ± 0.24a

1.28 ± 0.11a

17.18 ± 0.22a

3.78 ± 0.02a

72.77 ± 0.25a

460.86 ± 1.96a

1451.58 ± 12.13a

82.26 ± 1.42a

0

4.69 ± 0.12b

1.43 ± 0.07a

17.14 ± 0.02ab

4.18 ± 0.03a

72.56 ± 0.10bc

461.22 ± 0.07ab

746.18 ± 9.82d

116.86 ± 4.50a

10

4.77 ± 0.17b

1.29 ± 0.02a

16.17 ± 0.14c

3.86 ± 0.02b

73.91 ± 0.28a

456.63 ± 0.78b

1223.93 ± 6.26c

93.26 ± 0.37b

20

4.95 ± 0.21ab

1.34 ± 0.11a

16.83 ± 0.50bc

3.65 ± 0.03c

73.22 ± 0.35ab

458.97 ± 3.19ab

1618.63 ± 7.82b

71.20 ± 0.34c

30

5.44 ± 0.29a

1.39 ± 0.14a

17.92 ± 0.44a

3.31 ± 0.02d

71.94 ± 0.85c

462.33 ± 1.83a

2080.10 ± 11.31a

53.60 ± 0.56d

Substitution Rate

Kumquat powder with different drying technique was added based on the wheat flour used (mean ± SD, %, w/w, dry basis). Figures in the same
column sharing a common letter in parenthesis are not significantly different (p < 0.05).
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Figure 1. Sensory evaluation of biscuit samples substituted with kumquat powder
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