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Abstract

There has a trend towards the consumption of functional foods beneficial for human health. Bread is one
of the most important staple foods in the world. Pitaya pulp is a rich source of nutrition like
carbohydrate, pectin, crude fibre, vitamin and minerals. It also contains a great amount of phytochemical
constituents like phenolics, flavonoids. It would be of functional benefit if wheat flour could be
substituted by pitaya pulp to utilize anthocyanin pigment in adherent as natural valuable colorant in
bread-making. We have attempted in the application of composite flour through the incorporation of
pitaya pulp into wheat flour to improve nutritional quality of bread. In this study, pitaya pulp was
utilized to substitute refined wheat flour in bread-making doughs at 3.5%, 5.0%, 6.5%, 8.0%, 9.5%
substitution levels. Various variables of texture firmness (g), specific loaf volume (cm?3/g), water activity
(aw), rancidity (meq O2/kg fat), total phenolic (img GAE/ 100g), total flavonoid (mg GE/ 100g) and sensory
characteristics of bread were carefully observed. The substituted bread-making with 8.0% pitaya pulp
had the improved firmness, rich in total phenolics and flavonoids but low in rancidity. During 7 days of
storage in OPP/LLDPE pouch at ambient temperature, the physico-chemical, microbial and sensory
characteristics of bread still satisfied to acceptable level.
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Introduction

The demand for processed food is increasing
rapidly with increasing urbanization. Bread
is one kind food widely consumed around the
word. It is made from wheat flour, yeast,
sugar, fat, salt, and water in a series of
manupulations such as mixing, kneading,
fermentation, proofing and baking [1]. Wheat
contains huge amount of gluten making
raised loaves so it’s an ideal choice in bread-
making [2]. Legumes have gained special
attentions in preparation of bread [3]. Sugar
1s the primary ingredient for the yeast
metabolism in bread-making to release of
carbondioxide gas.

Sugar improves the crust color through
browning reaction. It also acts in texture
improvement, tenderness, anti-staling,
preservative, moisture retention. Composite
flours have become popular due to two main
reason namely nutritional and economic
benefits [4, 5]. It might be beneficial to apply
substitute originated from available local
horticulture resource to enhance commercial
profit as well as to cut down imported charge
from wheat [6, 5].
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The utilization of pitaya fruit in the
manufacture of value-added bakery may
bring more profit to consumers and local
processing industries. There were several
literatures mentioned to the fortification of
substituted fruit pulp into bread-making
dough. Apple pomace pulp powder was
incorporated in refined flour as dietary fibre
for bread making [7]. The proximate, physical
and sensory analysis of bread samples
produced by substituting the level of date
palm fruit pulp (50:0 g, 37.5:12.5 g, 25:25 g,
12.5:37.5 g and 0.50 g) was investigated [8].

One study investigated the implementation
of waste residue from pineapple fruit as an
added value to bakery [9]. Bread made by
replacing fruit powders (banana -10%, 20%;
aonla - 5%, 10%; sapota - 10%, 20%) at
various ratios were examined on different
physico-chemical and organoleptic attributes
[10].

Supplementation of jackfruit rind powder as
a high dietary fiber and functional ingredient
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in bread was examined [11]. There was not
any research mentioned to the application of
pitaya pulp as a substitution to wheat flour
in bread making. Pitaya (Hylocereus spp.)
fruit has delicate and sweet flesh with
intense white color of the flesh and red-
purple color of fruit extract [12]. It’s often
consumed fresh, flavouring agent in drinks
jams and ice cream, sherbets, yogurt, candy
and pastries [13, 15].

It’s a rich source of fiber, vitamins, minerals,
phytochemicals and antioxidants [16, 18].It is
also known to possess medicinal and
pharmaceutical properties to prevent diabete,
cancer, toxin [19]. Therefore, objective of this
our study focused on the feasibility of pitaya
pulp incorporated into wheat flour in the
physico-chemical, microbial and sensory
characteristics of bread.

Material and Method
Material

Pitaya fruits were come from Tien Giang
province, Vietnam. They were harvested at
ripen maturity stage, peeled to get edible
pulp, ground by electric grinder into mash
ready for bread making. Wheat flour was
purchased from Dai Phong Co. Ltd. Other
ingredients such as casava  starch,
shortening, refined sugar, salt, lecithin,
butter, dried yeast etc were purchased from
commercial supermarket.

Researching Procedure

Dried yeast was primarily activated in warm
water. Salt and sugar were also dissolved in
water before adding into flour. Pitaya mash
was incorporated by different substitution
ratio (3.5%, 5.0%, 6.5%, 8.0%, 9.5%) into
wheat flour. Bread-making was prepared by
mixing wheat flour with active yeast and
other ingredients and then kneaded to soft
and smooth consistency using dough mixer
for 15 minutes.

The dough was fermented to double size for
60 minutes at ambient temperature. After
fermentation, dough was divided into pieces
of 250g and moulded to desired shape. The
dough was allowed to proofing in mould for
more 30 minutes to obtain maximum possible
size. It was baked at 250°C for 25 minutes.
Loaves were taken out, cooled and packed in
OPP/LLDPE pouch ready for preservation in
7 days.
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Physico-chemical, Sensory and

Statistical Analysis

Texture firmness (g) was evaluated by
texture analyzer. Specific loaf volume (cm3/g)
was estimated by dividing the loaf volume by
loaf weight. Water activity (aw) was
measured by a water activity meter. Total
phenolic content (mg GAE/100g) was
evaluated using Folin-Ciocalteu assay [20].
Total flavonoid content (mg GE/100g) was
avaluated by the aluminum calorimetric
method [21].

Rancidity (meq Oz/kg fat) was determined by
mixing sample with a diluted acidic
potassium iodide solution and titrating
against a 0.1 M sodium thiosulfate using
starch indicator. Total plate count (cfu/g) was
quantified by 3M-Petrifilm. Sensory score
was evaluated by a group of panelist using 9
point-Hedonic scale. The experiments were
run in triplicate with three different lots of
samples. Statistical analysis was performed
by the Stat graphics Centurion XVI.

Result & Discussion

Physico-chemical, Microbial and
Organoleptic Characteristics of Bread
Fortified by Pitaya Pulp

Water activity plays a key role in physical
characteristics such as texture and in the
shelf life of foods by lower the availability of
water for microbial proliferation [10].In our
research, different substituted ratios of
pitaya pulp (3.5%, 5.0%, 6.5%, 8.0%, 9.5%) to
bread-making dough were demonstrated.

A significant increase in texture firmness and
decrease 1in specific loaf volume were
observed with increased incorporation of
pitaya pulp. It might be due to a decrease in
the proportion of the gluten content which is
an important protein responsible for
maintaining the viscoelastic property of
bread dough which ensures the increased
volume of bread [22].

It could be explained via less retention of
carbon dioxide gas in the blended dough
resulting in dense bread texture. Gluten is
responsible for the elasticity and framework
of the loaf during baking. A decreasing trend
in specific loaf volume with a progressive
increase in the proportion of non-gluten flour
was also mentioned [23, 25]. The inclusion of
pitaya pulp into dough created darkening
effect, reduced lightness of bread.
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It’s a result of Maillard reaction between
reducing sugar and protein due to
incorporation of pitaya fruit.

Bread flour substituted by fruit pulp rich in
dietary fiber was able to entrap much more
moisture than wheat flour [26]. It could be
explained that the high moisture absorption
of fiber rich powder was attributed to the
higher number of hydroxyl groups existed in
the fiber structure permitting more moisture
interaction through hydrogen bonding [27].
Wheat flour is a poor source of total phenolics
and flavonoids. Pitaya pulp has a rich
potential of phytochemical components.

The bread substituted with pitaya pulp had
higher total phenolics and flavonoids than
the traditional bread recipe. It implied the
possible advantage of incorporating fruits in
bread making in terms of upgrading its
antioxidant capacity. In our research, it’s
obviously seen that 8.0% Pitaya pulp was
appropriate to substitute wheat flour during
bread-making. Generally, loaf volume and
sensory quality such as texture, appearance
and flavour decreased if wheat substitution

increased with non-wheat flour [4].
Incorporation of pomace decreased the loaf
volume of bread. The crumb colour of treated
breads was brownish cream. The breads were
less soft in texture and slightly coarse grains
[7]. The specific volume also decreased as the
level of the date palm fruit increased [8]. A
50% whole wheat flour and 50% refined flour
was incorporated with pineapple powder at
5%, 10%, 15% and 20% levels into the
standardized cakes. The cakes were highly
acceptable at 5% incorporation [9].

The addition of extra water improved the
textural properties and appearance of banana
flour- steamed bread [28]. Supplementation
of fruit powder improved nutritional quality
in terms of crude fiber and carbohydrates.
However it decreased gluten, protein and
total sugar content. Breads incorporated with
sapota and banana powders up to 20% and
aonla powder up to 5% did not influence the
organoleptic attributes [10]. Addition of
jacfruit rind powder in bread enhanced
functional attributes of flour such as oil
holding capacity, water holding capacity and
pasting properties [11].

Table 1: Effect of fortified pitaya pulp on the physico-chemical, microbial and sensory characteristics of bread after

baking
Fortified pitaya pulp (%) Control 3.5 5.0 6.5 8.0 9.5
Texture firmness 103.07 117.42 120.21 122.76 124.59 126.01
(g) +0.034 +0.01¢ +0.02bc +0.00> +0.03b +0.012
Specific loaf volume (cm?/g) 2.71 2.52 2.46 2.37 2.30 2.34
+0.012 +0.02> +0.01be +0.01¢ +0.03cd +0.034
Water activity 0.43 0.44 0.45 0.45 0.46 0.47
(aw) +0.002 +0.012 +0.032 +0.03» +0.002 +0.01»
Total phenolic 0.01 8.85 9.47 9.95 10.19 10.32
(mg GAE/ 100g) +0.004 +0.03¢ +0.00bc +0.020 +0.012> +0.022
Total flavonoid 0.01 1.28 1.51 1.83 1.97 2.00
(mg GE/ 100g) +0.00¢ +0.01> +0.022b +0.012b +0.032 +0.002
Rancidity 0.36 0.22 0.19 0.15 0.11 0.08
(meq Oq«/kg fat) +0.012 +0.02b +0.01be +0.03¢ +0.00cd +0.014d
Total plate count 1.80 3.00 3.20 3.50 3.60 3.70
(10! cfu/g) +0.02d +0.00¢ +0.03bc +0.01b +0.02ab +0.032
Sensory score 7.15 7.86 7.99 8.34 8.74 8.56
+0.004 +0.03¢ +0.02bc +0.00P +0.01» +0.022b

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them

was not significant (a = 5%)

Stability of Bread in OPP/LLDPE pouch
during 8 days of Storage

Bread is commonly perishable with a short
shelf-life  that 1s limited by the
physicochemical deterioration known as
staling, which leads to hardening and a dry
texture connected with losing the moisture of
bread [29]. Pitaya has high nutritive and
medicinal value with a good source of
antioxidants, total phenolics, ascorbic acid,
dietary fibre and pectin [15]. The water-
holding capacity of dietary fiber prevents the
bread from staling, which could extend the
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shelf-life of bread [30]. Dietary fiber improves
oil and water holding capacities, reduction of
syneresis, modification of textural properties,
and the shelf-life of bread [31].
Supplementation of fruit pulp having high
density of dietary fiber to bread dough not
only prolongs the shelf-life, but also
significantly improves both qualitative and
organoleptic characteristics of bread [32].
Rancidity is related to the headspace and
oxygen permeability of the packaging
material [33]. Water activity plays a key role
in bread preservation.
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Nature of packaging material and its porosity
plays important role in deciding moisture
uptake [34]. Moisture promotes hydrolytic
rancidity development [35]. Bread packed in
OPP/LLDPE pouch absorbed lesser moisture
during storage against air and water vapour.

characteristics of bread for 7 days (see Table
2). Similar results were mentioned cereal
bran incorporated biscuits [36]. Change of
rancidity in preservation of buckwheat—chia
flour biscuits was presented [37]. Rancidity
inhibited in bread during storage could be

The substituted bread-making with 8.0% explained by antioxidant rich fiber
pitaya pulp still maintained the physico- supplementation.
chemical, microbial and sensory
Table 2: Stability of bread in OPP/LLDPE pouch during 7 days of storage
Storage (days) 0 1 3 5 7
Texture firmness 124.59 125.03 126.19 130.02 131.16
(2) +0.03P +0.02P +0.028b +0.02¢ £0.01¢
Specific loaf volume 2.30 2.29 2.12 2.03 2.01
(cm?/g) +0.038 +0.00¢ +0.038b +£0.00 +0.020
Water activity 0.46 0.47 0.48 0.50 0.52
(aw) +0.00b +0.01> +0.022b +0.002P +0.032
Total phenolic 10.19 10.17 10.05 10.01 9.96
(mg GAE/ 100g) +0.012 +0.032 +0.012b +0.022P +0.01>
Total flavonoid 1.97 1.96 1.92 1.87 1.80
(mg GE/ 100g) +0.038 £0.022 £0.012b +£0.03ab +0.00
Rancidity 0.11 0.12 0.14 0.15 0.17
(meq Ox/kg fat) +0.00¢ £0.01b¢ +0.03° £0.018b +0.03¢
Total plate count (10! cfu/g) 3.60 3.90 4.20 6.10 7.00
+0.024 +0.00d +0.02¢ +0.00P +0.01»
Sensory score 8.74 8.70 8.39 8.30 8.17
+0.012 +0.032 +0.01ab +0.032> +0.02P

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them

was not significant (a = 5%)

Conclusion

Pitaya fruit is important in human diet due
to its nutritional value. Substitution of 8%
pitaya pulp into wheat dough resulted in the
best quality attributes of bread. Pitaya pulp
may be supplemented to bread to fortify
proteins, carbohydrates and dietary fiber, as
well as to improve the texture and flavor of
bread. Bread could be stored in OPP/LLDPE

References

1. Dewettinck K, Van Bockstaele F, Kuhne
B, Van de Walle D, Courtens TM, Gellynck
X (2008) Nutritional wvalue of bread:
Influence of processing, food interaction
and consumer perception. dJournal of
Cereal Science, 48: 243-257.

2. Badifu GIO, Aka S (2001) Evaluation of
performance of shea fat as a shortening in
bread making. Journal of Food Science
and Technology, 39: 149-151.

3. Olapade AA, Aworh OC, Oluwole OB
(2011) Quality attributes of biscuit from
acha (Digitaria exilis) flour supplemented
with cowpea (Vigna unguiculata) flour.
African Journal of Food Science and
Technology, 2: 198-203.

4. Dhingra S, Jood S (2004) Effect of flour
blending on the functional, baking and
organoleptic characteristics of

©2009-2020, JGPT. All Rights Reserved

pouch for 7 days at ambient condition
without any noticeable decomposition in
firmness, antioxidant degradation and
microbial  accumulation.  Pitaya  pulp
utilization would be an alternative as wheat
replacement in bakery making with improved
nutritional value, functionality, extended
stability and minor post-harvest loss of
pitaya fruit.

bread. International Journal of Food
Science and Technology, 39: 213-222.

5. Murayama D, KiMura T, Yuanrong dJ,
Tsuboi K, Yamada D, Santiago DM, Koaze
H, Yamauchi H (2015) Applicability of dry
flours produced from a table potato variety
(Solanum Tuberosum 1. cv. may queen) in
bread making. Food Science and
Technology Research, 21: 285-290.

6. Khalil AH, Mansour EH, Dawoud FM
(2000) Influence of malt on rheological and
baking properties of wheat-cassava
composite flours. Journal of Food Science
and Technology, 33: 159-164.

7. Radhna Gupta (2006) Incorporation of
dried apple pomace pulp powder in bread.
dJ. Daiying. Foods & H.S., 25: 200-205.

8. Nwanekezi EC, Ekwe CC, Agbugba RU
(2015) Effect of substitution of sucrose

382


https://www.sciencedirect.com/topics/food-science/monounsaturated-fatty-acid

10.

11.

12.

13.

14.

15.

16.

17.

Nguyen Phuoc Minh | Journal of Global Pharma Technology | 2020| Vol. 12| Issue 02 (Suppl.) |379-384

with date palm (Phoenix dactylifera) fruit
on quality of bread. J. Food Process
Technol., 6: 484.

. Richa Singh (2016) Development of fiber

enriched bakery products by incorporating

fruit pulp waste powder and their
acceptability evaluation. International
Journal of Advanced Research in

Biological Sciences, 3: 222-226.

Rajeswari H, Jagadeesh SL, Suresh GdJ
(2018) Physicochemical and sensory
qualities of bread fortified with banana,
aonla and sapota powders. Journal of
Nutritional Health and Food Engineering,
8: 487-492.

Reza Felli, Tajul Aris Yang, Wan Nadiah
Wan Abdullah, Wahidu Zzaman (2018)
Effects of incorporation of jackfruit rind
powder on chemical and functional
properties of bread. Trop. Life Sci. Res.,
29: 113-126.

Montadher Ali Mahdi, Mustafa Taha
Mohammed, Abdulkadir Mohammed Noori
Jassim, Awatif I Mohammed (2018)
Phytochemical content and anti-oxidant
activity of hylocereus undatus and study of
toxicityand the ability of wound treatment.
Plant Archives, 18: 2672-2680.

Nurul SR, Asmah R (2014) Variability in
nutritional composition and phytochemical
properties of red pitaya (Hylocereus
polyrhizus) from Malaysia and Australia.
International Food Research Journal, 21:
1689-1697.

Barcelon E, Carreon L, Guillermo J, Jacob
E, Jocson S, Panopio Jr G, Rosalinas S
(2015)  Consumer acceptability and
physico-chemical content of red flesh
dragon fruit spread. Australian Journal of
Basic and Applied Sciences, 9: 18-21.

Madhuri Shrikant Sonawane (2017)
Nutritive and medicinal value of dragon
fruit. The Asian Journal of Horticulture,
12: 267-271.

Hui Luo, Yongqiang Cai, Zhijun Peng, Tao
Liu, and Shengjie Yang (2014) Chemical
composition and in vitro evaluation of the
cytotoxic and antioxidant activities of
supercritical carbon dioxide extracts of
pitaya (dragon fruit) peel. Chem. Cent J.,
8: 1-10.

De Mello, Claudia

Odebrecht

Fernanda Robert
Bernardo, Carolinne

©2009-2020, JGPT. All Rights Reserved

18.

19.

20.

21.

22.

23.

24.

25.

Dias, Luana Carolina Bosmuler Zige
(2014) Evaluation of the chemical
characteristics and rheological behavior of
pitaya (Hylocereus undatus) peel. Fruits,
69: 381-390.

Sushmitha HS, Balasubramanian
Sathyamurthy (2018) In silico drug
designing studies on dengue virus
envelope protein. World Journal of

Pharmaceutical Sciences, 6(9): 138-143.

Yogita Temak, Pravin Cholke, Akshay
Mule, Akahay Shingade, Sudam Narote,
Aditee Kagde, Rutuja Lagad, Vaishnavi
Sake (2018) In wvivo and In wvitro
Evaluation of antimicrobial activity of peel
extracts of red dragon fruit (Hylocereus
polyrhizus). International Journal of
Research n Pharmacy and
Pharmaceutical Sciences, 3: 24-26.

Nizar Sirag, Elhadi MM, Algaili M Algaili,
Hozeifa Mohamed Hassan, Mohamed Ohaj
(2014) Determination of total phenolic
content and antioxidant activity of roselle
(Hibiscus sabdariffa L.) calyx ethanolic
extract. Standard Research dJournal of
Pharmacy and Pharmacology 1: 034-039.

Formagio ASN, Ramos DD, Vieira MC,
Ramalho SR, Silva MM, Zarate NAH,
Foglio MA, Carvalho JE (2015) Phenolic
compounds of Hibiscus sabdariffa and
influence of organic residues on its
antioxidant and antitumoral properties.
Braz. J. Biol., 75: 69-76.

Bansee M Devani, Bhavesh L dJani,
Mansukhlal B Kapopara, Devendra M
Vyas, Manda Devi Ningthoujam (2016)
Study on quality of white bread enriched
with finger millet flour. International
Journal of Agriculture, Environment and
Biotechnology, 9: 903-907.

Shittu TA, Raji AO, Sanni LO (2007)
Bread from composite cassava-wheat flour:
1. Effect of baking time and temperature
on some physical properties of bread loaf.
Food Research International, 40: 280-290.

Rai S, Amarjeet K, Singh B, Minhas KS
(2011) Quality characteristics of bread
produced from wheat, rice and maize
flours. Journal of Food Science, 49: 786-
789.

Ballolli U, Malagi U, Yenagi N, Orsat V,
Gariepy Y (2014) Development and quality
evaluation of foxtail millet [Setariaitalica

383


https://www.ncbi.nlm.nih.gov/pubmed/?term=Felli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29644019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=29644019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdullah%20WN%5BAuthor%5D&cauthor=true&cauthor_uid=29644019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdullah%20WN%5BAuthor%5D&cauthor=true&cauthor_uid=29644019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zzaman%20W%5BAuthor%5D&cauthor=true&cauthor_uid=29644019
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5893226/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24386928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24386928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24386928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24386928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24386928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24386928
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3880984/
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Fernanda%20Robert%20De%20Mello&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Cl%C3%A1udia%20Bernardo&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Cl%C3%A1udia%20Bernardo&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Carolinne%20Odebrecht%20Dias&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Carolinne%20Odebrecht%20Dias&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Luana%20Carolina%20Bosmuler%20Z%C3%BCge&eventCode=SE-AU

26.

27.

28.

29.

30.

31.

32

Nguyen Phuoc Minh | Journal of Global Pharma Technology | 2020| Vol. 12| Issue 02 (Suppl.) |379-384

(L.)] 1incorporated breads. dJournal of
Agricultural Science, 27: 52-54.

Noor Aziah AA, HO LH, Noor Shaliana AA
(2012) Quality evaluation of steamed
wheat bread substituted with green
banana flour. Int. Food Res J., 19: 869-
876.

Rosell CM, Rajas JA, Benedito Barber C
(2001) Influence of hydrocolloids on dough
rheology and bread quality. Food
Hydrocolloids, 15: 75-81.

Loong CYL, Wong CYH (2018) Chinese
steamed bread fortified with green banana
flour. Food Research, 2: 320-330.

Peighambardoust SH, Aghamirzaei M
(2014) Physicochemical, nutritional, shelf
life and sensory properties of iranian
sangak bread fortified with grape seed
powder. Journal of Food Processing and
Technology, 5: 1-6.

Marcin Kurek, Jarostaw Wyrwisz (2015)
The application of dietary fiber in bread
products. J. Food Process Technol., 6: 447.

Sabanis D, Lebesi D, Tzia C (2009) Effect
of dietary fibre enrichment on selected
properties of gluten-free bread. LWT-Food
Science Technology, 142: 1380-1389.

. Gomez M, Moraleja A, Oliete B, Ruiz E,

Caballero PA (2010) Effect of fibre size on
the quality of fibre-enriched layer cake.

©2009-2020, JGPT. All Rights Reserved

33.

34.

35.

36.

37.

LWT-Food Science and Technology, 43: 33-
38.

Khan MA, Semwal AD, Sharma GA,
Yadav DN, Shrihari KA (2008) Studies on
the development and storage stability of
groundnut (Archis hypogea). Journal of
Food Quality, 31: 612-626.

Jyoti Goyat, Sj Passi, Sukhneet Suri,
Himjyoti Dutta (2018) Development of
chia (Salvia hispanica, L.) and quinoa
(Chenopodium quinoa, L.) seed flour
substituted  cookies-  physicochemical,
nutritional and storage studies. Current
Research in Nutrition and Food Science, 6:
757-769.

Singh R, Singh G, Chauhan GS (2000)
Development of soy fortifed biscuits and
shelf life studies. Journal of Food Science
and Technology, 37: 300-303.

Nagi H PS, Kair J, Dar BN, Sharma S
(2012) Effect of storage period and
packaging on the
shelf life of cereal bran incorporated
biscuits. American dJournal of Food
Technology, 7: 301-310.

Divyashree Kumar, A Sharma, GK

Semwal, AD Umesha (2016) Development
and storage stability of buckwheat-chia
seeds fortified biscuits. International

Journal of Food Fermentation Technology,
6: 95-106.

384



