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RESUMO

A Fisalis contém todos os aminoacidos essenciais e nao essenciais, em maior quantidade de
aminoacidos essenciais L-valina e L-isoleucina, e os aminoacidos intercambiaveis L-tirosina. Também consiste
em polifenois, acido ascorbico (vitamina C), carotenos (vitamina A), tiamina (vitamina B1), riboflavina (vitamina
B2), niacina (vitamina B3) e macro e microelementos. O xarope de milho com alto teor de frutose (XMAF) é um
adocante que substitui a sacarose, que contém de 42% a 55% de frutose e o restante, glicose, e € comumente
usado em muitos alimentos e bebidas. Descobriu-se que a substituicdo parcial ou total de agtcar por XMAF-55
nao tem influéncias significativas nas propriedades organolépticas e fisico-quimicas dos confeitos a base de
Fisalis. Ao aumentar uma proporgao de volume de XMAF em vez de acucar, a fracdo de massa de sélidos
soluveis, acidez titulavel e teor de cinzas diminui nos valores aceitaveis. A analise comparativa do conteudo
macro e microelementos das amostras de confeitos mostrou a presenga de minerais essenciais, como sddio,
magnésio, silicio, fésforo, potassio, calcio e outros. O XMAF-55 pode ser substituido por agucar na produgéo
de confeitos a base de Fisalis com caracteristicas de qualidade quimica dos alimentos e valores nutricionais
iguais.

Palavras-chave: Fisalis, xarope de milho com alto teor de frutose (XMAF), geléia, valor nutricional, quimica
alimentar.

ABSTRACT

Physalis contains all essential and non-essential amino acids, in the largest number of essential L-
valine and L-isoleucine, and as the interchangeable amino acids L-tyrosine. It also consists in polyphenols,
ascorbic acid (vitamin C), carotenes (vitamin A), thiamine (vitamin B1), riboflavin (vitamin B2), niacin (vitamin
B3) and macro- and microelements. High Fructose Corn Syrup (HFCS) is a sweetener substituting for sucrose
that contains 42-55% fructose with the remainder as glucose and is commonly used in many food and
beverage products. It was discovered that the partial or full replacement of sugar by HFCS-55 has not
significant influences for the organoleptic and physicochemical properties of the confitures on the base of
Physalis. By increasing a ratio of HFCS volume instead of sugar, the mass fraction of soluble solids, titratable
acidity, and ash content decrease in the acceptable values. The comparative analysis of the macro- and
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microelements contents of the confiture samples showed the presence of essential minerals, such as sodium,
magnesium, silicon, phosphorus, potassium, calcium, and others. The HFCS-55 can be substituted of sugar in
the production of confiture on the base of Physalis with equal food chemical quality characteristics and
nutritional values.

Keywords: Physalis, High Fructose Corn Syrup (HFCS), confiture, nutritional value, food chemistry.

ABSTRACT

®duzanuc cogepKuT BCe 3aMEeHUMble M He3aMeHWMble aMWHOKWCIOThbI, B Haubonbllem KonuyecTse
He3aMeHUMble, Takme Kak L-BanvH 1 L-u3onenumH, a Takke 3aMEHUMYI0 aMUHOKUCIOTY L-TuposunH. OH Takke
conepxuT nonudeHorn, ackopbuHoByto kucnoty (ButamuH C), kapoTuH (ButamuH A), TvamuH (ButamuH B1),
pubodnasuH (BuTammH B2), HuauuH (BuTamuH B3), Makpo- M  MUKpO3anemMeHTbl. BbICOKOPYKTO3HbIV
KyKypy3HbIi cupon (BPKC) aensieTcs nogcnactuTenem, 3ameHsiiolMM caxapo3y, KoTopasi cogepxut 42-55%
pYyKTO3bl C OCTATKOM B BMAE [MIOKO3bl, U 00bI4HO J06aBNsSeTCs BO MHOMMe nuilieBble NPOAYKTbl U HamnWUTKK.
YCTaHOBMNEHO, YTO 4YacTU4yHas WM NosfHasi 3aMeHa caxapa Ha B®KC-55 He okasbiBaeT CyLLECTBEHHOrMO
BMUAHMSA Ha opraHonenTuyeckne u (U3MKO-XUMMUYECKMe CBOWCTBA KOH(UTIOpA, MPUrOTOBNEHHOMO U3
duzanuca. B pesynbrate wucnonb3oBaHns BOKC BmecTto caxapa, mMaccoBasi OONS PacTBOPUMbIX CyXMX
BelecTB, TUTPyeMas KUCNOTHOCTb W 30MbHOCTb CHMXAKTCA 00 AONYCTUMbIX 3HaveHuh. CpaBHUTENbHbIV
aHanus3 Ha codepXaHme Makpo- U MUKPO3NeMeHTOB B obpa3uax KOHUTIOpa nokasan Hanmyne He3aMeHUMBbIX
MUHEeparnoB, TakUX Kak: HaTpWW, MarHumn, KpemMHun, docdop, Kanumn, kanbuun n ap. BblcoKopyKTO3HBIM
KYKYPY3HbIM CUMPOMOM MOXHO 3aMEHUTb caxap Mpu U3roTOBMEHUW KOHUTIOpa M3 dmnsanmca, NOCKOMbKY OH

obnapnaet paBHbIMU NNLLEBLIMN XUMNYECKUMUN Ka4ECTBEHHbIMUN XapakTepUCTUKamMm n NULLLEBOW LIEHHOCTbIO.

KnroueBble cnoBa: gusasnuc, 8bICOKOPYKMO3HbIU KyKypy3HbIl cuporn (BOKC), koHgbumrop, nuwesas

UeHHocmb, nuuwjesasi XUumusl.

1. INTRODUCTION

Physalis is a member of the Solanaceae
family that owns a large number of edible plants:
potatoes, tomatoes, eggplants, and others. In
recent years, Physalis has begun to firmly
conquer the world markets due to its high
nutritional value and the promise of its application
in medicine in the treatment of malaria, hepatitis,
rheumatism, arthritis,  dermatitis, asthma,
cardiovascular and oncological diseases,
Alzheimer's disease, dementia, and anti-fatigue.
Physalis contains all the essential and non-
essential amino acids, in the largest number of
essential L-valine and L-isoleucine, and of the
interchangeable amino acids L-tyrosine. The
phytoncide content makes the Physalis fruits as
good physiological an antiseptic, they also
contain polyphenols, ascorbic acid (vitamin C),
carotenes (vitamin A), thiamine (vitamin B1),
riboflavin  (vitamin B2), niacin (vitamin B3),
calcium, ferrum, phosphorus and other organic
acids, macro- and microelements, tannins. The
content of solids is in the range from 6% to 10%.
Physalis is used in the treatment of diseases of
the gastrointestinal tract, chronic cholecystitis, in
hypertension, like a multivitamin, and extracts of
the Physalis have anti-inflammatory, hemostatic
and analgesic effects. Due to the presence of
water-soluble pectin and gelling properties,

Physalis has been used in the cooking, in the
preparation of jelly, marmalade, confiture, jam,
yogurt and soft drinks (Alibekov et al., 2018).

Table 1 presents the main indicators of
the nutritional value of Physalis, including
macronutrients: proteins, carbohydrates, and fats;
as well as micronutrients: minerals and vitamins.

In recent years, Physalis has begun to
firmly conquer the markets of the whole world
due to its high nutritional value and the promise
of medical use in the treatment of malaria,
hepatitis, rheumatism, arthritis, dermatitis,
asthma, cardiovascular and oncological diseases,
Alzheimer's disease and dementia (Zhang et al.,
2013). In addition, Physalis has an anti-fatigue
effect and improve the general physiological state
of a living organism (Hjartaker et al., 2015).

Physalis is used for the preparing of the
food coloring. Dried fruits resemble for the
raisins. It is a dietary product (The Plant List,
2013). It was investigated that an increase in
antioxidant capacity, the content of ascorbic acid
and polyphenols were observed during the
ripening of Physalis and with maximum values at
the ripe stage (Valdenegro et al., 2012).

Fructose, a monosaccharide, is naturally
present in fruits, vegetables, and honey, usually
accompanied by other sugars including glucose
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and the disaccharide sucrose. It is also found as
a component of sweeteners used in many
processed food products, usually as sucrose or
high-fructose corn syrup (Keim et al., 2015).

High fructose corn syrup (HFCS) was
introduced in the 1960s-70s as an added
sweetener substituting for sucrose in the U.S.
This sweetener contains 42-55% fructose (with
the remainder as glucose), and is commonly
used in many food and beverage products
(Patterson et al., 2018; Gridina and Andreev,
2018).

HFCS refers to sweeteners made from
corn-derived fructose and glucose. It is named by
the percentage of fructose contained in the final
product: The Food Chemicals Codex stipulates
that HFCS-55 must contain a minimum of 55%
fructose (Institute of Medicine..., 2003).

It is well known that HFCS also contains
maltose and glucose oligomers-up to 5% in
HFCS-55 (White et al., 2015). Popular beverages
made with HFCS have a fructose-to-glucose ratio
of approximately 60:40, and thus contain 50%
more fructose than glucose. Some pure fruit
juices have twice as much fructose as glucose
(Walker et al., 2014; Andreev and Gridina, 2016).

In the confectionery industry, the HFCS is
compared by functional property with invert
sugar. It is used in the production of soft candies,
marshmallows, chewing gums. Substitution of
100% sugar by HFCS does not alter for the
sweetness, aroma, and structure of the product.
The presence of a large number of
monosaccharides and especially hygroscopic
fructose provides excellent wetting ability. Due to
this, pastries remain fresh for a long time, do not
dry out. HFCS can replace up to 20-50% sucrose
in cakes, up to 20% when making white icing, 25-
75% in the icing for marshmallow and completely
replace sucrose in jelly fillings. In caramel
production, it is not used due to a high
hygroscopicity (Petrushevsky et al., 1989).

2. MATERIALS AND METHODS

In the presented work for the preparing of
the confiture, the Physalis, HFCS-55, lemon, and
apple pectin have been used. Organoleptic and
physicochemical properties have analyzed in
accordance with the GOST (State standard)
34447-2018 “Confiture” (GOST 34447-2018).

The content of mineral substances in
confiture was determined by the method of Mass-
spectrometry with inductively coupled plasma
(ICP-MS) and using a Scanning Electron

Microscope (SEM). The method of mass-
spectrometry with inductively coupled plasma
(ICP-MS) allows defining a number of metals and
several non-metals at concentrations up to 10
1004, i.e., one particle of 10'?, with the atomic
mass from 7 to 250, i.e., from Li to U elements. It
is able to determine the content of nanograms
per liter to 10 to 100 milligrams per liter. The
method is based on using inductive-connected
plasma, as a source of ions and mass
spectrometer for their separation and detection in
an argon atmosphere. Unlike atomic absorption
spectroscopy, defining only one element, ICP-MS
can identify all elements simultaneously, which
allows to considerably speed up the process of
measurement (Thompson and Wolsh, 1988).

Scanning electron microscope (SEM)
allows observing the subtle features of using
micro-analyzing of chemical composition, and the
details of the structure of micro-objects on the
atomic and molecular level. It can also to receive
the image of object surface with a high (up to 0.4
nm) spatial resolution, also information about the
composition, structure, and some other properties
of the surface layers. SEM has a great depth of
focus that allows observing the three-dimensional
image of the structure with the possibility of its
gualitative evaluation (Alibekov et al., 2017).

Preparation of ash samples for the
analysis of the chemical composition was
performed according to the GOST (State
standard) 26929-94 (GOST 26929-94). The
method of dry mineralization is based on the full
decomposition of organic substances by
combustion of the sample in an electric stove at a
controlled temperature of 450-500 C° (Shingisov
and Alibekov, 2017; Andreev and Gridina, 2017).

3. RESULTS AND DISCUSSION:

On the first stage, the selection and
experimental determination of the main
components of confiture were done. As the base
composition, an equal amount of the Physalis
and sugar were used. Further quantities of the
required additives of lemon and apple pectin
were studied.

3.1 Sensory evaluation

In the process of the selection of the ratio
of components, options for the adding of lemon
juice in the amount of 1%; 3%; 5%; 8% and 10%
were considered (Figure 1). As a result, a sample
with a 5% content of lemon has the highest
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sensory evaluation. In the cases of the increasing
of the lemon concentration until 10%, it was
observed more acidic taste and deterioration in
the quality of confiture.

Then the samples of confiture containing
5% lemon, and with the addition of apple pectin:
1%; 3%; 5%; 8% and 10% were analyzed (Figure
2).

It was found that by adding 3% apple
pectin, the organoleptic properties, in particular
taste, smell, color, and appearance, are
significantly improved. Further increasing of the
apple pectin content leads to the sharp
thickenings of the confiture samples and
degradation of the organoleptic properties.

3.2 Development of the confiture compounds

After that, a study of the replacement of
sugar content by High Fructose Corn Syrup
(HFCS) was done. By conducting multiple tests of
the correlation ratios of the added components,
four optimal compounds were selected
containing: Physalis, sugar, HFCS, lemon, and
apple pectin (Table 2).

3.3 Organoleptic characteristics of the confitures

The organoleptic  characteristics  of
confiture, according to the “GOST 34447-2018
Confiture” (GOST 34447-2018) were investigated
(Table 3).

3.4 Physicochemical characteristics of the

confitures

The physicochemical characteristics of the
confitures, according to the GOST 34447-2018
(GOST 34447-2018) were investigated (Table 4).

The organoleptic and physicochemical
characteristics of all confiture samples
correspond to the GOST 34447 - 2018
requirements (GOST  34447-2018). The
composition No4 that based on the base Physalis
and HFCS (without sugar) has the following
characteristics:

- smearing consistency with a thick, gelling,
slowly spreading mass on a horizontal surface
without candying;

- taste is a sweet and a pleasant, smell is without
foreign flavor and odor;

- color has a light brownish shade;

- 50% of the mass fraction of soluble solids;

- 16 °T of titratable acidity;
- 5.55% of ash content.

Thus the substitution of sugar by HFCS
has not significant influences for the organoleptic
and physicochemical properties for the confiture
on the base of Physalis. By increasing a ratio of
HFCS volume instead of sugar, the mass fraction
of soluble solids, titratable acidity, and ash
content decrease in the acceptable values.

3.5 Macro- and microelements contents in the
confitures

The compositions of macro- and micro
elements of the investigated confiture samples by
using ICP-MS have the following data (Table 5;
Figure 3.1-3.5).

The comparative analysis of the macro-
and microelements contents of the samples
versus control sample containing the raw
Physalis showed the presence of essential
macro- and microelements: sodium, magnesium,
silicon, phosphorus, potassium, calcium et al.
Particularly, the composition No 4 that on the
base of Physalis and HFCS contains all the listed
elements.

4. CONCLUSIONS:

Thus, partial or full replacement of sugar
by High Fructose Corn Syrup (HFCS-55) has not
significant influences for the organoleptic and
physicochemical properties of the confitures on
the base of Physalis. By increasing a ratio of
HFCS volume instead of sugar, the mass fraction
of soluble solids, titratable acidity, and ash
content decrease in the acceptable values. The
comparative analysis of the macro- and
microelements contents of the samples showed
the presence of essential minerals, such as
sodium, magnesium, silicon, phosphorus,
potassium, calcium, and others. The HFCS-55
can be substituted of sugar in the production of
confiture on the base of Physalis with equal food
chemical quality characteristics and nutritional
values.
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Table 1. Nutritional value of Physalis (Physalis Nutritional Value)

Name of component Amount

Daily values, %

Macronutrients

Protein 2.66 g 5.32%
Carbohydrate 15.68 g 12.06%
Total Fat (lipid) 0.98 ¢ 2.80%
Water 119.56 g
Energy 74 Kcal
Micronutrients
Ferrum, Fe 1.4 mg 17.50%
Phosphorus, P 56 mg 8.00%
Calcium, Ca 13 mg 1.30%
Vitamins
Vitamin B3 (Niacin) 3.92 mg 24.50%
Vitamin C (Ascorbic acid) 15.4 mg 17.11%
Vitamin B1 (Thiamin) 0.154 mg 12.83%
Vitamin A 50 pg 7.14%
Vitamin B2 (Riboflavin) 0.056 mg 4.31%

*Above mentioned Percent Daily Values (%DVs) are based on 2,000 calorie diet intake. Daily values (DVs) may

be different depending upon your daily calorie needs. Mentioned values are recommended by a U.S.

Department of Agriculture. They are not healthbenefitstimes.com recommendations. Calculations are based on
average age of 19 to 50 years and weighs 194 Ibs (Physalis Nutritional Value).

Table 2. The ratio of components in the samples

Component Compound 1, % Compound 2, % Compound 3, % Compound 4, %
Physalis 52 56 56 56
Lemon 5 5 5 5
Sugar 40 18 12
HFCS 18 24 36
Pectin 3 3 3 3
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Table 3. Organoleptic characteristics of the confitures

Name of GOST 34447-2018 Compounds

indicator Confiture Nol No2 No3 No4
Appearance The smearing mass hasa The smearing The smearing The smearing The smearing
and jelly texture with uniformly ~ mass havinga mass like a consistency consistency

consistency

Taste and
smell

Colour

distributed fruits and / or
vegetables or their parts,
flavoring components
(spices, nuts, etc.). Slowly
spreading mass on a
horizontal surface is
allowed. Candying is not
allowed.

The taste is sweet, sour-
sweet, pleasant, typical of
fruits (vegetables) and / or
flavor components, from
that confiture is made.
Smell - corresponding to
the fruit (vegetables) and /
or flavor components from
that the confiture is made.
The slight smell is allowed
by the end of the shelf life.
Extraneous flavor and odor
are not allowed.

Peculiar to the color of the
fruit or vegetables from
which confitures are made.
Allowed: light brown
shades - for confitures
from light-colored fruits;
brownish shade - for
confitures from dark-
colored fruits

gel
consistency
with evenly
distributed
parts and
slowly
candying.

Taste is a
sweet, typical
for Physalis.
Smell is
without
extraneous
taste and
smell.

Color has a
light brownish
shade

jelly texture
with a uniform
consistency.

Taste is a
sweet. Smell
is without
extraneous
flavor and
odor.

Color has a
light brownish
shade

with a slow
gelling and
spreading
texture.

Taste is a
sweet. Smell
is without
extraneous
flavor and
odor.

Color has a
light brownish
shade

with a thick,
gelling, slowly
spreading
mass on a
horizontal
surface without
candying.

Taste is a
sweet and a
pleasant. Smell
is without
extraneous
flavor and odor.

Color has a
light brownish
shade

Table 4. Physicochemical characteristics of the confitures

Name of indicator GOST Compounds
34447-2018 Confiture Nol No2 No 3 No4
Mass fraction of soluble solids in confitures not less: for sterilized 52.0% 51.0% 50.5% 50.0%
(pasteurized) 50%
Titratable acidity not provided 26°T 22°T 18°T 16°T
Ash content not provided 7.95% 7.10% 6.65% 5.55%

Mass fraction of mineral impurities in confitures
Impurities of plant origin, not provided for by the

formulation (sepals, twigs, etc.) Extraneous

impurities

not allowed
not allowed
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Table 5. Content of chemical elements in confiture ashes

Chemical element Samples, mass percentage (%)
Control, Physalis Nol No 2 No 3 No4
C (carbon) 13.01 74.47 75.25 71.45 60.85
O (oxygen) 37.07 18.24 19.20 20.92 22.08
Na (sodium) 0.36 0.37 0.28 0.16 0.09
Mg (magnesium) 2.61 0.63 0.25 0.17 0.19
Si (silicon) 0.06 0.14 0.18
P (phosphorus) 3.49 0.54 0.30 0.35 0.45
S (sulfur) 1.79 0.23 0.22 0.34 0.49
Cl (chlorine) 0.78 1.66 0.03 0.07 0.19
K (potassium) 39.91 5.74 4.63 6.37 12.59
Ca (calcium) 0.99 0.23 0.20 0.16 0.74
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Figure 1. Sensory evaluation of confiture based on the Physalis with lemon, in scores
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Figure 2. Sensory evaluation of confiture based on the Physalis and 5% lemon with apple pectin, in

scores
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Figure 3.3. ICP-MS of compound N. 3
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Figure 3.5. ICP-MS of compound N. 5 control (Physalis)
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