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Abstract

The study investigated the biochemical composition and enzyme activities of various radish and beet
species, revealing significant variations across different parameters. Reducing sugars, crucial for blood
sugar regulation and weight management, showed diverse levels among species, with higher concentrations
observed in yellow turnip and white radish. Likewise, fiber content varied, with Raphanus sativus L. var.
niger J. Kern exhibiting the highest fiber content. Moisture and mineral content also differed across species,
with sugar beet displaying the highest mineral content. Regarding vitamin C content, our findings indicated
lower levels compared to previous studies, suggesting potential influences of environmental conditions on
vitamin accumulation. Flavonoid content, known for its antioxidant properties, was notably high in black
radish compared to other species, highlighting the potential health benefits of flavonoid-rich varieties.
Enzyme activities, including catalase, peroxidase, and polyphenol oxidase, varied among species, with
white radish and beetroot exhibiting higher catalase activity. These findings highlight biochemical
variations among radish and beet species, underscoring their potential health benefits and applications.
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Introduction

Vegetables are essential for providing vital macro- biologically active compounds. However, little is
and micronutrients, antioxidants, and enzymes known about the biochemical parameters of black
necessary for human health. Their consumption is radishes grown in Mongolia, prompting the need
widely acknowledged as integral to maintaining a for this study.

balanced and healthy lifestyle. Dietary habits are The prevalence of oxidative stress-related health
intricately linked to geographical, climatic, conditions, such as irritable bowel syndrome,
agricultural, and demographic factors. inflammatory bowel disease, ulcers, and Crohn’s
In Mongolia, a shift from nomadic animal disease, underscores the importance of antioxidant
husbandry to settled lifestyles has led to increased supplements, including antioxidant enzymes, in
consumption of agricultural products, including managing these conditions. While research on
vegetables. While potatoes, cabbage, carrots, and antioxidant enzymes in various food sources and
turnips have traditionally dominated vegetable their changes during storage and processing is
crop production in Mongolia, there has been a extensive in other countries, such investigations
growing interest in diversifying the vegetable are limited in Mongolia.

repertoire. There is a growing interest in the Therefore, this paper aims to fill this gap by
cultivation of black radishes, spurred by research presenting the results of assessing biochemical
indicating their potential advantages for parameters and antioxidant enzyme activity in five
individuals with diabetes. Consequently, several species of radishes and beets commonly used for
Mongolian pharmaceutical manufacturers are now food, medical, and animal feed purposes in
domestically cultivating black radishes for tea and Mongolia.
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Material and Methods

Sample Preparation:

In the spring of 2019, five plant species were
cultivated in the same field: Raphanus
raphanistrum sub sp. Sativus (L.) Domin.
(rutabaga), Raphanus sativus L. var. niger J. Kern.
(black radish), Raphanus sativus L. var.
longipinnatus Bailey. (white radish), Beta vulgaris

Measurements:

The study involved the evaluation of various
parameters to assess the biochemical composition
and enzyme activities in the studied plant species.
Moisture and mineral content were determined
gravimetrically following established protocols to
understand the water and mineral composition of
the samples. Fiber content was assessed using
standardized methods to measure the dietary fiber
content present in the plants. Soluble protein
levels were measured spectrophotometrically to
quantify the amount of soluble proteins present.
Reducing sugar content was determined using the
Offner method, providing insights into the sugar
composition of the samples. Vitamin C content
was assessed via redox titration, allowing for the
determination of the vitamin C concentration in
the samples. Flavonoid content was determined

Results and Discussions

In this study, the biochemical composition and
enzyme activities of various radish and beet
species were investigated, revealing significant
variations across different parameters.

Reducing sugars include mono-, oligo-, and
polysaccharides containing free aldehyde and keto
groups, which play crucial roles in lowering blood
sugar levels and weight loss [16]. In our study, the
content of reducing sugars in radishes and beets
ranged from 0.48% to 3.14%. More specifically,
Beta vulgaris 'saccharifera 'ALEF, Raphanus
sativus L. var. niger J. Kern, and Beta vulgaris L.
contained relatively small amounts (1.8%, 1.67%,
and 0.48% respectively), while Raphanus
raphanistrum sub sp. Sativus (L.) Domin (yellow
turnip) and Raphanus sativus L. var. longipinnatus
Bailey (white radish) exhibited higher content,
estimated at 3.0% to 3.14%.

Dietary fiber plays an essential role in regulating
intestinal mobility, enhancing stool excretion,
improving gastrointestinal tract function, and
aiding in the elimination of harmful waste
products from the body. [17]. Our results indicated
that Raphanus sativus L. var. niger J. Kern had the
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L. (beetroot), and Beta vulgaris 'saccharifera
'ALEF (sugar beet). These plants were allowed to
grow under identical environmental conditions
until harvested in October. Upon harvest, plant
samples were cleaned of soil and green parts, and
subsequently stored in a freezer until further
analysis.

spectrophotometrically to measure the flavonoid
concentration present in the plant species.
Additionally, enzyme activities were evaluated,
including catalase, peroxidase, polyphenol
oxidase, ascorbate peroxidase, and superoxide
dismutase. Catalase activity was quantified using
the Johnson Temple method, while peroxidase and
polyphenol oxidase activities were determined
according to K.A.Kozlov's method. Ascorbate
peroxidase and superoxide dismutase activities
were quantified spectrophotometrically, providing
insights into the antioxidant enzyme activity
present in the samples.

Each parameter was assessed 3-5 times, and the
average value was calculated. Enzyme activities
were expressed in units (U) per gram of the
sample.

highest fiber content (2.07%), followed by
Raphanus raphanistrum sub sp. Sativus (L.)
Domin (1.79%), Raphanus sativus L. var.
longipinnatus Bailey (0.99%), Beta vulgaris
'saccharifera 'ALEF, and Beta vulgaris L. (0.77%
and 0.76% respectively).

Moisture content across the species ranged from
77.62% to 80.92%, while mineral content in
radishes and beets varied from 0.83% to 2.01%.
Sugar beet (Beta vulgaris 'saccharifera 'ALEF)
exhibited the highest mineral content at 2.01%,
while white radish had the lowest at 0.83%.
Turnip, black radish, and beetroot had relatively
similar mineral content (1.03%, 1.23%, 1.28%
respectively).

As investigated by Duy et al. (2020), the
antifungal activity of Raphanus sativus L. (white
radish) extract and its potential to prolong the
shelf-life of cake were examined, with the study
reporting the following biochemical composition
for white radish: moisture (91.1%=1.35), soluble
protein (0.73%=0.12), carbohydrates
(2.67%=0.16), and sum of minerals (0.46%+0.27)
[18].



Our results closely align with these findings,

indicating similar compositions in Table 1.
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Table 1.
Biochemical parameters and activity of antioxidant enzymes in radishes and beets
Species of beets and radishes
Parameters Raphanus Raphanus Raphanus Beta Beta
raphanistru  sativus L. sativus L. vulgaris L. vulgaris
msub sp.  var. niger J. var. 'saccharifer
Sativus (L.) Kern. longipinnat a'ALEF
Domin us Bailey.
1  Moisture, % 79,86 80,92 77,62 77,77 75,71
2 Soluble protein, % 1,48 0,60 1,04 4,20 3,64
3 Reducing sugar, % 3,14 1,67 3,00 0,48 1,80
4 Fiber, % 1,79 2,07 0,99 0,76 0,77
5  Minerals, % 1,03 1,23 0,83 1,28 2,01
6  Vitamin C, ug% 61,60 783,73 44,88 193,60 204,69
7  Flavonoids, mg% 19,48 83,95 21,45 22,66 26,80
8  Catalase, U 17,00 5,95 90,95 90,53 30,18
9  Peroxidase, U 0,32 0,14 0,42 0,43 1,30
10  Polyphenol 0,14 0,10 0,05 1,35 6,40
oxidase, U
11 Ascorbate 2,16 1,55 1,76 0,81 3,07
peroxidase, U
12 Superoxide ND ND ND ND ND

dismutase, U

Vitamin C, a water-soluble antioxidant found
abundantly in fruits and vegetables, was measured
in white radish by Ogunlesi et al. (2010) using
cyclic voltammetry and titration, resulting in
values of 39.19 mg% and 40.82 mg% [19].
Additionally, Satpathy et al. (2021) determined
vitamin C levels in white radish through iodine
redox titration, yielding a result of 35.70 mg%
[20]. Agarwal et al. (2014) quantified vitamin C
content in white radish spectrophotometrically
with 2,4-dinitrophenylhydrazine in leaves and
roots, resulting in values of 42.9 pg% and 8.25
Hg% respectively [21]. Our results revealed a low
vitamin C content in the samples. Importantly, the
accumulation of vitamin C is known to be
influenced by growing conditions [22], with light
exposure being a significant factor [23]. This
suggests that the observed vitamin C content in
our study samples may have been impacted by
these environmental conditions.

Flavonoids, a diverse group of plant polyphenaols,
are well-known for their antioxidant activity,
protecting plants from radiation and pathogens by
absorbing UV radiation. In medicinal treatment,

flavonoids like quercetin and rutin, known as
vitamin P, are widely utilized alongside vitamin C
to strengthen blood vessels and enhance blood
clotting Moreover, compounds within the
flavonoid group exhibit strong antimicrobial
properties [24]. A study conducted by Kim et al.
(2016) revealed the total content of polyphenals,
flavonoids, and antioxidant activity in two
varieties (Valentine and Cherry Belle) of white
radish. They found the total phenolic content of
ethanol extracts to be 160.38 + 5.0 mg GA/g
(Cherry Belle) and 124.46 + 6.13 mg GA/g
(Valentine), while the concentration of total
flavonoids in Raphanus sativus L. was 42.93 +
1.58 mg/g and 16.26 + 1.84 mg/g (Cherry Belle
and Valentine) rutin equivalent per gram dry
weight respectively [25]. Our results indicated a
relatively high total flavonoid content in black
radish (83.95 mg%) compared to similar levels
observed in other species (19.48 - 22.66 mg%).

Enkhtsetseg et al. (2019) determined the optimal
drying temperature to preserve the antioxidant
activity of black radish, employing the  DPPH
scavenging assay for measuring antioxidant
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activity, Folin-Ciocalteu reagent for total phenolic
content, and spectrophotometry for flavonoid
content determination [26]. In contrast to their
findings, our study revealed a five-fold higher
total flavonoid content in black radish. The
difference in our findings could be explained by
the fact that we used unpeeled samples, whereas
Enkhtsetseg et al. utilized peeled samples.
Furthermore, our data exhibited a total flavonoid
content 3.7 times higher than that observed in
other species (turnip, white radish, beetroot, and
sugar beet).

Geographical, climatic, and environmental
conditions, as well as sunlight and soil
composition, all influence the accumulation of
vitamins and plant secondary metabolites [27].
The enzymatic antioxidant system of plants,
comprising enzymes such as catalase, peroxidase,
polyphenol oxidase, ascorbate peroxidase, and
superoxide dismutase, plays a crucial role in this
process. In our study, we evaluated the activity of
these antioxidant enzymes in various radish and
beet species.

Our findings showed that superoxide dismutase
activity was undetectable, whereas peroxidase
(0.14-1.30 U), polyphenol oxidase (0.05-6.40 U),
and ascorbate peroxidase (0.81-3.07 U) activities
were low. While, catalase activity ranged from
5.95 t0 90.95 U in white radish (Raphanus sativus
L. var. longipinnatus Bailey) and beetroot (Beta
vulgaris L.), which was 3-15 times higher than in
other species.

In line with our investigation, Motamedi et al.
(2022) explored changes in catalase, peroxidase,
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