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Chapter

Effects of the Incorporation of
Arabinoxylans Derived from
Selected Cereals (Rice Bran and
Corn Fibre) and Sugarcane
Bagasse on the Quality of Baked
Foods: A Systematic Review

Roy Orain Porter

Abstract

The supplementation of baked foods, namely cookie/biscuits, bread and cakes
with agricultural by-products from cereal based fibres (rice bran and corn fibre)
and sugarcane bagasse at rates of 0% - 15%; 0% - 30% and 0% - 10% respectively
can significantly improve its nutritive value and enhanced its physical and sensorial
qualities. This chapter aims to review the role of dietary fibres derived from selected
cereals (rice bran and corn fibre) and sugarcane bagasse in baked foods, namely
cookies/biscuits, bread and cakes; evaluate their effects on the physical and sensory
qualities of these baked food products and to critically assess their beneficial
impacts in baked foods. These enriched food products can potentially be utilised in
shaping health policies, contribute to the dietary fibre needs of consumers and
facilitate the development of functional foods. Fibre enriched foods potentially can
assist in improving various physiological functions of the human body. A Keyword-
based search strategy was utilised to conduct a comprehensive search for articles
catalogued in ScienceDirect, Web of Science, PubMed, Medline, CINAHL and
Google Scholar that were published between January 1, 2010 and August 1, 2020.
Applicable aspects of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines provided the framework of this review. Four-
teen (14) studies met the inclusion/extraction criteria and was placed into sub-
groups by food types and fibre used in supplementation. Only eleven (11) studies
were suitable for statistical data analysis. The supplementation of sugarcane bagasse
at both 5% and 10% and rice bran up to 15% into cookies/biscuits significantly
undesirable acceptance (p < 0.05). Corn fibre enriched cookies/biscuits up to 20%
showed a significantly (p < 0.05) favourable impact on the sensory qualities of the
food product. The physical qualities of sugarcane bagasse supplemented cookies/
biscuits were negatively affected. The incremental addition of sugarcane bagasse
resulted in at 50% rise in the firmness of 10% enriched cookies/biscuits, from 5.7 +
5.4 (Kg Force) to 13.0 £ 3.9 (Kg Force). Corn fibre cookies supplementation did not
significantly affect its physical qualities. Rice bran incorporation of 15% in bread
showed a significant (p < 0.05) undesirable effect on its sensory qualities. How-
ever, the was no significant adverse effect on its physical quality. Corn bran
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enriched cakes up to 20% fibre incorporation displayed a significant (p < 0.05)
tavourable effect on the sensory properties of cakes.

Keywords: Arabinoxylans incorporation, dietary fibres, rice bran, corn fibre,
sugarcane bagasse, baked food products

1. Introduction

There are numerous dietary fibre enriched food products developed in the food
industry during the last decade encompassing various popular and widely consumed
foods such as bread, cakes, cookies or biscuits, yoghurts among others [1-4]. It is well
established in the literature, that dietary fibre intake at levels greater than 25 g per
day, tend to be associated with numerous health benefits, namely the reduced risk of
coronary heart disease, type 2 diabetes, enhanced physiological functions of the
human body, improved weight maintenance and other positive effects on various
disease risk factors and the alleviation of certain types of cancers [5-8].

In recent years, several drivers such as consumer awareness of the nutritional
value of dietary enriched foods, and governmental policies promoting healthy life-
style behaviours have contributed to the continual increase in the use of dietary
tibres in foods [3, 9-11]. Consequently, the value of the dietary fibres global market
is expected to experience an astonishing annual rise, with the latest estimates
projected growth of about 9.74 billion U.S. dollars by 2025 [12]. Dietary fibres can
be considered as non-digestible carbohydrates which are inclusive of lignin, resis-
tant oligosaccharides, resistant starch, non-starch polysaccharides (NSP) such as
cellulose, pectins, hydrocolloids and hemicelluloses of which can be eaten and are
not prone to enzymatic digestion and absorption within the small intestines, but can
undergo complete or partial fermentation in the large intestine of the human body
[1, 3, 6]. In previous studies, Foschia, Peressini, Sensidoni, and Brennan [13] indi-
cated that the major dietary fibres (DFs) are consist of arabinoxylans, f-glucans,
resistant starch and inulin. In the non-starch polysaccharides (NSP) fraction,
arabinoxylan is the main polysaccharide, additionally, arabinoxylan structure is
comprised of a framework of p-(1-4) connected xylose residues to which a-L-
arabinose tend to linked unto the second or third carbon positions [14, 15]. Agri-
cultural by-products from milling industries namely fibres from selected cereal
crops rice, corn, and energy crop sugarcane and plant parts from other fruits and
vegetables can be regarded as dietary fibres and subsequently tend to contain
arabinoxylans in varying amounts [16-18]. The addition of fibres to food products
tends to influence the consistency, texture, rheological tendencies and sensory
characteristics of the finished food products [3]. The incorporation of fibres in
breakfast cereals, bread, cookies, cakes, pasta, yogurt, beverages and meat products
among others have been widely reported with desirable results [2, 13, 19-23].

Arabinoxylans have been considered as an important dietary fibre of selected
cereals (rice bran and corn fibre) and sugarcane bagasse and it has been suggested
that when incorporated in the optimum proportions into food products they are
capable of improving its quality, which includes, but not limited to only changes in
the physical, rheological, and sensorial characteristics of food products [24-26].
Moreover, various technological functions of food products are also enhanced by
dietary fibre incorporation into foods such as its nutritional value, functional prop-
erties and improvement of other chemical properties [27-29]. It has also been
reported in several studies that dietary fibre arabinoxylans from agricultural by-
products such as rice bran, corn fibre: brans and other corn parts and sugarcane
bagasse can be safely utilised in the baking industry and consequently be used
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whole or as extracts of soluble dietary arabinoxylans to facilitate the production of
functional and health-promoting food products through the supplementation of
bread, cakes, cookies and other food products at varying incorporation rates

[2, 17, 30-34].

However, there is a lack of consensus in the body of literature relating to the
beneficial effects the incorporation at various levels of dietary arabinoxylans
derived or originating from sources such as selected rice bran, corn fibre (bran and
other parts) and sugarcane bagasse have on the sensory and physical qualities of
baked foods including cookies/biscuits, bread and cakes [23, 35-40]. This system-
atic review, therefore, endeavours firstly to review the role of dietary fibre derived
from selected cereals (rice bran and corn fibre) and sugarcane bagasse in baked
foods, namely cookies/biscuits, bread and cakes; secondly to evaluate the effects of
the incorporation of dietary fibre derived from selected cereals (rice bran and corn
fibre) and sugarcane bagasse on the physical and sensory qualities of these baked
food products and finally to critically assess the beneficial impacts of dietary fibre
incorporation derived from selected cereals (rice bran and corn fibre) and sugar-
cane bagasse in baked foods, including bread, cakes and cookies.

2. Methodology

The methodology follows applicable aspects of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [41] and includes
details of the search strategy, studies selection, inclusion and extraction criteria,
data extraction and assessment of study validity, risk of bias assessment and data
analysis of the relevant studies utilised in this systematic review.

2.1 Research strategy

A systematic literature search using a Keyword-based concept was conducted
for articles catalogued in ScienceDirect, Web of Science, PubMed, Medline,
CINAHL and Google Scholar that were published between January 1, 2010 and
August 1, 2020 using the following search strategy. The keyword-based searches
included Boolean operators and were constructed using words from the research
question along with the combination of truncations and wildcards to access as much
primary research material as possible. The searches were limited to Scholarly and
Peer-reviewed and English language. Grey areas of the literature such as govern-
ment reports, conference reports and food magazines were also searched. Further,
the reference lists of recent systematic reviews were searched for additional
references.

2.2 Study selection, inclusion and exclusion criteria

The eligibility criteria utilised for the selection of relevant research studies
followed the population, intervention, comparison, outcome and study settings
(PICOS) research question framework. Further details are summarised in Table 1.

For studies to be included in the systematic review the following criteria were
established, namely:

* The keywords and phrases e.g. arabinoxylans incorporation, rice and corn
brans/fibre, sugarcane bagasse, baked food products among others relating to
the research question should be included in the particular article title,
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Population ~ Human subjects and quantitative parameters of nutritional and physical properties of
baked foods including bread, cakes and cookies.

Intervention Rice bran, corn fibre and sugarcane bagasse

Comparison Nutrient profile, volume, texture, weight, height, colour and sensory evaluation metrics.

Outcome Improve quality
Study All research studies investigating the effects of the incorporation of dietary fibres on the
Setting nutritional, physical and sensory qualities of baked food products.

Table 1.

PICOS criteria for study selection.

* Human subjects including adults/children,

¢ Food vehicles included bread, cakes and cookies,

* Source of arabinoxylans rice bran, corn bran and sugarcane bagasse,

* Quantity of arabinoxylans from the particular sources that was incorporated,
* Sensory evaluation,

* Quantitative parameters of nutritional profile e.g., fibre, fat, carbohydrates and
protein content and physical profile e.g., texture, volume, weight, height and
colour of baked foods including bread, cakes and cookies,

e Full text of articles (abstract only of articles would not be considered),
* Articles should be written in English language,

* The published dates of articles should be between January 1, 2010 and August
1, 2020,

¢ Controlling bias by using randomisation and mean measurements of food
products from triplicates instead of a single measurement and

* Articles should be able to be placed into sub-groups to facilitate statistical analysis.

Studies under consideration for inclusion in the review which did not contain
the required information as outlined previously were not selected. All articles cho-
sen were sent to the EndNote reference database, which facilitated the identifica-
tion of duplicate articles, which were also excluded from the review.

Articles consisted of a sensory evaluation of a particular baked food product,
including bread, cakes and cookies; a nutritional and physical profiles of bread, cakes
and cookies were deemed fundamental to the review since they provided data relat-
ing to the nutritional, physical and sensory qualities of baked foods being studied. The
use of articles investigating the different dietary fibre sources of arabinoxylans (rice
and corn brans and sugarcane bagasse) incorporation into foods facilitated the
assessment of the effects of arabinoxylans incorporation into foods, its possible
implications, roles and the possible optimum inclusion proportions of arabinoxylans,
which may result in improved nutritional, physical and sensory qualities of different
food products for consumer consumption. Priority was given to studies examining
arabinoxylans derived from agricultural by-products of selected cereals (rice and
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corn) and sugarcane bagasse. Articles produced earlier than 2010 were excluded,
mainly to reflect the recent advancement of public health policy guidelines, modern
processing techniques and equipment within the food industry.
2.3 Data extraction and assessment of study validity

The data extracted from the studies were performed independently by the
researcher and it included the pertinent characteristics of the studies relating to the
research question of the systematic review. The characteristics used for the data
extraction sheet consisted of the following headings:

 Authors’ name

* Title

* Location of study and funding source

* The objective of the study

* Source of arabinoxylans and amount used

e Food vehicle (bread, cakes and cookies)

* Control of bias — Randomisation usage in design, triplicate measurements,
statistical analysis and sensory evaluation

* Sensory evaluation metrics

* The nutrient profile of food product

* Physical parameters of food product (volume, texture, weight, height, colour)
e Statistical analysis

* Results

* Conclusion

The data from studies were checked for errors and any unavailable data was
denoted as not determined (ND) in the particular table.

The assessment of study validity was conducted using the Downs and Black
checklist [42]. This checklist is comprised of 27 questions and can be utilised in the
assessment of the methodological quality of both randomised and non-randomised
studies [42]. However, for this review only fourteen (14) questions were found to
be applicable, the other questions were denoted as not applicable. The score ranges
and corresponding quality levels used for the Downs and Black [42] were as follows:
excellent (26-28); good (20-25); fair (15-19) and poor (<14) [43]. Some of the
included criteria relevant in the assessment of articles for this type of review
comprised of the following areas:

i. Reporting

ii. External validity
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iii. Bias

iv. Confounding factors

v. Statistical power
2.4 Risk of bias assessment

The risk of bias assessment of the articles used in this review was evaluated using
the Cochrane collaboration’s tool for assessing the risk of bias. The statistical infor-
mation presented in the articles was assessed for its appropriateness. The outcomes
reported in articles used were verified for accuracy and the section of the study it
was first reported was noted. Moreover, the credentials and attachments of the
respective authors of the articles utilised in the review were also checked. Impor-
tantly, references to the disclosure of interest were keenly examined at the end of
the articles.

2.5 Data handling

In this review, only eleven (11) research articles out of fourteen (14) studies
were considered suitable for statistical data analysis. There were five (5) studies that
focused on rice bran as the arabinoxylan source and both cookies/biscuits (3 stud-
ies) and bread (2 studies) as the food vehicle; four (4) studies used corn fibre as the
arabinoxylan source and both cakes (2 studies) and cookies/biscuits (2 studies) and
finally two (2) studies conducted research using sugarcane bagasse as the
arabinoxylan source and cookies/biscuits as the food vehicle. In the area of sensory
evaluation, various scales were used in the assessment of particular sensory attri-
butes such as hedonic scales (5-point, 7-point and 9-point) and10 ¢cm unstructured
line scale. Thus, sensory assessment scores were standardised by dividing individual
scores given by the panel by the maxima of the particular scale used, then multiply
by 100 to convert to a percentage. Data of panellists were extracted and grouped
into categories of trained, semi-trained and untrained; gender and nationality and
utilised to conduct a descriptive statistical analysis. Students were grouped as semi-
trained and in studies that did not specify the training of panellists, they were
classed as untrained. Studies were grouped into sub-groups according to the food
vehicle and source of arabinoxylan that was incorporated into the food product. The
weighted means of the papers was calculated by using the Statistical Package for
Social Sciences (SPSS), version 26 software. Moreover, the percentage of fibre
incorporation was also similar for each sub-group utilised for data analysis. The
metrics extracted from the included studies relating to the physical analysis of the
particular food vehicle were also standardised namely for bread: volume (ml), mass
(g) and specific volume (g/ml); cookies/biscuits: width (mm), thickness (mm),
spread factor (%) and colour: L*, a* and b* and finally cakes: crumb colour: L*, a*
and b*, crust colour: L*, a* and b* and texture (Kg F).

2.6 Data outputs

The fundamental characteristics extracted from the articles were conducted
using applicable aspects from the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [41]. Statistical analysis of data extracted
from the various studies included in the review was performed using a Simple (one-
way) analysis of variance (ANOVA) using Statistical Package for Social Sciences
(SPSS), version 26. Post Hoc analysis was conducted using Tukey’s test to identify
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where the difference lies between each group, (see Appendix F). The significant
difference between the means was identified where (p < 0.05).

3. Results
3.1 Study selection

In this systematic review, a total of fourteen (14) studies satisfied the inclusion
criteria established, the process that guided the selection of these studies is illus-
trated in the PRISMA diagram (see Figure 1). However, only eleven (11) studies
facilitated categorisation into a sub-group, namely bread, cakes and cookies/biscuits
and then further sub-divided into fibre type and food vehicle and were thus con-
sidered suitable to be utilised for statistical analysis, (see Table 2). In the fourteen
(14) studies included, all conducted a sensory evaluation study, a nutritional analy-
sis/profile and a physical analysis of the particular food produced being studied,
except the research studies completed by [17, 23], there was no nutritional analysis/
profile and the study carried out by [44], which did not perform a physical analysis
of the chapatti, a type of fermented bread. The sensory studies consisted of 362
participants from eleven (11) countries, see Figure 2. Panel members used in the
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p— Records after duplicates removed
(n=7938)
oo
=
=
g v
(5] R d luded based
%) Records screened econ ,S excluded base
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(n=7938)
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5
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_g guantitative synthesis
% (systematic review)
£
(n=14)
—
Figure 1.

Study selection process based on PRISMA guidelines. Adapted from [41].
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Detail Appearance Taste Texture Overall acceptance
Control (0%) 85.6 + 8.6a 86.9 +9.8¢ 86.2 +9.2a 86.1 +£9.2a
5% SCB 842 +7.5b 82.1+7.4b 82.1+7.4b 842 £7.5a
10% SCB 68.9 £+ 18.9¢c 69.5 &+ 21.0c 723 £13.4c 72.3 +£13.4b

Values are means & standard deviation of sub-groups. Means in the same column with different superscripts are
significantly different (p < 0.05). Key: SCB — sugarcane bagasse.

Table 2.
Sensory quality of sugarcane bagasse enviched cookies/biscuits.

sensory studies ranged from 5 to 60 participants and the mode were 30 and 10
panellists. The panellists were grouped into trained, semi-trained and untrained, see
Table 2. The panel members were also made up of both gender (male and female),
age groups (which ranged from 18 to 50 years old) and occupations (staff members,
post-graduate students and others not mentioned). In addition, eight (8) of the 14
studies were conducted in Asia, namely Sri Lanka - 1, India - 3, Iran - 1, Pakistan - 2
and Bangladesh — 1. Two (2) studies were conducted in North America, namely
United States — 1 and Mexico — 1 and two (2) studies were carried out in Africa,
namely Cameroon —1 and Nigeria - 1. Finally, one study was conducted in Brazil,
South America. Studies examined various baked food products, namely bread - four
(4) studies), cakes - three (3) studies, cookies/biscuits studies - seven (7) studies.
The metrics utilised in the sensory studies of this review encompassed colour of
crumb and colour of crust; aroma; flavour; appearance; taste; texture firmness or
hardness and overall acceptability, see Table 2. Meanwhile, for the physicochemical
and physical characteristics aspects of the studies, the parameters examined
included moisture %, protein %, ash %, fat %, carbohydrates %, crude fibre %,

(Sangeetha, Mahadevamma, Begum, & Sudha, 2011) NS
(Sandhu, Bains, Singla, & Sangwan, 2018) IS
(Jauharah, Wan Ishak, & Robert, 2014) NN DN
(Amna, Bhatti, Anwaar, & Randhawa, 2011) IS
(Yadav, Yadav, & Chaudhary, 2011) I S
(Javaria, 2017) NN
(Vijerathna et al., 2019) NN D
(Silva, Correa, Kanai, & Shirai, 2020) I S
(Singh, Liu, & Vaughn, 2012) RS
(Haghighi-Manesh & Azizi, 2018) NN D
(Pauline et al., 2020) NN
(Gil-Lépez et al., 2019) IS
(Ameh, Gernah, & Ighabul, 2013) I
(Begum, Ahmed, Hakim, & Sen, 2019) NN
0.0 50.0 100.0 150.0 200.0 250.0

MW Reporting (%) W External validity (%) M Bias (%)

Confounding factors (%) m Statistical Power (%) m Total score (%)

Figure 2.
Quality assessment results of the various studies used in the review, presented in percentages per category and
overall total using the Downs and Black checklist.
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mineral contents and phenolic contents; texture for example firmness or hardness;
colour or luminosity of crust and crumb (for example lightness/brightness, redness/
greenness and yellowness/blueness); loaf weight, bread height and bread volume;
diameter, thickness, spread ratio and texture, see Table 2. The intervention data
extracted were the various dietary fibres derived from arabinoxylans selected
sources, namely rice bran, corn fibre and sugarcane bagasse and which was
supplemented at different rates ranging from 0-30% into baked foods bread, cakes
and cookies/biscuits.

3.2 Data quality

The quality assessment of the fourteen (14) research studies included in the
review was conducted using the Downs and Black [42] checklists, importantly only
fourteen (14) questions were considered applicable, the other questions were
denoted as not applicable to this review and consequently were not utilised to assess
the included studies. The highest score was received by the research paper [17],
namely 14/14, while the lowest score was obtained by the research paper [44],
namely 8/14. Five (5) research papers received 11/14; four (4) research papers
received 12/14 and one (1) research paper each received scores of 13/14, 8/14, 9/14
and 10/14 respectively, (see Figure 2). Thirteen (13) out of the fourteen (14)
studies excelled in the category of reporting, only [44] scored poorly. In the cate-
gory of bias or internal validity all fourteen (14) papers received satisfactory scores,
contrasting in the category of external validity only two (2) studies excelled, the
other studies failed to show that the panel members were chosen from a represen-
tative sample. Moreover, in areas of confounding factors and statistical power, the
majority of studies received high scores. Based on the scoring scale of the Downs
and Black [42] checklists the quality of the fourteen (14) studies would be consid-
ered in the range of fair to excellent [43].

3.3 Data analyses

This section entails the review and analysis of the findings of the primary
research articles included in the review which were categorised into sub-groups to
reveal common effects and enhance statistical power, except for those papers which
did not enable statistical analysis. The studies were grouped as follows: the types of
food or food vehicle namely, cookies, biscuits, bread and cakes and fibre; the type
of fibre supplemented into the food product, namely rice bran, corn fibre and
sugarcane bagasse and the particular outcomes: effects or no effects were outlined
or highlighted, (see Table 2). The included studies were further sub-divided into
specific food and fibre types; the same rates of fibre incorporation into the particu-
lar food product as the food vehicle and their respective similar sensory metrics and
physical parameters were extracted from the eleven (11) studies to facilitate statis-
tical analysis. The findings will be presented under three (3) main food type head-
ings, namely cookies/biscuits, bread and cakes to facilitate a logical presentation.

3.3.1 Cookies/biscuits: sugarcane enviched

The incorporation of sugarcane bagasse up to the level of 10% showed signifi-
cantly undesirable overall acceptance (p < 0.05). Moreover, based on the sensory
evaluation results, as the level of sugarcane bagasse increased, the overall accep-
tance of enriched cookies/biscuits reduced significantly (p < 0.05), see Table 2.
Cookies/biscuits incorporated with sugarcane bagasse at 5% were similar to control.
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Sugarcane bagasse incorporation up to 10% resulted in no significant differences
(p > 0.05) in the physical quality of the cookies/biscuits. In Table 3, the thickness
of fibre supplemented cookies was marginally less than the control sample and
although the enriched cookies/biscuits were slightly wider, enrichment produced a
reduction in the parameter of spread factor and was more 2 times harder than
control cookies/biscuits.

3.3.2 Cookies/biscuits: rice bran enriched

Rice bran fibre supplemented cookies/biscuits up to 15% showed significantly
undesirable overall acceptance. The sensory scores were all lower than the control
sample according to sensory evaluation. Rice bran enriched samples obtained,
namely 15% incorporation obtained the low scores for most of the sensory attributes
assessed, see Table 4. Overall acceptance of cookies/biscuits significantly reduced
(p < 0.05) in comparison to the control sample of cookies/biscuits. Incorporation of
rice bran into cookies/biscuits at 10% performed only slightly better than 5% and
15% levels of incorporation. However, the control sample obtained the best overall
acceptance based on sensory evaluation.

The incorporation of rice bran into cookies/biscuits significantly (p < 0.05)
enhanced the thickness of the food product. The width and degree of spread factor
showed no significant differences in comparison to the control. Further details are
outlined in Table 5.

3.3.3 Cookies/biscuits: corn fibre enviched

Corn fibre supplemented cookies up to 20% obtained a significant (P < 0.05)
desirable overall acceptance based on sensory panel evaluation. There were signifi-
cant differences (p < 0.05) in colour between enriched corn fibre cookies/biscuits
and the control. Interestingly, 20% supplemented obtained the best score for overall

Detail Thickness (mm) Width (mm)  Spread factor (SF%) Texture (Kg force)
Control (0%) 53+0.3a 48.9 +10.3b 100.0 £ 0.0c 5.7 £5.4d
5% 49 £ 0.2a 51.0 4+ 6.6b 87.3 £ 3.0c 7.6 + 6.6d
10% 4.9 £+ 0.4a 51.9 £+ 5.0b 83.4 + 9.5¢ 13.0 £ 3.9d

Values are means + standard deviation of sub-groups. Means in the same column with different superscripts are
significantly different (p < 0.05). Key: SCB — sugarcane bagasse.

Table 3.
Physical quality of sugarcane bagasse enviched cookies/biscuits.

Detail Flavour Colour Taste Texture Overall acceptance
Control (0%) 79.8 £14.5a 80.5+151a 765+13.0a 729+117a 78.4 £12.3a
5% RB 709 +£10.8ab 733+ 11.7ab 69.6 +14.2ab 67.3 +£10.7b 72.1 £11.0b
10% RB 729 £85ab  72.4+47ab  71.3+7.1ab 71.4 £9.7a 72.3 £ 5.4b
15% RB 71.7 £5.2ab 714 +£72ab 67.4+8.0ab' 715+ 1.0a 71.0 £3.1b

Values are means + standard deviation of sub-groups. Means in the same column with different superscripts are
significantly different (p < 0.05). Key: RB — rice bran, ab’ is significantly different from control and 10% RB samples.

Table 4.
Sensory quality of vice bran enviched cookies/biscuits.
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Detail Thickness (mm) Width (mm) Spread factor (SF%)
Control (0%) 8.6 +1.0a 42.7 £ 13.6b 51.7 £5.2¢
5% RB 9.5+ 0.5ab’ 40.5 +13.2b 49.4 + 5.6¢
10% RB 9.6 + 0.1ab 38.8 +£12.9b 46.5 + 6.6¢
15% RB 9.9 + 0.3ab 36.9 4+ 13.8b 44.5+ 6.9c

Values are means + standard deviation of sub-groups. Means in the same column with different superscripts are
significantly different (p < 0.05). Key: RB - rice bran and ab" - no significant difference between 5% and 10% RB
supplementation.

Table 5.
Physical quality of rice bran enviched cookies/biscuits.

Detail Flavour Colour Appearance Texture Overall acceptance
Control (0%)  81.54+10.4a 81.2 +10.9a 83.2+10.9a 853 +6.3a 83.2 +10.9a
10% CF 83.8£79a 82.6 £10.4ab 832+109a 853+6.3a 84.4 + 8.4ab
20% CF 799 +13.4ab 79.3+12.8ab 799 +13.4a 80.8 +13.6b 86.7 + 5.3ab
30% CF 67.8+14.5b 70.0+19.8ac 672+17.7b 679 £18.2c 67.2+17.7c

Values ave means + standard deviation of sub-groups. Means in the same column with different superscripts are
significantly different (p < 0.05). Key: CF — corn fibre.

Table 6.
Sensory quality of corn fibre enviched cookies/biscuits.

acceptance. Moreover, both 10% and 20% enriched cookies/biscuits were found to
be statistically similar, see Table 6.

In Figure 3, both 10% and 20% enriched cookies/biscuits obtained the best
scores from panellists. Meanwhile, the incorporation of cookies/biscuits at 30% was
not well accepted during sensory evaluation.

The physical qualities of up to 30% corn fibre supplemented cookies/biscuits
were statistically similar to the control sample. However, cookies/biscuits incorpo-
rated with corn fibre up to 20%, showed increased thickness in comparison to the

100.00
90.00 .
S 8000
=
B8
[= %
L]
(3]
o 7000
©
[
o
=
S e
50,00
40,00
Control 0% corn fibre 10% corn fibre 20% corn fibre 30% corn fibre
Corn fibre enriched cookieslbiscuits
Figure 3.

Graph depicting overall acceptance of corn enviched cookies/biscuits.
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Detail Thickness (mm)  Width (mm)  Spread factor (SF%) Texture (Kg force)
Control (0%) 59 + 0.4a 49.1 £+ 24.5b 76.9 £+ 32.7¢c 1.6 + 0.7d
10% CF 5.9+ 0.4a 48.3 £19.9b 75.5 + 25.6¢ 1.8 £ 0.5d
20% CF 6.1 £ 0.4a 48.4 +18.8b 74.0 £ 23.6¢ 1.9 + 0.4d
30% CF 59+ 0.7a 51.9 £+ 5.0b 75.6 +19.5¢ 214+ 0.2d

Values are means + standard deviation of sub-groups. Means in the same column with different superscripts are
significantly different (p < 0.05). Key: CF — corn fibre.

Table 7.
Physical quality of corn fibre enviched cookies/biscuits.

100.00

90.00
80.00
70.00

Texture

60.00

50.00

40.00

Control 0% corn fibre 10% corn fibre 20% corn fibre 30% corn fibre

Corn fibre enriched cookiesl/biscuits

Figure 4.
Graph depicting the sensory attribute — the texture of corn fibre incorporated cookies/biscuits.

control sample, see Table 7. Incorporation of corn fibre at 30% gave cookies/
biscuits the highest firmness 2.1 £+ 0.2 (Kg Force).

In Figure 4, the texture of corn fibre enriched cookies/biscuits incrementally
reduced with the incorporation of increased fibre up to 30%.

3.3.4 Rice bran enriched bread

In Table 8, incorporation of rice bran into up to 15% produced significantly
(p < 0.05) undesirable overall acceptance. There was a significant difference
(p < 0.05) in the aroma of the fibre enriched bread and control bread. All the rice
bran fibre enriched bread was similar to each other but all significantly different
(p < 0.05) from the control. There was no significant difference in the overall
acceptance of 5% and 10% rice bran incorporated bread from the control sample.
In Table 9, there were no significant differences between rice bran
supplemented bread up to 10%.

3.3.5 Sensory quality of corn bran enriched cakes

Based on sensory evaluation corn bran supplemented cakes up to 20% were
found to be significantly desirable (p < 0.05) in comparison to control cake samples
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Detail Aroma Crust Crumb Taste Texture Overall
colour colour acceptance

Control (0%) 86.1+39a 905+24a 872+39a 833+16a 884+08a 884+0.8a

5% RB 739 +£32ab 80.0+77a 778+64a 784+32a 794+58a 80.6=+0.6a
10% RB 711+85ab 71.7+11.6a 722+85a 75.0+6.7a 80.8+13.6a 72.8+10.4a
15% RB 689+72ab 71.7+113a 683 +6.5a" 689 +53a" 80.8+83a" 68.4+78a*

Values are means + standard deviation of sub-groups. Means in the same column with different superscripts ave
significantly different (p < 0.05). Key: RB — rice bran and * means 15% is significant in comparison to control only.

Table 8.
Sensory quality of rice bran enviched bread.

Detail Specific volume (ml/g)
Control (0%) 10.7 + 9.1a
5% RB 10.1 £ 6.9a
10% RB 9.8 + 6.6a

Values are means + standard deviation of sub-groups. Means in the same column with different superscripts are
significantly different (p < 0.05). Key: RB — vice bran.

Table 9.
Physical quality of vice bran enriched bread.

Detail Crust colour Taste Texture Overall acceptance
Control (0%) 87.6 + 6.3a 81.2 +10.9a 85.3 + 6.3a 83.2 +10.9a
10% CB 86.1 £ 2.3a 82.6 + 10.4ab 85.3+6.3a 84.4 + 8.4ab
20% CB 80.6 + 0.6b 79.3 +£12.8ab 80.8 £ 13.6b 86.7 £ 5.3ab

Values are means + standard deviation of sub-groups. Means in the same column with different superscripts are
significantly different (p < 0.05). Key: CB — corn bran.

Table 10.
Sensory quality of corn bran enriched cakes.

for the attributes of crust colour, taste, texture and consequently obtained the
overall acceptance, see Table 10.

3.3.6 Physical quality of corn bran enviched cakes

Corn bran incorporated cakes significantly (p < 0.05) impacted the crust
luminosity of cakes at both 25% and 30% supplementation levels. All the
other physical parameters were similar to the control sample. The texture,
namely firmness increased as the level of corn bran increased in the cakes, see
Table 11.

Initially, the texture of corn bran enriched cakes increased with the addition of
corn bran, then reduced at 10% level of incorporation and thereafter incrementally
increased as the supplementation levels were elevated in cakes. Not surprisingly,
the highest degree of firmness in cakes is at the 30% level of corn bran incorpora-
tion in cakes, see Figure 5.
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Detail Crust L* Crust a* Crust b* Crumb L* Crumba* Crumbb* Texture
(Kg
Force)

Control 84.4+42a —-39+69a 28.6+11.6a 51.1+179a 11.7+37a 345+142a 6.7+15a
(0%)

5% CB 80.8+29a —-36+6.6a 31.7+64a 50.7+153a 11.1+32a 352+117a 69+12a

10% CB 781+14a —-51+62a 318+76a 488+ 175a 10.3+2.6a 36.1+9.8a 6.9+ 0.9a

15% CB 739 +3.6a —50+6.6a 332+65a 471+168a 98+41a 363+£92a 71+1lla

20% CB 71.9+35a -54+75a 346+56a 46941772 80+38a 369+74a 74+12a

25% CB 682+67b —58+85a 355+52a 465+184a 68+46a 375+6.6a 77+12a

30% CB 64.7+7.0b 36.6+50a 36.6+50a 457+193a 54+44a 375+49a 77+11a

Values arve means + standard deviation of sub-groups. Means in the same column with diffevent superscripts are
significantly different (p < 0.05). Key: CB — corn bran.

Table 11.
Physical quality of corn bran enviched cakes.
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w
o
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Control 0% 5% comn 10% com 15% com 20% comn 25% comn 30% corn
corn bran bran bran bran bran bran bran
Corn bran enriched cakes
Figure 5.

Graph depicting the texture qualities of corn bran enviched cakes.

3.4 Data Characteristics and features

Several baked food products, namely cookies/biscuits, cakes and bread illus-
trated enhanced levels of dietary fibre, moisture, ash, minerals, vitamins contents
and on the other hand reduction in proteins, fats and carbohydrates, see Table 12.
The incorporation of rice bran up to the level of 15% into biscuits significantly
(p < 0.05) enhanced its nutritional value [20]. In previous studies Yadav, Yadav,
and Chaudhary [39] also found that the supplementation of biscuits up to 15%
significantly (p < 0.05) enhanced its nutritional value in comparison to the control
sample, namely significant increase in protein content from 7.3% to 15.4%; there
was a non-significant increase in ash and fibre contents and a reduction in carbo-
hydrates content. Several studies of cookies and biscuits using both higher rates of
corn fibre (up to 40%) and rice bran (up to 20%) also reported a significant
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Reference Downs Food Fibre type and Control n  Analysis parameters Panel® Outcomes
and Black vehicle %
quality incorporation
assessment
[45] 11/14 Cookies Rice bran - Wheat flour 5  Physical parameters: Postgraduate students — No significant difference was detected in the
acid stabilised * Width (mm) Food Technology chemical and physical properties of cookies
and heat e Thickness (mm) Department (T) incorporated with acid stabilised rice bran
stabilised (0— * Spread factor (%) (ASRB) and heat stabilised rice bran
20%) o Texture (Kg F) (HSRB).
Sensory attributes: flavour, The incorporation of brans in cookies
colour, appearance, taste, resulted in a significant incremental increase
texture and overall of moisture, crude protein, fat and mineral
acceptability. contents.
The parameters of average width, thickness
and spread factor of cookies were also
increased as rice brans were added.
The scores for colour of cookies decreased
significantly as the level of rice bran
increased, but not was non-significant at the
10 percent level of substitution.
[20] 11/14 Biscuits Rice bran (0-  Wheat flour 26 Physical parameters: Males and females (50% Biscuits supplemented with 5-10% heat
10%) ¢ Width (mm) males and 50% females), stabilised rice bran using flour containing
¢ Thickness (mm) age ranged 20-50 years, (rice flour 35% + maize flour 35% + pea flour
* Spread factor (%) untrained panellists (UT) 30%) resulted in desirable overall acceptance
o Texture (Kg F) by the sensory panel.
Sensory attributes: flavour, Incremental addition of stabilised rice bran
colour, appearance, taste, significantly increased moisture, ash, crude
texture and overall protein, fibre and thickness of the biscuits.
acceptability. Width and spread factor of biscuits reduced
with increasing levels of stabilised rice bran.
[39] 12/14 Biscuit Rice bran Refined 10 Physical parameters: Semi-trained members The substitution of refined wheat flours up
protein wheat flour ¢ Width (mm) (ST) to 10 per cent using RBPC resulted in the
concentrate e Thickness (mm) formulation of protein-enriched biscuits

 Spread factor (%)

with favourable overall acceptability.
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Reference Downs Food Fibre type and Control n  Analysis parameters Panel® Outcomes
and Black vehicle %
quality incorporation
assessment
(RBPC) (0- o Texture (Kg F) There was a significant increase in the
15%) Sensory attributes: flavour, protein content of biscuits produced from
colour, appearance, taste, 7.3% in control biscuits to 15.4% in the
texture and overall biscuits with 15% rice bran supplementation.
acceptability. The fracture strength was also significantly
higher than that of the control biscuits (p <
0.05).
[46] 12/14 Biscuits Corn fibre (0~ Wheat flour 60 ¢ Texture Untrained panellists Significant enhancement of protein and
30%) ¢ Diameter (W):mm dietary fibre contents of the cookies.
e Thickness (T): mm Hardness of the cookies also increased as the
* Spread ratio level of dried young corn increased in the
* % spread factor cookies.
* Sensory attributes of Supplementation of cookies with 10%
appearance, colour, texture, dietary obtained the best scores in
taste, flavour and overall comparison to the control.
acceptability.
[36] 10/14 Biscuits Corn fibre (10— Refined 10 e Texture Semi-trained panellists Corn fibre replacement in refined wheat

40%)

wheat flour

e Diameter (W):mm

e Thickness (T): mm

e Spread ratio

* % spread factor

* Sensory attributes of
appearance, colour, texture,
taste, flavour and overall
acceptability.

(ST)

flour resulted in enhanced hardness,
thickness, moisture, total dietary fibre
(TDF) and moisture in biscuits and
simultaneously a significant reduction in
carbohydrates and energy.

Reduced diameter was observed and a
reduced spread ratio was derived.

Sensory evaluation results of the attributes of
colour, appearance, texture, taste, flavour
and overall acceptability of biscuits were
similar to the control up to the level of 20%
addition of corn fibre.
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Fibre type and Control n

%
incorporation

Analysis parameters

Panel®

Outcomes

Sugarcane
bagasse — with
peel (0-10%)

Wheat flour 30

Physical parameters:

¢ Width (mm)

e Thickness (mm)

* Spread factor (%)

¢ Colour: L*, a* and b*

o Texture (Kg F)

Sensory attributes: colour,
appearance, taste, texture and
overall acceptability.

Trained panel members (T)

The incorporation of sugarcane bagasse with
a peel at 5% to enrich cookies displayed the
highest overall acceptability.

Enriched cookies with 5% peeled sugarcane
contained increased phenolic content,
moisture content, fat and ash content, but
slightly lower protein content in comparison
to the control.

5% enriched sugarcane bagasse (with peel)
possessed a golden-brown colour, along with
increased hardness, diameter and spread
ratio but reduced thickness in comparison to
the control cookies. Both cookies were of
similar weight.

Reference Downs Food
and Black vehicle
quality
assessment

[38] 11/14 Cookies

[37] 9/14 Biscuits

Sugarcane
bagasse (0—
15%)

Wheat flour 6

Physical parameters:

e Width (mm)

¢ Thickness (mm)

* Spread factor (%)

¢ Colour: L*, a* and b*

o Texture (Kg F)

Sensory attributes: colour,
appearance, taste, texture and
overall acceptability.

Panel members (UT)

Biscuits with the incorporation of 10%
steamed sugarcane bagasse and additives
were highly acceptable based on the results
of sensory evaluation.

Hardness and moisture of fibre enriched
biscuits increased as the percentage of fibre
added increased, contrastingly the surface
features decreased. At 10% level of addition
with additives, the texture of biscuits was
enhanced and surface features improved.
The colour of the crumb at 10% fibre
addition with additives was similar to the
control — pale to yellow-brown, also its
spread value and width increased, but
thickness decreased.

88¥66 uadoysarur/ /LS ot 810 10p xp A1y ;0

" S|pa4d)) Pa192]as o paara(] suvidxourquayy Jo uorwiodioous ayz Jo s1oa[fq



81

Reference Downs Food
and Black vehicle

quality
assessment

Fibre type and Control n

%
incorporation

Analysis parameters

Panel®

Outcomes

Dietary fibre content increased in fibre
enriched biscuits but protein and fat
contents were reduced in comparison to the
control.

Micro-bacterial load of bagasse was reduced
through the steaming process, and
rheological features such as dough
development, stability and viscosity were all
negatively affected with increasing levels of
fibre addition above 10%.

[47] 11/14 Bread

Full fatted rice
bran (0-15%)

Wheat flour 20

Physical parameters:

¢ Volume (ml)

* Mass (g)

e Specific volume (g/ml)
Sensory attributes: aroma, crust
colour, crumb colour, taste
firmness, taste and overall
acceptability.

Staff members and students

(T)

There were significant percentage increases
in the nutrient contents of the rice bran
supplemented bread, most notably the
increase in protein, crude fat, carbohydrates,
moisture, minerals and vitamins.
Importantly, there was a reduction in the
sodium content of the bread samples.

As the level of rice bran incorporation
increased in the bread samples from 5-15% it
resulted in enhanced bread weight.
Contrastingly, both the volume and specific
volumes of the bread samples were reduced.
There were significant differences illustrated
between the physical properties of the
control bread samples and the fibre
incorporated bread samples: in both cases of
dough and bread loaves.
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Reference Downs Food Fibre type and Control n  Analysis parameters Panel® Outcomes
and Black vehicle %
quality incorporation
assessment
[31] 11/14 Bread Full fatted & = Wheat flour 10 Physical parameters: Staff members and students ¢ The hardness of composite bread increased
defatted rice ¢ Volume (ml) (T) with elevated supplementation of rice bran
bran (0-15%) * Mass (g) in flour.
e Specific volume (g/ml) * The specific volume of the composite bread
Sensory attributes: aroma, crust reduced with the addition of rice bran from
colour, crumb colour, taste 5-15%.
firmness, taste and overall * Rice bran incorporation in wheat flour
acceptability. enhanced the protein and crude fibre in
comparison to the control wheat flour bread.
* Supplementation of wheat flour with 10% of
full fatted and defatted rice bran in the
preparation of composite bread was found to
be desirable overall
* acceptability when compared to the control
composite bread.
[48] 12/14 Bread Maize bran Wheat flour 30 Physical parameters: Untrained tasters (UT) * The incorporation of brans in bread formula

(0%&30%)

¢ Volume (ml)

* Mass (g)

e Specific volume (g/ml)
¢ Colour: L*, a* and b*
Sensory attributes: flavour,
crust colour, crumb colour,
colour, taste, texture, and
overall acceptability.

resulted in reduced bread volumes, and
enhanced water, ash, lipids, proteins, fibres
and phytates contents.

Maize bran supplemented bread recorded
the highest phytate value (0.53 g/100 g DM)
although lower than the control (2.5 g/100 g
DM).

The addition of maize significantly (p <
0.05) enhanced mineral contents such as
magnesium, potassium, zinc, manganese and
iron in comparison to the control bread but
had no significant effect on calcium and
copper contents.
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Reference Downs Food Fibre type and Control n  Analysis parameters Panel® Outcomes
and Black vehicle %
quality incorporation
assessment
[44] 8/14 Bread Sugarcane Wheat flour 50 Physical parameters: ND Students, between the ages ¢ Hedonic responses suggested that the
(chapatti/  bagasse (0,5 & Sensory attributes: flavour, of 18 and 36 years old (ST) addition of 8 wt.% of treated fibres during
fermented 8%) aroma, crust colour, and the production of chapatti-type fermented
brad) texture. Overall acceptability: bread (with SCB) is suitable for human
ND consumption.

* Incorporation of food with sugarcane
bagasse enhanced its nutritional value.

* Increased in total fibre 7.4 + 0.5-11.7 + 0.6
g/100 g.

* Similarity in the inhibition activity of the 2-2
diphenyl-1 picrylhydrazyl (DPPH) free
radical values between control and sugarcane
bagasse enriched bread.

* Lower levels of crude fat, protein and ash
content in sugarcane bagasse enriched
chapatti bread in comparison to control
samples and the other sugarcane tops
enriched samples.

[17] 14/14 Cake Corn bran (0— Cake 30 Physical parameters: Trained taste panellists (T) ¢ The inclusion of 5-10% modified corn bran
30%) formulation e Crumb colour: L*, a* and b* in the cake formulation gave rise to the
containing  Crust colour: production of a functional cake. Above 10%
0% corn e L* a*andb* fibre addition resulted in increased firmness
bran * Texture (Kg F) and gumminess, but reduced springiness and

Sensory attributes: flavour,
crust colour, crumb colour,
taste and overall acceptability.

cohesiveness. The colour of cakes
significantly (p < 0.5) increased as corn bran
incorporation levels rise above 5%.

Best acceptability of corn bran was at 5%
followed by 10% supplementation levels.
30% incorporation of corn bran obtained the
lowest acceptability.
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Reference Downs Food Fibre type and Control n  Analysis parameters Panel® Outcomes
and Black vehicle %
quality incorporation
assessment
[49] 13/14 Banana Sugarcane Oat flour 50 Physical parameters: Untrained panel members: The addition of sugarcane bagasse resulted in
cakes bagasse (0— e Crumb colour: L*, a* and b*  mixture of staff and no distinct alteration in the chemical
6%) ¢ Crust colour: students (UT) composition of the cakes.
e L* a*and b* Increased dietary fibre incorporation levels
o Texture (Kg F) in cake resulted in increased firmness of the
Sensory attributes: crust colour, cake.
taste and overall acceptability. There was no interference in the sensorial
acceptance of the product when dietary fibre
was added between 3 and 6%.
Cakes with 6% sugarcane bagasse
incorporation were considered acceptable
and resulted in the preparation of desirable
high fibre cakes.
[23] 12/14 Cakes Corn bran (0~ Cake flour 25 Physical parameters: Untrained panellists (UT) The increasing levels of corn bran

30%)

¢ Crumb colour: L*, a* and b*
e Crust colour:

e L* a*andb*

* Texture (Kg F)

Sensory attributes: flavour,
crust colour, crumb colour,
taste and overall acceptability.

replacement in cake batter showed no
influence on the hardness and springiness of
cakes.

Substitution of flour with 20% corn bran
resulted in cakes with favourable sensory
scores in the attributes of texture, taste and
overall acceptability of the cakes.

“Description is given by author. Trained (T), semi-trained (ST) and untrained (UT).

Table 12.

General study featurves and characteristics of cookies/biscuits, bread and cakes.
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increase in protein, fibre, minerals and moisture contents, on the contrary, fat
contents and total carbohydrates showed a reduction in cookies and biscuits
[45, 46].

In another study, protein contents in corn fibre enriched biscuits showed a
reduction, as reported in most other studies ash, moisture and total dietary fibre
contents were higher than in control biscuits [36]. Jauharah, Wan Ishak, and Robert
[46] indicated that supplementation of biscuits with corn fibre up to 30% resulted
in enhanced energy value. Contrastingly, more recently Sandhu, Bains, Singla, and
Sangwan [36] revealed that biscuits supplemented with corn fibre up to 40%
produced enriched biscuits with reduced energy value in comparison to control (a
reduction from 499 Kcal to 486 Kcal). Moreover, there was evidence of reduced
carbohydrates contents in corn fibre incorporated biscuits [36]. A recent study of
sugarcane bagasse incorporation of cookies up to 10% Vijerathna et al. [38] indi-
cated the presence of enhanced phenolic content and significantly higher ash and
moisture contents, marginally similar fat composition in control and enriched
cookies, but protein contents in enriched cookies were significantly lower than in
the control sample. In 2011, Sangeetha, Mahadevamma, Begum, and Sudha indi-
cated that sugarcane bagasse supplemented biscuits up to 15% biscuits possessed
reduced total fat and protein contents, meanwhile, there were minimal variances in
moisture content, ash and acid-insoluble contents in comparison to control.

There were two (2) studies, namely [17, 23] relating to corn bran supplemented
cakes using similar incorporation percentages, namely 0-30% and that did not
conduct any nutritional analysis, hence no data nutritional data were extracted from
these studies. Rice bran supplemented bread up to 15% resulted in a significant
(0.05) increase in moisture, protein, crude fibre, crude fat, ash and several minerals
and vitamins in comparison to control bread [31, 47]. Importantly, it was reported
in a study of enriched bread with rice bran that the sodium content was signifi-
cantly (0.05) reduced, the composition of carbohydrates was reduced in enriched
bread [47]. Further, a significant increase (p < 0.05) was reported in ash, moisture,
proteins, lipids and minerals for example magnesium, potassium, zinc, manganese
and iron; carbohydrates and energy value (Kcal/100 g) was significantly reduced
(p < 0.05) and interestingly phytic acid contents of enriched bread using maize
bran at 30% supplementation [48]. More recently, Gil-Lopez et al. [44] stated that
supplementation of chapatti using sugarcane bagasse resulted in enhanced total
fibre 7.4 £+ 0.5-11.7 £ 0.6 g/100 g, promote inhibition activity of the 2-2 diphenyl-1
picrylhydrazyl (DPPH) and also reduced the levels of crude fat, protein and ash
content in enriched bread in comparison to control samples.

4. Discussion
4.1 Roles of dietary fibre in foods
4.1.1 Fortification of foods

Dietary arabinoxylan-based sources namely, rice bran, corn, and sugarcane
bagasse can be used to improve the nutritional contents of baked foods and making
them become functional products. In recent studies, Haghighi-Manesh & Azizi [17]
reported that the inclusion of 5-10% modified corn bran in the cake formulation
gave rise to the production of a functional cake with reduced cohesiveness and
springiness higher gumminess, darkness, and favourable sensory properties. This
suggests that corn bran can be added to baked food products to enhance nutritive
value, textural qualities and sensory qualities. Moreover, incorporation of food with
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sugarcane bagasse at 8% supplementation and other dietary fibre arabinoxylan
sources into food systems such as bread tend to enhance its nutritional value and
influence changes in the physical, rheological, and sensorial characteristics of foods
[24, 44]. Also, previously, Amna, Bhatti, Anwaar, & Randhawa [45] indicated that
enhance moisture, protein, fat and minerals (calcium, manganese, and magnesium)
composition in cookies was reported as the level of rice bran incorporation increase
in biscuits. The evidence suggests that 20% fibre incorporated rice bran cookies may
possess a significant increase in moisture, protein and minerals (zinc and Iron)
contents. Meanwhile, in bread, Pauline et al., [48] indicated a significant increase
(p < 0.05) in water, ash, lipids, proteins, fibres and phytic acid contents between
the control sample and enriched maize bran bread. The incorporation of 8.2 g of
AXE per 100 g of available carbohydrates into bread facilitated the criteria for the
health claim of the reduction of post-prandial glycaemic response [7, 50]. This
suggests that enrichment using arabinoxylans-based sources can improve the
nutritive value of ordinary food products.

4.1.2 Water retention capacity

Arabinoxylans dietary fibre sources tend to affect the moisture content of foods
positively. Several studies reported the increase of moisture content in the enrich-
ment of cookies/biscuits, bread and cakes, in comparison to the control samples, in
some cases moisture was increased significantly (p < 0.005) and other cases mar-
ginally [31, 36, 38, 48, 49]. Javaria [20] indicated that moisture content in cookies/
biscuits can consider a fundamental quality since it tends to influence both end
quality and shelf life of these food products. Arabinoxylan based sources during
addition to dough tend to enhance viscosity and water absorption; improved dough
development, reduce starch retrogradation and reduce the firmness of foods due to
the presence of bound water facilitating less stiff gluten and starch network [22, 51].
This suggests that arabinoxylan dietary fibres supplementation into foods can
enhance its moisture content and affect other properties in foods namely its storage
properties and shelf life. However, in bread, it was proven that arabinoxylan has a
beneficial effect on water activity and thus favourably influenced bread freshness
[22]. Moreover, Jauharah, Wan Ishak, & Robert [46] stated that moisture in the
range of 1-5% is considered a benchmark for cookies/biscuits and that fresh corn
fibre may lead to too high moisture levels in foods and consequently result in food
spoilage. It can be suggested that excess moisture may result in micro-bacterial
activities which can impact shelf life unfavourably. Similarly, in the enrichment of
bread with 20% corn bran high, bread quality was significantly affected by the
water content in the composite formula [52]. Taken together, water retention
capacity is fundamental in influencing baked foods’ end quality.

4.1.3 Dietary fibre enviched food qualities and functional food ingredients

Arabinoxylans sources, namely rice bran, corn fibre and sugarcane bagasse tend
to influence various qualities of enriched foods. Arabinoxylans (AXE) contribute
essentially in determining the physical and chemical properties of the final quality
of food products and made up a high percentage of the cell walls of cereal grains and
also present in sugarcane bagasse [16, 22, 53]. In earlier studies, Foschia, Peressini,
Sensidoni, and Brennan [13] indicated also that the quality and nutritional aspects
of cereal products are influenced by the addition of dietary fibres into foods.
Importantly, rheological properties among arabinoxylan fibres such as corn fibres
displayed differences that may influence the quality of food products after their
incorporation during food processing [54]. It can be hypothesised that rheological
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factors can contribute to some of the undesirable features in dietary fibre enrich-
ment of baked foods. Numerous studies have conducted dietary fibre supplemen-
tation of cookies/biscuits, bread and cakes using rice bran, corn fibre and sugarcane
bagasse at different rates of incorporation and with varying results, see Table 12
[17, 23, 38, 39, 47]. This suggests that fibre incorporation using rice bran, corn fibre
and sugarcane bagasse tend to produce both desirable and undesirable physical and
sensorial features in baked food products.

Moreover, because of the favourable nutritive value impact of dietary fibres on
enriched foods, and the health-related benefits that be obtained upon consumption
in a prescribed manner, it can be suggested that these ingredients can potentially be
considered as functional ingredients in baked foods. In support of the suggestion,
Zidan and Eldemery [55] found that the incorporation of 5-10% defatted black rice
bran was found to possess acceptable sensory features and resulting in the nutritive
value of bread being enhanced with minerals such as phosphorus, potassium, iron,
copper, zinc and calcium. Contrastingly, Zhang et al. [40] found that arabinoxylan
fortification of bread with 10% arabinoxylan fibre illustrated undesirable physical
qualities in bread such as decreased specific volume, harder crumb, darker crust
colour, and a coarser crumb structure. Overall dietary fibres facilitate the produc-
tion of enriched foods, which may possess both desirable and undesirable sensorial
and physical qualities, which can be attributed to the rheological behaviour of
dietary fibre arabinoxylan when used in food supplementation.

4.2 Effects of the incorporation of dietary fibre derived from selected cereals
(rice bran and corn fibre) and sugarcane bagasse on the physical and
sensory qualities of baked food products: cookies/biscuits, bread and cakes

The incorporation of sugarcane bagasse at both 5% and 10% in cookies/biscuits
resulted in significantly undesirable (p < 0.05) overall acceptance in sensory qual-
ities, namely appearance, taste and texture, (see Table 2). It can be suggested that
the increased firmness of the cookies/biscuits increased as the rate of supplementa-
tion of sugarcane bagasse increased affected its overall acceptance negatively, (see
Table 3). Javaria [20] indicated that the firmness in cookies tends to influence their
overall acceptance by the panellists. Sugarcane bagasse incorporation in cookies /
biscuits showed no significant improvement in the physical qualities of the enriched
product in comparison to the control. This can be attributed to the rheological
properties of dietary arabinoxylans within the food matrix of the enriched biscuits.
Kale, Pai, Hamaker, and Campanella [54] found that the rheological properties of
extensional viscosity and solution viscosity of arabinoxylans fibres in the food
system tend to influence its quality. This suggests that as the competition may have
increased between the dietary fibre and the protein network, it resulted in a re-
arrangement of the food matrix network. The incremental addition of sugarcane
bagasse resulted in at least 50% rise in the firmness of 10% enriched cookies/
biscuits. This can be attributed to the stiffness of the gluten and starch matrix may
have been destroyed due to the competition of unextracted arabinoxylan dietary
fibre and proteins for bound water. In a previous study of biscuits, Sozer, Cicerelli,
Heinio, and Poutanen [56] found that the hardness of biscuits was increased due to
the particle size reduction of bran, while the starch hydrolysis index of biscuits
decreased due to particle size reduction of bran.

In rice bran enriched cookies/biscuits incorporation levels of 5-15% showed a
significant difference in comparison to control cookies/biscuits. Interestingly, a low
fibre incorporation of rice bran of 5% displayed significantly (p < 0.05) undesirable
acceptance, similar to 10% and 15% rice bran enriched cookies/biscuits, (see
Table 4). These results agree with previous studies that reported a reduction in
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overall acceptance scores in enriched foods as the fibre incorporation increased
[20, 45]. Contrastingly, the addition of 5% dietary fibre was acceptable based on
sensory evaluation results in wheat bran enriched biscuits. Evidence suggests that
rice bran significantly (p < 0.05) enhanced the thickness of cookies/biscuits, how-
ever, other physical qualities such as width and spread factor (SF%) showed no
significant differences (p > 0.05), (see Table 5). Similar, findings were reported in
some other fibre supplementation studies conducted. This can be as a result of the
enhanced moisture absorption capacity of the dietary fibre used in the enriched
cookies. In a recent study, Vijerathna et al. [38] reported that the enhanced size of
the hydrophilic starch granules increased the thickness of fibre enriched cookies.

Corn fibre supplemented cookies displayed desirable overall acceptance at 20%
incorporation rate and was significantly different (p < 0.05) in comparison to
control cookies/biscuits, as a result, enriched corn fibre cookies/biscuit obtained the
highest sensory score, (see Table 6). This suggests that corn fibre can be incorpo-
rated at a higher rate and produced desirable results possibly due to its high water
retention capacity and its particle. In previous studies, Mishra & Chandra [57]
reported a similar trend in results using a higher incorporation rate in cookies/
biscuits. Similarly, supplementation of cookies/biscuits at 10% and 20% were sig-
nificantly different (p < 0.05) to control, 20% corn fibre cookies/biscuits followed
by 10% supplemented corn fibre cookies/biscuits obtained the best scores during
panel sensory evaluation. This desirable overall acceptance at 10% - 20% incorpo-
ration may have been influenced by cookies/biscuits increase moistures that facili-
tated texture 1.8 & 0.5 (Kg Force) and 1.9 & 0.4 (Kg Force) at 10% and 20%
respectively; and colour of the enriched product. Cookies/biscuits incorporated
with corn fibre at 30% obtained the lowest overall acceptance score. This suggests
that increased firmness and other sensory attributes such as flavour, colour,
appearance and texture acceptance which were significantly undesirable (p < 0.05)
based on sensory panel evaluation contributed to a low overall acceptance of the
food product.

In terms of physical parameters, results suggest that the firmness of corn fibre
enriched cookies/biscuits increased with increasing incorporation of corn fibre up
to 30%. Jia et al. [58] indicated that water-insoluble proteins in flours that possessed
minimal gluten, namely glutenin and gliadin combined to influence elasticity and
structural strength of dough (glutenin) and viscosity and fluidity of dough (gliadin)
tend to intertwine and formed a strong protein network structure in the food
matrix. This suggests that the degree of firmness affected the protein network in the
food matrix negatively possibly due to low moisture levels which contributed
greatly to the high texture of the cookies/biscuits [52]. Cookies/biscuits (51.9 & 5.0
mm) supplemented at 30% were thicker than the control (49.1 + 24.5), however,
there was no significant differences (p > 0.05), (see Table 7). This can be attributed
to the high moisture absorption capacity of corn fibre, a satisfactory source of
arabinoxylan dietary fibre which possibly clings to the bound water within the food
matrix network, as the viscosity of the solution rises in the food system, leaving the
protein components to form strong aggregates. The polysaccharide, arabinoxylan
tends to possess various physicochemical properties, such as the high capacity to
retain water and display an inclination to form high viscosity solutions when incor-
porated into the food matrix [22].

Incorporation of rice bran into bread at 15% showed a significant undesirable
overall acceptance (p < 0.05) in comparison to control samples for all sensory
attributes, except crust colour, (see Table 8). This can be attributed to a possible
darker crumb in comparison to the control. Ortiz de Erive, Wang, He, and Chen
[52] indicated that due to the enrichment of bread with dietary fibre their colour is
likely to be darker in comparison to the non-enriched sample, as a result of the
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lower baking temperature of the crumb, thus affecting caramelization or Maillard’s
reaction. Arabinoxylans significantly affected protein network formation influenc-
ing the food matrix features and aroma of incorporated food products [59]. The
aroma of enriched bread up to 10% was significantly different (p < 0.05) from the
control. Enriched rice bran at 15% obtained the lowest overall acceptance score by
the sensory evaluation panellists. In other studies, rice bran enriched bread was
found to be acceptable at 5-10% [55]. This may be due to the sensory panel mem-
bers’ dietary familiarity with wheat flour bread. There was no significant difference
(p > 0.05) in the specific volume (ml/g) between enriched rice bran bread and the
control, however, specific volume reduced as rice bran incorporation percentage
increase in the enriched bread sample, (see Table 9). This can be attributed to the
water absorption capacity of the rice bran, which absorbs potentially most of the
moisture, its ability to form viscous solutions, thus leaving the gluten component in
the bread matrix inadequately hydrated. Pauline et al. [48] reported that rice bran
enriched showed a lower specific volume in comparison to the enriched bread.
Moreover, as rice bran is being incorporated into the enriched bread, due to the
high-water capacity of rice bran, the enriched bread texture is likely to increase and
become denser and less porous, thus resulting in the continual reduction of the
specific volume from 10.7 + 9.1 at 0% rice bran incorporation to 9.8 + 6.6 at 10%
rice bran incorporation [52]. It can be suggested that textural qualities of bread tend
tends to be affected by its moisture content.

Corn bran enriched cakes up to 20% fibre incorporation displayed significantly
(p < 0.05) more desirable sensory qualities than control cakes, (see Table 10). This
can be attributed to the increased moisture content levels caused by the addition of
corn bran during the enrichment process, which allowed the corn bran
supplemented cakes to be adequately hydrated. There was a significant difference
in crust colour of corn bran enriched cakes and control at the 20% fibre incorpora-
tion level. This can be attributed to the possible pale colour of the enriched cakes at
the 20% level of fibre incorporation. Generally, dietary fibre enriched cakes take the
inherent colour of the fibre being utilised in the process of enrichment, until
Maillard’s reaction occurs [52]. The increasing levels of corn bran replacement in
cake batter showed no influence on the hardness and springiness of cakes [23]. In
terms of physical qualities, the firmness of cakes increased incrementally with the
increase in corn bran supplementation, (see Table 11). Moreover, there was no
significant difference (p < 0.05) in physical qualities, except in crust L* at 25% and
30% enrichment. This can be attributed to the possible darker colour of the corn
bran enriched cakes crust in comparison to the control. The high baking tempera-
ture will tend to affect the fibre enriched cakes’ crust due to caramelization or
Maillard’s reaction and the inherent colour of the fibre [52]. In summary, the
incorporation of dietary fibres, rice bran and sugarcane bagasse affected the sensory
and physical qualities of baked food products unfavourably. However, corn fibre
and corn bran produced desirable sensory and physical effects at 20% fibre
supplementation in both cookies/biscuits and cakes.

4.3 Beneficial implications of dietary fibres in foods
4.3.1 Nutritive value of enriched foods

The fundamental evidence of this review suggests that as the level of fibre incor-
poration increased the nutritive value of the food products cookies/biscuits, bread and
cakes were significantly (p < 0.05) enhanced, resulting in increased moisture, ash,
protein, minerals, vitamins, dietary fibres and crude fats, essentially in cereal-based
incorporated food products. Corn bran enriched bread was suggested to contain
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significant (p < 0.05) contents of phytic acid contents. More recently, Ekpa, Palacios-
Rojas, Kruseman, Fogliano, & Linnemann [4] indicated that food enrichment is an
essential processing technique to enhance the nutrient content of staple foods includ-
ing baked food products, thus, this suggests that fibre enriched foods can potentially
provide convenience to consumers and ultimately facilitates improved food nutrition
guidelines for the society and foster food security locally. Similarly, rice bran pos-
sessed vital antioxidants, which comprised of the well-recognised immune system
enhancing compound, namely phytosterols; polysaccharides; minerals and trace
minerals including magnesium, selenium, zinc, vitamin E, omega-3 fatty acids and
many other phytonutrients [28]. This suggests that the strategy of fibre enrichment of
popular food products can potentially be utilised more widely by stakeholders in the
food industry in collaboration with health care agencies of various age groups, stake-
holders of feeding programmes in schools and policymakers in governmental public
health agencies. In another recent study, corn fibre was found to be an effective
antioxidant than wheat bran and this was attributed to its elevated ferulic acid content
and polyamine-conjugates. Interestingly, hydroxycinnamates may not be necessary
for the antioxidant effect [30]. Contrastingly, in sugarcane bagasse supplemented
food products, there were instances of reduced total fat, protein and marginally
increased in moisture content of food products. Reduction in protein and fats con-
tents was also reported in other fibre supplementation research [60]. Overall, the
nutritive value of food products can be enhanced by fibre enrichment.

4.3.2 Health benefits

It has been widely established that numerous health benefits are associated with
the consumption of enriched food products in recommended administered quanti-
ties. Moreover, dietary fibre potentially can contribute to several health benefits
such as enhanced bowel function, reduced levels of cholesterol in the body, better
weight maintenance and assisted in controlling blood sugar levels in the human
body [24]. Chen et al. [5] indicated that there are several beneficial impacts on
various physiological processes which can be attributed to arabinoxylans and con-
sequently health functions and prebiotic effects are being influenced by
arabinoxylans structures, which in turn depends on its method of extraction and
source. This suggests that rice bran, corn fibre and sugarcane bagasse, which are
well-established sources of dietary fibre arabinoxylans, can potentially be utilised to
produce a wider range of enriched foods which can confer various types of health
benefits to the consumers. However, the consumption of dietary fibre should
adhere to the established guideline of at least 25 g/day for adults [6].

Dietary fibre supplemented foods with rice bran, corn fibre and sugarcane
bagasse, namely cookies/biscuits, bread and cakes enriched foods was significantly
(p < 0.05) higher in nutritive value, and contrastingly tend to contain significantly
(p < 0.05) reduced energy value (Kcal/100 g) in comparison to control samples.
Evidence suggests that fibre enriched cookies/biscuits, bread and cakes were sig-
nificantly enhanced (p < 0.05) by supplementation, thus they can be considered
potentially as functional foods. Moreover, further evidence indicated that supple-
mentation of chapatti using sugarcane bagasse resulted in enhanced total fibre 7.4 +
0.5-11.7 £ 0.6 g/100 g and contributed to elevated inhibition activity of the 2-2
diphenyl-1 picrylhydrazyl (DPPH) free radical values. Diets with enhanced fibre
contents are associated with desirable effects on the health of consumers [3]. In
general, fibre enriched food products have shown a reduction in energy levels in
comparison to the control samples. This suggests that enriched foods can be used
for individuals with varying health conditions and risk factors such as coeliac
patients and other different target groups.
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4.3.3 Food policy

Dietary fibre enriched foods can potentially be utilised in various governmental-
based food policies. Recently, Lockyer and Spiro [61] reported that the average
fibre intake in the United Kingdom can be considered fairly below the level
recommended level. This suggests that a fibre enrichment strategy involving the
relevant stakeholders can potentially facilitate an improvement in dietary fibre
intake within the population. Previously, a comprehensive review study was
conducted for modern dietary and policy priorities for cardiovascular diseases,
obesity, and diabetes and found that there are complex influences of different foods
on long-term weight regulation and recommended implementing an evidence-
based strategy, including policy approaches, for lifestyle changes [62]. Importantly,
fibre enriched foods contain rice bran, corn fibre or sugarcane bagasse all can be
used in producing functional foods suitable for the particular health setting, thus
this indicates enriched foods can be utilised in different food policies with different
outcomes.

4.3.4 Consumer acceptance

Despite, the promising nutritional enhancement of enriched food products, rice
bran and sugarcane bagasse at increasing incorporation levels tend to be associated
with undesirable sensory and physical qualities of baked foods [55]. Evidence of this
review suggests that lower incorporation rates can potentially result in improved
overall acceptance of fibre enriched food products, further results suggest that the
level of overall acceptance of baked products cookies/biscuits, bread and cakes were
considered unacceptable above 20% incorporation for rice bran and sugarcane
bagasse any type particular baked product. In support of evidence, [39] stated that
incorporation of wheat flour using 10% rice bran protein concentrate (RBPC)
resulted in the production of protein-enriched biscuits with favourable overall
acceptability. It can be suggested that consumers tend to have a potentially better
awareness of the health benefits of dietary fibre enriched foods, and also some of
the most popular products are being enriched with dietary fibre thus creating a
potential health trend among consumers. Similarly, Gul, Yousuf, Singh, Singh, &
Wani [32] stated that consumer’s attitude towards healthy foods is improving and
thus presents potential opportunities for further development of functional foods
on the world markets. This suggests dietary fibre food ingredients can potentially
find wide applications in the other fields, thus increasing consumer awareness of
dietary fibre enriched foods. In summation, using popular foods such as enriched
bread and other potentially widely consumed food products as the benchmark for
the enrichment of other products can facilitate further acceptance of consumers.

4.4 Limitations of study

There were three (3) main limitations that were experienced in the conduct of
this review, namely the framework of the search strategy which influenced the
availability of an adequate number and relevant primary research articles relating to
the incorporation of sugarcane bagasse in baked food products such as cookies/
biscuits, bread and cakes; the appropriateness of primary research articles to meet
the selection criteria for inclusion in the review for analysis and the high percentage
of primary research articles relating to dietary fibre supplementation in baked foods
originating from predominantly less developed and developing countries based in
Asia such as India, Pakistan, Bangladesh, Malaysia, Iran and Sri Lanka. The frame-
work of the search strategy returned a relatively high percentage of primary
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research relating to wheat bran incorporation in foods, other cereal fibres such as
barley, rye and oats, fibres from fruits and vegetable parts among others. Approx-
imately less than 5% of the primary research articles were related to the incorpora-
tion of sugarcane bagasse in baked foods.

The appropriateness of primary research articles to meet the selection criteria for
inclusion in the review for analysis resulted in some potentially interesting primary
research studies not being include in the review, namely [7, 35, 59, 63]. Moreover,
some of these studies was unable to be placed into sub-groups to facilitate statistical
analysis such as [44, 48, 49] among others and therefore there were excluded from
the list of included studies of the review. Moreover, primary research studies which
utilised arabinoxylan extract as the source of incorporation in baked foods were
extremely minimal, namely [35, 63], however both failed to achieved the selection
criteria and thus were not selected. Therefore, the analysis of studies with
arabinoxylan extract supplemented at a lower percentage was not possible.

The majority of primary research articles originated from developing and less
developing countries located in Asia such as [20, 37-39, 45] among others. Thus,
studies were able to be analysed from a wider cross-section of laboratory settings.

5. Conclusion

This systematic review demonstrates the utilisation of a comprehensive research
methodology in the selection and examination of fourteen (14) dietary fibre food
supplementation primary research studies to provide relevant and impartial new
insights of the effects of the incorporation of dietary fibre derived from selected
cereals (rice bran and corn fibre) and sugarcane bagasse on the physical and sensory
qualities of baked food products: cookies/biscuits, bread and cakes. Arabinoxylans-
based dietary fibre sources’ roles in food supplementation involves enhancing the
nutritive value of ordinary food products; influencing the end quality of baked
foods and potentially improving the sensory and physical qualities of baked foods.
The supplementation of sugarcane bagasse at both 5% and 10% and rice bran
up to 15% into cookies/biscuits resulted in significantly undesirable acceptance
(p < 0.05). Corn fibre was supplemented into cookies/biscuits up to 20% and had a
favourably significant (p < 0.05) impact on its sensory qualities. It was suggested
that enhance moisture content from corn fibre incorporation in combination with
its particle size contributed to this desirable outcome.

Sugarcane bagasse incorporation negatively affected the physical qualities of
cookies/biscuits. The incremental addition of sugarcane bagasse resulted in a 50%
rise in the firmness of 10% enriched cookies/biscuits, from 5.7 & 5.4 (Kg Force) to
13.0 = 3.9 (Kg Force). Rice bran significantly increase (p < 0.05) the thickness of
cookies/biscuits, from 8.6 + 1.0 (mm) to 9.9 &+ 0.3 (mm), the width and spread
factor were similar to control. Corn fibre cookies supplementation did not signifi-
cantly affect its physical qualities. Rice bran incorporation into bread at 15% showed
a significant (p < 0.05) undesirable effect on its sensory qualities. However, the
was no significant adverse effect on its physical quality. Corn bran enriched cakes
up to 20% fibre incorporation displayed a significant (p < 0.05) favourable effect
on the sensory properties of cakes; contrastingly, it resulted in a significant
undesirable physical effect on the crust colour of corn bran enriched cakes.

There were four (4) main beneficial implications of dietary fibre food fortifica-
tion using rice bran, corn fibre and sugarcane bagasse, namely the evidence suggests
the enhancement of the nutritive value of foods; allows for the potential production
of fibre enrichment foods to cater for particular target groups; dietary fibre
enriched foods can be utilised in various food policies with particular outcomes,
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such as increasing the fibre intake within the population and using enriched breads
and other potentially widely consumed food products as the benchmark for enrich-
ment of other products can facilitate further acceptance consumers. Future research
should assess the effects of derived arabinoxylans from selected cereal fibres (rye,
sorghum, rice and corn) and energy crop sugarcane fibres on the rheological,
sensory and physical effects in muffins production. Updated and accurate rheolog-
ical properties food supplementation data is important for the food industry.
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