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Abstract

The objective of this research was to study the effect of the ratio between wheat flour (WF) and
jackfruit seed starch (JS) on the physical, chemical quality and sensory characteristics of batter coating.
The ratio of WF to JS used in the study to make batter coating were 100:0, 90:10, 80:20, 70:30, 60:40,
50:50, 40:60, 30:70, 20:80, 10:90 and 0:100. The WF and JS exhibited the “A-type” crystal form.
Increasing JS content in the starch mixture was found to increase amylose content and relative
crystallinity significantly. The amount of oil absorption in the battered product decreased significantly
with increasing amylose content. The microstructure of the batter coating differed significantly depending
on the ratio of WF to JS from 100: 0, 80: 20, 60: 40, 40: 60, 20: 80 and 0: 100. Higher JS content in the
batter provided greater homogeneity with a fine starch network and less porosity. In terms of sensory
descriptive analysis, adding JS resulted in increased hardness and crispness, but significantly decreased
brittleness, puffiness, oiliness and oil coating (p < 0.05). It was found that the highest acceptance levels of
batter used the ratio of WF to JS of 50:50 which obtained the highest score in appearance, color, taste,
flavor, texture and overall preference.

Keywords: Jackfruit seed starch (JS), amylose content, batter coating product, sensory attributes,
consumer acceptance

Introduction

Jackfruit (Artocarpus heterophyllus) is a widely cultivated tropical fruit [1]. Of the jackfruit’s fruit
weight, 8 - 15 % is accounted for by the seed [2]. Jackfruit by-products can be used in various value-
added products. For instance, the seeds are a major source of carbohydrate having a 60 - 80 % starch by
dry basis [3] while containing many phytonutrients. Jackfruit seed starch is widely used in many
manufactured food products as it provides a gelling property which is suitable for various baked products
[4,5].

Batter coatings are made of flours mixed with other ingredients and used to dip food in before
frying to achieve a crispy texture. Frozen batter is one of the value added products that has high market
value in the food industry in which there is an increasingly high demand for healthy foods, which contain
low fat and high dietary fiber content. Consequently, the food industry is interested in the development of
a batter coating that has low oil absorption properties without detracting from favorable batter
characteristics [6]. One interesting method to reduce oil absorption is to use high-amylose flour/starch to
prevent oil penetration during frying.

Amylose content is the most important factor influencing product characteristics of starch. Despite
this, there is little information on the relationship between the product characteristics and amylose content
of jackfruit seed starches (JS). Instant batter coating products have become very popular given their
convenience, especially in frozen form [7]. The main ingredients in preparation of batter coating products
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are wheat flour or rice flour. Different types and compositions of flour contribute to the variety in texture
and puffiness of coating products, in particular, lightness, fragility, and denseness. In general, consumers
prefer a crispy coating which is actually an indirect effect of oil absorption during the frying process [8].
Due to the fact that jackfruit seed starch (JS) contains in the range of 12 - 28 % [9], it has a high level of
amylose (26 - 38 %) [10,11] which makes it suitable for batter coating products. The high amylose starch
reduces oil absorption and makes fried products crispy [8]. As indicated in the literature, many value
added products are derived from jackfruit seed which is normally discarded after consumption of the fruit.
Consequently, this research focuses on the use of jackfruit seed starch to produce healthy batter coatings
for fried products. One of the desirable qualities of the gel from the jackfruit seed starch is that it is highly
stable when frozen [12] and does not experience syneresis when kept at 4 °C for 5 days [13].

Deep-frying is the most common process used in the preparation of foods. The rapid escape of
moisture during the frying process generates porosity in its structure allowing oil to penetrate the outer
surface [14-16]. Today’s health conscious consumers have concerns about oil absorption and content of
fried products. Thus, the kind of flour or starch used is a critical factor in batter composition. Wheat flour
(WF) creates structure and provides viscosity while cereal flours develop crispness [17]. Rice flour is
often used in batter since it is an alternative providing fewer calories [18] and has a reduced level of oil
absorption compared to wheat flour [19,20].

The effect of different cereal flours used as a batter for fried products has been investigated in a
number of studies [20-23]. As starch gelatinization and protein denaturation occur during the frying
process [24,25], different starch types with a variety of microstructural features such as amylose content
and relative crystallinity will have different influences on product characteristics. A common method of
investigation of the microstructure of fried battered products is by scanning electron microscopy (SEM)
analysis which is crucial in understanding the effects of frying [26-28]. A batter coating can be defined as
a liquid mixture containing wheat flour and water. The product is dipped into batter before frying [6] to
form a crisp crust which improves the unique flavor and texture of food products [29]. As there is a lack
of research about the effects of wheat flour and JS in batter formulations on the microstructure resulting
from deep-frying of battered products, this study aimed to investigate the effects of starch structure, such
as amylose content and crystallinity, on batter coating characteristics.

Descriptive analysis for sensory evaluation is useful in providing details of sensory characteristics
and to compare attributes of food products. Furthermore, descriptive analysis can be used as a tool in
product development to analyze how well the developed product meets the needs of a target group, or to
measure its suitability as a prototype product. Additionally, sensory analysis is used to compare the
relationship between data from objective instruments and panels. It can also reveal sensory characteristics
in the product to identify factors and ingredients that impact the sensory qualities that may gain consumer
acceptance of each product. Therefore, descriptive analysis is necessary to develop batter coatings from
JS that are both good for health and popular among consumers, and to forecast sensory characteristics that
will meet consumer demands in other products.

For this research, it is hypothesized that the high amylose content of JS can reduce the oil
absorption of fried products. The objectives of this study were to develop a batter coating product from
JS, and to find the relationship between amylose content of JS and product characteristics that consumers
will accept. Therefore, the study’s aims are to:

1) Study the effects of amylose content and crystallinity on the characteristics of battered products.

2) Study the relationship between sensory characteristics/acceptance and starch properties in order
to predict product acceptance.

Materials and methods

Extraction of jackfruit seed starch

The jackfruit seeds were dried in a hot air oven (60 °C) for 2 h. The extraction of JS was
accomplished with modified method used in previous research [2,30,31]. A mixture of 1:3 seed to water
ratio was ground and filtered through 200 mesh sieves. The filtrates were precipitated overnight at 4 °C
by suspension in 0.5 % NaOH. The supernatant was discarded and the crude starch was suspended in a
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0.5 M solution of sodium thiosulfate for 36 h after which the supernatant was drained. The dark-yellow
sediment was then scraped. The white sediment was neutralized with 1.0 M hydrochloric acid to pH 7.0
and repeated 3 times before drying at 50 °C for 24 h in a hot air oven. The starch was finally ground and
packed in an aluminum foil bag and kept at room temperature for further analysis. The moisture content
of JS was found to be 9.05 g/100g dry basis.

Starch yield
Yield was calculated in percentage by calculating the difference between the initial weight and final
weight per initial weight.

Proximate analysis
Moisture, crude protein, total lipid, ash, crude fibre and carbohydrate content were analyzed using
AOAC (2005) [32].

Starch mixture preparation

The ratio between WF and JS was varied at 100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70,
20:80, 10:90 and 0:100. The starch mixture contained 11.27 + 0.15 % moisture and was kept at 4 °C for
further analysis.

Amylose content
The amylose content of starch mixtures was quantified using the amperometric method [8].

Crystal analysis

The types and amount of crystallinity of the starch mixture were investigated using an X-ray
Diffractometer (XRD). Wide-angle X-ray diffractograms were obtained using CuK,, radiation of 0.154
nm and scanning from 4 to 40° (20) at a rate of 4°/min [33]. Each sample was measured in triplicate.

Batter coating preparation

For batter preparation, the ratio of water to starch mixture was 1:1. The batter formulation was
composed of a mixture of 90 % starch, 5 % sodium bicarbonate and 5 % salt. To obtain the battered
product, the starch mixture in 11 ratios was suspended by mixing with 50 % water content. A 0.5x0.5x2
cm’ carrot was then dipped into the batter to form a coating. The coating pickup measured by percentage
between the difference in the weight of the carrot and the weight of the coated carrot per weight of carrot
was found to be 23 - 37 %. The battered product was frozen in liquid nitrogen for 10 seconds and then
stored at —18 °C for 7 days for further evaluation.

Frying
The frozen battered product was fried in rice bran oil at 110 °C for 5 seconds. The battered product
samples were stored in a plastic box at room temperature for further evaluation.

Oil absorption of battered product
The rate of oil absorption was analyzed using Soxhlet's method according to the AOAC [34].

Microstructure of battered product

The battered product was frozen at —50 °C for 48 h. An evaluation of the lipid content was then
carried out on the samples using hexane before investigation. The surface and cross section of the battered
coating was illustrated using a SEM (JEOL: JSM-5800LV; Jeol Ltd., Tokyo, Japan).
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Descriptive sensory analysis

Ten students in the Department of Home Economics at Srinakharinwirot University in Bangkok,
Thailand were screened to be panelist evaluators. A 15-point intensity scale was used to describe the
batter’s attributes. The panel was trained in the use of appropriate vocabulary for approximately 36 h for
the sensory evaluation. Commercial products from markets were selected to refer to the textural mouth
feel of the batter. Six battered products were evaluated in terms of attributes including hardness,
crispness, brittleness, puffiness, oiliness, and oil coating with a 15-point numerical scale with anchored
references. The evaluation process took about 20 h.

Acceptance test

The evaluation of product preferences was done by thirty students of the Faculty of Science in
Srinakharinwirot University. Eleven test samples prepared with random 3-digit number codes were
presented in a white dish. Battered products were evaluated for preference according to appearance and
texture using a 7-point hedonic scales (1 = not like at all to 7 = like very much).

Relationship between amylose content and consumer acceptance
The relationship between the amylose content of the starch and its sensory attributes was
determined in order to predict consumer acceptance.

Statistical analysis

All measurements were done in replicate. Statistical analysis was conducted on a completely
randomized design with the analysis of variance (ANOVA). Duncan’s new multiple range test was used
to compare the difference means at the significance level of p < 0.05.

Results and discussion

Jackfruit seed starch yield

The yield of jackfruit seed starch was 55.95 %. However, the jackfruit seed starch yield from
previous research varied from between 12 - 28 % [9,11,35]. This was due to the application of different
isolation methods in previous studies.

Proximate analysis of jackfruit seed starch

Jackfruit seed starch had a low protein (0.08+0.01 g/100 g db), ash (0.03+0.01 g/100g db) and lipid
(0.03+£0.01 g/100g db) content while the fibre and carbohydrate content were 0.21+0.01 g/100g db and
99.57+0.21 g/100g db. The values were close to previous research [2,3].

Amylose content

The amylose contents observed in the starch mixture with ratios of WF to JS of 100:0, 90:10, 80:20,
70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90 and 0:100 was between 26 - 41 % (Figure 1a). The
amylose content of JS in this research was higher than the amylose content of WF and JS found in other
studies. This is in line with the finding of amylose content of JS from previous reviews which ranged
from 22 - 38 % depending on the isolation method and agricultural region [2,9,11,12]. However, the
amylose content found in jackfruit seed starch is comparatively higher than that in the starch from wheat
[17,19,20].
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Figure 1 Amylose content (a), relative crystallinity (b), and crystalline type (c) of starch mixtures from
wheat flour and Jackfruit seed starch.

Crystal properties
JS and WF illustrate A-type crystallinity with diffraction peaks at 20 of 15, 17, 18 and 23° similar to
cereal starch [36] which conforms to amylopectin double helices in close packing [37,38]. However, the
crystalline form of the starch mixture shows A-type crystallinity (Figure 1¢). This was due to the wheat

flour being a cereal starch which corresponds to A-type crystallinity.

The relative crystallinity of jackfruit seed starches and starch mixtures are exhibited in Figure 1b.
The relative crystallinity of WF and JS was found to be 16 and 27 %, respectively. Increasing JS in the
starch mixture increased the relative crystallinity significantly.
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The findings on relative crystallinity in many studies show that JS crystallinity varies from 28 - 35
% [11,39]. X-ray diffractograms were used to observe characteristics of crystalline structures of starch
granules including the XRD pattern and the crystalline content. As shown in Figure 1c, the jackfruit seed
starches exhibited strong diffraction peaks at 15.1, 17.9 and 23.0°. These diffractions were recognized as
an A-type crystallinity pattern which corresponds to a close packing of amylopectin double helices as
described by Gao et al. [37] and Zhang et al. [38]. Dutta et al. [12] studied the crystal structure of starch
from jackfruit seed with X-ray diffraction, demonstrating that the jackfruit seed starch had type-A
crystallinity pattern with peak angles at 15, 18 and 23° (20) respectively. This is similar to the study by
Rengsutthi and Charoenrein [2], which showed that the jackfruit seed starch had a type-A crystallinity
pattern, with peak angles at 15, 17, 17.9 and 23° (20) respectively and 28.42 % crystallinity.

The oil content of batter coating

The differences in oil content of the 11 battered product (p < 0.05) are shown in Figure 2. Batter
containing a ratio of WF to JS of 100: 0 had the most oil content (34 %). Increasing the JS ratio
significantly decreased oil content (p < 0.05). Thus, batter with a ratio of WF to JS of 0:100 resulted in
the least oil content (16 %). This result suggests that the oil content of a battered product depends on its
amylose content and the relative crystallinity in JS. The amylose in starch granules forms a strong
network resisting oil uptake from the outside. Moreover, an amylopectin increased the crystallinity
resulting in high relative crystallinity of the starch batter. Therefore, the interactions between amylose and
crystalline took place [8].
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Figure 2 Oil content of battered product from starch mixture.

The correlation between amylose content and relative crystallinity of JS and the degree of oil
absorption of a battered product showed significant variation (p < 0.05) as shown in Figure 3. Increasing
amylose content and relative crystallinity decreased the oil absorption capacity of the batter coating. This
is due to JS being high in amylose content and relative crystallinity in which the strong network has high
water retention capacity causing less moisture loss which has the effect of reducing oil uptake during the
deep frying process [40]. The swelling ability and solubility of JS is promoted when water temperature

884 Walailak J Sci & Tech 2018; 15(12)



Jackfruit Seed Starch Batter Rossaporn JIAMJARIYATAM

http://wjst.wu.ac.th

increases. The swelling and absorption of water is due to hydrogen-bond interactions beginning at free
amylose chains which allow the entry of water molecules leading to the swelling of starch. Jackfruit seed
starch has the ability to bind both water and oil, with percentages of 200 and 90 % respectively. This type
of starch, therefore, is widely used in the food industry [13].
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Figure 3 Correlation between amylose content and oil content (a) and relative crystallinity and oil content

(b).

Microstructure of batter coating

Figure 4 shows structural changes as affected by JS content in the surface and cross-sections of the
batter using a SEM. The higher content jackfruit seed starch batter coating is less porous, while the lowest
JS content batter is observed to be more porous. Air cells inside the high JS content batter were smaller in
size and fewer in number compared to the batter with low JS content. Increasing the quantity of JS caused
the batter to become more finely porous in structure with more homogenous air cell walls. Thus, it is
believed the JS content may contribute to the difference in the structural integrity of cells in the batter.
The amylose forms a strong network causing less vaporization during frying. In contrast, a low amylose
starch exhibits more steam escape providing large air cells [8].

For the mechanism of final fried products, the starch components (amylose and amylopectin chain)
of JS and WF leached out of the granule. The WF and JS amylose was interconnected in their batter. The
large starch granules as WF swelled at lower temperature and completed swelling earlier than smaller
ones in JS. The final fried batter which the starch granules are gelatinized and gas cells can also be
distinguished allowing oil transport through the product [8,41].
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Figure 4 Surface (a) and cross-section (b) of batter coating with varying ratio of wheat flour: jackfruit
seed starch.
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Descriptive sensory analysis

The intensity of organoleptic characteristics of battered products containing ratios of WF to JS of
100:0, 80:20, 60:40, 40:60, 20:80, and 0:100 is shown in Figure 5a. The 6 different ratios of starch
elicited significant (p < 0.05) differences in intensity scores in terms of hardness, crispness, brittleness,
puffiness, oiliness and oil coating. Increasing content of JS was accompanied by an increase in hardness
and crispness but significantly (p < 0.05) decreased brittleness, puffiness, oiliness and oil coating.

Descriptive sensory evaluation is a scientific method that measures, analyzes and interprets human
sensations relating to quantitative and qualitative sensory characteristics of substances. Sensory
evaluation is a method commonly used to evaluate sensory qualities of foods. The food industry currently
uses sensory evaluation to develop more reliable methods to determine consumer preferences. Descriptive
sensory analysis is one of the most comprehensive tools in sensory analysis and panelists must be
intensively trained before testing. Moreover, this method determines which sensory characteristics
influence product acceptance. Thus, descriptive sensory analysis is a type of analytical test utilizing
people as a tool.

In terms of the sensory quality of the battered products, it was found that adding more JS increased
hardness and crispness but decreased puffiness. It is believed that amylose content led to the formation of
a stable gel. Complete gelatinization results in rigid starch interaction. A strong network of dried starch
can resist the high vapor pressure which occurs inside during the frying process [8]. As a result, batters
with higher JS content showed poor puffiness and less brittleness. These batters tended to be harder as
well. From SEM observation, the batter appearance displayed fine air cells and high porosity. However,
the degree of oiliness was found to decrease with increasing JS content. The strong network from the high
content of amylose starch prevented oil penetration during frying. Similarly, Jiamjariyatam et al. [8]
reported that increasing amylose content from 0.12 to 19 % in pellets decreased oil absorption of a puffed
product.
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Figure 5 Intensity of sensory characteristics of battered product from starch mixture.
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Acceptance

Significant differences (p < 0.05) were found in the sensory acceptance of the 11 battered products
according to preference in terms of appearance, color, flavor, taste, texture and overall liking as shown in
Figure 6. Batter made with a ratio of WF to JS of 50:50 provided the highest score in all attributes at the
scalar level of “like slightly - like very much” (5.0 - 5.5). Batters containing a ratio of WF to JS equal to
0:100 had a minimum preference score at the level of “do not like”. Increasing the ratio of WF:JS to
100:0, 90:10, 80:20, 70:30, 60:40 and 50:50 created no significant difference in appearance, color, flavor,
taste, and overall acceptance. However, increasing the ratio of WF to JS up to 50:50 decreased the
preference score significantly (p < 0.05). The addition of JS to the batter resulted in poor puffiness and a
very dark color in the final product with a hard texture. Moreover, the optimal JS content batter had a
unique flavor thus affecting acceptance. It was found that the overall acceptance of the final product
decreased with increasing JS content but the ratio of WF to JS of 50:50 in batters tested showed the
greatest consumer acceptance. In terms of the relationship between amylose content and consumer
acceptance, as seen in Figure 7, increasing amylose content tended to decrease the acceptance in
appearance, color, and flavor.
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Conclusions

45.00

Fried battered food are produced at home and in industries. Recently, they have become popular due
to facility of frozen product for instant consumption. Moreover, since the jackfruit seed contains a starch,
and the utilization of jackfruit seed is not yet significant and a half of the jackfruit seed becomes wastes.
Therefore, this research aimed to develop a batter coating from JS. This study investigated the use of
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varying degrees of JS content in a batter coating mixture with respect to both the structural qualities and
consumer preference evaluation as a frying batter. The amylose content of 40 - 41 % JS was found to be
suitable as batter coating for deep-fried products. This research shows the correlation between amylose
content/relative crystallinity of the starch mixture and sensory attributes as well as consumer acceptance.
Adding JS increased amylose content and relative crystallinity in the starch mixture, thus causing more
crispness and less oil absorption, oiliness, and oil coating of the final product. A ratio of 50:50 WF:JS
gave the highest score in consumer acceptance. This research could be of benefit to the development of
various types of batter for deep-fried products.
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