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Daily nutritional products fortified with natural additives containing biologically active compounds can be
classified as functional food products. Millet is a valuable cereal crop that is characterized by a low glycemic index
and contains essential amino acids, polyphenols, vitamins, potassium, magnesium. In addition, millet products can
help reduce cancer risk and are recommended for individuals with celiac disease, diabetes, or gluten intolerance. This
study examines millet porridge samples fortified with Jerusalem artichoke, quince, and plum pieces. The samples were
assessed for their macro- and microelement composition, sensory attributes and organoleptic qualities. The analysis
reveals that all samples exhibit a high nutritional value. However, the sample containing Jerusalem artichoke stands
out with the most favorable data, excellent organoleptic properties, and a higher content of macro- and microelements.
The mineral content of millet porridge was determined by using two following methods: Mass spectrometry with
inductively coupled plasma (ICP-MS) and Scanning Electron Microscopy (SEM). The evaluated millet porridge
samples exhibited significant nutritional value, containing essential macro- and microelements, such as: calcium
(9.05-9.77 mg/kg), potassium (16.29-21.17 mg/kg), phosphorous (15.52-17.28 mg/kg), magnesium (4.11-4.59 mg/kg),
sulfur (0.49-0.66 mg/kg), silicon (0.46-0.62 mg/kg), and other elements.
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IIpooykmul noeceoHe6H020 RUMAHUA, 0002auieHHble HAMYPATLHBIMU 000asKAMU ¢ OUOI0ZUUECKU
AKMUBHBIMU COCOUHEHUAMU, OMHOCAMCA K (QYHKUUOoHAnbHbIM npoOyKkmam numanus. Ilpoco — ouenv uennas
3epHOo6an Kyabmypd, XapaxKmepusylouiaaca HUKUM 2IUKeMUYECKUM UHOEKCOM U cooepicauias He3ameHumble
AMUHOKUCTIOMbl, NOAUPEHOIbl, GUMAMUNDL, KA, MazHuil u Op. Kpome mozo, npodykmul u3 nuiena no3eonsaiom
CHU3UMb PUCK PAKA, PEKOMEHOYIOMCA NPU UeTUAKUU, CIMPAOAIOWUM OUADEMOM U HENnePeHoCUMOCmbIO 2ilomena. B
npeocmaesienHoll padome uccied08anvl 00pa3ybl NULEHHOU KA, 0002auieHHOll KyCOYKaAmMu mOnuHamoypa, aiewvt u
cauevl. ObOpazyvl ouenHusanu NO MaKpo- U MUKPOINEMEHMHOMY COCHMIAGY, CEHCOPHBIM NOKazamenam u
Op2anoienmuyecKum Kadecmeam. Ananus nokazvleaem, 4mo 6ce 00pazybl UMEIOM 6bICOKUIL YPOGEHb NUULEBOl
yennocmu. OOHaKko obpaszey ¢ MORUHAMOYPOM NOKA3AN HAUOOIee npednoumumesnvHovle pe3yibmanvl, OMIUYHbIE
opeanonenmuuecKue NOKA3amenu u 0oapuiee cooepiricanue MaKpo- u MUKpoInemernmos. Munepanvnslii cocmas
RUWEHHOU Kauiu Onpeoesaniu 08ymMsa Memooamu: Macc-cneKmpomempueil ¢ UHOyKmueHno-ceaszannoii naasmou (MCII-
MC) u ckanupyroweii nekmponnoit muxkpockonueit (COM). Ouyenennsie 00pazuvl RULeHHOU Kawiu 001a0anu
3HAUUMENbHOU RUWLEBOIl UEHHOCHBIO, CO0EPIHCATIU MAKUe He3aMeHUMble MAKPO- U MUKPOITEMEeHMbl, KAK: Kanbyuil
(9,05-9,77 me/x2), kanui (16,29-21,17 me/x2), pocpop (15,52-17,28 me/k2), mazuuii (4,11-4,59 mz/x2), cepa (0,49-0,66
m2/ke), kpemuuii (0,46-0,62 m2/k2) u opyzue 3nemenmel.

KirodeBble cji0Ba: nueHHast Kaia, TommaMﬁyp, aﬁBa, CJIMBa, Mpoco.
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Buonozuanelx o6encendi Kocvlivicmapovl 6ap maoduzu KOCHANApMeH Oailblmoli2an KyHOeNiKmi KOpeKmik
OHIMOepOi hynKyuonanovl mamax, oHimoepi oen amaiiovl. Tapvl — ome 6azanvt 02HOI OAKbLIL, 0J1 MOMEH 2TUKEMUATIBIK
UHOeKCIMeH CURAMMmAanaovl dXcoHe KYpaAMbIHOA AIMACMBIPLUIMAUMBIH AMUHKBIUKBILOADBL, HoAudenondap,
sumamunoep, Kaauil, Mazuuil xncone m.o. oap. Convimen Kamap, mapvl onimoepi xamepai icik Kaynin azaumyea
MYMKIHOIK 0Oepedi, yenuaxkusa aypyvl, Kaum oOuademi dcaHe 2il0meHze mo30eywiniknen ayvipamvlnoapaa oOHbl
mymuiny2a kKenec oOepinedi. ¥cvinwvinean cymvicma monunamoyp, aiiea dcoHe Kapa OpiK 0ouieKxmepimen
HbI2ATIMBLIZAH MAPbl OOMKACLIHBIY, Ya2zinepi 3epmmenzen. Ynzinep makpo- jncone MUKpodiemenmmepoin, Kypamol,
CEHCOPTIBIK JHCIHE OPeAHOSIeNMUKANLIK Kacuemmepi 0ouvinuia d6azananovl. Tanoay dapnvlx ynzinepoin, mazamouik,
KYHOBUIBIZBIHBIY JHC02apbl OeHzellin Kopcemeoi. /lecenmen, monunamoyp 6ap ynzi e Koaaiinvl Hamudicenepoi,
mamawia Op2aHONEnMUKAnblK KACUemmepoi JHcoHe MAKPO- MeH MUKDPOIIEMEHMMEPOIH, MHco2apbl MOnuepin
kopcemmi. Tapvl 60mKacviHbIH MUHEPANObl Kypamol Keaeci exi 20ic apkwlibl AHLIKMAL0bl: WHOYKMUGMI
bainanvickan naasmacvl oap macc-cnekmpomempusa (ICP-MS) sncone ckanepneyuti 31eKmpoHObl MUKPOCKORUS
(SEM). Kapacmuipvinzan mapsl 60MKACHIHBIH CbIHAMANAPLL MAHBI30bL MAKPO- MHCIHE MUKDPOITEMEHHMEPOeH
mypamsin mazamoviK, KyYHObLIbIKmbl Kepcemmi: kanvyuil (9,05-9,77 me/kz), kanuii (16,29-21,17 me/k2), hocghop
(15,52-17,28 me/x2), maznuit, (4,11-4,59 me/k2), xykipm (0,49-0,66 me/x2), kpemnuii (0,46-0,62 m2/x2) ycane 6acka
Inemenmmep.

Heri3sri ce3nep: Tapbl 00TKachbl, TOMUHAMOYP, aliBa, aJIXOPbI, TAPbI.

Introduction

Today, one of the most fundamental directions in the development of all branches of the food industry
is considered to be the production of functional food products. This is mainly due to the several factors, such
as improved societal well-being and education; a rising concern regarding biological and chemical
contamination in food; prevalence of chronic conditions; reduced physical activity among population that leads
to excessive intake of unhealthy foods with high-cholesterol content [1]. Also, at the moment, great attention
is paid to the safety of food products [2]. The production of food products that have been fortified with one or
more functional food additives is an effective method of producing food products that have additional
properties. Functional food additives can also be represented by enriched food concentrates [3]. Food additives
by their main purpose are divided into the following categories: additives that enhance flavor and visual appeal
of food products; additives that boost the biological and nutritional value; additives that alter product texture
and extend its durability, alongside those that enrich the body with dietary fiber [4].

Currently, determining the appropriate quantity of plant ingredients is a key challenge in creating
functional food products.

During the research conducted by scientists, the medicinal qualities of food products that were produced
with the help of medicinal and spicy-aromatic components were studied. Researchers have observed that water
infusions of specific plant component compositions demonstrated a significant hepatoprotective effect during
the study. In addition, it is noted that herbal infusions, in the concentrations of plant raw materials contained
in them, cannot compete in their effectiveness and effect with such a popular brand of hepatoprotectors "Carsil"
and other similar medicines, but they have the necessary properties to normalize the functioning of the liver.

The results of these studies were used to develop recommendations of recipes for the production of alcoholic
balms. Studies conducted using various components of medicinal and spicy-aromatic plants has yielded extensive
insights into their functional effects. This has facilitated the development of innovative approaches to enhance
everyday food with essential macro- and microelements, dietary fiber, and a variety of vitamins. Dietary fiber is a
significant component of many healthy diets, having a significant impact on various physiological processes [6].
Data from various countries that extensively implement micronutrient enhancement in food products indicate that
it effectively addresses deficiencies in B vitamins, vitamin D, iodine, and iron in the body [7].

The other study explores the impact of different cooking methods on the flavor and texture of millet
porridge. The authors identified volatile compounds, particularly esters, and texture analysis revealed a
significant reduction in hardness after 40 minutes of cooking. The study also demonstrated that the optimal
sensory quality of porridge was achieved when cooked for 30 minutes. These findings provide practical
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insights for improving the taste and texture of
millet porridge [8]. The next study evaluates the
effects of different drying methods on the
biochemical and fuctional properties of millet
porridge. The study found that freeze-drying
method retained the most moisture, fat, and
carbohydrates, while tray-drying preserved the
most protein [9]

Millet is a very valuable cereal crop. The
various types of fiber found in millet grains of all
varieties have a positive effect on blood sugar
levels. The introduction of a large amount of fiber
in the base product helps to remove toxic and
carcinogenic substances from the body, which in
turn is a significant advance in the development of
functional food products. In addition, millet is
characterized by a low glycemic index, which
makes it attractive for people suffering from
diabetes and gluten intolerance [10].

In addition to its other benefits, millet has
also been found to have significant nutritional
value, compared to other major cereals such as rice
and wheat. In addition, millet contains proteins that
are a good source of amino acids and necessary for
human body, although some amino acids, such as
lysine and threonine, are not enough in millet,
which is compensated by the high content of
methionine [11].

Pearl millet stands out for its high protein
content of 14.5%, comparable to that of wheat. In
addition, millet contains vitamins that are
important for the human body: vitamin A and
vitamin B. A diet that includes millet helps
maintain blood pressure due to the presence of
potassium and magnesium. Millet is enriched with
polyphenols and tannins, which reduce the risk of
developing various types of cancer in those who
include millet in their diet. Another advantage of
millet is that it does not contain gluten, which
makes it suitable for people suffering from celiac
disease [12].

Millet is also popular in Kazakhstan, where
the following Kazakh national desserts, such as
“talkan” and “tary” are made from millet using
special technologies. Millet, in addition to its many
advantages, contributes to the normalization of
cholesterol levels in the blood. Millet also has a
high iron content, which has a positive effect on the
level of hemoglobin. Therefore, in the presence of
anemia, it is recommended to consume millet
porridge. Recently, the production of bread
enriched with millet flour has gained popularity
[13].

Various studies related to the processing of
millet have come to encouraging conclusions
regarding its potential use in the manufacture of a
variety of foods that promote a healthy diet. Many
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scientists have made efforts to develop processed
foods, such as extruded foods, cereals, and many
types of flour [14].

A biscuit enriched with a mixture of millet,
rice, soy, and chickpea flour has more developed
porosity, which differs from a biscuit baked from
flour with medium gluten. The rationale for
choosing flour mixes was their suitability for
people with celiac disease. An increase in the
composition of millet flour mixtures led to a
decrease in the effective viscosity, which affected
the quality of biscuits. During baking, a stronger
expansion of the dispersed phase was observed. As
a result, an increase in the porosity of the sponge
product was observed in the product [15].

Also, with the help of millet grains,
puddings are made for functional purposes. The
resulting food concentrate has high organoleptic
characteristics, having a pronounced taste and
aroma of the main and additional raw materials.
The content of fat and protein in comparison with
the closest analog increased the content of dietary
fiber, as well as the content of proteins increased
by 17.7% [16].

Topinambour, a plant in the Asteraceae
family, is a tuberous root vegetable. It is important
to note the useful substances that make up
topinambour, one of which is inulin, which is a
natural prebiotic, that promotes the development of
the intestinal microbiota. Also, topinambour
contains fructooligosaccharides, useful substances
that have a low caloric content. Natural
polysaccharide — pectin, which is contained in
topinambour, has the following useful qualities:
removes toxins from the body, helps reduce blood
pressure and hunger, is useful for diarrhea. The
mineral composition of topinambour is as follows:
potassium, calcium, phosphorus, magnesium,
sodium, and zinc.

Topinambour is similar in composition to
potatoes, it contains a low amount of fat, but the
fiber content of topinambour is very high compared
to other tubers. Based on fructose and fructose
polymers, topinambour tubers contain a unique
carbohydrate complex. Among them, the most
common and well-known is inulin. The high
content of inulin in topinambour makes it attractive
for people with diabetes. Also, the inclusion of
topinambour in the diet contributes to a significant
reduction in cholesterol levels in the blood. In
addition, topinambour is used for diseases of the
cardiovascular system [17].

Quince is a fruit crop that belongs to the
genus Rosaceae. For many years, quince has been
used to strengthen the immune system, for
digestive problems, and as a natural antidepressant.
Quince is a low-calorie fruit, only 57 calories per
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100 grams. The fiber contained in the pulp of
quince contributes to the effective functioning of
the gastrointestinal tract, as well as the composition
of quince includes tannins-epicatechin and
catechin. In addition, quince, due to compounds
that inhibit the activity of immune cells responsible
for allergic reactions, facilitates the course of
seasonal allergy [18].

Currently, the population views fruits not
only as sources of important nutrients but also
recognizes their healing effects due to phenolic
substances, which possess antioxidant properties.
Before using the product, it is important to consider
its antioxidant activity [19]. Various fruits, such as
apples, are known to contain phenolic substances.
Also, plum has a very high concentration of
phenolic substances in its composition [20].

Plums contain a significant amount of
minerals, but their main value lies in their vitamin
composition. Even after processing, plums retain
vitamin P. They are also rich in vitamin C, which
strengthens the immune system effectively. The
presence of B vitamins in plums can improve the
functioning of the human central nervous system.
Additionally, regardless of their taste, all plum
fruits contain a substantial amount of fiber [21].

Materials and research methods

The object of research is samples of millet
porridge enriched with plant components in
accordance with the requirements and standards of
GOST 34054-2017.

Basic and additional raw materials

The following components were used for the
production of millet porridge:

-millet grains in accordance with GOST
572-2016 (Ground millet grains. Technical
specifications) [Federal Agency for Technical
Regulation and Metrology, 2016];

-granulated sugar in accordance with GOST
33222-2015 (White sugar. Technical
specifications) [Federal Agency for Technical
Regulation and Metrology, 2015];

- milk in accordance with GOST 31450-
2013 (Drinking milk. Technical specifications)
[Federal Agency for Technical Regulation and
Metrology, 2013]

-food salt in accordance with GOST R
51574-2018 (Food salt. General technical
conditions) [Federal Agency for Technical
Regulation and Metrology, 2018];

- topinambour in accordance with GOST
32790-2014  (Fresh  topinambour. Technical
specifications) [Federal Agency for Technical
Regulation and Metrology, 2014];

- quince in accordance with GOST 21715-
2013 (Fresh quince. Technical specifications)
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[Federal Agency for Technical Regulation and
Metrology, 2013];

- plumin accordance with GOST 21920-
2015 (Fresh plum for industrial processing.
Technical specifications) [Federal Agency for
Technical Regulation and Metrology, 2015].

Organoleptic characteristics

In accordance with GOST 34054-2017,
organoleptic characteristics of samples were
analyzed, including color, smell, taste, consistency
and appearance.

Sensory assessment

Sensory analysis is performed in order to
study in more detail the organoleptic properties of
millet porridge with additives. Food products were
evaluated using the point scale. Sensory evaluation
of aroma, taste, color, appearance, and consistency
was performed on a five-point scale. During the
sensory assessment color was determined by using
refractive light without extraneous shades; smell
and taste were determined by pronounced taste and
frequency of odors.

There are five levels of indicators: four of
them are positive and the fifth level was considered
as unsatisfactory.

Composition of macro- and microelements

The mineral content of porridge samples was
determined through the following analytical
techniques: inductively coupled plasma mass
spectrometry (ICP-MS) and scanning electron
microscopy. ICP-MS enables the determination of
both metallic and non-metallic elements, ranging
from lithium (Li) to uranium (U), at 10-10%
concentrations. This method relies on utilizing an
inductively coupled plasma as an ion source and
mass spectrometer for the separation and
identification of ions within an argon atmosphere.
As per the guidelines outlined in GOST 26929-94,
ash samples were meticulously prepared to analyze
their chemical compositions [22].

Production of millet porridge with additives

Due to the high potassium content, millet
porridge is suitable for people with heart disease,
and thanks to B vitamins B, fatigue and irritation
are reduced. Also, this porridge thanks to dietary
fiber normalizes the activity of the gastrointestinal
tract, and also has a lipolytic effect [23].

Millet grains are cleaned of excess
impurities and go through the washing process,
then the grains are steamed for 25 minutes.
Granulated sugar and salt were sieved using metal-
woven sieve. Topinambour, quince and plum were
inspected, removing impurities and spoiled fruits,
then the fruits were washed and peeled and cut.
Milk enters the digester and is brought to a boil.
After that, millet grains, sugar and salt arrive, and
with the help of a stirrer, it is mixed for 20 minutes.
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Five minutes before cooking, an additive is added
in the form of topinambour, quince or plum pieces.
Further, in order to ensure bacteriological safety,
the finished porridge undergoes a sterilization
process.

Research and discussion

Organoleptic parameters of additives

Topinambour, quince or plum pieces were
used as additives for the production of millet
porridge. First, the organoleptic parameters of the
supplements were studied. The consistency of the
three additives was homogeneous without
sediment. The color of the additives was as
follows: bright lemon for quince, yellow-brown for

topinambour and purple for plum. Topinambour
had a slightly sweet smell, while quince and plum
had a sweet-tart aroma.

Sensory analysis

Control and experimental samples of millet
porridge were examined using sensory analysis
methods by allotting scores using a five-point scale
based on the subsequent criteria: aroma, taste,
appearance, color, and consistency. Using the
results of sensory evaluation of control and
experimental samples of millet porridge, diagrams
were constructed for five indicators. The sensory
assessment of the control sample of millet porridge
is shown in Figure 1.

Taste ==¢==Control sample

Appearance

Consistency

b)

Taste

Appearance Colour

Consistency:

©)

d)

Taste

== Plum

Appearanc Colour

Consistenc Aroma

Figure 1. Sensory assessmentof millet porridge samples:(a) control, (b) with topinambour, (c) with quince, (d) with plum

The control sample of millet (Figure 1a)
porridge consists of: millet grain, milk, sugar and
salt. The color and appearance are characteristic of
millet porridge with a acceptable aroma. Millet
porridge has a homogeneous viscous consistency
and a neutral taste. The average score of the
controlsample is 4 points.

In the sample with the addition of
topinambour (Figure 1b) a pleasant aroma and taste
of topinambour are available. Theconsistency is
homogeneous and viscous, and the appearance is
characteristic of millet porridge. The average score
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of a sample of millet porridge with the addition of
topinambour is 4.6 points.

The sample containing quince (Figure 1c)
has a faint citrus taste and aroma peculiar to quince.
The color of the sample is characteristic of millet
porridge. The appearance and consistency did not
change compared to the control sample.The
average score of a sample of millet porridge with
quince is 4.2 points.

A sample of millet porridge containing plum
(Figure 1d) has a faint sweet-tart smell and taste.
The sample also has a homogeneous viscous
consistency. The colour of this sample is light
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assessment of the samples of millet porridge was
established. The average score was obtained by the
following formula:

yellow which is typical for this type of porridge.
The average score of millet porridge enriched with
plums is 4.4 points.

Based on the scores acquired from the
sensory analysis of the samples, the overall sensory

Sb = Zb: K (1)
Where S, — the overall score of the sensory evaluation;

¥, — total score for the 5 criteria of quality
K — number of indicators, K=5.

Further, the formula determines the overall sensory assessment of millet porridge by organoleptic
parameters:

S, = (4+ 4.6 +4.2 + 4.4):5 = 3,44

Organoleptic evaluation of millet porridge
with vegetable additives

Organoleptic parameters of the experimental
samples and the control sample were evaluated in
accordance with the requirements of GOST 34054-
2017, the results are presented in Table 1.

Table 1. Organoleptic characteristics of millet porridge samples

Analysis of the results of organoleptic
assessment of experimental and control samples
showed that the samples meet the requirements for
food concentrates in terms of parameters such as
colour, odor taste, consistency, and appearance.

Indicators Indicators according to Samples of millet porridge
GOST Control sample topinambour quince plum
Appearanc Homogeneous viscous Homogeneous Homogeneous | Homogeneous | Homogeneo
e and mass. Stratification is not viscous viscous viscous us viscous
consistenc allowed. consistency consistency consistency consistency
y
Taste and Characteristic of porridges Moderately Sweet taste, Moderate Sweet-tart
smell of the same name with the sweet smell, moderate citrus aroma, aroma,
taste and aroma of the milky taste, topinambour milky taste, milky taste,
added components without smell, without without without
corresponding to this extraneous odor | extraneous odor extraneous extraneous
product; lack of extraneous and taste and taste tastes taste
smell and taste
Colour Various shades of yellow Light Yellow Yellow Light Yellow Light
Yellow
Macro-and microelement composition of millet porridge samples with additives
The macro- and microelement composition microelements: sodium, calcium, potassium,

of millet porridge with plant additives were
obtained by using inductively coupled mass
spectrometry is presented in Figure 2-5.
Comparative analysis of the experimental and
control samples showed that sample without plant
additives contains the following macro- and
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phosphorous, chlorine, magnesium and other

elements
Table 2 shows the macro-and microelement

composition of the control sample of millet
porridge.
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Table 2. Mineral elements contents in the millet porridge samples

Mineral Milletporridgesamples
element Control, | Topinambour, | Quince, Plum,
mg/kg mg/kg mg/kg mg/kg
Carbon 14.26 5.19 5.48 7.74
Oxygen 37.20 39.32 40.18 38.66
Sodium 2.41 1.99 2.93 3.24
Magnesium 411 4.40 4.59 4.18
Silicon 0.55 0.51 0.46 0.62
Phosphorus 15.52 17.28 16.38 16.14
Sulfur 0.62 0.66 0.52 0.49
Potassium 16.29 21.17 20.01 18.35
Calcium 9.05 9.49 9.45 9.77
Chlorine 0.82

The content of potassium (21.17), significantly increased, which in turn proved the

phosphorus (17.28) and sulfur (0,66) in the sample
containing topinambouris the highest amongst the
othersamples including the control samples. The
plum sample has highest contents of sodium (3.24),
silicon (0.62) and calcium (9,77), but also has
lowest amount of magnesium (4.18), phosphorous
(16,14), sulfur (0,49) and potassium (18,35) among
the samples with additives. The sample with plum
additive also contains chlorine (0,82). The quince
sample has a balanced content of macro-and
microelements.

It is worth noting that in the samples with
additives, the content of these elements

) 1 2 3 4 s 6 7
Monnas wxana 7666 wwn. Kypcop: 0.000

nutritional value of these studied samples of food
concentrate. The sample with topinambour showed
more decent results compared to other samples.
The sample containing topinambour has the
highest amounts of potassium, phosphorous, and
sulphur. Potassium and phosphorous are essential
minerals for various bodily functions, including
muscle and nerve function, and also bone health.
While the sample containing plum has higher
amounts of other minerals compared to
topinambour, the amounts of potassium and
magnesium are the lowest amongst other samples
that contain additives.

Figure 2. Macro-and microelement composition of Sample 1 (control)

[onHaa wkana 7665 wnan. Kypcop: 0.000

Figure 3. Macro-and microelement composition of Sample 2 (topinambour)
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Figure 4. Macro-and microelement composition of Sample 3(quince)
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Figure 5. Macro-and microelement composition of Sample 4 (plum)

Conclusion

Food additives by their main purpose are
divided into the following categories: food
additives that change the consistency and increase
the shelf life of the product; food additives that
improve the aroma, appearance and taste; additives
that replenish human body with dietary fiber as
well as increase the biological and nutritional
value. The application of natural plant additives,
such as topinambour, plum and quince in the
composition of millet porridge allow developing
new fortified food products for functional
purposes. The evaluation of the millet porridge
samples through sensory and organoleptic analysis
confirms their compliance with GOST standards
for porridge. The analysis revealed that samples
fortified with plant additives possess elevated
nutritional value, containing vital macro- and
microelements:  calcium  (9.05-9.77 mg/kg),
potassium (16.29-21.17 mg/kg), phosphorous
(15.52-17.28 mg/kg), magnesium (4.11-4.59
mg/kg), sulfur (0.49-0.66 mg/kg), silicon (0.46-
0.62 mg/kg), and other elements.
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