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Abstract

Beetroot (Beta vulgaris L.) is a biennial herbaceous plant rich in essential nutrients, including dietary
fiber, vitamins, minerals, and antioxidants. Its high sugar content relative to calories and presence of
phenolic compounds contribute to its health benefits, such as managing hypertension and exhibiting
anticancer properties. Proper storage conditions are crucial for maintaining beetroot's quality. Recent
studies have explored the incorporation of beetroot in various baked goods to enhance their nutritional
and sensory profiles. Research includes the use of beetroot powder and pomace in muffins, cupcakes,
cookies, and sponge cakes, revealing its impact on color, texture, flavor, and overall acceptability.
Results indicate that beetroot enriches products with beneficial nutrients and antioxidants, though its
incorporation affects physical characteristics like weight, volume, and texture. The studies also
highlight changes in physicochemical properties, such as hardness and moisture content, as well as the
presence of betalains, which are responsible for the pigment and antioxidant activity of beetroot. This
review synthesizes findings from multiple studies to underscore beetroot's potential in bakery
productsdemonstrating its value in both nutrition and product quality enhancement.
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INTRODUCTION

Beetroot (Beta vulgaris L.) is a biennial herbaceous plant that produces beneficial nutrients such
dietary fiber, antioxidants, minerals, and vitamins. As beetroot is a popular food source for people, it
should be kept in a dark, well-ventilated space with a relative humidity of 96%-100%, and at a
temperature of 0-5 C to maintain its quality. Despite having the fewest calories, Beta vulgaris L. has
the highest sugar content. Red beetroot is rich in minerals, including manganese, sodium, potassium,
magnesium, iron, and copper. Beetroot is high in fiber, natural colors, vitamins A, C, and B, and
antioxidants. Additionally abundant in phenolic chemicals, which have anti-oxidant characteristics, is
red beetroot. Apart from serving as a dietary component for the management and prevention of
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hypertension and cardiovascular  disorders,
betalains found in beetroot can halt the division of
malignant cells.

Data on macronutrients have been made available
by the United States Department of Agriculture
(USDA). For example, 100 g of raw beetroot has 43
kcal of energy, 9.56 g of carbohydrates, 1.61 g of
proteins, 0.17 g of total fats, 2.8 g of total dietary
fiber, and 6.76 g of total sugars. Food is prepared by
baking, which is a dry heat technique that is often
done in an oven but can also be done on hot stones
or in hot ashes. Although bread is made the most
frequently, numerous other dishes are also baked.
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Foskett et al. (1995) claim that heat-induced chemical reactions in components like baking powder and
yeast transform many meals from their raw state into a texture that can be eaten (pastry, cakes).
However, there will be a wide range of differences due to varied ingredients, mixing techniques, and
product types needed. Muffins are a popular tiny, delectable snack cake because of their portion control
and mobility. It is affordable to produce and looks good. According to Oxford Dictionaries (2019), these
are batter cakes baked in cup-shaped foil or temperature-resistant paper. Similar to bigger cakes,
customers may apply frosting and additional cake embellishments including fruit, cashew nuts, resins,
and candies.

Among the world's most organized food industries is the bakery business.Because of their convenient
use, long shelf life, and readiness for consumption, cakes and biscuits are among the most popular
products. Beetroot was also used to make pastry products like ice cream and candy.

MATERIALS AND METHODS

e Inastudy by [3], Muffins were enriched with beetroot and carrot pomace. Five types of muffins
were formulated substituting 10 % and 20% wheat flour with carrot and beetroot pomace.

e Intheir work [1], they substituted soft wheat flour with beetroot powder in cupcakes at 2.5, 5.0,
7.5,10 % compared with the control which was made from wheat flour with 72% extraction. The
study's objective was also to utilize beetroot’s natural antioxidant, antimicrobial, and natural
pigment-imparting properties in cupcakes.

¢ In the work done by [6], cookies were prepared with refined wheat flour and further substituted
with beetroot powder at 5,7,10,15, and 20 % concentrations and were examined for their physical
and chemical composition.

e The developed sponge cake was enriched with beetroot powder and puree and was assessed for
their nutritional and sensory properties. Weak flour was substituted with beetroot powder and
eggs were substituted with beetroot chard puree at 5, 10, 15, 20, and 10, 15, 20, and 25
concentrations respectively [5].

e In their study [2] they incorporated beetroot leaf powder into cookies. Refined wheat flour was
substituted with dried beetroot leaves powder at 4.5,7,9,5, and 12 % concentrations in cookies.
The dried beetroot leaves incorporated cookies we analyzed for their nutritional, sensorial,
textural, and antioxidant properties.

e Fortification of steamed bread with red beetroot powder and their changes during the bread-
making process were recorded. Chinese steamed bread was made into four formulations of 10,
30, 50, and 70 % red beetroot powder was added in the place of wheat flour and compared with
control for its physiochemical, structural, and nutritional properties [4].

RESULTS AND DISCUSSION
Organoleptic Properties of Baked Products
color

e In their study [3], the first two samples prepared by incorporating carrot pomace had a yellow-
orange color due to the presence of B-carotene, while the other two samples which were
integrated with beetroot pomace had a red-violet color due to betacyanins. Muffins incorporated
with 10% beetroot pomace flour received the highest average color rating (8.20 points out of a
possible 9.00).

e An increasing quantity of red beetroot powder in Chinese steamed bread showed a decrease in
whiteness in the crumb and crust of the bread [4].

e The color of 10%beetroot powder added cupcake was marked for crust and crumb color, which
had become semi-hard when compared to control cupcakes which scored 14.65 on 15 while 10%
addition scored 13.50 on 15, respectively. The 2.5, 5.0, and 7.5 % addition scored 14.60, 14.15,
and 14.00 on 15 respectively as shown in Figure 1 [1].

e The 10% cookie sample scored the highest in terms of appearance and color (8.20) while the
lowest score was the 20% cookie sample (6.40) [6].
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e Sponge cake sample 3 made with the addition of 15% beetroot powder and 20% chard puree had
high color scores among other proportions of beetroot powder compared to the control [5].

e The results discovered that there were not many significant differences between the control
cookie and the cookie containing 4.5% DBLP concerning texture, taste, aroma as well as overall
acceptability [2].
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Figure 1. Cupcake substituted with beetroot powder at 2.5, 5.0, 7.5, and 10.0% levels (Source:
Alshehry., 2019).

Texture

e Of all the muffins made, the ones made with 20% beetroot pomace flour had the highest average
texture score (8.20 out of 9.00), whereas the control and 10% beetroot pomace received 8.00 and
7.97 points, respectively [3].

e In the study by [1], the texture of the cupcake with 2.5%, and the control was marked with the
same score which is 14.35 on 15.

o The 10% beetroot cookies scored the highest (7.85) compared to the control cookies prepared
from maida flour [6].

e From the study of [5], the texture of sample 3 sponge cake prepared by the addition of 15%
beetroot powder and 20% chard puree scored the highest than the control and other samples.

e The results discovered that there were not many significant differences between the control
cookie and the cookie containing 4.5% DBLP concerning texture, taste, aroma as well as overall
acceptability [2].

Odor and taste

e A study by [3], concludes that both 10 % and 20 % carrot and beetroot pomace incorporated
muffins were rated low when compared to control muffins prepared from wheat flour can be due
to several reasons for new taste profile deviating from the standard, less acceptance to product
modifications from consumers.

e A study on cupcakes enriched with beetroot powder concluded that 10% addition scored 19.40
on 20 while others were consecutively ranked [1].

e The 10% beetroot cookies scored the highest (7.77) and (8.29) respectively for flavor and taste
as compared to the control cookies which were prepared from maida flour [6].

e Sponge cake sample 3 made with the addition of 15% beetroot powder and 20% chard puree had
high scores for taste in comparison with the control and beetroot incorporated samples [5].

Overall Acceptability

e The muffins with 10% beetroot flour received the highest rating (8.30 points out of a possible
9,00) for overall acceptability. The muffins that had 20% beetroot flour substituted were assessed
with 8.10 points, compared to 8.27 points for the control group [3].

e From [1]. study cupcakes with 2.5% addition were ranked higher in overall acceptability when
compared to the control which scored 96.65 and 96.75 on 100 respectively.

e Sample 3 sponge cake which was made by addition of 15% beetroot powder and 20% chard puree
was accepted overall [5].
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e The results discovered that there were not many significant differences between the control
cookie and the cookie containing 4.5% DBLP concerning texture, taste, aroma as well as overall
acceptability [2].

PHYSICAL CHARACTERISTICS OF BAKED PRODUCTS
Weight
e The cupcakes' weight increased when the beetroot powder was added, going from 51.0 g at 2.5%
beetroot to 53.0 g at 10.0% beetroot, in comparison to the control's 50.0 g of wheat flour [1].
e The weight of the cookies increased with incremental order of cookie concentrations as the
beetroot powder incorporated ratios increased [6].

Volume
e Compared to the control's 50.0 g of wheat flour, the weight of the cupcakes increased as the
beetroot powder was added, going from 51.0 g at 2.5% beetroot to 53.0 g at 10.0% beetroot [1].

Diameter
o While variations were observed with greater levels of beetroot powder that are 10, 15, and 20%
concentrations, there were no notable differences in the diameter and thickness of the cookies
between those containing up to 7.0% beetroot powder and the control [6].

Form
e The muffins' volume is mostly determined by their form, and the gluten in the wheat flour that is
used to make them gives them their volume. [3], in their trial, they replaced wheat with 10% and
20% of beetroot and carrot pomace flour—both of which are gluten-free—and the mixture still
had a decent form. The shape-averaging muffins with 20% beetroot pomace flour received the
highest rating (8.53 points out of a possible 9.00).

Thickness
e As the amount of beetroot powder substitution rose, larger diameter and lower thickness values
were noted [6].

Spreadratio
e The addition of beetroot powder reduced the gas-holding capabilities of the cookies in
comparison to the control. Cookies with beetroot powder had a much smaller spread ratio than
the control group [6].

Physicochemical Characteristics of Baked Products
Hardness
e Cookies increased in hardness from 57.88 N to 73.44 N with the addition of beetroot powder
which could be due to the dilution of gluten proteins with beetroot proteins and fiber [6].
e Dried beetroot leaf powder cookies increased in hardness with increasing substitution of DBLP,
while the control cookie was recorded with low value [2].

Proximate Analysis

e [1], his study carried out a proximate analysis for the beetroot powder that is going to be used in
the cupcakes, and the results showed that the total carbs, ash content, protein, ether extract, and
crude fiber were 54.06%, 12.8, 1.36, 20.40, and 11.30, respectively. In [6]. the researchers
conducted a proximate analysis of cookies incorporating beetroot powder. The findings indicated
that the moisture content of the beetroot powder-containing cookies rose from 2.88 to 5.26%,
whereas the control cookies had a moisture content of 2.57%. Protein content increased from
7.39 to 9.12%, with the control group having a protein content of 10.19%. In contrast to the
control, the ash content rose from 0.84 to 1.89 percent. Beetroot powder was added up to 20% of
the total, increasing the crude fiber content from 0.95 to 1.90%.
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e Crude fat and carbohydrate contents were decreased from 23.42 to 21.08 % and 62.9t062.65
respectively with the addition of beetroot powder [10].

e With the inclusion of DBLP, the created cookie samples' crude protein and fat content increased,
which may have been caused by DBLP's higher protein and fat content than wheat flour [2].

Phytochemical aspects of used ingredients
e 255.0 mg of gallic acid equivalent (GAE)/100 g sample was detected in the beetroot powder,
which was rich in total phenolic components [1].
e The beetroot powder contained rich amounts of flavonoid compounds in which 260 mg rutin
equivalent (RE)/100 g sample was identified [1].
e The dried beetroot leaves powder has total phenolic compounds of 5.14 mg gallic acid equivalent
(GAE)/100 g sample [2].

Antioxidant Activity of Ingredients Used
e Astudy by [1] used tests like DPPH, ABTS, and FRAP, which were 137, 190, and 181 mg trolox
equivalent antioxidant activity (TEAA)/100 g samples, respectively, to determine the antioxidant
activity of beetroot powder to be added to cupcakes.
e The total antioxidant activity of dried beetroot leaves powder was found to be 43.84% while the
control was 0.09% [2].

Mineral contents
e From [1], he analyzed the mineral content of beetroot power which had been used to prepare
cupcakes and the results are shown in Table (1).
e The calcium, phosphorous, and iron content were found to be increased whereas zinc and
calorific value decreased with increased levels of beetroot powder in cookies [6].

Table 1. Mineral content of beetroot powder mg/g (source: Alshehry., 2019).

Mineral content mg/g Mineral content mg/g

Potassium 26.0+1.25a Magnesium 1.84+0.02d
Sodium 6.26+0.12b Manganese 1.05+0.02d
Phosphorus 3.50+0.03c Iron 0.06+0.001e
Calcium 2.28+0.01d Zinc 0.03+0.00e

PIGMENT IDENTIFICATION AND SEPARATION
e Beetroot is rich in a water-soluble nitrogen-containing pigment called betalains, which was
identified and separated in the study by [1], in which betalains can further be divided into
betaxanthins (yellow-orange pigments) and betacyanins (reddish-violet pigments). Using HPLC,
it was determined that betalain, which made up 62.6% of the root vegetable, was the main element
of red beetroot. Isobetalain and 15-decarboxy-betanin were found to make up 25.3 and 17.1% of
the root vegetable, respectively.

CONCLUSION

In conclusion, the organoleptic properties of baked products, such as color, texture, odor, taste, and
overall acceptability, were significantly influenced by the incorporation of beetroot powder and
products like pomace and leaves. The addition of beetroot powder not only affected the physical
characteristics of the baked goods but also contributed to changes in physicochemical properties,
proximate analysis, phytochemical properties, antioxidant activity, mineral contents, and pigment
identification and separation.
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